

    
      
          
            
  
Welcome to comet!

Version: 1.1.2


COupled Magnetic resonance and Electrical resistivity Tomography (COMET)

The code developed in this project has the main goal to invert magnetic
resonance data, particularly in 2D, utilizing the resistivity information
of 2D ERT measurements.

GitLab repository: https://gitlab.com/Skibbe/comet/

Documentation: https://comet-project.readthedocs.io/


Third-party package availability and dependencies

pyGIMLi: The documentation and the repository can be accessed at https://www.pygimli.org/.

TetGen: The 3D tetrahedral mesh generator http://tetgen.org. Available using conda (see below).

custEM: The custEM repository is located at https://gitlab.com/Rochlitz.R/custEM/, the documentation at https://custem.readthedocs.io/en/latest/.



Other Dependencies

The complete list of dependencies are listed below. Note that almost all dependencies are shared with pyGIMLi as well, so installation of pyGIMLi or custEM usually meets all requirements for COMET as well. If working on linux, the installation of custEM (and implicetly all other requirements including comet) via conda is highly recommended.


	python >= 3.8


	numpy >= 1.17  # The version depends on the pygimli installation as they share binary files (main reason why conda installation is recommended)


	pyGIMLi >= 1.2


	TetGen


	h5py


	scipy


	matplotlib




Optional (Linux only):


	custEM >= 1.0




Note: An installation of custEM actually requires comet, so a simple installation of custEM will usually take care of everything for you.



Installation

The easiest way of handling the dependencies is to use the conda (Anaconda or miniconda) system. For the full installation guide please read the installation instructions on the main documentation webpage of the project: Installation [https://comet-project.readthedocs.io/en/stable/installation.html#]




License

Copyright 2016-2020 Skibbe N.

The Comet toolbox is licensed under the GNU GENERAL PUBLIC LICENSE Version 3 (GPL [https://www.gnu.org/licenses/gpl-3.0.en.html]).

N.Skibbe @ nico.skibbe@leibniz-liag.de (c) 2016-2020, Leibniz Institute for Applied Geophysics, Hannover, Germany

















          

      

      

    

  

    
      
          
            
  
Installation


Windows

This is the most easy installation using the conda environment. If conda is not used, please see the installation “from source” chapter.

After installation of anaconda or miniconda, open the anaconda navigator. On the left side you can switch from the Home tab to the Environments tab. Under the base (root) environment click create to create a new environment using python=3.7. Click on the new environment to switch to it, the right side shows the installed packages and should be nearly empty. Click on the green triangle right to the environment name and select Open Terminal. Proceed with the following conda commands to install packages.

conda install -c gimli -c conda-forge comet=1.1

Switching back from Environments to Home Anaconda provides some apps, one of them being Spyder. Click install and then start Spyder from here to make sure the correct environment is used (it is highlighted at the top next to “Applications on”). This should not interfere with previously installed python packages, due to the own environment. With Spyder installed you can proceed with the tutorials or examples. The tutorials are also available as Jupyter Notebook. The Notebook can be installed the same way as Spyder.

Note that on Windows COMET is restricted to 1D resistivity since there is no Windows version of the underlying FEniCS library that is used by custEM. For using 2D resistivities on Windows 10, consider the Windows Subsystem for Linux [https://docs.microsoft.com/en-us/windows/wsl/about].

The Anaconda Navigator can be used to install packages. Since COMET and pyGIMLi are hosted in the channel gimli [https://anaconda.org/gimli] and TetGen in the channel conda-forge [https://anaconda.org/conda-forge].
These channels must be added to the channel list before installing COMET along with pyGIMLi and TetGen.



Linux

Miniconda or Anaconda is required to install the package via conda. The installation line for comet should look like this:

For the handling of 2D resistivities custEM is required. Compatibility is ensured for version 0.99.14 and newer. Newer versions will be tested added as soon as they are available.

conda create -n cometcustem -c gimli -c conda-forge -c anaconda custem=0.99.14 comet

This creates a new environment with the name “cometcustem” and installs the COMET package as well as the custEM and all dependencies. Note that the -c argument are adding the gimli (for COMET, pyGIMLi, and custEM) and conda-forge (for TetGen) channels, otherwise another package with the name comet will be downloaded instead (not a geophysical package at all). Versions for python 3.6 and 3.7 (technically 3.8 as well, however those are untested) are provided. We highly recommend python 3.7 for now. You can activate the environment using the following line:

conda activate cometcustem

Please add export OMP_NUM_THREADS=1 to your .bashrc.

If any problems are encountered installing custEM, please consult https://custem.readthedocs.io/en/latest/.

For a COMET version without custEM instead use the following command for installation (same as for windows):

conda create -n comet11 -c gimli -c conda-forge -c anaconda comet=1.1

This creates a new environment with the name “comet11” (the names are your choices really…) and installs the comet package and all dependencies. Then activate environment via:

conda activate comet

Again if conda is not used, see installation “from source”.



MacOS

Unless using a virtual Linux machine, MacOS is currently not supported. COMET without custEM could work if using the installation from source, however, this is not tested.



From Source

Installation of the comet python package is easy as only python code is involved. No compiling is needed, a clean copy-paste or git clone of the git repository is sufficient.
Clone the COMET repository manually using git or download the zip archive from the project page
git clone https://gitlab.com/Skibbe/comet/
The PYTHONPATH has to be set to find the directory containing the __init__.py (see below). No execution of the setup.py is required.

If this way of installation is chosen and a custEM installation is aimed as well (Linux only), we recommend to install custEM first (it brings all compatibilities for comet as well, see weblink above). You can additioanlly clone COMET as mentioned above and set the PYTHONPATH accordingly if you want to work with comet from the source and still not having to deal with dependancies.

If custEM is not installed or also cloned from gitlab, than pyGIMLi and TetGen need to be installed additionally, either by using binary installers or building from source. Please be referred to the webpages linked in the “Where to find the third party packages” section.

The PYTHONPATH needs to be set as global environment variable (or locally inside Spyder using PYTHONPATH manager).

To set the PYTHONPATH directly add the following line to your ~/.bashrc directly (with appropriate path, Linux).

export PYTHONPATH=$PYTHONPATH:$HOME/some_directory/comet

Setting the PYTHONPATH can also be done in Spyder directly (Tools -> PYTHONPATH manager -> Add path). We suggest to close Spyder afterwards and re-open it as the built-in synchronization will not always work.



Where to find the third party packages

A pyGIMLi installation can be found here: https://www.pygimli.org/installation.html.
There is also the support for prebuild binary installers for windows, if conda is not used. However this does not include a TetGen installation. Also follow the installation instructions of pyGIMLi concerning the ~/.bashrc.

A TetGen installation can be found here: http://tetgen.org. If not using conda, you would have to build TetGen using the source files. Add the TetGen directory to the PATH variable if TetGen was build from source.

A custEM installation can be found here: https://custem.readthedocs.io/en/latest/install.html.





          

      

      

    

  

    
      
          
            
  
Tutorials


Tutorial 1 Loop
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Classes


Loop


	
class comet.pyhed.loop.Loop(Input, config=None, verbose=False)[source]

	Class for the computation of arbitrary shaped polygon loops. Some functions
automatically return this loopclass as result. It is recommended to use
these (you may take a look at the example)


	Parameters

	
	Input (string or raw loop class) – Filename of a prior saved loopfile (recommended). Alternatively the
output of the function computeLoopPositions (not recommended).
For the latter case plenty of convenience functions are found in
the the loop submodule of pyhed starting with “build”….


	config (string or pyhed.config) – Defines the configuration file for the loop.








Example

>>> # example: import
>>> loopclass = Loop('path/to/loopfile')
>>> # example: create circular loop
>>> loopclass = buildCircle(10, 12)  # 10 m radius, 12 dipoles






	
calcAndExportFieldsForFenics(export_vtk=False, num_cpu=32, **kwargs)[source]

	Calculates and export primary fields for fenics secondary field
calculation.


	Parameters

	kwargs (dict) – Keyword parameters are redirected to calculate.










	
calculate(num_cpu=12, loop_mesh=None, dipole_mesh=None, interpolate=False, savename=None, cell_center=False, verbose=False, mode='auto', matrix=False, field_matrix=None, max_node_count=None, **kwargs)[source]

	Computation of the loop field with respect to the config.


	Parameters

	
	num_cpu (integer [ 12 ]) – Maximum number of processes allowed for this task.


	loop_mesh (string or mesh instance [ None ]) – Optional. Possibility to give a user defined mesh for the
calculation.


	dipole_mesh (string or mesh instance [ None ]) – Optional. Possibility to give a user defined mesh for the
calculation (interpolate=True or matrix=True only).


	interpolate (boolean [ True ]) – The loop dipoles can either be calculated directly (False) or once
on a seperated mesh (dipolemesh) and then interpolated to the
loopmesh (True). If a dipoleFieldName is given, this field will be
used for the interpolation.


	savename (string [ None ]) – Optional. If savename is not None, the loop will be saved under
the name defined in savename.


	cell_center (boolean [ True ]) – A default the field of the loop will be calculated at the cell
center of the mesh cells. This flag allows for calculation at the
mesh nodes. Affects only the definition of the final loopmesh, the
dipolemesh will always be calculated at the nodes for interpolation
reasons.


	verbose (boolean [ False ]) – Turn on verbose mode.


	mode (string [ ‘auto’ ]) – Five posibilities: ‘auto’, ‘config’, ‘te’, ‘tm’, ‘tetm’

‘auto’: Automatic detection wether the loop is grounded or not.
Grounded wires are calculated with te and tm mode (see HED).
Non grounded wires are calculated with te mode only (sufficient).

‘config’: the default config decides the mode the field is
calculated in.

‘te’, ‘tm’, ‘tetm’: Calculates the field in the choosen mode.



	matrix (boolean [ False ]) – Alternatively calculation approach. At first the field on a highly
dense dipole mesh will be triggered. After that the field will
be interpolated to the single dipole positions by the means of a
matrix vector multiplication with a matrix containing appropriate
weighting factors. This Approach takes longer than direct
calculation in the first run, but the calculated matrix can be used
for further calculations with different frequencies or resistivity
models (as long as the loopmesh and dipolemesh remain the same).


	field_matrix (list or string [ None ]) – Interpolation matrices or file path if calculation with
matrix=True. Will be calculated automatically if None.


	max_node_count (integer [ None ]) – As all points will be calculated at once, the computational effort
scales lineary with the reciever count, the transmitter count and
the used hankel factors. If the limits of the available memory is
reached max_node_count can be used to define the maximum chunk
of nodes to be computated at once. Other nodes will be computed
afterwards.






	Keyword Arguments

	
	arguments are redirected to loop.save and to define (Keyword) – 


	drop_tol (float [ 1e-2 ]) in the cylindrical coordinate (the) – 


	to avoid instabilities around the source. (transformation) – 













	
calculateDipoleField(verbose=False, drop_tol=0.01, num_cpu=12, max_node_count=None)[source]

	Calculates field on dipole mesh.


	Parameters

	
	verbose (boolean [ False ]) – Turn on verbose mode.


	drop_tol (float [ 1e-2 ]) – Singularity fix. All horizontal distances between drop_tol
and the transmitter dipole are placed between the first reciever
outside the tolerance and the tolerance, maintaining the correct
order and angle.


	num_cpu (integer [ 12 ]) – Maximum number of processes allowed for this task.


	max_node_count (integer [ None ]) – As all points will be calculated at once, the computational effort
scales lineary with the reciever count, the transmitter count and
the used hankel factors. If the limits of the available memory is
reached max_node_count can be used to define the maximum chunk
of nodes to be computated at once. Other nodes will be computed
afterwards.













	
calculateFieldFromMatrix()[source]

	Calculates the primary field on basis of the interpolation matrix
and the dipole field.






	
calculateFieldMatrix(num_cpu=8, verbose=False)[source]

	If wished the calcualtion of the total loop field can be done by
interpolation and superposition of one highly accurate dipole field
to the different transmitter positions of the loop. This is done either
done directly or via a vector matrix multiplication.

This function is called to initialize and append the weights to the
interpolation matrix from the dipolemesh to the loopmesh for all
tx positions with respect to pos, phi, and ds.

This function will be called if calculate is called with
matrix=True.


	Parameters

	
	num_cpu (integer [ 8 ]) – Define the maximum number of cores allowed for this operation.


	verbose (boolean [ False ]) – Turn on verbose mode.













	
calculateInterpolationMatrix(Pos)[source]

	Calculates the interpolation matrix.

If one wished the field can be interpolated to another mesh.
The interpolation matrix from the loopmesh to an arbitrary set of
coordinates is calculated with this function. This function is called
to initialize and append the weights to the interpolation matrix.

Note: The loop class does not hold a reference of the resulting matrix,
instead gives it back to the caller.


	Parameters

	Pos (np.ndarray or pg.core.PosVector) – Transmitter positions of shape (n, 3) with n positions. Values
are expected to be floats (the conversion to a pg.PosVector
will not check again).



	Returns

	mat – Sparse interpolation matrix with number of columns equal to the
number of nodes in the loopmesh and number of rows equal to
the number of input positions.



	Return type

	pg.core.SparseMapMatrix










	
calculateSecField(num_cpu=8, **kwargs)[source]

	Calculates the secondary field using custEM.

Calculates primary field as well if not found.

Needs a FEM suited mesh as well as a parameter distribution provided
by other functions of this class (See createFEMMesh and
prepareSecondaryFieldCalculation).


	Parameters

	
	num_cpu (integer [ 8 ]) – Maximum number of processes allowed for this task. The actual
calculation will be done in an mpirun environment with the
selected number of cores.


	kwargs (dict) – Keyword arguments are redirected to local_apps.













	
createDefaultSecondaryConfig(base=None, prefix='', suffix='', m_dir='.', r_dir='.')[source]

	Short cut to generate a secondary config with some default params.


	Parameters

	
	prefix (string) – String to be added to the getDefaultLoopMeshBaseName string to
define the automatic generated names for the default secondary
config.


	suffix (string) – String to be added to the getDefaultLoopMeshBaseName string to
define the automatic generated names for the default secondary
config.













	
createDipoleMesh(quadratic=True, savename='_default_dipole_mesh.bms', save=False, verbose=False)[source]

	Creates a suitable dipole mesh for calculation via a single dipole.


	Parameters

	
	quadratic (boolean [ True ]) – If chosen, uses a quadratic (2nd order) mesh for dipole
calculation.


	savename (string [ ‘_default_dipole_mesh.bms’ ]) – Define output name.


	save (boolean [ True ]) – Additional save of dipole mesh under savename.


	verbose (boolean [ False ]) – Turn on verbose mode.













	
createFEMMesh(para_mesh_2d=None, savename=None, exportVTK=False, exportH5=True, box_x=[None, None], box_y=[None, None], box_z=None, box_cell_size=None, source_poly=None, source_setup='edges', source_loops=None, inner_area_cell_size=0.3, outer_area_cell_size=10, subsurface_cell_size=None, poly_2d=None, number_of_loops=None, **kwargs)[source]

	Builds the FEM mesh for the secondary field computation.

Needs at least on of the two possible parameter meshes in order to
continue.


	para_mesh_2d: string or pg.Mesh [ None ]

	Used to get the outer dimensions of the FEMMesh.



	savename: string [ None ]

	Define output save name of FEM mesh. Default name will be generated
if None. If no savename is given, the dafaultname will be
‘_default_LoopMesh’ + looptype + number of dipoles.



	exportVTK: boolean [ False ]

	Turn on optional vtk export.



	source_setup: string [ ‘edges’ ]

	Defines the way the sources are incorporated into the mesh. “nodes”
simply insert the dipole positions (fallback), “edges” defines
strait edges between the nodes (usually the best approach). “etra”
can be used for a special setup where multiple loops are build in
an elongated transmitter with inline receiver array. Raises an
exception if source_setup differs from the three options.



	source_loops: list [ None ]

	If a list of loop classes is given, their tx representation after
custEM is implemented in the mesh for custEM magnetic field
calculations using automatic source detection.



	inner_area_cell_size: float [ 0.3 ]

	Maximum allowed area (m²) for all cell in the source plane within
the source polygons (if closed loop). Very important for kernel
calculation! See tutorial for custEM for further explanations.



	outer_area_cell_size: float [ 10 ]

	Maximum allowed area (m²) for all cells in the source plane outside
the source polygons (or anywhere for not closed loop). See tutorial
for custEM for further explanations.



	subsurface_cell_size: float [ None ]

	Maximum allowed volume (m³) for all cells within inner mesh box
(not the tetrahedron boundary to 10 km). Optional.






	limits: list of len 2 [ None ]

	Minimum and maximum y value, the anomalies should be set in the
fem mesh. Uses the x limits of the 2D parameter mesh as default if
None.






	custEM:

	Install via conda on Linux only. See install instructions of comet.










	
createLoopMesh(savename=None, exportVTK=False, airspace=False, verbose=False, xmax=None, xmin=None, ymax=None, ymin=None, zmin=None)[source]

	Builds the mesh where the loop will be calculated in.


	savename: string [ None ]

	Saves the created mesh under savename, as long as savenmae is not
none. If no basename is given, the dafaultname will be
‘_default_LoopMesh’ + looptype + number of dipoles + ‘.bms’.



	exportVTK: boolean [ False ]

	Switch to export the resulting mesh to a vtk with the given
savename.



	airspace: boolean [ False ]

	Enables airspace.



	verbose: boolean [ False ]

	Turn on berbose mode.










	
createSecondaryConfig(mod_name, mesh_name, m_dir='.', r_dir='.', pf_name=None, p2=False, approach='E_s', pf_EH_flag='E')[source]

	Initializes an instance of a secondary config for use of custEM.


	Parameters

	
	mod_name (string) – Name of the mod instance (for saving and import in mpi environment)


	mesh_name (string) – Basename of mesh imported by the fenics functions (.h5). Mind
the subfolder ‘/_h5’ that will be added to the string.


	m_dir (string) – Path to mesh directory of custEM.


	r_dir (string) – Path to result directory of custEM.


	pf_name (string) – File name under which the primary field will be saved in the
appropriate directory of custEM.













	
effectiveArea()[source]

	Returns self.area * self.turns (0 for not closed loops).






	
exportFenicsHDF5Mesh(save_h5, dipole_mesh=False, **kwargs)[source]

	Exports the mesh in a h5 file. Can save the loopmesh or the
dipole mesh seperately.

Need pygimli to work.


	Parameters

	
	save_h5 (string) – Filename of the resulting h5 mesh (hdf5 data container in fenics
syntax).


	dipole_mesh (boolean [ False ]) – Save dipole mesh instead of loop mesh
(Call this function twice if you want to save both meshes).


	kwargs (dict) – Keyword arguments are redirected to
pygimli.meshtools.exportFenicsHDF5Mesh













	
exportVTK(save_vtk, secondary=False, **kwargs)[source]

	Exports the field in a vtk file.

Uses the loopmesh to save field with default configurations in a
vtk file.


	Parameters

	
	save_vtk (string) – Filename of the resulting vtk file.


	kwargs (dict) – Keyword arguments are redirected to the function
pyhed.IO.savefieldvtk.













	
getDefaultLoopMeshBaseName()[source]

	Returns string with default base name of the loop mesh.






	
initCustEM(secondary_config=None, init_primary_field_class=True, procs_per_proc=2)[source]

	Initalizes instance of custEM mod class for FEM calculation.


	Parameters

	
	secondary_config (string or pyhed.SecondaryConfig [ None ]) – Initialized secondary config class to be used for the mod instance
or path to corresponding file containing the secondary config.
Uses secondary_config over loop.secondary_config. Throws
Exception if both values are None.


	init_primary_field_class (boolean [ True ]) – Additionally initializing the primary field class of the mod class
instance (used for primary field export).













	
load(savename=None, config=None, config2=None, verbose=True, load_meshes=True, overwrite_dir=False)[source]

	Load Loop from files.


	Parameters

	
	savename (string [ None ]) – Basename of the lop class files. Other names are autogenerated
using this basename.


	config (string [ None ]) – Tell the load function to explicitely load config from given path.
Else the saved filepath in the main archive is used.


	config2 (string [ None ]) – See config, but for secondary configuration.


	verbose (boolean [ True ]) – Turn on verbose mode.


	load_meshes (boolean [ True ]) – If originally saved, the meshes are loaded by default. However,
this takes more time then the rest of the load function and can be
ommitted if only the other parts are of interest.













	
loadFieldMatrix(name, verbose=True)[source]

	Loads the three matrices needed for recalculation of the primary
field from numpy archive. See saevFieldmatrix for detailed description.


	Parameters

	
	name (string) – Path to file to be loaded.


	verbose (boolean [ True ]) – Turn on verbose mode.













	
loadSecondaryConfig(savename=None)[source]

	Imports previously saved secondary config.


	Parameters

	savename (string [ None ]) – Used savename over loop.sec_savename. Throws Exception if both
values are None. Replaces loop.sec_savename.










	
prepareSecondaryFieldCalculation(savename=None, secondary_config=None, fem_mesh=None, para_mesh_2d=None, set_marker=False, anomaly_vector=None, valid_marker=None, verbose=False, num_cpu=32, force_primary=False, export_vtk=False, mod_name=None, **kwargs)[source]

	Based on the given secondary config a MOD instance using the third
party module custEM will be initialized. This includes the optional
generation of a FEM suited mesh containing resistivity information
from a 2D parameter mesh.


	Parameters

	
	savename (string [ None ]) – Name under which loopclass and secondary config (+= ‘_sec.cfg’)
are to be saved. Needed for secondary approach.


	secondary_config (pyhed.SecondaryConfig or string [ None ]) – Filename of configuration file or initialized class instance of a
secondary configuration. Optional if already given manually.


	fem_mesh (pg.Mesh or string [None]) – FEM suited mesh or filename, respectively. Optional. If not given
a suited mesh will be generated if a valid para_mesh_2d is
provided.


	para_mesh_2d (pg.Mesh or string [ None ]) – 2D parameter mesh providing cell indices for the appending of
resitivity information. Needed for automatic FEM mesh generation.
Can be set manually beforehand.


	set_marker (boolean [ True ]) – Flag to decide if the fem mesh has got the needed marker for
the resitivity distribution. Can be omitted if already done and
saved (e.g. if same mesh is used again).


	anomaly_vector (np.ndarray [ None ]) – Conductivity values [S/m] of the parameter mesh to be used in the
seocondary field approach. Uses given value over array found in
secondary config. Raises Exception if neither found nor given.


	ground_marker (np.ndarray [ None ]) – Corresponding marker for each entry in the anomaly vector. Each
marker corresponds to a layer number of the 1d primary field
beginning at 1 for the first layer, counting upward (0 belongs
to the air layer). None results in np.ones_like(anomaly_vector,
dtype=int).


	verbose (boolean [ False ]) – Turn on verbose mode.


	num_cpu (integer [ 32 ]) – Maximum number of processes allowed for this task.


	force_primary (boolean [ False ]) – Force a recalculation of the primary field.


	mod_name (string or None [ None ]) – Overrides mod name. Useful if looping over many loops, as default
name could be similar.


	magnetic (boolean [ True ]) – Prepares magnetic primary fields. If False only dummies are created
to avoid error messages from custEM during import. Set to False if
secondary electric approach is used for secondary field
calculation.


	electric (boolean [ True ]) – Prepares electric primary fields. If False only dummies are created
to avoid error messages from custEM during import. Set to False if
secondary magnetic approach is used for secondary field
calculation.


	Returns


	——–


	tuple ((savename, sec_savename)) – Absolute file paths for the secondary approach.


	Usage


	——


	In order to prepare a secondary field calculation you need


	- a secondary config (default is provided)


	- a conductivity vector (*)


	- a 2d parameter mesh matching the anomalies (*)


	- a marker_vector (*)


	*if not in secondary config or proviedd beforehand


	and optionally either


	- fem_mesh (without marker -> set_marker=True (default))


	or


	- fem_mesh (with marker -> set_marker=False)


	or


	- no fem_mesh (auto creation)













	
save(savename=None, config_savename=None, config2_savename=None, save_mesh=True, save_field=True)[source]

	Saves the loop class in files.

Saves npz archive with loop itself.

Saves config.

Saves secondary config if initialized.

Saves mesh if save_mesh=True.

Saves field if save_field=True.


	Parameters

	
	savename (string [ None ]) – File basename for saving loop class and its components.


	config_savename (string [ None ]) – Explicit savename for config. Automatically generated if None.


	config2_savename (string [ None ]) – Explicit savename for secondary config. Automatically generated
if None.


	save_mesh (boolean [ True ]) – Saves mesh.


	save_field (boolean [ True ]) – Saves fields.













	
saveFieldMatrix(name, verbose=True)[source]

	Saves the three matrices needed for recalculation of the primary
field.

A compressed numpy archive is loaded and the matrices
are build afterwards, therefore import time is ~20% higher compared to
the pure pygimli way ( .field_matrix.save(’…’) ).
However, because the single arrays (indices and values) are saved
in one compressed file archive they need only one third space on the
hard disk compared to saving three separate matrices using pygimli
syntax.


	Parameters

	
	name (string) – Path for file to be saved.


	verbose (boolean [ True ]) – Turn on verbose mode.













	
saveLoopMesh(savename=None)[source]

	Saves loopmesh using the given savename or an autogenerated name.

Updates self.loop_mesh_name in case of changes.


	Parameters

	savename – Export path name. Used over default name if given.










	
saveSecondaryConfig(savename=None)[source]

	Saves secondary config in ASCII file.


	Parameters

	savename (string [ None ]) – Used savename over loop.sec_savename. Throws Exception if both
values are None. Replaces loop.sec_savename.










	
setAnomalies(anomaly, sort=True)[source]

	Handle anomaly vector and marker of the 2d parameter mesh.


	Parameters

	
	anomaly (array_like [ None ]) – Vector with conductivities in S/m. Expect one entry for each
cell in parameter mesh.


	sort (boolean [ False ]) – If True, set the same marker for double values in anomaly vector.
This is for blocky 2d structures, where only a few different
regions are required. Use default False if dealing with smooth
inversion results, for example in a structural coupling.













	
setDipoleMesh(mesh, savename='_default_dipole_mesh', verbose=True)[source]

	Sets the dipolemesh and saves it under savename.


	Parameters

	
	mesh (string or mesh instance) – Pygimli mesh instance or file path to pygimli mesh.


	savename (string [ None ]) – Used savename for mesh, if mesh is already a mesh instance.


	verbose (boolean [ False ]) – Turn on verbose mode.













	
setFEMMarker_old(valid_marker=None)[source]

	Sets and checks the domain marker of the 3D FEM mesh.


	Parameters

	valid_marker (array_like [ None ]) – If None, checks which domains of the 2D mesh are actually
transferred to the 3D FEM mesh.
The markers are saved in the valid_marker attribute.
If given, sets vector directly after some checks.










	
setFEMMesh(mesh, valid_marker=None, savename=None)[source]

	Sets the FEM mesh as loopmesh and handles the domain markers.


	Parameters

	
	mesh (string or mesh instance) – Pygimli mesh instance or file path to pygimli mesh.


	valid_marker (array_like [ None ]) – If None, checks which domains of the 2D mesh are actually
transferred to the 3D FEM mesh.
The markers are saved in the valid_marker attribute.
If given, sets vector directly after some checks.


	savename (string [ None ]) – Useful if multiple loops are using the same mesh (saves diskspace).
Ignored if mesh is a string already.


	Calls *_setFEMMarker* is paramesh has been set.


	Furthermore calls *updateFEMAnomaly* if anomaly has been set through


	either *setParamesh2D* or *setAnomaly*


	Produces error message if valid_marker array is given, but no paramesh


	is found













	
setFEMMesh_old(mesh, valid_marker=None, savename=None)[source]

	Sets the FEM mesh as loopmesh and handles the domain markers.


	Parameters

	
	mesh (string or mesh instance) – Pygimli mesh instance or file path to pygimli mesh.


	valid_marker (array_like [ None ]) – If None, checks which domains of the 2D mesh are actually
transferred to the 3D FEM mesh.
The markers are saved in the valid_marker attribute.
If given, sets vector directly after some checks.


	savename (string [ None ]) – Useful if multiple loops are using the same mesh (saves diskspace).
Ignored if mesh is a string already.













	
setFrequency(frequency)[source]

	Sets the frequency, not angular frequency for the field calculation.






	
setLoopMesh(mesh, savename=None)[source]

	Sets the loopmesh.


	Parameters

	
	mesh (string or mesh instance) – Pygimli mesh instance or file path to pygimli mesh.


	savename (string [ None ]) – Used savename for mesh, if mesh is already a mesh instance.
Alternatively a default name is generated with
getDefaultLoopMeshBaseName.













	
setLoopMeshName(savename=None)[source]

	Sets loop mesh name or figures it out from sec config.






	
setMeshParameters(refinement_para=1.0, max_area_factor=1.0, tetgen_quality=1.2)[source]

	Alters the Parameter responsible for the quality and size used during
automatic mesh generation.


	Parameters

	
	refinement_para (float [1]) – An increase of refinement_para decreases the size of the
smallest cell at the dipoles and therefore incrreases the total
number of refinement cells around the dipole.
Omitts refinement if value is negative.


	max_area_factor (positive float [1]) – The max_area_para lineary affects the maximum volume of a cell.
An increase of the parameter allows for greater cells and
therefore decreases the total number of
cells outside of the refined section of the mesh. Set to 0.5 for a
fine mesh and anywhere near 2 for a coarse mesh. Highly affects the
total number of nodes/cells in the mesh.


	tetgen_quality (float [1.2]) – The tetgen_quality parameter is directly piped to the corresponding
tetgen call in the meshgeneration process. Decrease this parameter
(e.g. to 1.12) to increase the homogeneity of the triangles. Be
careful with this one, tetgen very easy starts to split cells in
smaller and smaller pieces and therefore increase the total
cellcount to very high values (millions and more).













	
setModel(rho, d=None, thickness=True, resistivity=True)[source]

	Sets the synthetic 1D layered earth model for dipole calculation.


	Parameters

	
	rho (float or array_like) – Resistivity/conductivity distribution for a layered earth.


	d (float or array_like or None [None]) – Thickness or layer depth. Empty (None, 0, or []) for halfspace.


	thickness (boolean [True]) – The parameter d is used as thickness (True, len(rho) - 1) or depth
(False, len(rho)), respectively.


	resistivity (boolean [True]) – The parameter rho is used as Resistivity (True) or conductivity
(False), respectively.













	
setParaMesh2D(para_mesh_2d, limits=None, append_boundary=False, preserve_edges=False, anomaly=None, sort=True, **kwargs)[source]

	Sets 2D parameter mesh for secondary field calculation.


	Parameters

	
	para_mesh_2d (string or pg.Mesh) – 2D parameter mesh or path to mesh.


	limits ([float, float] or None) – Minimum and maximum values for y of the area where 2D parameters
are to be transferred to the 3D FEM mesh. Default are the x
extension of the 2D parameter mesh.


	append_boundary (boolean [ False ]) – Fills in an additional boundary with prolongated resistivity values
around the transferred 2D values. This is useful as it reduces
artifacts at the edge of the 2D domain oin the FEM mesh.


	anomaly (None or np.ndarray [ None ]) – Optionally. Alternatively use setAnomalies. Anomaly vector
(conductivity vector) with values for each cell in the 2D
parameter domain. Attention: conductivity is used, not
resistivity!


	sort (boolean [ False ]) – Optionally. Alternatively use setAnomalies. If True, set the
same marker for double values in anomaly vector.
This is for blocky 2d structures, where only a few different
regions are required. Use default False if dealing with smooth
inversion results, for example in a structural coupling.


	kwargs to *appendTriangleBoundary*


	Calls *setAnomalies* of anomaly is given.


	Furthermore calls *updateFEMAnomaly* if FEMMesh has been set already.













	
setParaMeshMarkerAndVals(anomaly=None, sort=True)[source]

	Handle anomaly vector and marker of the 2d parameter mesh.


	Parameters

	
	anomaly (array_like [ None ]) – Vector with conductivities in S/m. Expect one entry for each
cell in parameter mesh. If not given, and sort is True an error
is raised.


	sort (boolean [ False ]) – If True, set the same marker for double values in anomaly vector.
This is for blocky 2d structures, where only a few different
regions are required. Use default False if dealing with smooth
inversion results, for example in a structural coupling.













	
setPrimaryConfig(config)[source]

	Sets the primary config which handles the resistivity distribution
as well as the frequency of the primary field.
For setting the 1D model directly see setModel.


	Parameters

	config (path or comet.pyhed.config.Config instance) – Configuration class instance or file path.










	
setSecondaryConfig(secondary_config)[source]

	Sets class attribute with secondary config or loads file.


	Parameters

	secondary_config (string or pyhed.SecondaryConfig) – Seondary config class instance or file path.










	
show(**kwargs)[source]

	Plots the Loopdiscretisation and the dipole directions and Length.
For inspection of the loop-class and debugging purpose. Or for your
curiosity.


	Parameters

	kwargs (dict) – Keyword arguments are redirected to pyhed.plot.plot_bib.showLoop.










	
updateFEMAnomaly(anomaly=None, set_marker=True, set_attributes=False, vtk_name=None, ground_marker=None, export_H5=False, sort=True)[source]

	Transfers resistivity anomalies from 2D para mesh in FEM mesh.


	Parameters

	
	anomaly_vector (array_like [ None ]) – Array containing the resistivity anomalies of the 2D parameter
mesh. If None, the secondary config is asked for a anomaly vector.
(For setting the marker for exmaple).


	set_marker (boolean [ True ]) – Transfers the marker from the parameter mesh to the FEM mesh.
This only has to be done once and can then switched off for
performance.


	set_attribute (boolean [ False ]) – Sets the attribute in the FEM mesh for debugging purposes. The
anomaly vector for calculation is stored in secondary_config.


	vtk_name (string [ None ]) – Optional vtk export with name = vtk_name if vtk_name is not
None.


	ground_marker (array_like [None]) – Corresponding marker for each entry in the anomaly vector. Each
marker corresponds to a layer number of the 1d primary field
beginning at 1 for the first layer, counting upward (0 belongs
to the air layer). None results in np.ones_like(anomaly_vector,
dtype=int).













	
updateFEMAnomaly_old(anomaly=None, set_marker=True, set_attributes=False, vtk_name=None, ground_marker=None, export_H5=False)[source]

	Transfers resistivity anomalies from 2D para mesh in FEM mesh.


	Parameters

	
	anomaly_vector (array_like [ None ]) – Array containing the resistivity anomalies of the 2D parameter
mesh. If None, the secondary config is asked for a anomaly vector.
(For setting the marker for exmaple).


	set_marker (boolean [ True ]) – Transfers the marker from the parameter mesh to the FEM mesh.
This only has to be done once and can then switched off for
performance.


	set_attribute (boolean [ False ]) – Sets the attribute in the FEM mesh for debugging purposes. The
anomaly vector for calculation is stored in secondary_config.


	vtk_name (string [ None ]) – Optional vtk export with name = vtk_name if vtk_name is not
None.


	ground_marker (array_like [None]) – Corresponding marker for each entry in the anomaly vector. Each
marker corresponds to a layer number of the 1d primary field
beginning at 1 for the first layer, counting upward (0 belongs
to the air layer). None results in np.ones_like(anomaly_vector,
dtype=int).


















Survey


	
class comet.snmr.survey.Survey(earth=None, loops=None)[source]

	Survey class for containment and handling of SNMR datasets (FIDS).


	
addLoop(loop)[source]

	Appends a given loop instance to the loops in survey and returns id






	
addSounding(fid)[source]

	Appends a given sounding instance to the sounds in survey and
returns id






	
createKernel(fid=0, dimension=1)[source]

	Returns a initialized kernel instance for the chosen sounding.


	Parameters

	
	sound_index (integer) – Index of the sounding the kernelclass is calcualting the kernel
for. In order to calculate the kernel, pulses, tx and rx are taken
as references from the sounding.


	Note (createKernel does not set or change any values in survey nor in)


	the corresponding sounding. However when calculating, the kernel class


	will override the frequency in the given loops (tx and rx) and set it


	to the larmor frequency calculated from the earth magnetic fields


	magnitude. Use the *setEarth* method before or after you generate the


	kernel instances, but obviously before calculation.













	
createSounding(tx=0, rx=0, check_double=True)[source]

	Creates a new sounding based on the given ids for tx and rx.


	Parameters

	
	tx (integer [ 0 ]) – Index of the transmitter loop in loops.


	rx (integer [ 0 ]) – Index of the receiver loop in loops. Same number than tx indicates
a coincident measurement.


	check_double (boolean [ True ]) – If True, omits creating another instance of the same fid (tx/rx
combination). Instead the index of the original fid is returned.
If False new fid is created and its index is returned.


	Note (tx and rx indices can be setted regardless if there is an actual)


	loop in loops or just a *None* placeholder. In other words you can


	create your soundings and loops in arbitrary order.













	
data

	Complex data cube (pulses * gates) from soundings.






	
data_phases

	Single data phases of the FIDs.






	
error

	Complex error cube (pulses * gates) from soundings.






	
gates

	Time gates gathered from soundings.






	
loadLoopMesh(savename, indices=None, dipolename=None)[source]

	Loads mesh and distribute reference to given indices.






	
loadMRSD(filename, remove_df=True, build_loops=False, x_offsets=None, segments=80, max_length=None, tx=None, rx=None, fids=None, debug=False)[source]

	
	Parameters

	
	filename (string) – Path to .mrsd file to be imported.


	build_loops (boolean [ True ]) – If True, the saved config in the mrsd file is used to construct
loops for transmitter and receiver. However, the information
in the mrsd fiel is not complete. There are some defaults we
assume in autogenerating the loops, especially when it comes
to figure-of-eight loops. Feel free to replace the loops
with custom created loops of the pyhed library. Or switch this
off if you only want to see the data or define all the loops
yourself.


	x_offsets (list or None [ None ]) – One information that is missing in mrsd files, is the relative
position of the loops to each other. Here one can fill in this
information giving a simple list of offsets in positive x
direction (all loops (midpoints) are placed at y=0 and z=0).
Expect one float per used loop by the data file or raises an
error. Ignored if None and multiple loops are found
(in this case no loops are build at all).
Coincident measurements do not require this, x is set to 0 by
default.


	segments (integer [ 80 ]) – Number of dipoles used to auto build the loops.
Ignored if build_loops is False or not given any x_offsets.


	max_length (float [ None ]) – Maximum length of a dipole when auto generating the loops.
Overrides segments.
Ignored if build_loops is False or not given any x_offsets.













	
loadMRSD_h5(filename, remove_df=True, build_loops=False, x_offsets=None, segments=80, max_length=None, tx=None, rx=None, fids=None, debug=False)[source]

	See loadMRSD instead.






	
loadMRSD_mat(filename, remove_df=True, build_loops=False, x_offsets=None, segments=80, max_length=None, tx=None, rx=None, fids=None, debug=False)[source]

	See loadMRSD instead.






	
pulses

	Pulse moment vectors gathered from soundings.






	
response

	Complex data cube (pulses * gates) from soundings.






	
rx_indices

	Indices of the used receiver of each sounding.






	
set1DModel(thk=[], res=[1000.0])[source]

	Modifies loop config in terms of primary field resistivity.






	
setEarth(earth=None, incl=60.0, decl=2.0, mag=4.8e-05, rad=False)[source]

	Defines the Earth in terms of inclination, declination and mag.


	Parameters

	
	earth (comet.snmr.survey.Earth [ None ]) – Already initialized earth class will be setted. Or created through
the other optional arguments.


	inclination (float [ 60. ]) – Inclination of the earth magnetic field in rad or degree.


	declination (float [ 2. ]) – Declination of the earth magnetic field in rad or degree.


	magnitude (float [48000 * 1e-9]) – Magnitude of the earth magnetic field in Tesla.


	rad (boolean [ False ]) – Input inclination and declination in rad?













	
setLoopConfig(config, update_loop_configs=True)[source]

	Loop config in terms of primary field resistivity and frequency.






	
setResponse(array)[source]

	Set a response array from e.g. an inversion as data set for
plotting.






	
tx_indices

	Indices of the used transitter of each sounding.











FID


	
class comet.snmr.survey.FID(tx=0, rx=0, pulses=None)[source]

	Single SNMR experiment (sounding) using a simple
Free Induction Decay (FID).

Attributes to be setted directly:


	
amperes

	Ampere vector [A].






	
curie

	Curie factor for kernel calculation.
Read only. Calculated automatically by setting temperature.






	
deadtime

	Effective deadtime (device + half pulse) [s].






	
filterGates(mint=0.0, maxt=2.0)[source]

	Dismiss not desired time gates.


	Parameters

	
	mint (float [0.0]) – Cut all data reqired before mint (in seconds). This is done using
the gate midpoints including deadtime.


	maxt (float [2.0]) – Cut all data reqired after maxt (in seconds). This is done using
the gate midpoints including deadtime.


	Append new .gating to restore old gates


	raw_data remain untouched)













	
gates

	Time gate midpoint vector [s] (including deadtime).






	
gating(num_gates=42, verbose=False)[source]

	(extracted from MRSMatlab, 2017)

y=exp(x)
For some interval x(a:b) the exact mean within exp(x(a:b))
yAverage    = exp(mean(log(y(a:b))))
t(yAverage) = mean(t(a:b))

Problem: Logarithm is nice for exact average of exponential function.
But signals are noise contaminated. 1. Logarithm of gaussian noise
changes noise structure from gaussian to lorenzian. Averaging of
lorenzian distributed noise is not zero. 2. Since noise can make signal
negative a dc shift is added to make signals positive. This deminishes
the accurancy of averaging in logspace. For large constant shift
averaging in logspace becomes equivalent to average in linspace.
However this is nice for noise structure.
So we have a tradeoff.
Finally, from some amount of intervals on, e.g. 20 within interval
[0 1]/s averaging is sufficiently exact in any case.

MMP 18/10/2011






	
getRotatedAmplitudes()[source]

	Returns Data and Error as real component of the rotated Vecs.






	
load(savename, df_removed=True)[source]

	Load previously saved FID class instance from savename (.npz)
(numpy compressed binary data structure).

Usually imported data are cleansed from frequency offsets (df) before
saving. However there is no auto detection for that. In rare cases (if
you know what youre doing) data are saved without removing df first.
Then df_removed has to be set to False. Otherwise the raw data






	
pulses

	Pulse moment vector [As].






	
rotateAmplitudes(raw_data=False)[source]

	One of the three main ways for NMR forward modelling is to use
rotated amplitudes, instead of using the amplitudes of the complex
data or the complex data itself. If the phase information of the noise
free data is known (synthetic data) or fitted (e.g. monoexponential
fit) the rotated Amplitudes (also complex, do not confuse) have the
advantage of containing all the information in the real part (together
with noise), where the imaginary part contians only noise and can
therefore be discarded later.

Can be used on gated or ungated data, however this call alters the
raw_data!


	Parameters

	raw_data (boolean [ True ]) – Flag to decide if raw data or gated data are rotated.
Default is raw data, however if no raw data are



	Returns

	



	Return type

	complex rotated raveled data.










	
save(savename)[source]

	Saves FID class instance under savename. Expect savename with ending
.npz (numpy compressed binary data structure).






	
setDataPhase(data_phase)[source]

	Sets variable data_phase. Expect single float value for data phase in
rad.






	
setFrequencyOffset(df)[source]

	Sets frequency offset of tx pulse to larmor frequency.

Expect one value per pulse or one single value (used for all pulses).
None is treated as zero offset (internal initialization).






	
setGatedDataErrorAndGates(data, error, gates, rotated=False, phases=None, midpoints=True)[source]

	Sets the processed and gated data vector along with the gates (time
discretization) and error cube.


	Parameters

	
	data (np.ndarray) – Data vector of shape (number of pulses, number of gates). Expect
complex valued vector.


	error (np.ndarray) – Error vector of the same shape as the data vector.


	gates (np.ndarray) – Simple time vector in seconds with shape matching the dimension 1
of the data and error vector. Expect gates without deadtime.


	rotated (boolean [ False ]) – Define whether the data are already rotated or not. thee is no
autodetect for that.


	phases (np.ndarray [ None ]) – Define phases as simple vector containing phases in rad. Expect one
value per pulse.


	midpoints (boolean [ True ]) – If True (default) the given times in the gates vector are
interpreted as midpoint of gates. However if False the vector is
interpreted as outer limits of the gates, so gate 1 would be
defined between time 1 and time 2 and gate 2 between time 2 and 3
and so on.


	Sets


	—-


	This functionality fills the following attributes


	*data_gated*, *gates*, *error_gated*, *rotated*


	and optionally


	*phi* (phases)













	
setGates(gates, midpoints=True)[source]

	Define time gates.


	Parameters

	
	gates (np.ndarray) – Define gates midpoints. Expect array with float in [s]. See
midpoints for definition of how the input array is interpreted.


	midpoints (boolean [ True ]) – If True (default) the given times in the gates vector are
interpreted as midpoint of gates. However if False the vector is
interpreted as outer limits of the gates, so gate 1 would be
defined between time 1 and time 2 and gate 2 between timne 2 and 3
and so on.


	Sets


	—- – gates and _gates_thk if not the midpoints are given













	
setPhases(phi)[source]

	Sets variable phi. No check for length if vector is done. See
setGatedDataErrorAndGates or setRawDataErrorAndTimes for more details.






	
setPulseDuration(taup, deadtime_device=0.005)[source]

	Sets pulse duration [s] and internal deadtime from the device.


	Parameters

	
	taup (float) – Pulse duration in seconds.


	deadtime_device (float [ 0.005 ]) – Internal deadtime of the measurement device in seconds.
0.005 seconds are default for synthetic studies.


	Sets


	—-


	*taup1*,


	*deadtime_device*,


	*deadtime* (half pulse + deadtime_device)













	
setPulses(pulses)[source]

	Set pulse moment vector. Expect array with float in [As].

pulses






	
setRawDataErrorAndTimes(data, error, times, rotated=False, phases=None, remove_df=True, omit_regating=False)[source]

	Sets the raw (processed but ungated) data vector along with the time
discretization and errorvector.


	Parameters

	
	data (np.ndarray) – Data vector of shape (number of pulses, times). Expect complex
valued vector.


	error (np.ndarray) – Error vector of the same shape as the data vector.


	times (np.ndarray) – Simple time vector in seconds with shape matching the dimension 1
of the data and error vector, expect times without deadtime!


	rotated (boolean [ False ]) – Define whether the data are already rotated or not. There is no
autodetect for that.


	phases (np.ndarray [ None ]) – Define phases as simple vector containing phases in rad. Expect one
value per pulse.


	remove_df (boolean [ True ]) – Removes the frequency offset in the given data stored in the
attribute df [Hz].


	omit_regating (boolean [ False ]) – When setting the raw data, the gated data need to be recalculated.
By default this is done via regating with the original settings
for the gating.


	Sets


	—-


	This functionality fills the following attributes


	*data_raw*, *times*, *error_raw*, *raw_rotated*


	and optionally


	*phi* (phases)













	
setResponse(array)[source]

	Sets a respinse array with the same shape as the data e.g. from an
inversion instance. For plotting only.






	
setRotated(rotated, raw_data=False)[source]

	Sets rotation of data. True = rotatedAmplitudes,
False = complex.






	
setRx(index, turns=None)[source]

	Define index of receiver loop and turns.






	
setTx(index, turns=None)[source]

	Define index of transmitter loop and turns.






	
temperature

	Middle temperature [K]. Default = 281 K (8°C or 46.4°F).






	
times

	Time vector [s] of raw data (including deadtime).











Kernel


	
class comet.snmr.kernel.Kernel(survey=None, fid=0, dimension=1, name=None)[source]

	Basic class to solve the NMR kernel computation.


	Parameters

	
	name (string [ None ]) – If kernel is loaded from file.


	survey (survey class instance [ None ]) – Calls setSurvey to define underlaying survey class.
Holds important attributes like pulse moments and the loops for
tx and rx.


	tx (integer [ 0 ]) – Transmitter index in corresponding survey.


	rx (integer [ 0 ]) – Receiver index in corresponding survey.


	fid (interger [ 0 ]) – Sounding index in corresponding survey.


	dimension (integer [1]) – Defines the kernel integration.








Example

>>> from comet.snmr import kernel as k
>>> from comet.snmr import survey
>>> site = survey.Survey()
>>> kernel = k.kernel(site)
>>> kernel.calculate()
>>> kernel.save('savename')
>>> kernel.show()






	
BFieldCalculation(loop_mesh=None, dipole_mesh=None, interpolate=False, just_loop_fields=False, recalc_loop_fields=False, recalc_primary=False, num_cpu=12, **kwargs)[source]

	Calculates the Bfield for the kernel function for tx and rx.

internal call of loop.calculate() including decision if cell based or
node based Bfield is needed.
All optional parameters are piped to the loop.calculate() call.
Based on the desired dimension of the kernel a specialised mesh may be
automatically generated for the calculation.

Part 1/3 of the kernel calculation. Called automatically if
kernel.calculate is called.






	
calcMagnetization()[source]

	Creates 3D mesh and calcualtes magnetization vector after excitation.
Returns magnetization vector of shape (num_pulses, num_cells_3d, 3)






	
calculate(loop_mesh=None, dipole_mesh=None, interpolate=False, savename=None, forceNew=False, slices=True, slice_name=None, **kwargs)[source]

	All three parts of the kernel calulation are called here.

All given kwargs are directed to BfieldCalculation(), see function info
for details about possible keyword arguments.

>>> self.BFieldCalculation(**kwargs)





>>> self.ellipticalDecomposition()





>>> self.kernelIntegration()





>>> if savename is not None:
        self.save(savename)






	Keyword Arguments

	destinations – none for now, with exception of “num_cpu”, [12]
which is directed to BfieldCalculation and/or sliceKernel










	
create1DKernelMesh(max_length=0.1, area=100.0, quality=32, zvec=None, size_factor=2.5, z_factor=2.5, export_xyplane=None, max_dipoles=2000, calc_3D_stats=True, xmin=None, xmax=None, ymin=None, ymax=None)[source]

	In order to integrate the kernel to a 1D structure without
interpolation errors, a special mesh consisting of triangular zylinders
has to be defined.


	Parameters

	
	max_length (float [ 0.1 ]) – Defines the smallest edge length for the discretisation of the loop
. In order to get admirable kernel results a value of 0.1 meters
should be the maximum.


	area (float [ 100. ]) – Defines the maximum Area a triangle in the loop slice can have.


	quality (float [ 32. ]) – Defines the smallest angle inside a triangle. Be careful with
values above 35.


	zvec (array_like [ None ]) – Usualy the zvec is defined automatically, this flag gives the user
the optional possibility to give a zvec from outside the funktion.


	size_factor (float [ 2.5 ]) – Extension of the kernel mesh (and therefore integration volume)
in the x and y direction. Should be at least 2 times the loop
diameter or shortest edge length. This value defines the multipier.


	z_factor (float [ 2.5 ]) – Maximum depth of the Kernel. Should be at least 2 times the loop
diameter or shortest edge length. This value defines the multipier.


	export_xyplane (string [ None ]) – Filename for the resulting kernel mesh plane in 2D can be
exported for debugging or simply to check the mesh (vtk).


	max_dipoles (interger [ 2000 ]) – Fallback for high node density loops. This sets an overall maximum
for the number of dipoles used for the loop discretization.
However this only comes into account in rare cases.













	
create2DKernelMesh(area=15.0, quality=34, yvec=None, x_factor=5, z_factor=2, savename=None, export_xzplane=None, calc_3D_stats=True, order=0)[source]

	Similary to the mesh in the 1D case a special mesh consisting of
triangluar zylinders is generated. The Zylinders are pointing in the y
direction to allow a perfect integration to the x-z plane.


	Parameters

	
	area (float [15.]) – Affects the maximum area a triangle in the 2D slice is allowed to
have. Higher Values lead to bigger cells.


	quality (float [34]) – Defines the smallest angle inside a triangle. Be careful with
values above 34.5. Higher values = more cells.


	yvec (ndarray, list [None]) – Usualy the y vector is defined automatically, this flag gives the
user the optional possibility to give a YVec from outside the
function.


	x_factor (float [2]) – Extension of the kernel mesh (and therefore integration volume)
in the x direction. Should be at least 2 times the loop
diameter or shortest edge length. This value defines the multipier.


	z_factor (float [2]) – Extension of the kernel mesh (and therefore integration volume)
in the z direction. Should be at least 2 times the loop
diameter or shortest edge length. This value defines the multipier.


	savename (string [None]) – If a savename is given, the resulting 2D Mesh is saved in the .bms
format for later use.


	export_xyplane (string [ None ]) – Filename for the resulting kernel mesh plane in 2D can be
exported for debugging or simply to check the mesh (vtk).













	
createMagnetizationMesh()[source]

	Creates full 3D mesh for display and calcualtion of magnetization
vectors. Not needed for normal kernel calculation routine and big,
therefore separate.






	
createSeperatedLoopMesh(name='SepLoopMesh', dipole=True, exportVTK=False, refinement_para=1.0, max_area_factor=1.0)[source]

	Creates a mesh that contains the receiver and the transmitter loop.






	
createYVec(max_length=0.2, max_num=300, y_factor=2.0, calc_3D_stats=True)[source]

	Creates the y vector discretization for the 2D kernel mesh.

The y vector represents the y values of the 3D Kernel mesh before
the integration to 2D.


	Parameters

	
	max_length (float [ 0.2 ]) – Maximum distance between two slices inbetween the source dipoles.


	max_num (integer [ 300 ]) – Maximum number of slices. Overrides
max_length if they conflict.


	y_factor (float [ 2. ]) – Extension of the kernel mesh (and therefore integration volume)
in the y direction. Should be at least 2 times the loop
diameter or shortest edge length. This value defines the multipier.













	
createZVector(numz, minz, min_thk=0.5)[source]

	Creates a sinus hyperbolicus shaped Z discretisation in numz
steps between 0 and minz.






	
ellipticalDecomposition()[source]

	Computes the counter and corotating parts of the given magnetic fields
with respect to a given earth magnetic field.


	Parameters

	
	Bfield (complex field [3, n] or string) – Optional. Possibility to insert a pre calculated field.


	Inclination (float) – Inclination of the earth magnetic field at the loop site in rad
[0… 2pi]


	Declination (float) – Declination of the magnetic field at the loop site in rad
[0… 2pi]


	B (np.array of shape (3, n)) – Magnetic field of the loop


	Second part of the kernel calculation.


	- mainly from Weichman et al. (2000)













	
static ellipticalDecomposition_multi(Bfield, earth)[source]

	Computes the counter and corotating parts of the given magnetic fields
with respect to a given earth magnetic field.


	Parameters

	
	Bfield (complex field [3, n] or string) – Optional. Possibility to insert a pre calculated field.


	Inclination (float) – Inclination of the earth magnetic field at the loop site in rad
[0… 2pi]


	Declination (float) – Declination of the magnetic field at the loop site in rad
[0… 2pi]


	B (np.array of shape (3, n)) – Magnetic field of the loop


	Second part of the kernel calculation.


	Literature


	———-


	- Weichman et al. (2000)


	- Hertrich (2005, Appendix)


	- Hertrich (2008, eq. 6 ff.)













	
export2DKernel(fig=None, ax=None, savename=None, png_dpi=300, noYLabel=False, index=0, colorBar=True, size=13, pdf=None, fixed_cbar=False, **kwargs)[source]

	Exports 2D Kernel for given pulse moment.
Kwargs are redirected to show.






	
export2DKernel2PDF(name, fixed_cbar=False, **kwargs)[source]

	Export 2D Kernel for all pulse moments as stiched pdf.
Kwargs are redirected to export2DKernel.






	
exportMagnetization(name, vtk_export=False, pulse=0)[source]

	Export a previously calculated magnetization vector as numpy
vector and optionally vtk file.






	
fid

	Reference to sounding (FID) class instance in survey.






	
getSliceCoords()[source]

	Returns input coordinates for custEM Slice interpolation of magnetic
fields to the kernel slices.






	
interpolateBFieldToKernel(recalc_prim_on_kernel=False, recalc_primary=False, num_cpu=32, calc_3D_stats=True)[source]

	Takes the rx Bfield and interpolates it to the kernel mesh.






	
static kernelCalculation_multi(fid, earth, txalpha, txbeta, txzeta, txperpend, rxalpha=None, rxbeta=None, rxzeta=None, rxperpend=None, calc_theta=False)[source]

	




	
kernelIntegration(calc_theta=False)[source]

	Computes the integration of the kernel with respect to the desired
dimension.


	Parameters

	
	decomposition ((alpha, beta, zeta)) – Bfield_part essentially consists of the output from the
elliptical decomposition of the magnetic field.


	measurement (class) – An instance of a measurement class has to be given in order to keep
the number of input arguments manageable.


	earthmagnitude (float) – Magnitude of the earth magnetic field [Tesla]. Aproximatly about
30000 to 65000 nT (1 nT = 1e-9 Tesla).


	Third part of the kernel calculation.













	
larmor

	Larmor frequency [Hz] from earth defined in survey.






	
load(savename, load_loopmesh=True, kernelmesh2d=None, load_kernelmesh=True, use_order_refinement=True)[source]

	Load a previously saved kernel (.npz-format).






	
pulses

	Reference to pulse moments from sounding (FID).






	
release_memory()[source]

	Calling this function is releasing some attributes that are using a
fairly big amount of memory.

Sets the following attributes back to None:


	The interpolation matrix between the loop meshes and the kernel mesh




interpolationMatrix


	local copies of the magnetic fields (fields in tx and rx are not




effected)
txBfield, rxBfield


	the 3D kernel mesh cell center and volumes




kernelMeshCellVolume, kernelMeshCellCenter


	the elliptical decomposition of the tx and rx bfields




txalpha, txbeta, txzeta, txperpend, rxalpha, rxbeta,
rxzeta, rxperpend

Note: a recalculation of the kernel will take about the same amount of
time as the first call, as all cached variables are gone, however apart
from a recalculation, the other purposes of the kernel class (export,
figures, inversion(without recalculation)) are not effected.

Another note: If you want to use this method only for saving disk space
in case you save the kernel class, then you might consider the light
flag of the .save method instead.






	
rx

	Reference to receiver class instance in survey.






	
rx_area

	Area of the receiver loop.






	
save(savename=None, save_interpolation_mat=False, save_loopmesh=False, light=True, kernelmesh_name=None)[source]

	Save the basic information to restore the Kernel class later.






	
set1DKernelMesh(mesh, calc_3D_stats=True)[source]

	Sets the 1D kernel mesh.


	Parameters

	
	mesh (stirng or pygimli.Mesh) – Filename or mesh instance of a 2D mesh in the x-y plane.


	Need


	—-


	z discretization – Can be setted via createZVector, setZVector or
direct use of create1DKernelMesh. However the needed information
to do that may not be available on the fly, therefore no default
z vector is created.













	
set2DKernelMesh(inmesh, yvec=None, order=0, integration_mat=None, calc_3D_stats=True)[source]

	kwargs to createYVec if YVec is None






	
setModel(*args, **kwargs)[source]

	Pipes args and kwargs to self.tx.setModel. Same for rx.






	
setPulsesDirectly(pulses)[source]

	Set pulse moment vector manually if not supported by survey + fid.
(This is called when loading a kernel from the harddisk, mainly for
plotting reasons). For all calculation purposes a survey and fid class
is recommended.






	
setRx(rx, **kwargs)[source]

	Sets initialized loop or pipe arg and kwargs to loadLoop.






	
setSurvey(survey, fid=0)[source]

	Sets survey class containing necessary information for the kernel.


	Parameters

	
	survey (comet.snmr.survey.Survey or None) – Sets given survey class instance or create empty class instance.


	fid (integer [ 0 ]) – Index of corresponding sounding in the survey.













	
setTx(tx, **kwargs)[source]

	Sets initialized loop or pipe arg and kwargs to loadLoop.






	
setZVector(vector, min_thk=0.5)[source]

	Defines the attribute zvec.

Sets the given vector as z discretization. Attention: the value for
min_thk defines the minimum thickness of the discretization used in the
end. For all thicknesses in vector smaller than min_thk, the Kernel is
integrated to match the min_thk. For calulation of the kernel function
the original given vector is used.


	Parameters

	
	vector (array_like) – Z discretization in m to be used for the kernel calculation. If a
new vector is to be created, please also take a look at the method
createZVector.


	min_thk (float) – Minimum thickness te kernel and zvec is integrated if returned.
This leads to higher accuracy in the vicinity of the loop.













	
show(toplot=['real', 'imag', 'amp', 'phase', '0D'], indices=None, savename=None, normed=False, suptitle=None, ax=None, pulse_in_log=False, kernel_absolute_values=False, cbar_percentage=0.99, fixed_cbar=False, lut=33, show_marked_edges=False, **kwargs)[source]

	Visualise the Kernel with respect to the desired dimension.

Automatically defined within the kernel class via the parameter
kernel.dimension = [0…3]. Plotting of a kernel in the desired
dimension is only possible if the kernel is also calculated with
respect to that dimension. It’s not possible to calculate the kernel
with kernel.dimension = 1 and then plot the kernel with
kernel.dimension = 2.


	0D :

	Simple Graph plotting kernel-values over pulsemoments



	1D :

	Graph with 1D integrated kernels over the depth of the model



	2D :

	Slice of the x-z-plane with triangle mesh containing the 2D



	3D :

	Export of the kernel in vtk format for visualising.





none so far

Plots the 1D integrated Kernel with a given z discretisation over the
measured pulse sequences.


	toplot: list [ [‘real’, ‘imag’, ‘amp’, ‘phase’, ‘1D’] ]

	There are different possibilities to plot the kernel. This
parameter defines which part of the kernel is shown. Possible
options are: ‘real’, ‘imag’, ‘amp’, ‘phase’, ‘0D’ (integrated over
z). All strings in the toplot variable will be plotted in the same
order given in the list.



	cMap: string [‘viridis’]

	Defines the colormap used to display the kernel. In order to get a
good contrast between the max and min as well as being useful in
comparison with MRSMatlab, ‘viridis’ is the default colormap. Any
colormap reachable by the plt.get_cmap(…) method can be chosen.



	normed: bool [True]

	A on the dimension based normalisation of the plot permits
a better assessment of the kernel distribution.



	ax: plotting ax or list of axes [None]

	Plot on a predefined ax and gives back the ax. A onedimensionla
list of axes is also accepted, if the number of items in ‘toplot’
is the same as the available axes.



	lut: None or int [None]

	Number of colors for the colorbar.
If lut is not None it must be an integer giving the number of
entries desired in the lookup table, and name must be a standard
mpl colormap name.






	indices: list

	By default one 2D plot is created for each pulsemoment. In order
to limit the number of plots the optional paramter indices  can be
given as a list of indices referring to the pulse moments to be
shown.



	cMap: string [‘viridis’]

	See Parameter 1D.



	normed: bool [True]

	A on the dimension based normalisation of the plot permits
a better assessment of the kernel distribution.



	show_marked_edges: boolean [ False ]

	Whether or not marked edges gets drawn.



	possible kwargs for matplotlib:

	cMin, cMax for range of the colorbar.
All other kwargs are reaching matplotlib functions.



	default label 2D:

	‘integrated kernel (2D) [nV/$m^2$] pulsemoment: {:.3f} As’
.format(self.pulses[i])





A self-sufficient plot of the kernel without any integration would
result in a set of 3D Cubes and is not implemented for now.

Instead the kernel will be saved in vtk format which can be easily
handled.


	savename: string

	A String defining the relative path to the vtk-file the kernel will
be saved in. If not given the default savename will be flagged with
the string ‘_default_’ and contain some information about the
kernel.





Example

2D:

>>> ax, cbar = kernel.show(indices=[16], cMin=-1,
>>>                        cMax=2, size=20, pad=0.7)
>>> ax.set_ylim(-50, 0)










	
sliceKernel2D(savename=None, forceNew=False, loopSaveName=None, num_cpu=None, new_bfield=False, loop_mesh=None, slice_name=None, **kwargs)[source]

	2D Kernel in a memory saving parallel computation approach.






	
tx

	Reference to transmitter class instance in survey.






	
tx_area

	Area of the transmitter loop.






	
zvec

	z discretisation
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comet.pyhed.config module

Part of comet/pyhed


	
class comet.pyhed.config.SecondaryConfig(name=None, mod_name=None, mesh_name=None, m_dir='.', r_dir='.', pf_name='__default__prim_fields', p2=False, approach='E_s', pf_EH_flag='E', sigma_ground=[0.001], procs_per_proc=1, frequency=2000)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]


	
load(filename)[source]

	Load config from file.


	Parameters

	filename (sting) – Relative or absolute path to file.






None









	
save(filename)[source]

	Save secondary config in ASCII file format.


	Parameters

	Filename (string) – Filename for saving. Sub directories are created on the fly if
code execution has the proper rights.










	
setAnomalies(sigma_anom, layer_markers=None)[source]

	Set anomalie vector.


	Parameters

	
	sigma_anom (np.ndarray) – Array with sigma values for each cell marked as anomaly.


	layer_markers (np.ndarray [ None ]) – Array containing the cell marker for each anomaly value (cell)
to calculate the sigma anomalies with respect to the 1d
background model. None indicates a homogenous background and
all marker are set to 1 (0 is airspace).

















	
class comet.pyhed.config.config(name=None, rho=[1000.0], d=[], f=2000.0, mode='te', ftype='B', current=1.0, forceNew=False)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Basic 1d configuration file.

Contents the values for layer parameters rho and d, the mode (te or tm),
the fieldtype that will be calculated and the current of the loop.

Held by instances of the loop class.


	
load(name)[source]

	Load config from ASCII file format.






	
save(name)[source]

	Saves config in ASCII file format.











Module contents

Module comet/pyhed


	
class comet.pyhed.config(name=None, rho=[1000.0], d=[], f=2000.0, mode='te', ftype='B', current=1.0, forceNew=False)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Basic 1d configuration file.

Contents the values for layer parameters rho and d, the mode (te or tm),
the fieldtype that will be calculated and the current of the loop.

Held by instances of the loop class.


	
load(name)[source]

	Load config from ASCII file format.






	
save(name)[source]

	Saves config in ASCII file format.










	
class comet.pyhed.SecondaryConfig(name=None, mod_name=None, mesh_name=None, m_dir='.', r_dir='.', pf_name='__default__prim_fields', p2=False, approach='E_s', pf_EH_flag='E', sigma_ground=[0.001], procs_per_proc=1, frequency=2000)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]


	
load(filename)[source]

	Load config from file.


	Parameters

	filename (sting) – Relative or absolute path to file.






None









	
save(filename)[source]

	Save secondary config in ASCII file format.


	Parameters

	Filename (string) – Filename for saving. Sub directories are created on the fly if
code execution has the proper rights.










	
setAnomalies(sigma_anom, layer_markers=None)[source]

	Set anomalie vector.


	Parameters

	
	sigma_anom (np.ndarray) – Array with sigma values for each cell marked as anomaly.


	layer_markers (np.ndarray [ None ]) – Array containing the cell marker for each anomaly value (cell)
to calculate the sigma anomalies with respect to the 1d
background model. None indicates a homogenous background and
all marker are set to 1 (0 is airspace).

















	
comet.pyhed.addLogFile(name=None, new_log=True)[source]
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comet.pyhed.IO package


Submodules



comet.pyhed.IO.saveload module

Part of comet/pyhed/IO


	
exception comet.pyhed.IO.saveload.ArgsError(value)[source]

	Bases: Exception [https://docs.python.org/3/library/exceptions.html#Exception]






	
exception comet.pyhed.IO.saveload.TetgenNotFoundError[source]

	Bases: Exception [https://docs.python.org/3/library/exceptions.html#Exception]

Special Exception to catch in a try except.






	
comet.pyhed.IO.saveload.addVolumeConstraintToPoly(name, regions, float_format='6.3f')[source]

	Append region information in form of volume constraints to a tetgen.poly
file. The given regions has to be of shape (n, 5 or 6), with
n times: [number, x, y, z, regional attribute, volume constraint]






	
comet.pyhed.IO.saveload.checkDirectory(savename, filename=False, verbose=False)[source]

	Checks for directory and creates if not.






	
comet.pyhed.IO.saveload.checkForFile(name)[source]

	Checks if file exists and creates a directory if it does not.






	
comet.pyhed.IO.saveload.createCustEMDirectories(m_dir='.', r_dir='.')[source]

	Creates the used custEM directories based on m_dir and r_dir.






	
comet.pyhed.IO.saveload.cutExtension(path)[source]

	




	
comet.pyhed.IO.saveload.delLastLine(opened_file, line_ending='\n')[source]

	Efficient way of deleting the last line of a large file.






	
comet.pyhed.IO.saveload.getItem(archive, key, default=None)[source]

	Get item for key from numpy archive via try except with given default
value for None.






	
comet.pyhed.IO.saveload.searchforTetgen(returnPathfile=False)[source]

	Try to find a valid tetgen installation for meshing purposes.



	path: string

	Path to tetgen installation or path to pathfile of pyhed itself.














comet.pyhed.IO.vtk module

Part of comet/pyhed/IO


	
comet.pyhed.IO.vtk.add_vector_to_vtk(vtk, vector, vectorname, dtype_string='double')[source]

	Appends a vector fields to an existing vtk file.


	Parameters

	
	vtk (string) – Path to vtk file, where the field is to be appended.


	vector (np.ndarray) – Real valued array of shape (3, n) n being either the number of
nodes or the number of cells.


	vectorname (string) – Name under which the array is to be identified in the vtk file.


	dtype_string (string) – Format string in the vtk file. Default ‘double’ is used for float
values.













	
comet.pyhed.IO.vtk.fieldCell2Node(mesh, field)[source]

	




	
comet.pyhed.IO.vtk.savefieldvtk(vtk_name, mesh, field, itype='mesh', components=False, scalar=False, save=['real', 'imag'], field_name='field', verbose=True)[source]

	Basic VTK export routine when it comes to complex vector fields on
unstructured meshes.


	Parameters

	
	vtk_name (string) – Path to the resulting vtk file.


	mesh (string or pg.Mesh or np.ndarray) – Pygimli Mesh instance or path to a mesh file. Alternatively a
bare numpy array containing coordinates or meshgrid ranges can be
used.


	field (np.ndarray) – Complex vector field of shape (3, n) with n corresponding either
to mesh cell count or node count.


	itype (string [ ‘mesh’ ]) – Defines input type of mesh. Possible choices are ‘mesh’ for
pg.Mesh (instance or file path), ‘coords’ for direct 3d coordinates
ranges to build a regular meshgrid, or ‘grid’ if input is a 3d
meshgrid.


	components (boolean [ False ]) – Separately saves the spatial components of the vector field for
debugging purposes.


	scalar (boolean [ False ]) – Input is a simple scalar field (e.g. potential).


	save (list [ ‘real’, ‘imag’ ]) – The vector is saved once for each entry in the list. Possible
choices are ‘real’ to save the real component, ‘imag’ to save
the imaginary component, ‘aps’ or ‘amp’ to save the amplitude, and
‘phase’ to save the phase component of the field. Only works with
vector fields.


	field_name (string) – Name under which the array is to be identified in the vtk file.


	verbose (boolean [ True ]) – Turn on verbose mode.






	Returns

	



	Return type

	True if succesful.











Module contents

Module comet/pyhed/IO

Init file for IO subpackage of pyhed.
Mainly used to load and save a bunch of stuff or handling some checks.
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Submodules



comet.pyhed.hed.hed_bib module

Part of comet/pyhed/hed


	
comet.pyhed.hed.hed_bib.btp(u, model, rho, d, f, mode)[source]

	Airspace only, internal function, for imput see downout.

Do not call directly.






	
comet.pyhed.hed.hed_bib.calcField(polar, rho, d, f, Ids, ftype, mode)[source]

	Calculates field for a given dipole on given polar coords. Internally.

Internally used by makeField. Please be referred to the docstrings of
makeField. And please use makeField directly!!!






	
comet.pyhed.hed.hed_bib.downout(u, model, rho, d, f, mode)[source]

	Overall call function for recursive calculation.


	Parameters

	
	u (np.ndarray) – Horizontal wavenumbers based on Hankel factors and horizontal
tx-rx distance. Shape: (Hankel, n_rx)


	model (np.ndarray) – Polar coords of the receiver pos (3, n).


	rho (np.ndarray) – Resistivities for each layer (Ohm*m).


	d (np.ndarray) – Thicknesses of each layer (m).


	f (float) – Frequency (Hz).


	mode (str) – Calculation for ‘te’, ‘tm’ or ‘tetm’ possible. Mode ‘te’ for closed
loops and ‘tetm’ for grounded wires. Single ‘tm’ is only for debug.






	Returns

	
	aa (np.ndarray) – Ratio of the partial wave amplitude A(z,u)/A(0,u)


	aap (np.andarray) – Ratio of the partial wave amplitude A’(z,u)/A’(0,u)


	bt (np.ndarray) – Admittance at the surface of the layerd halfspace















	
comet.pyhed.hed.hed_bib.downward(u, model, rho, d, f, mode)[source]

	Downward attenuation.


	Parameters

	
	u (np.ndarray) – Horizontal wavenumbers based on Hankel factors and horizontal
tx-rx distance. Shape: (Hankel, n_rx)


	model (np.ndarray) – Polar coords of the receiver pos (3, n).


	rho (np.ndarray) – Resistivities for each layer (Ohm*m).


	d (np.ndarray) – Thicknesses of each layer (m).


	f (float) – Frequency (Hz).






	Returns

	
	aa (np.ndarray) – Ratio of the partial wave amplitude A(z,u)/A(0,u)


	aap (np.andarray) – Ratio of the partial wave amplitude A’(z,u)/A’(0,u)


	bt (np.ndarray) – Admittance at the surface of the layerd halfspace















	
comet.pyhed.hed.hed_bib.efield_3D_hed_te(polar, u, aa, aap, bt, f, Ids)[source]

	Calculation of electric field for transversal electric mode.

Computes the transversal electric induced electric field of a
x-directed dipole at (0, 0, 0). Field shape (3, n) with x, y, z components
for each reciever point in polar.

Internal function. Called by makeField if ftype == ‘E’ and mode in
(‘te’, ‘tetm’).


	Parameters

	
	polar (np.ndarray) – Polar coords of the receiver pos (3, n).


	u (np.ndarray) – Horizontal wavenumbers based on Hankel factors and horizontal
tx-rx distance. Shape: (Hankel, n_rx)


	aa (np.ndarray) – Ratio of the partial wave amplitude A(z,u)/A(0,u)


	aap (np.andarray) – Ratio of the partial wave amplitude A’(z,u)/A’(0,u)


	bt (np.ndarray) – Admittance at the surface of the layerd halfspace


	f (float) – Frequency (Hz).


	Ids (float) – Dipole current * dipole length.






	Returns

	field – Transversal electric component of the electric field of a
x-directed dipole at (0, 0, 0). field.shape = polar.shape.



	Return type

	np.ndarray










	
comet.pyhed.hed.hed_bib.hankelfc(order)[source]

	Filter coefficients for hankel transformation by Anderson (1980)






	
comet.pyhed.hed.hed_bib.hfield_3D_hed_te(polar, u, aa, aap, bt, f, Ids)[source]

	Calculation of magnetic field for transversal electric mode.

Computes the transversal electric induced magnetic field of a x-directed
dipole at (0, 0, 0). Field shape (3, n) with x, y, z components for each
reciever point in polar.

Internal function. Called by makeField if ftype == ‘H’ and mode in
(‘te’, ‘tetm’).


	Parameters

	
	polar (np.ndarray) – Polar coords of the receiver pos (3, n).


	u (np.ndarray) – Horizontal wavenumbers based on Hankel factors and horizontal
tx-rx distance. Shape: (Hankel, n_rx)


	aa (np.ndarray) – Ratio of the partial wave amplitude A(z,u)/A(0,u)


	aap (np.andarray) – Ratio of the partial wave amplitude A’(z,u)/A’(0,u)


	bt (np.ndarray) – Admittance at the surface of the layerd halfspace


	f (float) – Frequency (Hz).


	Ids (float) – Dipole current * dipole length.






	Returns

	field – Transversal electric induced magnetic field of a x-directed dipole
at (0, 0, 0). field.shape = polar.shape.



	Return type

	np.ndarray










	
comet.pyhed.hed.hed_bib.hfield_3D_hed_tm(polar, u, aa, aap, bt, f, Ids)[source]

	Calculation of magnetic field for transversal magnetic mode.

Computes the transversal magnetic component of the magnetic field of a
x-directed dipole at (0, 0, 0). Field shape (3, n) with x, y, z components
for each reciever point in polar.

Internal function. Called by makeField if ftype == ‘H’ and mode in
(‘tm’, ‘tetm’).


	Parameters

	
	polar (np.ndarray) – Polar coords of the receiver pos (3, n).


	u (np.ndarray) – Horizontal wavenumbers based on Hankel factors and horizontal
tx-rx distance. Shape: (Hankel, n_rx)


	aa (np.ndarray) – Ratio of the partial wave amplitude A(z,u)/A(0,u)


	aap (np.andarray) – Ratio of the partial wave amplitude A’(z,u)/A’(0,u)


	bt (np.ndarray) – Admittance at the surface of the layerd halfspace


	f (float) – Frequency (Hz).


	Ids (float) – Dipole current * dipole length.






	Returns

	field – Transversal magnetic component of the magnetic field of a
x-directed dipole at (0, 0, 0). field.shape = polar.shape.



	Return type

	np.ndarray










	
comet.pyhed.hed.hed_bib.makeField(coords, rho_in, d_in, f=2000, Ids=1, pos=(0, 0, 0), angle=0, mode='te', inputType='M', ftype='B', cell_center=False, drop_tol=0.01, src_z=-0.01)[source]

	Calculation of the electric or magnetic field of a horizontal electric
dipole at position pos, pointing in a direction defined by angle on
given cartesian coordinates.


	Parameters

	
	coords (np.ndarray or string) – Reciever coords. Possible input types are numpy ndarrays for direct
cartesian coordinates, ranges for (x, y, z) or pygimli Meshes.


	rho_in (float or np.ndarray) – Float or Array of resistivity values for the 1d layered earth model.
Airspace is at the level of the source dipole.


	d_in (float or np.ndarray) – Layer thicknesses in m. As the lower halfspace is considered to have an
infinite thickness, d_in is always one value short of rho_in (an
empty list ar array or a 0 for homogenous halfspace.)


	f (float [ 2000 ]) – Frequency (Hz).


	Ids (float [ 1 ]) – Dipole current * dipole length. Used for simple scaling of the
calcualted field.


	pos (tuple of length 3 [ (0 ,0, 0) ]) – Absolute position of the source dipole in cartesian coordinates.
Values for z are used for a shift of the airspace. Currently only
sources at the upper halfpsce boundary are permitted.


	angle (float [ 0 ]) – Rotation of the dipole with respect of an x-directed dipole counting
positive clockwise.


	mode (string [ ‘te’ ]) – For a closed loop consisting of a finite number of dipoles the total
field can be seen as superposition of the transversal electric
components of the single dipole fields (‘te’). For grounded dipoles
‘tetm’ is needed.


	inputType (string [ ‘M’ ]) – Specifier for input coordinates. Possible choices are ‘M’ if coords
is a pygimli mesh or file path to a pygimli mesh, ‘C’ if coords is
a np.ndarray with ranges to build a meshgrid, or ‘V’ to indicate that
coords is a vector of cartesian coordinates.


	ftype (string [ ‘B’ ]) – Flag to control calculated field type. Possible choices are ‘E’, ‘B’ or
‘H’ (asuming B = 4e-7 * pi * H).


	verbose (boolean [ False ]) – Turn on verbose mode.


	cell_center (boolean [ False ]) – If coords is a pygimli mesh, there is the additional possibility to
calulate the fields in the cell Centers, instead of the node positions.


	drop_tol (float [ 1e-2 ]) – Singularity fix. All horizontal distances between drop_tol and the
transmitter dipole are placed between the first reciever outside the
tolerance and the tolerance, maintaining the correct order and angle.
This has been very useful for later usage of the fields in FEM
approaches.


	src_z (float [-0.001]) – This is only used if grounded terms for an electric field are used. In
this case the source has to be buried in order to get the correct
results. Default is 1 cm (remember: z defined positive upwards). So in
most cases this value should be negative.














comet.pyhed.hed.hed_para module

Part of comet/pyhed/hed


	
comet.pyhed.hed.hed_para.InterpolationWorker(num, pos_queue, out_queue, data, srcmeshName, outmeshName, outtype, verbose)[source]

	MPI Worker used to interpolate fields to target source location.






	
comet.pyhed.hed.hed_para.SummationWorker(queueIn, queueSum, queueEnd, verbose)[source]

	MPI Worker used to sum up single fields.






	
comet.pyhed.hed.hed_para.multiInterpolation(DipoleDataName, SrcMeshName, OutMesh, DipolePos=None, verbose=False)[source]

	Call function for multiprocessing interpoaltion of dipole fields.







comet.pyhed.hed.libHED module

Part of comet/pyhed/hed

Earth class for calculation of dipole (HED) fields for 1d layered earth.

The algorithms in method calcFieldForLayer of HED class is partly taken
from Kerry Key Dipole1D.f90 after the algorithms published in [Key2009G]
(Appendix A).

Hankel factors of Hankelfc are based on the original values of Anderson (1990).


References:


	Key2009G(1,2,3)

	Key, K.,  2009, 1D inversion of multicomponent,
multifrequency marine (CSEM) data: Methodology and synthetic
studies for resolving thin resistive layers: Geophysics.






	
class comet.pyhed.hed.libHED.HED(src_z=-0.01, src_theta=0.0, src_ids=1.0, config=None, timer=None, debug=False)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]


	
calcFieldForLayer(rx_lay, lay_indices, lam, lam_2, lam_c, lam_c2, R_p, R_m, S_p, S_m, exp)[source]

	




	
calculate()[source]

	Calculates the 1d layered earth recursive formula.

Calculates the recursive attenuation and reflection coefficients for
each layer on basis of the given set of cylindrical coordinates.

Fills the variables R_p, R_m, r_p, r_s, S_p,
S_m, s_p, s_m, hem_a, hem_b, hem_c, and
hem_d. The used formulas correspond to equations A-6 to A-13 in
[Key2009G] (Appendix A).






	
reflectionCoefficients(rx_lay, lam, lam_2, lam_c, lam_c2, exp)[source]

	Calculation of the general reflection coefficients R+, R-, S+,
and S- as stated in [Key2009G] (Appendix A, equations A-06 to A-09).

Computed from the air and halfspace, respectively, inward to the
source layer.






	
setCoords(cartesian, nodes=True, drop_tol=0.01)[source]

	Sets coordinates of the receiver for calculation.

All calcualtions will be performed in cylindrically coordinates.


	Parameters

	
	cartesian (np.ndarray) – Cartesian coordinates (N points) of the receiver points with
shape (3, N). Z is defined positive upwards.


	drop_tol (float) – Tolerance in meter, where the horizontal src distance is capped
to ensure a safe division (singularity fix). Distances smaller
than drop_tol are distributed between droptol and 20% of the
first value outside the droptol. Raises Exception if all points
within drop_tol. Default value of 1cm.













	
setTheta(theta)[source]

	








	
class comet.pyhed.hed.libHED.World1D(rho=1000.0, thk=None, airspace_interface=0.0, f=2000.0)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]


	
evalSrcIdx(src_depth)[source]

	Evaluates in which layer the source is considered.






	
setFrequency(freq)[source]

	Simple setter for frequency + implicit omega/sigma calculation






	
setRes(rho=1000.0, thk=None, air_resistivty=10000000000000.0)[source]

	Sets the resisitvity model for the dipoles + calc sigma complex.


	Parameters

	
	rho (float or array_like) – Resistivity distribution in Ohm*m. Airspace is considered to have
0 Ohm*m. The first entry of rho correspond to the first layer
of the subsurface. The airspace interface is considered to be at
z = 0 m which simplyfies the calculations. For offsets in z,
a cordinate transformation has to be performed externally.


	thk (float or array_like) – Layer thicknesses of each subsurface layer except the last.

















	
class comet.pyhed.hed.libHED.hankelfc[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]


	
getFactors(string)[source]

	Returns the requested set of Hankel factors.


	Parameters

	string ([str]) – Evaluates which Hankel factors the wavenumbers is calculated.
Possible choices are sin, cos, j0, or j1.



	Returns

	factors – Hankel factors.



	Return type

	[np.ndarray]










	
getWavenumbes(string)[source]

	Calcualtes the wavenumbers for the requested set of Hankel factors.


	Parameters

	string ([str]) – Evaluates for which Hankel factors the wavenumbers is calculated.
Possible choices are sin, cos, j0, or j1.



	Returns

	wavenumbers – Normed wavenumber factors for evaluation of the Hankel integral.
Divide by horizontal distance of the receiver to get
horizontal wavenumber lambda = sqrt(k_x² + k_y²).



	Return type

	[np.ndarray]














	
class comet.pyhed.hed.libHED.wer_201_2018[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Hankel factors after Werthmüller 2018 implemented from the empymod
package after consultation with Dieter Werthmüller.
Thank you very much!

The filter coefficient are published in:

Werthmüller, D., K. Key, and E. Slob, 2019, A tool for designing
digital filters for the Hankel and Fourier transforms in potential,
diffusive, and wavefield modeling: 84(2), F47-F56;
DOI: 10.1190/geo2018-0069.1

under the Apache 2.0 license.
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Init file for HED calculation routines inside pyhed.
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comet.pyhed.hed.reference package


Submodules



comet.pyhed.hed.reference.dipole1d module



comet.pyhed.hed.reference.homogeneous_fullspace module

Part of comet/pyhed/hed/reference


	
comet.pyhed.hed.reference.homogeneous_fullspace.hedx_electric(model, f, sigma, I, ds, drop_tol=1e-06)

	Analytic calculation of the electric field for an electric dipole in x
direction. Formula given in Ward and Hohmann (1988), page 173 number 2.40.
Model in cartesian coordinates, as well as the output.
Sigma != 0
drop_tol to avoid singularities [1e-6]
No grounding!






	
comet.pyhed.hed.reference.homogeneous_fullspace.hedx_magnetic(model, f, sigma, I, ds, drop_tol=1e-06)

	Analytic calculation of the magnatic field for an electric dipole in x
direction. Formula given in Ward and Hohmann (1988), page 174 number 2.41.
Model in cartesian coordinates, as well as the output.
Sigma != 0
drop_tol to avoid singularities [1e-6]
No grounding!







comet.pyhed.hed.reference.homogeneous_halfspace module

Part of comet/pyhed/hed/reference


	
comet.pyhed.hed.reference.homogeneous_halfspace.hed_field(r, f, sigma, phi, I, ds, BorH='B')

	Semi analytic solution for electrical and magnetical fields at the
surface of a homogeneous halfspace of conductivity sigma.






	
comet.pyhed.hed.reference.homogeneous_halfspace.hed_field_hohmann(model, f, sigma, I, ds, ftype='H', **kwargs)

	semi analytic solution for a magnetic field at the
surface of a homogeneous halfspace of conductivity sigma
ward hohmann formula: page 235-236 No 4.166, 4.171 and 4.173


	edit:

	E-term: grounding term only (4.159)
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comet.pyhed.loop package


Submodules



comet.pyhed.loop.loop_bib module

Part of comet/pyhed/loop

This script contains the main class for the sources as well as several scripts
for the initialization of loop classes (build… ).


	
class comet.pyhed.loop.loop_bib.Geometry[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]






	
class comet.pyhed.loop.loop_bib.Loop(Input, config=None, verbose=False)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Class for the computation of arbitrary shaped polygon loops. Some functions
automatically return this loopclass as result. It is recommended to use
these (you may take a look at the example)


	Parameters

	
	Input (string or raw loop class) – Filename of a prior saved loopfile (recommended). Alternatively the
output of the function computeLoopPositions (not recommended).
For the latter case plenty of convenience functions are found in
the the loop submodule of pyhed starting with “build”….


	config (string or pyhed.config) – Defines the configuration file for the loop.








Example

>>> # example: import
>>> loopclass = Loop('path/to/loopfile')
>>> # example: create circular loop
>>> loopclass = buildCircle(10, 12)  # 10 m radius, 12 dipoles






	
calcAndExportFieldsForFenics(export_vtk=False, num_cpu=32, **kwargs)[source]

	Calculates and export primary fields for fenics secondary field
calculation.


	Parameters

	kwargs (dict) – Keyword parameters are redirected to calculate.










	
calculate(num_cpu=12, loop_mesh=None, dipole_mesh=None, interpolate=False, savename=None, cell_center=False, verbose=False, mode='auto', matrix=False, field_matrix=None, max_node_count=None, **kwargs)[source]

	Computation of the loop field with respect to the config.


	Parameters

	
	num_cpu (integer [ 12 ]) – Maximum number of processes allowed for this task.


	loop_mesh (string or mesh instance [ None ]) – Optional. Possibility to give a user defined mesh for the
calculation.


	dipole_mesh (string or mesh instance [ None ]) – Optional. Possibility to give a user defined mesh for the
calculation (interpolate=True or matrix=True only).


	interpolate (boolean [ True ]) – The loop dipoles can either be calculated directly (False) or once
on a seperated mesh (dipolemesh) and then interpolated to the
loopmesh (True). If a dipoleFieldName is given, this field will be
used for the interpolation.


	savename (string [ None ]) – Optional. If savename is not None, the loop will be saved under
the name defined in savename.


	cell_center (boolean [ True ]) – A default the field of the loop will be calculated at the cell
center of the mesh cells. This flag allows for calculation at the
mesh nodes. Affects only the definition of the final loopmesh, the
dipolemesh will always be calculated at the nodes for interpolation
reasons.


	verbose (boolean [ False ]) – Turn on verbose mode.


	mode (string [ ‘auto’ ]) – Five posibilities: ‘auto’, ‘config’, ‘te’, ‘tm’, ‘tetm’

‘auto’: Automatic detection wether the loop is grounded or not.
Grounded wires are calculated with te and tm mode (see HED).
Non grounded wires are calculated with te mode only (sufficient).

‘config’: the default config decides the mode the field is
calculated in.

‘te’, ‘tm’, ‘tetm’: Calculates the field in the choosen mode.



	matrix (boolean [ False ]) – Alternatively calculation approach. At first the field on a highly
dense dipole mesh will be triggered. After that the field will
be interpolated to the single dipole positions by the means of a
matrix vector multiplication with a matrix containing appropriate
weighting factors. This Approach takes longer than direct
calculation in the first run, but the calculated matrix can be used
for further calculations with different frequencies or resistivity
models (as long as the loopmesh and dipolemesh remain the same).


	field_matrix (list or string [ None ]) – Interpolation matrices or file path if calculation with
matrix=True. Will be calculated automatically if None.


	max_node_count (integer [ None ]) – As all points will be calculated at once, the computational effort
scales lineary with the reciever count, the transmitter count and
the used hankel factors. If the limits of the available memory is
reached max_node_count can be used to define the maximum chunk
of nodes to be computated at once. Other nodes will be computed
afterwards.






	Keyword Arguments

	
	arguments are redirected to loop.save and to define (Keyword) – 


	drop_tol (float [ 1e-2 ]) in the cylindrical coordinate (the) – 


	to avoid instabilities around the source. (transformation) – 













	
calculateDipoleField(verbose=False, drop_tol=0.01, num_cpu=12, max_node_count=None)[source]

	Calculates field on dipole mesh.


	Parameters

	
	verbose (boolean [ False ]) – Turn on verbose mode.


	drop_tol (float [ 1e-2 ]) – Singularity fix. All horizontal distances between drop_tol
and the transmitter dipole are placed between the first reciever
outside the tolerance and the tolerance, maintaining the correct
order and angle.


	num_cpu (integer [ 12 ]) – Maximum number of processes allowed for this task.


	max_node_count (integer [ None ]) – As all points will be calculated at once, the computational effort
scales lineary with the reciever count, the transmitter count and
the used hankel factors. If the limits of the available memory is
reached max_node_count can be used to define the maximum chunk
of nodes to be computated at once. Other nodes will be computed
afterwards.













	
calculateFieldFromMatrix()[source]

	Calculates the primary field on basis of the interpolation matrix
and the dipole field.






	
calculateFieldMatrix(num_cpu=8, verbose=False)[source]

	If wished the calcualtion of the total loop field can be done by
interpolation and superposition of one highly accurate dipole field
to the different transmitter positions of the loop. This is done either
done directly or via a vector matrix multiplication.

This function is called to initialize and append the weights to the
interpolation matrix from the dipolemesh to the loopmesh for all
tx positions with respect to pos, phi, and ds.

This function will be called if calculate is called with
matrix=True.


	Parameters

	
	num_cpu (integer [ 8 ]) – Define the maximum number of cores allowed for this operation.


	verbose (boolean [ False ]) – Turn on verbose mode.













	
calculateInterpolationMatrix(Pos)[source]

	Calculates the interpolation matrix.

If one wished the field can be interpolated to another mesh.
The interpolation matrix from the loopmesh to an arbitrary set of
coordinates is calculated with this function. This function is called
to initialize and append the weights to the interpolation matrix.

Note: The loop class does not hold a reference of the resulting matrix,
instead gives it back to the caller.


	Parameters

	Pos (np.ndarray or pg.core.PosVector) – Transmitter positions of shape (n, 3) with n positions. Values
are expected to be floats (the conversion to a pg.PosVector
will not check again).



	Returns

	mat – Sparse interpolation matrix with number of columns equal to the
number of nodes in the loopmesh and number of rows equal to
the number of input positions.



	Return type

	pg.core.SparseMapMatrix










	
calculateSecField(num_cpu=8, **kwargs)[source]

	Calculates the secondary field using custEM.

Calculates primary field as well if not found.

Needs a FEM suited mesh as well as a parameter distribution provided
by other functions of this class (See createFEMMesh and
prepareSecondaryFieldCalculation).


	Parameters

	
	num_cpu (integer [ 8 ]) – Maximum number of processes allowed for this task. The actual
calculation will be done in an mpirun environment with the
selected number of cores.


	kwargs (dict) – Keyword arguments are redirected to local_apps.













	
createDefaultSecondaryConfig(base=None, prefix='', suffix='', m_dir='.', r_dir='.')[source]

	Short cut to generate a secondary config with some default params.


	Parameters

	
	prefix (string) – String to be added to the getDefaultLoopMeshBaseName string to
define the automatic generated names for the default secondary
config.


	suffix (string) – String to be added to the getDefaultLoopMeshBaseName string to
define the automatic generated names for the default secondary
config.













	
createDipoleMesh(quadratic=True, savename='_default_dipole_mesh.bms', save=False, verbose=False)[source]

	Creates a suitable dipole mesh for calculation via a single dipole.


	Parameters

	
	quadratic (boolean [ True ]) – If chosen, uses a quadratic (2nd order) mesh for dipole
calculation.


	savename (string [ ‘_default_dipole_mesh.bms’ ]) – Define output name.


	save (boolean [ True ]) – Additional save of dipole mesh under savename.


	verbose (boolean [ False ]) – Turn on verbose mode.













	
createFEMMesh(para_mesh_2d=None, savename=None, exportVTK=False, exportH5=True, box_x=[None, None], box_y=[None, None], box_z=None, box_cell_size=None, source_poly=None, source_setup='edges', source_loops=None, inner_area_cell_size=0.3, outer_area_cell_size=10, subsurface_cell_size=None, poly_2d=None, number_of_loops=None, **kwargs)[source]

	Builds the FEM mesh for the secondary field computation.

Needs at least on of the two possible parameter meshes in order to
continue.


	para_mesh_2d: string or pg.Mesh [ None ]

	Used to get the outer dimensions of the FEMMesh.



	savename: string [ None ]

	Define output save name of FEM mesh. Default name will be generated
if None. If no savename is given, the dafaultname will be
‘_default_LoopMesh’ + looptype + number of dipoles.



	exportVTK: boolean [ False ]

	Turn on optional vtk export.



	source_setup: string [ ‘edges’ ]

	Defines the way the sources are incorporated into the mesh. “nodes”
simply insert the dipole positions (fallback), “edges” defines
strait edges between the nodes (usually the best approach). “etra”
can be used for a special setup where multiple loops are build in
an elongated transmitter with inline receiver array. Raises an
exception if source_setup differs from the three options.



	source_loops: list [ None ]

	If a list of loop classes is given, their tx representation after
custEM is implemented in the mesh for custEM magnetic field
calculations using automatic source detection.



	inner_area_cell_size: float [ 0.3 ]

	Maximum allowed area (m²) for all cell in the source plane within
the source polygons (if closed loop). Very important for kernel
calculation! See tutorial for custEM for further explanations.



	outer_area_cell_size: float [ 10 ]

	Maximum allowed area (m²) for all cells in the source plane outside
the source polygons (or anywhere for not closed loop). See tutorial
for custEM for further explanations.



	subsurface_cell_size: float [ None ]

	Maximum allowed volume (m³) for all cells within inner mesh box
(not the tetrahedron boundary to 10 km). Optional.






	limits: list of len 2 [ None ]

	Minimum and maximum y value, the anomalies should be set in the
fem mesh. Uses the x limits of the 2D parameter mesh as default if
None.






	custEM:

	Install via conda on Linux only. See install instructions of comet.










	
createLoopMesh(savename=None, exportVTK=False, airspace=False, verbose=False, xmax=None, xmin=None, ymax=None, ymin=None, zmin=None)[source]

	Builds the mesh where the loop will be calculated in.


	savename: string [ None ]

	Saves the created mesh under savename, as long as savenmae is not
none. If no basename is given, the dafaultname will be
‘_default_LoopMesh’ + looptype + number of dipoles + ‘.bms’.



	exportVTK: boolean [ False ]

	Switch to export the resulting mesh to a vtk with the given
savename.



	airspace: boolean [ False ]

	Enables airspace.



	verbose: boolean [ False ]

	Turn on berbose mode.










	
createSecondaryConfig(mod_name, mesh_name, m_dir='.', r_dir='.', pf_name=None, p2=False, approach='E_s', pf_EH_flag='E')[source]

	Initializes an instance of a secondary config for use of custEM.


	Parameters

	
	mod_name (string) – Name of the mod instance (for saving and import in mpi environment)


	mesh_name (string) – Basename of mesh imported by the fenics functions (.h5). Mind
the subfolder ‘/_h5’ that will be added to the string.


	m_dir (string) – Path to mesh directory of custEM.


	r_dir (string) – Path to result directory of custEM.


	pf_name (string) – File name under which the primary field will be saved in the
appropriate directory of custEM.













	
effectiveArea()[source]

	Returns self.area * self.turns (0 for not closed loops).






	
exportFenicsHDF5Mesh(save_h5, dipole_mesh=False, **kwargs)[source]

	Exports the mesh in a h5 file. Can save the loopmesh or the
dipole mesh seperately.

Need pygimli to work.


	Parameters

	
	save_h5 (string) – Filename of the resulting h5 mesh (hdf5 data container in fenics
syntax).


	dipole_mesh (boolean [ False ]) – Save dipole mesh instead of loop mesh
(Call this function twice if you want to save both meshes).


	kwargs (dict) – Keyword arguments are redirected to
pygimli.meshtools.exportFenicsHDF5Mesh













	
exportVTK(save_vtk, secondary=False, **kwargs)[source]

	Exports the field in a vtk file.

Uses the loopmesh to save field with default configurations in a
vtk file.


	Parameters

	
	save_vtk (string) – Filename of the resulting vtk file.


	kwargs (dict) – Keyword arguments are redirected to the function
pyhed.IO.savefieldvtk.













	
getCustEMLoopTx(max_length)[source]

	




	
getDefaultLoopMeshBaseName()[source]

	Returns string with default base name of the loop mesh.






	
getParaMesh2D()[source]

	




	
initCustEM(secondary_config=None, init_primary_field_class=True, procs_per_proc=2)[source]

	Initalizes instance of custEM mod class for FEM calculation.


	Parameters

	
	secondary_config (string or pyhed.SecondaryConfig [ None ]) – Initialized secondary config class to be used for the mod instance
or path to corresponding file containing the secondary config.
Uses secondary_config over loop.secondary_config. Throws
Exception if both values are None.


	init_primary_field_class (boolean [ True ]) – Additionally initializing the primary field class of the mod class
instance (used for primary field export).













	
load(savename=None, config=None, config2=None, verbose=True, load_meshes=True, overwrite_dir=False)[source]

	Load Loop from files.


	Parameters

	
	savename (string [ None ]) – Basename of the lop class files. Other names are autogenerated
using this basename.


	config (string [ None ]) – Tell the load function to explicitely load config from given path.
Else the saved filepath in the main archive is used.


	config2 (string [ None ]) – See config, but for secondary configuration.


	verbose (boolean [ True ]) – Turn on verbose mode.


	load_meshes (boolean [ True ]) – If originally saved, the meshes are loaded by default. However,
this takes more time then the rest of the load function and can be
ommitted if only the other parts are of interest.













	
loadFieldMatrix(name, verbose=True)[source]

	Loads the three matrices needed for recalculation of the primary
field from numpy archive. See saevFieldmatrix for detailed description.


	Parameters

	
	name (string) – Path to file to be loaded.


	verbose (boolean [ True ]) – Turn on verbose mode.













	
loadSecondaryConfig(savename=None)[source]

	Imports previously saved secondary config.


	Parameters

	savename (string [ None ]) – Used savename over loop.sec_savename. Throws Exception if both
values are None. Replaces loop.sec_savename.










	
model

	




	
para_mesh_2d

	




	
prepareSecondaryFieldCalculation(savename=None, secondary_config=None, fem_mesh=None, para_mesh_2d=None, set_marker=False, anomaly_vector=None, valid_marker=None, verbose=False, num_cpu=32, force_primary=False, export_vtk=False, mod_name=None, **kwargs)[source]

	Based on the given secondary config a MOD instance using the third
party module custEM will be initialized. This includes the optional
generation of a FEM suited mesh containing resistivity information
from a 2D parameter mesh.


	Parameters

	
	savename (string [ None ]) – Name under which loopclass and secondary config (+= ‘_sec.cfg’)
are to be saved. Needed for secondary approach.


	secondary_config (pyhed.SecondaryConfig or string [ None ]) – Filename of configuration file or initialized class instance of a
secondary configuration. Optional if already given manually.


	fem_mesh (pg.Mesh or string [None]) – FEM suited mesh or filename, respectively. Optional. If not given
a suited mesh will be generated if a valid para_mesh_2d is
provided.


	para_mesh_2d (pg.Mesh or string [ None ]) – 2D parameter mesh providing cell indices for the appending of
resitivity information. Needed for automatic FEM mesh generation.
Can be set manually beforehand.


	set_marker (boolean [ True ]) – Flag to decide if the fem mesh has got the needed marker for
the resitivity distribution. Can be omitted if already done and
saved (e.g. if same mesh is used again).


	anomaly_vector (np.ndarray [ None ]) – Conductivity values [S/m] of the parameter mesh to be used in the
seocondary field approach. Uses given value over array found in
secondary config. Raises Exception if neither found nor given.


	ground_marker (np.ndarray [ None ]) – Corresponding marker for each entry in the anomaly vector. Each
marker corresponds to a layer number of the 1d primary field
beginning at 1 for the first layer, counting upward (0 belongs
to the air layer). None results in np.ones_like(anomaly_vector,
dtype=int).


	verbose (boolean [ False ]) – Turn on verbose mode.


	num_cpu (integer [ 32 ]) – Maximum number of processes allowed for this task.


	force_primary (boolean [ False ]) – Force a recalculation of the primary field.


	mod_name (string or None [ None ]) – Overrides mod name. Useful if looping over many loops, as default
name could be similar.


	magnetic (boolean [ True ]) – Prepares magnetic primary fields. If False only dummies are created
to avoid error messages from custEM during import. Set to False if
secondary electric approach is used for secondary field
calculation.


	electric (boolean [ True ]) – Prepares electric primary fields. If False only dummies are created
to avoid error messages from custEM during import. Set to False if
secondary magnetic approach is used for secondary field
calculation.


	Returns


	——–


	tuple ((savename, sec_savename)) – Absolute file paths for the secondary approach.


	Usage


	——


	In order to prepare a secondary field calculation you need


	- a secondary config (default is provided)


	- a conductivity vector (*)


	- a 2d parameter mesh matching the anomalies (*)


	- a marker_vector (*)


	*if not in secondary config or proviedd beforehand


	and optionally either


	- fem_mesh (without marker -> set_marker=True (default))


	or


	- fem_mesh (with marker -> set_marker=False)


	or


	- no fem_mesh (auto creation)













	
save(savename=None, config_savename=None, config2_savename=None, save_mesh=True, save_field=True)[source]

	Saves the loop class in files.

Saves npz archive with loop itself.

Saves config.

Saves secondary config if initialized.

Saves mesh if save_mesh=True.

Saves field if save_field=True.


	Parameters

	
	savename (string [ None ]) – File basename for saving loop class and its components.


	config_savename (string [ None ]) – Explicit savename for config. Automatically generated if None.


	config2_savename (string [ None ]) – Explicit savename for secondary config. Automatically generated
if None.


	save_mesh (boolean [ True ]) – Saves mesh.


	save_field (boolean [ True ]) – Saves fields.













	
saveFieldMatrix(name, verbose=True)[source]

	Saves the three matrices needed for recalculation of the primary
field.

A compressed numpy archive is loaded and the matrices
are build afterwards, therefore import time is ~20% higher compared to
the pure pygimli way ( .field_matrix.save(’…’) ).
However, because the single arrays (indices and values) are saved
in one compressed file archive they need only one third space on the
hard disk compared to saving three separate matrices using pygimli
syntax.


	Parameters

	
	name (string) – Path for file to be saved.


	verbose (boolean [ True ]) – Turn on verbose mode.













	
saveLoopMesh(savename=None)[source]

	Saves loopmesh using the given savename or an autogenerated name.

Updates self.loop_mesh_name in case of changes.


	Parameters

	savename – Export path name. Used over default name if given.










	
saveSecondaryConfig(savename=None)[source]

	Saves secondary config in ASCII file.


	Parameters

	savename (string [ None ]) – Used savename over loop.sec_savename. Throws Exception if both
values are None. Replaces loop.sec_savename.










	
setAnomalies(anomaly, sort=True)[source]

	Handle anomaly vector and marker of the 2d parameter mesh.


	Parameters

	
	anomaly (array_like [ None ]) – Vector with conductivities in S/m. Expect one entry for each
cell in parameter mesh.


	sort (boolean [ False ]) – If True, set the same marker for double values in anomaly vector.
This is for blocky 2d structures, where only a few different
regions are required. Use default False if dealing with smooth
inversion results, for example in a structural coupling.













	
setDipoleMesh(mesh, savename='_default_dipole_mesh', verbose=True)[source]

	Sets the dipolemesh and saves it under savename.


	Parameters

	
	mesh (string or mesh instance) – Pygimli mesh instance or file path to pygimli mesh.


	savename (string [ None ]) – Used savename for mesh, if mesh is already a mesh instance.


	verbose (boolean [ False ]) – Turn on verbose mode.













	
setFEMMarker_old(valid_marker=None)[source]

	Sets and checks the domain marker of the 3D FEM mesh.


	Parameters

	valid_marker (array_like [ None ]) – If None, checks which domains of the 2D mesh are actually
transferred to the 3D FEM mesh.
The markers are saved in the valid_marker attribute.
If given, sets vector directly after some checks.










	
setFEMMesh(mesh, valid_marker=None, savename=None)[source]

	Sets the FEM mesh as loopmesh and handles the domain markers.


	Parameters

	
	mesh (string or mesh instance) – Pygimli mesh instance or file path to pygimli mesh.


	valid_marker (array_like [ None ]) – If None, checks which domains of the 2D mesh are actually
transferred to the 3D FEM mesh.
The markers are saved in the valid_marker attribute.
If given, sets vector directly after some checks.


	savename (string [ None ]) – Useful if multiple loops are using the same mesh (saves diskspace).
Ignored if mesh is a string already.


	Calls *_setFEMMarker* is paramesh has been set.


	Furthermore calls *updateFEMAnomaly* if anomaly has been set through


	either *setParamesh2D* or *setAnomaly*


	Produces error message if valid_marker array is given, but no paramesh


	is found













	
setFEMMesh_old(mesh, valid_marker=None, savename=None)[source]

	Sets the FEM mesh as loopmesh and handles the domain markers.


	Parameters

	
	mesh (string or mesh instance) – Pygimli mesh instance or file path to pygimli mesh.


	valid_marker (array_like [ None ]) – If None, checks which domains of the 2D mesh are actually
transferred to the 3D FEM mesh.
The markers are saved in the valid_marker attribute.
If given, sets vector directly after some checks.


	savename (string [ None ]) – Useful if multiple loops are using the same mesh (saves diskspace).
Ignored if mesh is a string already.













	
setFType(ftype)[source]

	




	
setFrequency(frequency)[source]

	Sets the frequency, not angular frequency for the field calculation.






	
setLoopMesh(mesh, savename=None)[source]

	Sets the loopmesh.


	Parameters

	
	mesh (string or mesh instance) – Pygimli mesh instance or file path to pygimli mesh.


	savename (string [ None ]) – Used savename for mesh, if mesh is already a mesh instance.
Alternatively a default name is generated with
getDefaultLoopMeshBaseName.













	
setLoopMeshName(savename=None)[source]

	Sets loop mesh name or figures it out from sec config.






	
setMeshParameters(refinement_para=1.0, max_area_factor=1.0, tetgen_quality=1.2)[source]

	Alters the Parameter responsible for the quality and size used during
automatic mesh generation.


	Parameters

	
	refinement_para (float [1]) – An increase of refinement_para decreases the size of the
smallest cell at the dipoles and therefore incrreases the total
number of refinement cells around the dipole.
Omitts refinement if value is negative.


	max_area_factor (positive float [1]) – The max_area_para lineary affects the maximum volume of a cell.
An increase of the parameter allows for greater cells and
therefore decreases the total number of
cells outside of the refined section of the mesh. Set to 0.5 for a
fine mesh and anywhere near 2 for a coarse mesh. Highly affects the
total number of nodes/cells in the mesh.


	tetgen_quality (float [1.2]) – The tetgen_quality parameter is directly piped to the corresponding
tetgen call in the meshgeneration process. Decrease this parameter
(e.g. to 1.12) to increase the homogeneity of the triangles. Be
careful with this one, tetgen very easy starts to split cells in
smaller and smaller pieces and therefore increase the total
cellcount to very high values (millions and more).













	
setModel(rho, d=None, thickness=True, resistivity=True)[source]

	Sets the synthetic 1D layered earth model for dipole calculation.


	Parameters

	
	rho (float or array_like) – Resistivity/conductivity distribution for a layered earth.


	d (float or array_like or None [None]) – Thickness or layer depth. Empty (None, 0, or []) for halfspace.


	thickness (boolean [True]) – The parameter d is used as thickness (True, len(rho) - 1) or depth
(False, len(rho)), respectively.


	resistivity (boolean [True]) – The parameter rho is used as Resistivity (True) or conductivity
(False), respectively.













	
setParaMesh2D(para_mesh_2d, limits=None, append_boundary=False, preserve_edges=False, anomaly=None, sort=True, **kwargs)[source]

	Sets 2D parameter mesh for secondary field calculation.


	Parameters

	
	para_mesh_2d (string or pg.Mesh) – 2D parameter mesh or path to mesh.


	limits ([float, float] or None) – Minimum and maximum values for y of the area where 2D parameters
are to be transferred to the 3D FEM mesh. Default are the x
extension of the 2D parameter mesh.


	append_boundary (boolean [ False ]) – Fills in an additional boundary with prolongated resistivity values
around the transferred 2D values. This is useful as it reduces
artifacts at the edge of the 2D domain oin the FEM mesh.


	anomaly (None or np.ndarray [ None ]) – Optionally. Alternatively use setAnomalies. Anomaly vector
(conductivity vector) with values for each cell in the 2D
parameter domain. Attention: conductivity is used, not
resistivity!


	sort (boolean [ False ]) – Optionally. Alternatively use setAnomalies. If True, set the
same marker for double values in anomaly vector.
This is for blocky 2d structures, where only a few different
regions are required. Use default False if dealing with smooth
inversion results, for example in a structural coupling.


	kwargs to *appendTriangleBoundary*


	Calls *setAnomalies* of anomaly is given.


	Furthermore calls *updateFEMAnomaly* if FEMMesh has been set already.













	
setParaMeshMarkerAndVals(anomaly=None, sort=True)[source]

	Handle anomaly vector and marker of the 2d parameter mesh.


	Parameters

	
	anomaly (array_like [ None ]) – Vector with conductivities in S/m. Expect one entry for each
cell in parameter mesh. If not given, and sort is True an error
is raised.


	sort (boolean [ False ]) – If True, set the same marker for double values in anomaly vector.
This is for blocky 2d structures, where only a few different
regions are required. Use default False if dealing with smooth
inversion results, for example in a structural coupling.













	
setPrimaryConfig(config)[source]

	Sets the primary config which handles the resistivity distribution
as well as the frequency of the primary field.
For setting the 1D model directly see setModel.


	Parameters

	config (path or comet.pyhed.config.Config instance) – Configuration class instance or file path.










	
setSecondaryConfig(secondary_config)[source]

	Sets class attribute with secondary config or loads file.


	Parameters

	secondary_config (string or pyhed.SecondaryConfig) – Seondary config class instance or file path.










	
show(**kwargs)[source]

	Plots the Loopdiscretisation and the dipole directions and Length.
For inspection of the loop-class and debugging purpose. Or for your
curiosity.


	Parameters

	kwargs (dict) – Keyword arguments are redirected to pyhed.plot.plot_bib.showLoop.










	
updateFEMAnomaly(anomaly=None, set_marker=True, set_attributes=False, vtk_name=None, ground_marker=None, export_H5=False, sort=True)[source]

	Transfers resistivity anomalies from 2D para mesh in FEM mesh.


	Parameters

	
	anomaly_vector (array_like [ None ]) – Array containing the resistivity anomalies of the 2D parameter
mesh. If None, the secondary config is asked for a anomaly vector.
(For setting the marker for exmaple).


	set_marker (boolean [ True ]) – Transfers the marker from the parameter mesh to the FEM mesh.
This only has to be done once and can then switched off for
performance.


	set_attribute (boolean [ False ]) – Sets the attribute in the FEM mesh for debugging purposes. The
anomaly vector for calculation is stored in secondary_config.


	vtk_name (string [ None ]) – Optional vtk export with name = vtk_name if vtk_name is not
None.


	ground_marker (array_like [None]) – Corresponding marker for each entry in the anomaly vector. Each
marker corresponds to a layer number of the 1d primary field
beginning at 1 for the first layer, counting upward (0 belongs
to the air layer). None results in np.ones_like(anomaly_vector,
dtype=int).













	
updateFEMAnomaly_old(anomaly=None, set_marker=True, set_attributes=False, vtk_name=None, ground_marker=None, export_H5=False)[source]

	Transfers resistivity anomalies from 2D para mesh in FEM mesh.


	Parameters

	
	anomaly_vector (array_like [ None ]) – Array containing the resistivity anomalies of the 2D parameter
mesh. If None, the secondary config is asked for a anomaly vector.
(For setting the marker for exmaple).


	set_marker (boolean [ True ]) – Transfers the marker from the parameter mesh to the FEM mesh.
This only has to be done once and can then switched off for
performance.


	set_attribute (boolean [ False ]) – Sets the attribute in the FEM mesh for debugging purposes. The
anomaly vector for calculation is stored in secondary_config.


	vtk_name (string [ None ]) – Optional vtk export with name = vtk_name if vtk_name is not
None.


	ground_marker (array_like [None]) – Corresponding marker for each entry in the anomaly vector. Each
marker corresponds to a layer number of the 1d primary field
beginning at 1 for the first layer, counting upward (0 belongs
to the air layer). None results in np.ones_like(anomaly_vector,
dtype=int).

















	
comet.pyhed.loop.loop_bib.buildCircle(r, num_segs=None, max_length=None, P=(0, 0, 0), dipole_clockwise=True, savename=None, turns=1, **kwargs)[source]

	this function builds a n-segmented coil in the x-y-plane around the
point P = (X, Y, Z), with Radius r.
The first point is at the hightest y value with x = X and therefore the
point where the dipole is x-directed. Its the point were the field can
calculated directly without rotation, but with translation.
The rest of the coil is build clockwise.


	Parameters

	
	r (float) – Radius of the loop.


	num_segs (integer [ None ]) – Total number of segments to be used to discretize the Loop. Used
internally to define the max_length of a dipole. Inferior usage
compared to max_length.


	max_length (float [ None ]) – Defines the minimum length of a dipole used for the discretization of
the loop. Superior usage compared to num_segs.


	P (list or np.ndarray) – 2D or 3D coordinate of the mid point of the loop.


	dipole_clockwise ([ True ]) – Define the dipole to be ordered in a clockwise direction.


	savename (string [ None ]) – Basename for the loop.


	turns (integer [ 1 ]) – Number of turns of a closed loop.






	Returns

	Pyhed loop class instance.



	Return type

	pyhed.loop





Example

>>> import pyhed as ph  # this works if pyhed is in your path.
>>> l = ph.loop.buildCircle(10, 11)
>>> print(l)
>>> print(l.config)
>>> l.show()










	
comet.pyhed.loop.loop_bib.buildDipole(Pos, length=1, angle=0, **kwargs)[source]

	
	Parameters

	
	Pos (list) – 2D or 3D coordinate of the dipole.


	length (float [ 1 ]) – Dipole legth.


	angle ([ 0 ]) – Dipole direction positive clockwise from the x-aixs.


	kwargs (dict) – Keyword arguments are redirected to the loop class.






	Returns

	Pyhed loop class instance.



	Return type

	pyhed.loop





Example

>>> import pyhed as ph  # this works if pyhed is in your path.
>>> l = ph.loop.buildDipole([-3, -3], length=1.3, angle=45)
>>> print(l)
>>> print(l.config)
>>> l.show()










	
comet.pyhed.loop.loop_bib.buildDummy(**kwargs)[source]

	Creates an empty dummy loop class to gain access to certain
functionalities.






	
comet.pyhed.loop.loop_bib.buildEdgeSourceDiscretization(surface, pos, phi, ds, closed=True)[source]

	Internal function.
Used to implement every dipole in the FEM mesh using
an appropriate edge that represents it.






	
comet.pyhed.loop.loop_bib.buildEtraPoly(x_min, x_max, small, marker=0)[source]

	




	
comet.pyhed.loop.loop_bib.buildEtraSourceDiscretization(poly, edgelength, max_length=0.251, x_left=None, n_segs=None, number_of_loops=8)[source]

	Internal function.

Implements an etra shaped source in the FEM mesh.
Cannot use buildEdgeSourceDiscretization due to overlapping edges.






	
comet.pyhed.loop.loop_bib.buildEtraSurvey(edgelength, return_measurements=False, origin=[0, 0], num_loops=8, max_length=None, savenames=None, **kwargs)[source]

	Special etra survey for NMR applications.






	
comet.pyhed.loop.loop_bib.buildFig8(points, num_segs=3, max_length=None, mid=0, dipole_clockwise=True, turns=1, **kwargs)[source]

	Builds a figure-of-eight Loop with respect to the given corner Points.
This function is part of the pyhed.loops library and returns a
‘loop’-class object suitable to calculate electric and magnetic fields
based on horizontal electric dipoles. Please always check the loop
consistency with the buildin .show() command (see Example) before
calculating with experimetal loop layouts.


	Parameters

	
	num_segs (integer [ 12 ]) – Total number of segments to be used to discretize the Loop. Used
internally to define the max_length of a dipole. Inferior usage
compared to max_length.


	max_length (float [ None ]) – Defines the minimum length of a dipole used for the discretization of
the loop. Superior usage compared to num_segs.


	points (array_like) – Points can be of shape (2, 3), two points with three coordinates
(x, y, z) and the algorithm will build a loop with edges parallel to
the coordiante axes.

Although the point coordiantes are given with z values, the current
implementation of COMET is not able to allow for any z-values other
than zero, i appologize for the inconvenience. This flaw will be
adressed as soon as COMET moves towards 2D resistivity structures.



	max_length (float or None (None)) – The discretisation between the cornerpoints of the loop can be sampled
by any rate (m) you choose. Since the total number of points between
the corner points of the loop has to be an integer, the real distance
between the points will always be smaller or equal to max_length.

Its highly recommended to use at least 10 dipoles
between the different points, and therefore a total number of dipoles
of >= 50 - 60. This leads to a natural max_length of 1/10 the smaller
edge of the figure-of-eight loop.



	num_segs (integer (3)) – The number of segments between the corner points of the loop can also
be given directly, but mention that the max_length value (not None)
will have priority. Usually max_length will lead to more homogeneous
distributions of dipoles between the corner and midpoints of a
figure-of-eight loop.


	mid (integer (0)) – The middle connection depends on the value “mid”. The default value
(0) sets the middle lines parrallel to the y-axis. Other values are
setting the line parrallel to the x axis, respectively.


	dipole_clockwise (boolean (True)) – The dipoles are orientated clockwise with respect to the first half of
the loop or counterclockwise if this switch is set the False. The first
half is considered to be the half connected to the upper left point
of the loop boundary, so either the left or the upper loop depending on
mid.


	Possible kwargs are (savename. Please see “buildLoop” for more)


	details.






	Returns

	Pyhed loop class instance.



	Return type

	pyhed.loop





Example

>>> import pyhed as ph  # this works if pyhed is in your path.
>>> l = ph.loop.buildSquare(k=3.25, max_length=0.14)





Example

>>> import pyhed as ph
>>> p1 = (-1, 1, 0)
>>> p2 = (1, -1, 0)
>>> fig8 = ph.loop.buildfig8((p1, p2), max_length=0.1)
>>> print(fig8)
>>> print(fig8.config)
>>> fig8.show()










	
comet.pyhed.loop.loop_bib.buildFig8Circle(r, num_segs=None, max_length=None, P=(0, 0, 0), savename=None, turns=1, **kwargs)[source]

	Build a figure-of-eight loop with circular loops around point
P = (X, Y, Z), with Radius r.


	Parameters

	
	r (float) – Radius of the loop.


	num_segs (integer [ None ]) – Total number of segments to be used to discretize the Loop. Used
internally to define the max_length of a dipole. Inferior usage
compared to max_length. In this case divided between the two circular
loops.


	max_length (float [ None ]) – Defines the minimum length of a dipole used for the discretization of
the loop. Superior usage compared to num_segs.


	P (array_like [ (0., 0., 0.) ]) – 2D or coordinate of the mid point of the loop.


	savename (string [ None ]) – Basename for the loop.


	turns (integer [ 1 ]) – Number of turns of a closed loop.






	Returns

	Pyhed loop class instance.



	Return type

	pyhed.loop.Loop










	
comet.pyhed.loop.loop_bib.buildLine(Start, End, num_segs=0, max_length=None, savename=None, grounded=True, **kwargs)[source]

	
	Parameters

	
	Start (list) – 2D or 3D coordinate of start of the line
(z value will be ignored for now).


	Start (list) – 2D or 3D coordinate of end of the line
(z value will be ignored for now).


	num_segs (integer [ 0 ]) – Total number of segments to be used to discretize the Loop. Used
internally to define the max_length of a dipole. Inferior usage
compared to max_length.


	max_length (float [ None ]) – Defines the minimum length of a dipole used for the discretization of
the loop. Superior usage compared to num_segs.


	savename (string [ None ]) – Basename for the loop.


	dipole_clockwise ([ True ]) – Define the dipole to be ordered in a clockwise direction.


	turns (integer [ 1 ]) – Number of turns of a closed loop.


	kwargs (dict) – Keyword arguments are redirected to the loop class.






	Returns

	Pyhed loop class instance.



	Return type

	pyhed.loop





Example

>>> import pyhed as ph  # this works if pyhed is in your path.
>>> l = ph.loop.buildLine([-3, -3], [4, 2], max_length=0.14)
>>> print(l)
>>> print(l.config)
>>> l.show()










	
comet.pyhed.loop.loop_bib.buildLoop(Points, num_segs=1, max_length=None, savename=None, grounded=False, ltype=None, dipole_clockwise=None, turns=1, **kwargs)[source]

	Creates an arbitrary shaped loop out of given coordinates.

The returnes object is an initialized loop class.
Most general function to build a loop and called by most of the other
specialized functions after input preparation.


	Parameters

	
	Points (list) – List or Array containing 2D or 3D coordinates of shape (n, 2 or 3) for
n corner point of an arbitrary shaped polygon (z_vlaues will be set to
0 or now).


	num_segs (integer [ 1 ]) – Total number of segments to be used to discretize the Loop. Used
internally to define the max_length of a dipole. Inferior usage
compared to max_length.


	max_length (float [ None ]) – Defines the minimum length of a dipole used for the discretization of
the loop. Superior usage compared to num_segs.


	savename (string [ None ]) – Basename for the loop. Trigger to save the loop.


	grounded (boolean [ False ]) – Defines wether the loop is closed or not. Also defines which default
field mode will be calculated, as ‘tm’ field of a closed loop is zero.


	dipole_clockwise ([ True ]) – Define the dipole to be ordered in a clockwise direction.


	turns (integer [ 1 ]) – Number of turns of a closed loop.


	kwargs (dict) – Keyword arguments are redirected to the loop class.






	Returns

	Pyhed loop class instance.



	Return type

	pyhed.loop





Example

>>> import pyhed as ph  # this works if pyhed is in your path.
>>> points = [[-5, -5], [-10, 5], [2.3, 3.14], [7, -7]]
>>> l = ph.loop.buildLoop(points, max_length=0.64)
>>> print(l)
>>> print(l.config)
>>> l.show()










	
comet.pyhed.loop.loop_bib.buildPointSourceDiscretization(surface, pos)[source]

	Internal function.
Used to implement each source dipole as simple node in the FEM mesh.






	
comet.pyhed.loop.loop_bib.buildRectangle(points, num_segs=1, max_length=None, savename=None, dipole_clockwise=None, turns=1, **kwargs)[source]

	Creates a rectangular shaped loop and manages dipole discretization.

Creates a rectangular loop out of four given corner points, with a given
discretisation between the points. Per default the function returns the
position of the dipoles, the angle between its orientation and the
x-direction and the dipole Length it represents.


	Parameters

	
	points (list) – List or Array containing 2D or 3D coordinates (however z-values
ignored for now). In case of a rectangle two or four coords are needed.
In case of two coordinates, the rectangle will have edges parallel to
the coordinate axes.


	num_segs (integer [ 1 ]) – Total number of segments to be used to discretize the Loop. Used
internally to define the max_length of a dipole. Inferior usage
compared to max_length.


	max_length (float [ None ]) – Defines the minimum length of a dipole used for the discretization of
the loop. Superior usage compared to num_segs.


	savename (string [ None ]) – Basename for the loop. Trigger to save the loop.


	dipole_clockwise ([ True ]) – Define the dipole to be ordered in a clockwise direction.


	turns (integer [ 1 ]) – Number of turns of a closed loop.


	kwargs (dict) – Keyword arguments are redirected to the loop class.






	Returns

	Pyhed loop class instance.



	Return type

	pyhed.loop





Example

>>> from comet import pyhed as ph
>>> l = ph.loop.buildRectangle([[-5, -5], [5, 5]], max_length=0.64)
>>> print(l)
>>> print(l.config)
>>> l.show()










	
comet.pyhed.loop.loop_bib.buildSpiral(r1, r2, sp_turns=2, sp_segs=36, max_length=None, P=(0, 0, 0), dipole_clockwise=True, savename=None, theta=90.0, **kwargs)[source]

	this function builds a spiral coil with sp_turns number of turns in the
x-y-plane around the point P = (X, Y, Z), with inner radius r1 and outer
radius r2. The angle theta defines the start of the spiral
(theta = 0 -> East, theta = 90 -> North, etc.). The spiral is build
clockwise from r1 to r2.


	Parameters

	
	r1 (float) – Inner radius of the spiral.


	r2 (float) – Outer radius of the spiral.


	sp_turns (integer [ None ]) – Total number of spiral turns.


	sp_segs (integer [ None ]) – Total number of segments to be used to discretize the spiral.


	max_length (float [ None ]) – Defines the minimum length of a dipole used for the discretization of
the loop.


	P (list or np.ndarray) – 2D or 3D coordinate of the mid point of the loop.


	dipole_clockwise ([ True ]) – Define the dipole to be ordered in a clockwise direction.


	savename (string [ None ]) – Basename for the loop.


	theta (float, deg [ 90.0 ]) – Orientation of start-end-connection of the spiral in degrees.






	Returns

	Pyhed loop class instance.



	Return type

	pyhed.loop





Example

>>> import pyhed as ph  # this works if pyhed is in your path.
>>> l = ph.loop.buildSpiral(1, 2, sp_turns=5)
>>> print(l)
>>> print(l.config)
>>> l.show()










	
comet.pyhed.loop.loop_bib.buildSquare(k=1, num_segs=12, P=(0, 0, 0), max_length=None, savename=None, dipole_clockwise=True, turns=1, **kwargs)[source]

	Square loop around P with edge length k.


	Parameters

	
	k (float [ 1 ]) – Length of one edge.


	num_segs (integer [ 12 ]) – Total number of segments to be used to discretize the Loop. Used
internally to define the max_length of a dipole. Inferior usage
compared max_length.


	max_length (float [ None ]) – Defines the minimum length of a dipole used for the discretization of
the loop. Superior usage compared to num_segs.


	savename (string [ None ]) – Basename for the loop. Trigger to save the loop.


	dipole_clockwise ([ True ]) – Define the dipole to be ordered in a clockwise direction.


	turns (integer [ 1 ]) – Number of turns of a closed loop.


	kwargs (dict) – Keyword arguments are redirected to the loop class






	Returns

	Pyhed loop class instance.



	Return type

	pyhed.loop





Example

>>> from comet import pyhed as ph
>>> l = ph.loop.buildSquare(k=3.25, max_length=0.24)
>>> print(l)
>>> print(l.config)
>>> l.show()










	
comet.pyhed.loop.loop_bib.calcWithEmpymod(loop, use_bipole=False)[source]

	




	
comet.pyhed.loop.loop_bib.computeLoopPositions(Coordinates, ltype='arbitrary', middle=None, grounded=True)[source]

	This function calculates the position of the dipoles in order to represent
an arbitrary shaped loop with the given coordinates, the angle between its
orientation and the x-direction and the dipole Length it represents.


	Parameters

	
	Coordinates (np.ndarray) – Input list/array of points of shape: (n, 3) for n dipoles.


	ltype (string) – Defines the general type of the loop and therefore some internal
attributes. Choices are:



	‘rectangle’ (also for square loops)


	‘circle’


	‘arbitrary’ (for all other loops)









	middle (np.ndarray [ None ]) – Midpoint of the circular loop to calculate radius correct (and
therefore the correct source coordinates).


	grounded (boolean [ True ]) – For non grounded wires there are dipole placed bewtween the last
coordinate point and the first. This is ommitted for grounded wires.













	
comet.pyhed.loop.loop_bib.copyPrimaryFields(rdir1, rdir2)[source]

	For recalculation purpose it sometimes is uneccessary to calc the
primary fields again. This function copies the primery fields from on
custEM result dir (rdir1) to another (rdir2). names of the fields are not
changed. Only the .h5 files are copied.






	
comet.pyhed.loop.loop_bib.createEtraMesh(loops, mesh2d, anomaly, savename=None, extend_x=0.0, extend_y=-0.3, extend_z=-0.5, max_volume=25.0, append_boundary=True, sort=True, return_loop=False)[source]

	Creates a finite element mesh suited for ETRA surveys.






	
comet.pyhed.loop.loop_bib.createMultipleLoopMesh(loops, savename=None, source_setup='etra', triangle_quality=33.8, source_max_area=None, inner_area_volume=None, mid_area_volume=None, outer_area_volume=None, minx=None, maxx=None, miny=None, maxy=None, minz=None, air_refinement=False, source_poly=None)[source]

	Build a suited mesh for magnetic field calculation for NMR purpose.
Sources are included in a way defined by source_setup.


	Parameters

	
	loops (ph.loop.loop or array_like) – Input loops for which the mesh shall be created.


	savename (string [ None ]) – Savename for mesh (.bms will be added).


	source_setup (string [ ‘etra’ ]) – In case of multiple loops, the source_setup is important to define how
the loops are included in the mesh. Default is ‘etra’ for NMR Etra
setups. Alternatively ‘edges’ can be used to implement each dipole as
edge with the dipole as midpoint, length as well as direction is
defined by the dipole. This is not working for overlaping loops
(e.g. Etras). For those a source_poly can be provided or ‘nodes’ is
chosen to simply implement each dipole as node in the mesh.


	triangle_quality (float [ 34.0 ]) – The surface where the sources are implemented is meshed in 2D an then
later inserted in the 3D mesh. This controls the triangle quality for
this surface mesh.


	source_max_area – maximum area allowed in the 2D surface mesh (sources and 5 meter around
the sources). Automatically defined if None (based on size of the area
to ensure a minimum amount of trinagle cells). 2D surface mesh is
exported if logger is set to debug level (10).


	inner_area_volume (float [ None ]) – The inner refinement volume is defined 5 meter around and below the
sources. The maximum cell volume can be defined here. Automatically
defined if None (based on size of the volume to ensure a minimum amount
of cells).


	mid_area_volume (float [ None ]) – The median refinement volume is defined through minx, maxx, miny, maxy,
and minz meter around and below the sources. The maximum cell volume
can be defined here. Automatically defined if None (based on size of
the volume to ensure a minimum amount of cells).


	outer_area_volume (float [ None ]) – The outer sides of the mesh (3 times miny, maxx, miny, maxy, minz) is
to ensure interpolation of the field values are secured without the
need for extrapolation. Usually the max cell volume is not contraint
to minimize the computational effort.


	minx (float [ None ]) – Minimum x extention (in addition to the extend of the inner refinement
area) of median refinement volume. If None this value is defined as
maximum distance of two dipoles of the input loops.


	maxx (float [ None ]) – Maximum x extention (in addition to the extend of the inner refinement
area) of median refinement volume. If None this value is defined as
maximum distance of two dipoles of the input loops.


	miny (float [ None ]) – Minimum y extention (in addition to the extend of the inner refinement
area) of median refinement volume. If None this value is defined as
maximum distance of two dipoles of the input loops.


	maxy (float [ None ]) – Maximum y extention (in addition to the extend of the inner refinement
area) of median refinement volume. If None this value is defined as
maximum distance of two dipoles of the input loops.


	minz (float [ None ]) – Maximum z extention (in addition to the extend of the inner refinement
area) of median refinement volume. If None this value is defined as
maximum distance of two dipoles of the input loops. 1/3 of the value is
used for maxz if air refinement is enabled.


	air_refinement (boolean [ False ]) – If true the airspace is meshed as well.


	source_poly (pg.Mesh or plc [None]) – For unusual or overlapping, non etra, sources a piecewise linear
complex (plc) can be created using the pygimli mesh- and polytools.
This is then used as source definition for the 2D source layer mesh.
Any region markers with area constraints will be considered, no
additional markers will be set.













	
comet.pyhed.loop.loop_bib.createSeparatedFEMMesh(*loops, para_mesh_2d=None, **kwargs)[source]

	Build a mesh suited for EM secondary field calculation if more than one
loop is used.






	
comet.pyhed.loop.loop_bib.createSeparatedLoopMesh(*loops, dipole_mesh=False, **kwargs)[source]

	Build a mesh suited for EM primary field calculation if using more than
one loop.






	
comet.pyhed.loop.loop_bib.dipolePosFromSimpleLoop(r, n, P=(0, 0, 0), drop_tol=1e-14)[source]

	Convienience function to have fast access to circular loop coordinates.






	
comet.pyhed.loop.loop_bib.loadLoop(name, **kwargs)[source]

	Imports loop from file archive. See ph.loop.Loop.load for details.






	
comet.pyhed.loop.loop_bib.loadLoops(name, num=8, load_meshes=False, cfg_name=None, cfg2_name=None, overwrite_dir=False)[source]

	Loads n loops with name = …{n}…






	
comet.pyhed.loop.loop_bib.mergeLoops(*loops, true_merge=False, config=None)[source]

	Merges given loops to one and optionally merges equal dipoles.


	Parameters

	
	loops (loops-classes) – Loops to be merged.


	true_merge (boolean [True]) – Switch for a complete merge of all dipoles to with respect to
their phi and dipole length. Attention this can be problematic when
merging edge-to-edge loops (for mesh creation for example).
If False only the dipole positions are merged not phi/ds (there
replaced with dummy values).


	config (ph.config-instance or string [None]) – Sets config of merged loop either per index (cofig is taken from
the corresponding loop) or give a new config. If None the config
of the first loop is used instead.













	
comet.pyhed.loop.loop_bib.totalFieldCalculation(custem_config, num_cpu=16)[source]

	





comet.pyhed.loop.loop_para module

Part of comet/pyhed/loop


	
comet.pyhed.loop.loop_para.CalculationWorker(num, index_start, pos_alpha_len, out_queue, end_queue, rho, d, f, current, mode, ftype, outPos, verbose, drop_tol, src_z, switch_hankel, log_level)[source]

	




	
comet.pyhed.loop.loop_para.CalculationWorker_perDipole(num, in_queue, out_queue, rho, d, f, current, mode, ftype, outPos, drop_tol)[source]

	




	
comet.pyhed.loop.loop_para.calcFieldMatrix_para(dipoleMeshName, dipoleNodeCount, loop_mesh, PosPhiDs, verbose=False, num_cpu=12)[source]

	




	
comet.pyhed.loop.loop_para.loopCalculation(OutMesh, PosPhiDs, rho, d, f, current, mode, ftype, verbose=False, cell_center=False, num_cpu=12, max_node_count=None, **kwargs)[source]

	




	
comet.pyhed.loop.loop_para.loopCalculation_perDipole(OutMesh, PosPhiDs, rho, d, f, current, mode, ftype, cell_center=False, num_cpu=12, **kwargs)[source]

	




	
comet.pyhed.loop.loop_para.loopInterpolation(dipoledata, SrcMeshName, OutMesh, PosPhiDs, verbose=False, cell_center=False, num_cpu=12)[source]

	





Module contents
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comet.pyhed.misc package


Submodules



comet.pyhed.misc.console_call module

Part of comet/pyhed/misc


	
comet.pyhed.misc.console_call.embeddedMPIRun(scriptname, *scriptargs, **kwargs)[source]

	
	Parameters

	
	scriptargs – All given arguments will be piped to the mpirun. Kwargs has to be given
in two arguments.


	kwargs – Only for use in this function, kwargs are not piped to the
embeddedMPIRun.


	kwargs


	——


	python_to_call (string [‘python’ or ‘python3’]) – Programname to be called with mpirun.


	number_of_processes (int [12]) – Number of processes for mpirun.













	
comet.pyhed.misc.console_call.embeddedMPIRun_bash(scriptname, *scriptargs, **kwargs)[source]

	
	Parameters

	
	scriptargs – All given arguments will be piped to the mpirun. Kwargs has to be given
in two arguments.


	kwargs – Only for use in this function, kwargs are not piped to the
embeddedMPIRun.


	kwargs


	——


	python_to_call (string [‘python’ or ‘python3’]) – Programname to be called with mpirun.


	number_of_processes (int [12]) – Number of processes for mpirun.













	
comet.pyhed.misc.console_call.local_apps(name, *args, **kwargs)[source]

	Finds local apps in the comet/pyhed/apps directory by name and call an
embeddedMPIRun and returns the subprocess.call.






	
comet.pyhed.misc.console_call.local_apps_bash(name, *args, **kwargs)[source]

	Finds local apps in the comet/pyhed/apps directory by name and call an
embeddedMPIRun and returns the subprocess.call.






	
comet.pyhed.misc.console_call.tetgen151(meshname, maxArea='', quality=1.2, path=None, verbose=False, paraString=None, preserve_facets=False, addparams='', suppress_tetgen_files=False, vtk_out=True)[source]

	TetGen
A Quality Tetrahedral Mesh Generator and 3D Delaunay Triangulator
Version 1.5
May 31, 2014

Copyright (C) 2002 - 2014

What Can TetGen Do?


TetGen generates Delaunay tetrahedralizations, constrained
Delaunay tetrahedralizations, and quality tetrahedral meshes.




Command Line Syntax:


Below is the basic command line syntax of TetGen with a list of short
descriptions. Underscores indicate that numbers may optionally
follow certain switches.  Do not leave any space between a switch
and its numeric parameter.  ‘input_file’ contains input data
depending on the switches you supplied which may be a   piecewise
linear complex or a list of nodes.  File formats and detailed
description of command line switches are found in user’s manual.


	tetgen [-pYrq_Aa_miO_S_T_XMwcdzfenvgkJBNEFICQVh] input_file

	
	-p

	Tetrahedralizes a piecewise linear complex (PLC).



	-Y

	Preserves the input surface mesh (does not modify it).



	-r

	Reconstructs a previously generated mesh.



	-q

	Refines mesh (to improve mesh quality).



	-R

	Mesh coarsening (to reduce the mesh elements).



	-A

	Assigns attributes to tetrahedra in different regions.



	-a

	Applies a maximum tetrahedron volume constraint.



	-m

	Applies a mesh sizing function.



	-i

	Inserts a list of additional points.



	-O

	Specifies the level of mesh optimization.



	-S

	Specifies maximum number of added points.



	-T

	Sets a tolerance for coplanar test (default 1e-8).



	-X

	Suppresses use of exact arithmetic.



	-M

	No merge of coplanar facets or very close vertices.



	-w

	Generates weighted Delaunay (regular) triangulation.



	-c

	Retains the convex hull of the PLC.



	-d

	Detects self-intersections of facets of the PLC.



	-z

	Numbers all output items starting from zero.



	-f

	Outputs all faces to .face file.



	-e

	Outputs all edges to .edge file.



	-n

	Outputs tetrahedra neighbors to .neigh file.



	-v

	Outputs Voronoi diagram to files.



	-g

	Outputs mesh to .mesh file for viewing by Medit.



	-k

	Outputs mesh to .vtk file for viewing by Paraview.



	-J

	No jettison of unused vertices from output .node file.



	-B

	Suppresses output of boundary information.



	-N

	Suppresses output of .node file.



	-E

	Suppresses output of .ele file.



	-F

	Suppresses output of .face and .edge file.



	-I

	Suppresses mesh iteration numbers.



	-C

	Checks the consistency of the final mesh.



	-Q

	Quiet:  No terminal output except errors.



	-V

	Verbose:  Detailed information, more terminal output.



	-h

	Help:  A brief instruction for using TetGen.





-o2 quadratic mesh








Examples of How to Use TetGen:


‘tetgen object’ reads vertices from object.node, and writes their
Delaunay tetrahedralization to object.1.node, object.1.ele
(tetrahedra), and object.1.face (convex hull faces).

‘tetgen -p object’ reads a PLC from object.poly or object.smesh (and
possibly object.node) and writes its constrained Delaunay
tetrahedralization to object.1.node, object.1.ele, object.1.face,
(boundary faces) and object.1.edge (boundary edges).

‘tetgen -pq1.414a.1 object’ reads a PLC from object.poly or
object.smesh (and possibly object.node), generates a mesh whose
tetrahedra have radius-edge ratio smaller than 1.414 and have volume
of 0.1 or less, (and writes the mesh to object.1.node, object.1.ele,
object.1.face, and object.1.edge… not anymore)










comet.pyhed.misc.load_save module

Part of comet/pyhed/misc


	
comet.pyhed.misc.load_save.dump2Json(json_name=None, **kwargs)[source]

	Dumps all keyword-value combinations given in kwargs into a json
file.
Supported variable types can by found here:

https://docs.python.org/3/library/json.html






	
comet.pyhed.misc.load_save.exportSparseMatrixAsNumpyArchive(name, *sparseMats)[source]

	




	
comet.pyhed.misc.load_save.json2Dict(name)[source]

	Reads a json file from disk and converts it to python dictionary.






	
comet.pyhed.misc.load_save.loadSparseMatrixFromNumpyArchive(name, csr=True, verbose=True)[source]

	





comet.pyhed.misc.matrixWrapper module

Part of comet/pyhed/misc


	
comet.pyhed.misc.matrixWrapper.ComplexNumpyMatrix(mat, copy=False)[source]

	




	
comet.pyhed.misc.matrixWrapper.NumpyMatrix(mat, copy=False)[source]

	Matrix Wrapper for for ndarrays, providing syntax for pygimli c++ core
algorithms (rows, cols, mult, transMult, save(numpy)).






	
class comet.pyhed.misc.matrixWrapper.RealNumpyMatrix(mat, copy=False)[source]

	Bases: sphinx.ext.autodoc.importer._MockObject

Matrix Wrapper for for ndarrays, providing syntax for pygimli c++ core
algorithms. Holds reference to a real matrix, providing the correct
multiplication algorithms for the pygimli inversion process.


	
cols()[source]

	




	
mult(vector)[source]

	




	
rows()[source]

	




	
save(name)[source]

	




	
transMult(vector)[source]

	









comet.pyhed.misc.mesh_tools module

Part of comet/pyhed/misc


	
comet.pyhed.misc.mesh_tools.createConstraintMesh(mesh)[source]

	Creates a refined mesh, where every triangle is divided in three
triangles, with the midpoint of the original cells as new node.
This is only done for each boundary that has a right and a left cell
(no boundary edges) and is usefull for displaing the boundary constraints
of the original mesh.

>>> import pygimli as pg
>>> import numpy as np
>>> mesh = pg.load('invmesh.bms')
>>> cw = np.load('constraints.npy')
>>> cmesh = createConstraintMesh(mesh)
>>> pg.show(cmesh, data=cw[np.array(cmesh.cellMarkers(), dtype=int)])










	
comet.pyhed.misc.mesh_tools.createH2(inmesh, order=1, integration_mat=False)[source]

	Creates a H-2**N refined mesh with order N and Integration matrix.






	
comet.pyhed.misc.mesh_tools.sameGeometry(mesh1, mesh2, atol=1e-08, rtol=1e-05)[source]

	





comet.pyhed.misc.mpi_tools module

Part of comet/pyhed/misc


	
comet.pyhed.misc.mpi_tools.abortIfError()[source]

	




	
comet.pyhed.misc.mpi_tools.importCustemResults(name, ntx=1)[source]

	




	
comet.pyhed.misc.mpi_tools.saveFenicsField(savename_base, loop, secondary=False, htr=None, hti=None, hsr=None, hsi=None)[source]

	Save fenics fields from loppclass object in mpirun environment in
gimli single core sorting for later use in single core tasks.

savename total field :


	savename_base + ‘_total.npy’




if secondary is True:


savename secondary field:


	savename_base + ‘_secondary.npy’







Saved variables are:


	loop.secMOD.PP.H_t_r_cg,


	loop.secMOD.PP.H_t_i_cg,


	loop.secMOD.PP.H_s_r_cg,


	loop.secMOD.PP.H_s_i_cg










comet.pyhed.misc.para_lib module

Part of comet/pyhed/misc


	
comet.pyhed.misc.para_lib.InterpolationMatrix_para(mesh_name, out_coords, maxCPUCount=12, in_node_count=None, verbose=True)[source]

	Multiprocessing over outcoords.







comet.pyhed.misc.poly_tools module

Part of comet/pyhed/misc


	
comet.pyhed.misc.poly_tools.cleanUpTetgenFiles(basename)[source]

	Removes temporary tetgen files.


	Parameters

	basename (string) – File path. All files with that basename and one of the following
endings will be removed (‘.poly’, ‘.ele’, ‘.node’ ‘.face’ ‘.edge’).










	
comet.pyhed.misc.poly_tools.createPolyBoxWithHalfspace(minx, maxx, miny, maxy, minz, maxz, halfspace_at=0.0, without_halfspace=False, interface_marker=None)[source]

	Creates a simple poly file for further mesh build processes.

Imports pygimli.


	Parameters

	
	minx (float) – Minimum x dimension.


	maxx (float) – Maximum x dimension.


	miny (float) – Minimum y dimension.


	maxy (float) – Maximum y dimension.


	minz (float) – Minimum z dimension.


	maxz (float) – Maximum z dimension.


	halfspace_at (float) – Z value where the halfspace is considered. Additionally to the corner
points of the simple halfspace box, a separation of the z edges will
be at halfspace_at.


	without_halfspace (booleam [ False ]) – An face that closes the 4 edge points at halfspace_at is inserted.
This can be ommitted if creating but a tetrahedron boundary around
another polygon.


	interface_marker (integer [ None ]) – Optional marker for the interface face, for later identification.






	Returns

	Closed polygon mesh with or without face at the halfspace
interface. Note that the first four nodes in the polygon correspond
to the four edge nodes at the halfspace interface, for manual
connection to other polygons.



	Return type

	pg.Mesh











comet.pyhed.misc.test_class module

Part of comet/pyhed/misc


	
class comet.pyhed.misc.test_class.BaseTest(name)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]


	
test()[source]

	




	
testing_function()[source]

	









comet.pyhed.misc.timer module

Part of comet/pyhed/misc


	
class comet.pyhed.misc.timer.NoneTimer(verbose=True)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]


	
exportLog(savename)[source]

	




	
getMessage(msg)[source]

	




	
importLog(savename)[source]

	




	
noHist(msg)[source]

	




	
printHistory()[source]

	




	
setTimeFactor(factor)[source]

	




	
setVerbose(verbose)[source]

	




	
silent(msg)[source]

	




	
tick(msg, **kwargs)[source]

	




	
update()[source]

	








	
class comet.pyhed.misc.timer.Timer(verbose=True, timestamps=True, timefactor=1.0)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]


	
exportLog(savename)[source]

	




	
getMessage(msg, ts=None)[source]

	




	
importLog(savename)[source]

	




	
noHist(msg, update=True, ts=None)[source]

	




	
printHistory()[source]

	




	
setTimeFactor(factor)[source]

	




	
setTimestamps(bool_timestamps, strftime='%Y-%m-%d %H:%M:%S')[source]

	




	
setVerbose(verbose)[source]

	




	
silent(msg, update=True, ts=None)[source]

	




	
tick(msg, update=True, ts=None, **printkwargs)[source]

	




	
time_last

	




	
time_total

	




	
update()[source]

	









comet.pyhed.misc.toolbox module

Part of comet/pyhed/misc


	
exception comet.pyhed.misc.toolbox.NamespaceError(value)[source]

	Bases: Exception [https://docs.python.org/3/library/exceptions.html#Exception]

Named Error for try except clauses.






	
comet.pyhed.misc.toolbox.convertCoordinates(gimli, dolfin)[source]

	Find sorting between two coordinate arrays if same points.
input: arr1, arr2: two coordinate lists of same shape (n, 3)
which contains the same coordinates but in a diffrent order.
output: arr1_arr2, arr2_arr1: index arrays which converts coordinates
from input1 to input2 and from input2 to input1.






	
comet.pyhed.misc.toolbox.floatString(value, frmt='2.2f', replace='_')[source]

	Converts a Float to a string for filenames etc.






	
comet.pyhed.misc.toolbox.getAllValuesByReference(mat, refarray)[source]

	Gets all values from input hdf5 data set found in given reference array
of the same dataset.

>>> import h5py
>>> from comet import pyhed as ph
>>> mat = h5py.File('input.mrsd')
>>> # get pulse moments from mrsd file
>>> pulse_mat = mat['proclog']['Q']['q']
>>> pulses = ph.misc.getAllValuesByReference(mat, pulse_mat)
array([ 0.11261871,  0.15802349,  0.1729516 ,  0.24440305,  0.27615926,
...     0.39153588,  0.45558559,  0.64535046,  0.77051771,  1.08620425,
...     1.32817318,  1.85991744,  2.32437798,  3.22896476,  4.11364457,
...     5.66420968,  7.33714431, 10.01091275, 13.18643762, 17.83750801])










	
comet.pyhed.misc.toolbox.insert(array1, array2, breaking_point_float=0, right=True)[source]

	Utility function to insert points between two arrays. Depricated.






	
comet.pyhed.misc.toolbox.plt_ioff()[source]

	Temporal overrides the interactive mode of matplotlib.






	
comet.pyhed.misc.toolbox.plt_ion()[source]

	Temporal overrides the interactive mode of matplotlib.






	
comet.pyhed.misc.toolbox.printv(string, *args)[source]

	for maintenance and debugging






	
comet.pyhed.misc.toolbox.progressBar(it, prefix='', file=<_io.TextIOWrapper name='<stdout>' mode='w' encoding='UTF-8'>)[source]

	Iterable progress bar.
Usage

exchange:

>>> for i in range(12):





with:

>>> for i in progressBar(range(12), 'some describing string: '):










	
comet.pyhed.misc.toolbox.project1DModel(thk, para, out)[source]

	projects a simple synthetic layered model to a given discretisation.
The discretisation “disOut” has to be a vector for the corners of the
desired discretisation. Therefore the output will be a vector with
len(outDis) - 1 elements. “parameter” must have one entry more than
thickness.

>>> thk = [2.375]
>>> resistivity = [100, 5]
>>> disOut = np.linspace(0, -4.5, 10)
>>> model = project1DModel(thk, resistivity, disOut)
>>> print(model)  # 100 * 0.75 + 5 * 0.25 = 76.25
[ 100.   100.   100.   100.    76.25    5.     5.     5.     5. ]










	
comet.pyhed.misc.toolbox.refine(array, start='0', end='-1', insert=1, log=False, zerovalue=False, invert=False)[source]

	Utility function to refine array. Depricated.






	
comet.pyhed.misc.toolbox.setNearestMarkers(outmesh, inmesh, y_lim, marker_air=0, marker_half=1, fill_air_ground=False, air_interface=0.0)[source]

	Set marker from 2d mesh + limits in y to 3d mesh.
Returns list with ommitted marker or empty list.
Optinally fills air and groundspace outside the 2d mesh with marker.






	
comet.pyhed.misc.toolbox.setNearestMarkers_old(outmesh, inmesh, marker_air=0, marker_half=1, fill_air_ground=False)[source]

	Set marker from one mesh to another.
Returns list with ommitted marker.






	
comet.pyhed.misc.toolbox.setdebugging(Bool, local=True)[source]

	Temporal function used to control debug mode. Do not use.






	
comet.pyhed.misc.toolbox.temporal_printoptions(threshold=5, **kwargs)[source]

	Temporal overrides the printoptions of numpy arrays.







comet.pyhed.misc.vec module

Part of comet/pyhed/misc


	
comet.pyhed.misc.vec.Ca2Cy(cartesian, dtype=<sphinx.ext.autodoc.importer._MockObject object>, drop_tol=0.01, dipole_z=0.0)[source]

	Convert cartesian coords to cylindrical coords.


	Parameters

	
	cartesian (np.ndarray) – Coordinate vector of for N positions of shape (3, N).


	dtype (np.dtype or str) – Optional choice of output data type.


	drop_tol – Tolerance in m to avoid zeros in horizontal distances (singlularity
removal). All values for the resulting horizontal distance below
the drop_tol are redistributed between drop_tol and 20% of the
distance to the first point outside droptol. Raises Exception if
no point lies outside of drop_tol. drop_tol=None disables the
singularity removal (default).






	Returns

	cylindrical – Coordinate Vector in cylindrical cordinates (radius, phi, z) in
given datra type or input data type and with or without
singularities removed.



	Return type

	np.ndarray










	
comet.pyhed.misc.vec.Ca2CyField(cartesian, field, dtype=None)[source]

	Conversion of 3d vector field from cylindrical coords in cartesian.

# cartesian = cartesian coordinate system (x, y, z)
# x = field[x] * cos(phi) - field[y] * sin(phi)
# y = - field[x] * sin(Phi) + field[y] * cos(phi)
# z = field[z]
# output:
# field_cylindrical = data in cylindrical coordinates (r, phi, z)


	Parameters

	
	cartesian (np.ndarray) – Coordinate vector of for N positions of shape (3, N).


	field (np.ndarray) – Field vector of for N positions of shape (3, N).


	dtype (np.dtype or str) – Optional choice of output data type.






	Returns

	field – Field vector in cylindrical cordinates (x, y, z) in
given datra type or input data type.



	Return type

	np.ndarray










	
comet.pyhed.misc.vec.Cy2Ca(cylindrical, dtype=None)[source]

	Convert cartesian coords to cylindrical coords.


	Parameters

	
	cylindrical (np.ndarray) – Coordinate vector of for N positions of shape (3, N).


	dtype (np.dtype or str) – Optional choice of output data type.






	Returns

	cartesian – Coordinate Vector in cartesian cordinates (x, y, z) in
given datra type or input data type.



	Return type

	np.ndarray










	
comet.pyhed.misc.vec.Cy2CaField(cylindrical, field, dtype=None)[source]

	Conversion of 3d vector field from cartesian coords in cylindrical.

# polar = polar coordinate system
# x = field[r] * cos(phi) - field[phi] * sin(phi)
# y = field[r] * sin(phi) + field[phi] * cos(phi)
# z = field[z]
# output:
# field_cartesian = data in zylindrical coordinates


	Parameters

	
	cylindrical (np.ndarray) – Coordinate vector of for N positions of shape (3, N).


	field (np.ndarray) – Field vector of for N positions of shape (3, N).


	dtype (np.dtype or str) – Optional choice of output data type.






	Returns

	cartesian field – Field vector in cartesian cordinates (x, y, z) in
given datra type or input data type.



	Return type

	np.ndarray










	
comet.pyhed.misc.vec.GridtoVector(*args, **kwargs)[source]

	# transform the matlab grid to a python vector with the correct shape
# can take vector field data with x, y, z coordinates or simple one
# dimansional vectors
# 2D is not implemented yet


	Parameters

	
	order ([‘F’]) – order = ‘F’ -> Fortran style = x varies fastest, instead of z


	comp ([3]) – number of components


	# status (implemented)













	
comet.pyhed.misc.vec.KtoP(cartesian, dtype=<sphinx.ext.autodoc.importer._MockObject object>, drop_tol=0.01)[source]

	# status: depricated, use Ca2Cy instead






	
comet.pyhed.misc.vec.KtoP_all(cartesian, dtype=<sphinx.ext.autodoc.importer._MockObject object>, drop_tol=0.01)[source]

	# r = np.sqrt(model[0]**2 + model[1]**2)
# phi = np.arctan2(model[1], model[0])
# z = np.copy(model[2])






	
comet.pyhed.misc.vec.KtoP_field(cartesian, field, dtype=<sphinx.ext.autodoc.importer._MockObject object>)[source]

	# status: depricated, please use Ca2CyField instead.






	
comet.pyhed.misc.vec.PtoK(cylindrical, dtype=<sphinx.ext.autodoc.importer._MockObject object>)[source]

	# status: depricated use Cy2Ca instead






	
comet.pyhed.misc.vec.PtoK_field(cylindrical, field, dtype=<sphinx.ext.autodoc.importer._MockObject object>)[source]

	# status: depricated, please use Cy2CaField instead.






	
comet.pyhed.misc.vec.R3VtoNumpy(R3Vector, **kwargs)[source]

	Creates a numpy vector from a pygimli R3Vector.






	
comet.pyhed.misc.vec.VectortoGrid(vector, shape, order='F', swap=False)[source]

	see ‘GridtoVector’
x == VectortoGrid(GridtoVector(x), x.shape) is True

# status: implemented






	
comet.pyhed.misc.vec.angle(ax1, ax2)[source]

	Returns angle between two arbitrary vectors of shape (3, …).
Allows broadcasting.






	
comet.pyhed.misc.vec.areaFromPolyPoints(points)[source]

	Get perimeter of a polygon.






	
comet.pyhed.misc.vec.convertCRStoMap(rowIdx, colPtr)[source]

	Converts CRS indices to map indices.






	
comet.pyhed.misc.vec.cumsumDepth(a, min_thk=0.5)[source]

	Summs part of a array, until all layers have a given minimum thickness.
only use on array with increasing thickness.






	
comet.pyhed.misc.vec.fillCRS(crsMat, rowIdx, colPtr, vals)[source]

	Fill CRS format SparseMatrix with values. Very Slow.






	
comet.pyhed.misc.vec.fixSingularity(model, drop_tol=0.01, dipole_z=0.0)[source]

	Points in zero get values of drop_tol.
Points on drop_tol get Values of up to 20% the value to the first point out
of the drop_tol.
If all points are in the drop_tol a warning is printed.






	
comet.pyhed.misc.vec.getConstraints(inv)[source]

	




	
comet.pyhed.misc.vec.getIndicesFromConstraintMatrix(mat)[source]

	




	
comet.pyhed.misc.vec.getRSparseValues(sparseMapMatrix, indices=True, getInCRS=False)[source]

	Get CRS Arrays (Row Index, Column Start_End, Values)
from SparseMatrix (CRS format).






	
comet.pyhed.misc.vec.interpolateField(Mesh, positions, Field, interpolationMatrix=None, verbose=False)[source]

	simple case: (meshInput, meshOutput, fieldFromInputMesh) ready

# status: implemented






	
comet.pyhed.misc.vec.interpolateField_Matrix(Field, InterpolationMatrix, verbose=False)[source]

	# status: implemented






	
comet.pyhed.misc.vec.interpolateField_rotatedMatrix(Field, base_mat=None, sin_mat=None, cos_mat=None)[source]

	# status: in testing






	
comet.pyhed.misc.vec.interpolateVector(Mesh, Slice, Vector, verbose=False)[source]

	Interpolates a given vectorfield(Vector) based on the given Mesh to a
second mesh or slice. The field can either be real or complex.

# status: implemented






	
comet.pyhed.misc.vec.linspace2D(Point1, Point2, num)[source]

	Internal function. Like linspace but for twodimensional points.






	
comet.pyhed.misc.vec.linspace3D(Point1, Point2, num)[source]

	Internal function. Like linspace but for threedimensional points.






	
comet.pyhed.misc.vec.perimeterFromPolyPoints(points, circle_radius=None, closed=True)[source]

	Get perimeter of a polygon.






	
comet.pyhed.misc.vec.pointDataToCellData_np(mesh, field, mixed=False, weight=True)[source]

	Interpolates vector- or skalarfield data defined on the nodes of the given
mesh to its cell midpoints. For now it has to be either a uniform mesh with
field (3d, complex or real) or scalar (1d, complex or real) datasets or a
mixed mesh with a simple real scalar data set (takes more time).


	Parameters

	
	mesh (pg.Mesh) – For now the algorithm takes only pygimli meshes.


	field (array of shape (n) or (n, 3) or pg.Vector) – Data set with n = number of nodes in the mesh.


	mixed (bool [False]) – Flag to determine if the mesh is either of mixed (True) shape (cells
can consist of variable number of nodes) or uniform (False).


	weight (bool [True]) – The cell data can be calculated as simple average of the surrounding
node values (False) or additionally weighted by their inverse distance
from the nodes (True).


	Output


	——


	newfield (array of shape (c) or (3, c)) – Data set with c = number of cells in the mesh.













	
comet.pyhed.misc.vec.regular_slice(dim1, dim2, direction, value)[source]

	out: regular pygimli 2D-mesh object with given discretisation and
orientation with respect to a 3D coordinate system.

for now there are only x-, y- and z-orientated slices possible

# status: implemented






	
comet.pyhed.misc.vec.regular_sliceFrom3DMesh(mesh, discretisation1, discretisation2, direction, value)[source]

	Cut a slice with regular grid discretisation from an arbitrary shaped
irregular mesh. Used for plotting purposes with matplotlib.


	input: mesh

	x discretisation
y discreatisation
normal direction of the slice
value for position of the slice on the normal axis





# status: implemented






	
comet.pyhed.misc.vec.rotFromAtoB(vec, ax1, ax2)[source]

	Rotates input vector vec from one direction ax1 (x, y, z) to
another direction ax2 (x, y, z).






	
comet.pyhed.misc.vec.rotate3(Vec, alpha, axis='z', copy=False)[source]

	Rotates 3 dimensional arrays around a given axis with angle alpha.






	
comet.pyhed.misc.vec.rotate3_all(Vec, alpha, axis='z', copy=False)[source]

	‘ijk,k…i->k…j’
… = number of points, broadcasted dimension
i = 3 (3 coords per point)
j = 3 (3 coords per point)
k = number of different dipoles, number of alphas






	
comet.pyhed.misc.vec.rotationMatrix(axis, theta)[source]

	Return the rotation matrix associated with counterclockwise rotation about
the given axis (3, n) by theta radians (n,). Supports broadcasting along
second axis of input axis.

Array with rotation matrices of shape (3, 3, n) or (3, 3) if n==1.






	
comet.pyhed.misc.vec.sinhZVolumeFunction(z, z_range=[0, -100], area_range=[0.1, 100])[source]

	Maps values from z per z_range to area_range using a sinh
function instead of linear interpolation.
Values outside z_range are assigned the limits of area_range.

Example

>>> import numpy as np
>>> import matplotlib.pyplot as plt
>>> area = []
>>> zrange = np.linspace(30, -130, 160)
>>> for z in zrange:
>>>     area.append(sinhZVolumeFunction([z]))
>>> fig, ax = plt.subplots(1, 1)
>>> ax.plot(zrange, area)










	
comet.pyhed.misc.vec.sinhspace(start, stop, num_step)[source]

	Like linspace but using a hyperbolic sine function.






	
comet.pyhed.misc.vec.sumBetweenIndices(array, indices, use_thickness=False, axis=0)[source]

	Split array at given axis and indices and sum up the parts.
If use_thickness is True, the difference of the absolute values are used,
usfull for array representing a depth for example.






	
comet.pyhed.misc.vec.translate(Vec, x, y, z=0, copy=False)[source]

	Translate a given three dimensional vector and returns either a view of it
or a new object.

# status: implemented






	
comet.pyhed.misc.vec.translateToDipole(Vec, Dipole, copy=False)[source]

	




	
comet.pyhed.misc.vec.translate_all(Vec, coords)[source]

	Vec: Dim: num_points, 3
coords: Dim = num_dipoles, 3

output: Dim: num_dipoles, num_points, 3






	
comet.pyhed.misc.vec.uniqueAndSum(indices, to_sum, return_index=False, verbose=False)[source]

	Summs double values found by indices in a various number of arrays.

Returns the sorted unique elements of a column_stacked array of indices.
Another column_stacked array is returned with values at the unique
indices, while values at double indices are properly summed.


	Parameters

	
	ar (array_like) – Input array. This will be flattened if it is not already 1-D.


	to_sum (array_like) – Input array to be summed over axis 0. Other exsisting axes will be
broadcasted remain untouched.


	return_index (bool, optional) – If True, also return the indices of ar (along the specified axis,
if provided, or in the flattened array) that result in the unique
array.






	Returns

	
	unique (ndarray) – The sorted unique values.


	summed_array (ndarray) – The summed array, whereas all values for a specific index is the sum
over all corresponding nonunique values.


	unique_indices (ndarray, optional) – The indices of the first occurrences of the unique values in the
original array. Only provided if return_index is True.










Example

>>> import numpy as np
>>> from comet.pyhed.misc.vec import uniqueAndSum
>>> idx1 = np.array([0, 0, 1, 1, 2, 2])
>>> idx2 = np.array([0, 0, 1, 2, 3, 3])
>>> # indices at positions 0 and 1 and at positions 5 and 6 are not unique
>>> to_sort = np.column_stack((idx1, idx2))
>>> # its possible to stack more than two array
>>> # you need for example 3 array to find unique node positions in a mesh
>>> values = np.arange(0.1, 0.7, 0.1)
>>> print(values)
[ 0.1  0.2  0.3  0.4  0.5  0.6]
>>> # some values to be summed together (for example attributes of nodes)
>>> unique_idx, summed_vals = uniqueAndSum(to_sort, values)
>>> print(unique_idx)
[[0 0]
 [1 1]
 [1 2]
 [2 3]]
>>> print(summed_vals)
[ 0.3  0.3  0.4  1.1]
>>> # [0.1 + 0.2, 03., 0.4, 0.5 + 0.6]
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comet.pyhed.plot package


Submodules



comet.pyhed.plot.plotHankel module

Part of comet/pyhed/plot


	
comet.pyhed.plot.plotHankel.plotHankel(order)[source]

	




	
comet.pyhed.plot.plotHankel.plotKey(order)[source]

	





comet.pyhed.plot.plot_bib module

Part of comet/pyhed/plot


	
comet.pyhed.plot.plot_bib.addPatch(ax, cbar_ax=None, offset_left=28.5, offset_top=1, distance=1, color='lightgray', lw=0, z_order=0)[source]

	




	
comet.pyhed.plot.plot_bib.amp(field)[source]

	Amplitude of a complex field.
Internally used.






	
comet.pyhed.plot.plot_bib.cmap_phase()[source]

	




	
comet.pyhed.plot.plot_bib.drawCWeight(ax, mesh, cweight, lmin=0, lmax=0.8, cmin=0.2, cmax=1, min_plot=0.02, color='black', cell_indices=None)[source]

	Draws the given cweights defined for given mesh on given ax.


	Parameters

	
	ax (plt.ax) – Ax to plot constraint weights in.


	mesh (pg.Mesh) – Mesh object where the constraints are defined in.


	cweight (np.ndarray) – Constraint values to be plotted.


	lmin (float [ 0 ]) – Minimum linewidth for maximum cweight defined via cmax.
Note that by default high constraint values are plotted with thinner
lines.


	lmin (float [ 0.8 ]) – Maximum linewidth for minimum cweight defined via cmin.


	cmin (float [ 0 ]) – Minimum constraint weight to plot. All values smaller than cmin are
plotted with the same linewidth as cmin.


	cmax (float [ 1 ]) – Maximum constraint weight to plot. All values greater than cmax are
plotted with the same linewidth as cmax.


	min_plot (float [ 0.02 ]) – Minimum linewidth to plot to avoid large pdfs.


	color (string [ ‘black’ ]) – Color of lines.


	cell_indices [ None ]


	f(cweight) -> linewidth – (cmin, cmax) -> (lmax, lmin) if cmin < cweight < cmax


	Returns


	——–


	None













	
comet.pyhed.plot.plot_bib.drawFid(ax, fid, clim=None, clab=None, draw='data', to_plot='real', cmap=None, cbar=True, gated=True, title=None)[source]

	Plot any data (or response, error, misfit) cube nicely.


	if response is True:

	response vector from fid taken and used for plotting misfit.










	
comet.pyhed.plot.plot_bib.drawMeshLines(ax, mesh, color='white', linewidth=0.5, marker=None, **kwargs)[source]

	Draw all mesh boundaries in given ax.






	
comet.pyhed.plot.plot_bib.getCMapAndLim(toplot, phase=False, misfit=False, perc=0.99, minimum=False, lut=None)[source]

	Chooses colorbar limits and appropriate colobar based on input.
lut: If lut is not None it must be an integer giving the number of entries
desired in the lookup table, and name must be a standard mpl colormap name.






	
comet.pyhed.plot.plot_bib.loadPickledFig(savename)[source]

	




	
comet.pyhed.plot.plot_bib.markCbar(cbar, pos, text=None, color='white', linewidth=0.5, size=None, text_y_pos=1.35, cbar_horizontal=True, **kwargs)[source]

	Marks a given colorbar of a plot at a specific position and optionally
displaysa describing text. Useful to remind on a synthetic background or
focus the view on a specific range.


	Parameters

	
	cbar (matplotlib colorbar) – Colorbar to mark.


	pos (float) – Marker position in values of the colorbar (data values).


	text (string, optional) – Text to display. The default is None.


	color (string, optional) – Color used for the marker. The string is redirected to matplotlib.
The default is ‘white’.


	linewidth (float, optional) – Thickness of the marker line. The default is 0.5.


	size (integer, optional) – Size of the Text. If None the size of the ticklabel of the cbar
axis is used. If no label is found the size is set to 9.
The default is None.


	text_y_pos (flat, optional) – Vertical Offset for the displayed text. (or horizontal offset for
vertical colorbars, see next argument). The default is 1.35.


	cbar_horizontal (boolean, optional) – Flag for a horizontal colorbar. The default is True.


	**kwargs (dictionary) – Redirected to the text function. Filled with default values for
‘horizontalalignment’ (‘center’) and ‘verticalalignment’ (‘center’).






	Returns

	



	Return type

	None.










	
comet.pyhed.plot.plot_bib.pickleFig(savename, fig)[source]

	




	
comet.pyhed.plot.plot_bib.printv(string, *args)[source]

	print function for maintenance and debugging






	
comet.pyhed.plot.plot_bib.quantile(data, perc=0.99, add_rel=0.1, add_abs=0.0)[source]

	Returns the the data point that lies over a given percentage (50 %) of
a data set and returns value (+ 10%).


	Parameters

	
	data – Dataset for which the value is to be searched.


	perc (float [ 0.5 ]) – Percentage [0…1] defining he search for a parameter.
Searches for the value in the dataset that lies above perc of the
other data.


	add_rel (float [ 0.1 ]) – Relative value added to the result of the search.


	add_abs (float [ 0.0 ]) – Absolute value added to the result of the search.


	For very small values in data, add_rel should be replaced by add_abs (and


	an appropriate value) or set 0.


	For add_rel = 0.0 and add_abs = 0.0, the returned value will always be part


	of the given dataset.


	Hint for colorbars (usually a median(data, perc=…) with perc = 0.95 for)


	small data sets and perc = 0.99 for large data sets will result in nice


	colorbar settings as it effectively removes spikes.













	
comet.pyhed.plot.plot_bib.returnFigureAndAx(ax, *args, **kwargs)[source]

	Returns figure and ax of given ax or creates subplots.
Not used inside pyhed.






	
comet.pyhed.plot.plot_bib.setAxSize(ax, size)[source]

	




	
comet.pyhed.plot.plot_bib.setOuterLabelOnly(ax, xlabel='X (m)', ylabel='Z (m)')[source]

	Removes all ticks from the given axes and labels exept the outer left
and lower axes which are labeled using the the given labels.
This is a convenience function for multi ax plots, where the subplots have
the same outer dimension.






	
comet.pyhed.plot.plot_bib.showEtraData(survey, to_plot='real', draw='data', savename='auto', rdir='.', praefix='', size=12, patch=True, clim=None, perc=0.995, cmap='auto', pdf=True, png=False)[source]

	Plot function to create and save data and misfit plots of etra data.


	Parameters

	
	datas (array_like) – Array containing the measured data in nV. Expect one dimensional array
of concatenated datas. First dimension defines the different recievers.
If array is real, expect first half to contain the real component and
second half to contain the imaginary data.


	gates (array_like) – Midpoints of the used time gates for plotting in s.


	pulses (array_like) – Used pulse moments for plotting in As.


	errors (array_like [ None ]) – Assumed errors of the datas for plotting of misfit. Same shape as data.


	draw (string [ ‘data’ ]) – This function can plot ‘data’, ‘response’ or ‘misfit’. The last two
only if fid are eqipped with proper response vector. See setResponse()
of Survey class or setResponse() of Fid class for information about
setting response vectors.


	to_plot (string [ ‘real’ ]) – Decides weather real or imaginary part of the data is plotted.
Alternatively ‘abs’ can be used to plot absolute values.


	savename (string [ ‘auto’ ]) – If on auto, the savename is generated out of the other given
parameters. If other than ‘auto’, the given savename is used to save
the resulting figures. If on ‘auto’, see rdir and praefix for
additional information.


	rdir (string [‘.’]) – If *savename*==’auto’, rdir defines the directory the results are saved
in. This is ignored if savename is not ‘auto’.


	praefix (string [ ‘’ ]) – If savename*==’auto’, praefix can be used to distinguish different
data sets in the same *rdir. This is ignored if savename is  not
‘auto’.


	size (integer [ 17 ]) – Fontsize for the exported figure ticks and labels.


	patch (boolean [ True ]) – As the coincident measurement and the other seven get different
colorbars (see clim), a grey patch is optionally used as background
for the first data plot. This switch can be used to omit this patch.


	clim (list or list of lists [ None ]) – The colorbar limits of the plots can be fixed. Except a list of min and
maximum value for misfit and two of those lists for the data plot,
whereas the first min and max is used fot the coincident measurement,
and the second for the other seven measurements.


	perc (float [ 0.999 ]) – Percentage to autodefine the colorbar values. The defaults sets the
maximum value to the value that is greater than 99.9 % of the data.













	
comet.pyhed.plot.plot_bib.showLoop(pos, phi, ds, referenzpunkte=None, ax=None, color=None, **kwargs)[source]

	Plots a loop as set of dipoles on a given axis.
Used by show method of loop class.






	
comet.pyhed.plot.plot_bib.showLoopLayout(*loops, ax=None, **kwargs)[source]

	Shows multiple loops at once on a given axis.
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comet.snmr package


Subpackages



	comet.snmr.kernel package
	Submodules

	comet.snmr.kernel.kernel_bib module

	Module contents





	comet.snmr.misc package
	Submodules

	comet.snmr.misc.IO_pdf module

	comet.snmr.misc.plot_routines module

	comet.snmr.misc.plotting_tools module

	Module contents





	comet.snmr.modelling package
	Submodules

	comet.snmr.modelling.errors module

	comet.snmr.modelling.mrs module

	comet.snmr.modelling.mrs_survey module

	comet.snmr.modelling.nmr_base module

	comet.snmr.modelling.smooth_syn module

	comet.snmr.modelling.snmrModelling module

	Module contents





	comet.snmr.survey package
	Submodules

	comet.snmr.survey.survey module

	Module contents
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comet.snmr.kernel package


Submodules



comet.snmr.kernel.kernel_bib module

Part of comet/snmr/kernel

This file contents parts of the MRSmatlab Kernel function part


	
class comet.snmr.kernel.kernel_bib.Kernel(survey=None, fid=0, dimension=1, name=None)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Basic class to solve the NMR kernel computation.


	Parameters

	
	name (string [ None ]) – If kernel is loaded from file.


	survey (survey class instance [ None ]) – Calls setSurvey to define underlaying survey class.
Holds important attributes like pulse moments and the loops for
tx and rx.


	tx (integer [ 0 ]) – Transmitter index in corresponding survey.


	rx (integer [ 0 ]) – Receiver index in corresponding survey.


	fid (interger [ 0 ]) – Sounding index in corresponding survey.


	dimension (integer [1]) – Defines the kernel integration.








Example

>>> from comet.snmr import kernel as k
>>> from comet.snmr import survey
>>> site = survey.Survey()
>>> kernel = k.kernel(site)
>>> kernel.calculate()
>>> kernel.save('savename')
>>> kernel.show()






	
BFieldCalculation(loop_mesh=None, dipole_mesh=None, interpolate=False, just_loop_fields=False, recalc_loop_fields=False, recalc_primary=False, num_cpu=12, **kwargs)[source]

	Calculates the Bfield for the kernel function for tx and rx.

internal call of loop.calculate() including decision if cell based or
node based Bfield is needed.
All optional parameters are piped to the loop.calculate() call.
Based on the desired dimension of the kernel a specialised mesh may be
automatically generated for the calculation.

Part 1/3 of the kernel calculation. Called automatically if
kernel.calculate is called.






	
calcInterpolationMatrix()[source]

	




	
calcMagnetization()[source]

	Creates 3D mesh and calcualtes magnetization vector after excitation.
Returns magnetization vector of shape (num_pulses, num_cells_3d, 3)






	
calculate(loop_mesh=None, dipole_mesh=None, interpolate=False, savename=None, forceNew=False, slices=True, slice_name=None, **kwargs)[source]

	All three parts of the kernel calulation are called here.

All given kwargs are directed to BfieldCalculation(), see function info
for details about possible keyword arguments.

>>> self.BFieldCalculation(**kwargs)





>>> self.ellipticalDecomposition()





>>> self.kernelIntegration()





>>> if savename is not None:
        self.save(savename)






	Keyword Arguments

	destinations – none for now, with exception of “num_cpu”, [12]
which is directed to BfieldCalculation and/or sliceKernel










	
coincident

	




	
create1DInterpolationSlices()[source]

	




	
create1DKernelMesh(max_length=0.1, area=100.0, quality=32, zvec=None, size_factor=2.5, z_factor=2.5, export_xyplane=None, max_dipoles=2000, calc_3D_stats=True, xmin=None, xmax=None, ymin=None, ymax=None)[source]

	In order to integrate the kernel to a 1D structure without
interpolation errors, a special mesh consisting of triangular zylinders
has to be defined.


	Parameters

	
	max_length (float [ 0.1 ]) – Defines the smallest edge length for the discretisation of the loop
. In order to get admirable kernel results a value of 0.1 meters
should be the maximum.


	area (float [ 100. ]) – Defines the maximum Area a triangle in the loop slice can have.


	quality (float [ 32. ]) – Defines the smallest angle inside a triangle. Be careful with
values above 35.


	zvec (array_like [ None ]) – Usualy the zvec is defined automatically, this flag gives the user
the optional possibility to give a zvec from outside the funktion.


	size_factor (float [ 2.5 ]) – Extension of the kernel mesh (and therefore integration volume)
in the x and y direction. Should be at least 2 times the loop
diameter or shortest edge length. This value defines the multipier.


	z_factor (float [ 2.5 ]) – Maximum depth of the Kernel. Should be at least 2 times the loop
diameter or shortest edge length. This value defines the multipier.


	export_xyplane (string [ None ]) – Filename for the resulting kernel mesh plane in 2D can be
exported for debugging or simply to check the mesh (vtk).


	max_dipoles (interger [ 2000 ]) – Fallback for high node density loops. This sets an overall maximum
for the number of dipoles used for the loop discretization.
However this only comes into account in rare cases.













	
create2DInterpolationSlices()[source]

	




	
create2DKernelMesh(area=15.0, quality=34, yvec=None, x_factor=5, z_factor=2, savename=None, export_xzplane=None, calc_3D_stats=True, order=0)[source]

	Similary to the mesh in the 1D case a special mesh consisting of
triangluar zylinders is generated. The Zylinders are pointing in the y
direction to allow a perfect integration to the x-z plane.


	Parameters

	
	area (float [15.]) – Affects the maximum area a triangle in the 2D slice is allowed to
have. Higher Values lead to bigger cells.


	quality (float [34]) – Defines the smallest angle inside a triangle. Be careful with
values above 34.5. Higher values = more cells.


	yvec (ndarray, list [None]) – Usualy the y vector is defined automatically, this flag gives the
user the optional possibility to give a YVec from outside the
function.


	x_factor (float [2]) – Extension of the kernel mesh (and therefore integration volume)
in the x direction. Should be at least 2 times the loop
diameter or shortest edge length. This value defines the multipier.


	z_factor (float [2]) – Extension of the kernel mesh (and therefore integration volume)
in the z direction. Should be at least 2 times the loop
diameter or shortest edge length. This value defines the multipier.


	savename (string [None]) – If a savename is given, the resulting 2D Mesh is saved in the .bms
format for later use.


	export_xyplane (string [ None ]) – Filename for the resulting kernel mesh plane in 2D can be
exported for debugging or simply to check the mesh (vtk).













	
createMagnetizationMesh()[source]

	Creates full 3D mesh for display and calcualtion of magnetization
vectors. Not needed for normal kernel calculation routine and big,
therefore separate.






	
createSeperatedLoopMesh(name='SepLoopMesh', dipole=True, exportVTK=False, refinement_para=1.0, max_area_factor=1.0)[source]

	Creates a mesh that contains the receiver and the transmitter loop.






	
createYVec(max_length=0.2, max_num=300, y_factor=2.0, calc_3D_stats=True)[source]

	Creates the y vector discretization for the 2D kernel mesh.

The y vector represents the y values of the 3D Kernel mesh before
the integration to 2D.


	Parameters

	
	max_length (float [ 0.2 ]) – Maximum distance between two slices inbetween the source dipoles.


	max_num (integer [ 300 ]) – Maximum number of slices. Overrides
max_length if they conflict.


	y_factor (float [ 2. ]) – Extension of the kernel mesh (and therefore integration volume)
in the y direction. Should be at least 2 times the loop
diameter or shortest edge length. This value defines the multipier.













	
createZVector(numz, minz, min_thk=0.5)[source]

	Creates a sinus hyperbolicus shaped Z discretisation in numz
steps between 0 and minz.






	
ellipticalDecomposition()[source]

	Computes the counter and corotating parts of the given magnetic fields
with respect to a given earth magnetic field.


	Parameters

	
	Bfield (complex field [3, n] or string) – Optional. Possibility to insert a pre calculated field.


	Inclination (float) – Inclination of the earth magnetic field at the loop site in rad
[0… 2pi]


	Declination (float) – Declination of the magnetic field at the loop site in rad
[0… 2pi]


	B (np.array of shape (3, n)) – Magnetic field of the loop


	Second part of the kernel calculation.


	- mainly from Weichman et al. (2000)













	
static ellipticalDecomposition_multi(Bfield, earth)[source]

	Computes the counter and corotating parts of the given magnetic fields
with respect to a given earth magnetic field.


	Parameters

	
	Bfield (complex field [3, n] or string) – Optional. Possibility to insert a pre calculated field.


	Inclination (float) – Inclination of the earth magnetic field at the loop site in rad
[0… 2pi]


	Declination (float) – Declination of the magnetic field at the loop site in rad
[0… 2pi]


	B (np.array of shape (3, n)) – Magnetic field of the loop


	Second part of the kernel calculation.


	Literature


	———-


	- Weichman et al. (2000)


	- Hertrich (2005, Appendix)


	- Hertrich (2008, eq. 6 ff.)













	
export1D(savename, loop_layout=True, title='{0.survey.earth!r}')[source]

	




	
export2DKernel(fig=None, ax=None, savename=None, png_dpi=300, noYLabel=False, index=0, colorBar=True, size=13, pdf=None, fixed_cbar=False, **kwargs)[source]

	Exports 2D Kernel for given pulse moment.
Kwargs are redirected to show.






	
export2DKernel2PDF(name, fixed_cbar=False, **kwargs)[source]

	Export 2D Kernel for all pulse moments as stiched pdf.
Kwargs are redirected to export2DKernel.






	
exportMagnetization(name, vtk_export=False, pulse=0)[source]

	Export a previously calculated magnetization vector as numpy
vector and optionally vtk file.






	
exportVTK(savename, save=['abs'], save_in_log=False)[source]

	




	
fid

	Reference to sounding (FID) class instance in survey.






	
getKernel(reduced=True)[source]

	




	
getSliceCoords()[source]

	Returns input coordinates for custEM Slice interpolation of magnetic
fields to the kernel slices.






	
getZVector(reduced=True)[source]

	




	
interpolateBFieldToKernel(recalc_prim_on_kernel=False, recalc_primary=False, num_cpu=32, calc_3D_stats=True)[source]

	Takes the rx Bfield and interpolates it to the kernel mesh.






	
static kernelCalculation_multi(fid, earth, txalpha, txbeta, txzeta, txperpend, rxalpha=None, rxbeta=None, rxzeta=None, rxperpend=None, calc_theta=False)[source]

	




	
kernelIntegration(calc_theta=False)[source]

	Computes the integration of the kernel with respect to the desired
dimension.


	Parameters

	
	decomposition ((alpha, beta, zeta)) – Bfield_part essentially consists of the output from the
elliptical decomposition of the magnetic field.


	measurement (class) – An instance of a measurement class has to be given in order to keep
the number of input arguments manageable.


	earthmagnitude (float) – Magnitude of the earth magnetic field [Tesla]. Aproximatly about
30000 to 65000 nT (1 nT = 1e-9 Tesla).


	Third part of the kernel calculation.













	
larmor

	Larmor frequency [Hz] from earth defined in survey.






	
load(savename, load_loopmesh=True, kernelmesh2d=None, load_kernelmesh=True, use_order_refinement=True)[source]

	Load a previously saved kernel (.npz-format).






	
magnetization_magnitude

	




	
pulses

	Reference to pulse moments from sounding (FID).






	
release_memory()[source]

	Calling this function is releasing some attributes that are using a
fairly big amount of memory.

Sets the following attributes back to None:


	The interpolation matrix between the loop meshes and the kernel mesh




interpolationMatrix


	local copies of the magnetic fields (fields in tx and rx are not




effected)
txBfield, rxBfield


	the 3D kernel mesh cell center and volumes




kernelMeshCellVolume, kernelMeshCellCenter


	the elliptical decomposition of the tx and rx bfields




txalpha, txbeta, txzeta, txperpend, rxalpha, rxbeta,
rxzeta, rxperpend

Note: a recalculation of the kernel will take about the same amount of
time as the first call, as all cached variables are gone, however apart
from a recalculation, the other purposes of the kernel class (export,
figures, inversion(without recalculation)) are not effected.

Another note: If you want to use this method only for saving disk space
in case you save the kernel class, then you might consider the light
flag of the .save method instead.






	
rx

	Reference to receiver class instance in survey.






	
rx_area

	Area of the receiver loop.






	
rx_index

	




	
save(savename=None, save_interpolation_mat=False, save_loopmesh=False, light=True, kernelmesh_name=None)[source]

	Save the basic information to restore the Kernel class later.






	
set1DKernelMesh(mesh, calc_3D_stats=True)[source]

	Sets the 1D kernel mesh.


	Parameters

	
	mesh (stirng or pygimli.Mesh) – Filename or mesh instance of a 2D mesh in the x-y plane.


	Need


	—-


	z discretization – Can be setted via createZVector, setZVector or
direct use of create1DKernelMesh. However the needed information
to do that may not be available on the fly, therefore no default
z vector is created.













	
set2DKernelMesh(inmesh, yvec=None, order=0, integration_mat=None, calc_3D_stats=True)[source]

	kwargs to createYVec if YVec is None






	
setDebug(debug: bool)[source]

	




	
setModel(*args, **kwargs)[source]

	Pipes args and kwargs to self.tx.setModel. Same for rx.






	
setPulsesDirectly(pulses)[source]

	Set pulse moment vector manually if not supported by survey + fid.
(This is called when loading a kernel from the harddisk, mainly for
plotting reasons). For all calculation purposes a survey and fid class
is recommended.






	
setRx(rx, **kwargs)[source]

	Sets initialized loop or pipe arg and kwargs to loadLoop.






	
setSurvey(survey, fid=0)[source]

	Sets survey class containing necessary information for the kernel.


	Parameters

	
	survey (comet.snmr.survey.Survey or None) – Sets given survey class instance or create empty class instance.


	fid (integer [ 0 ]) – Index of corresponding sounding in the survey.













	
setTx(tx, **kwargs)[source]

	Sets initialized loop or pipe arg and kwargs to loadLoop.






	
setYVector(vector)[source]

	




	
setZVector(vector, min_thk=0.5)[source]

	Defines the attribute zvec.

Sets the given vector as z discretization. Attention: the value for
min_thk defines the minimum thickness of the discretization used in the
end. For all thicknesses in vector smaller than min_thk, the Kernel is
integrated to match the min_thk. For calulation of the kernel function
the original given vector is used.


	Parameters

	
	vector (array_like) – Z discretization in m to be used for the kernel calculation. If a
new vector is to be created, please also take a look at the method
createZVector.


	min_thk (float) – Minimum thickness te kernel and zvec is integrated if returned.
This leads to higher accuracy in the vicinity of the loop.













	
shape

	




	
show(toplot=['real', 'imag', 'amp', 'phase', '0D'], indices=None, savename=None, normed=False, suptitle=None, ax=None, pulse_in_log=False, kernel_absolute_values=False, cbar_percentage=0.99, fixed_cbar=False, lut=33, show_marked_edges=False, **kwargs)[source]

	Visualise the Kernel with respect to the desired dimension.

Automatically defined within the kernel class via the parameter
kernel.dimension = [0…3]. Plotting of a kernel in the desired
dimension is only possible if the kernel is also calculated with
respect to that dimension. It’s not possible to calculate the kernel
with kernel.dimension = 1 and then plot the kernel with
kernel.dimension = 2.


	0D :

	Simple Graph plotting kernel-values over pulsemoments



	1D :

	Graph with 1D integrated kernels over the depth of the model



	2D :

	Slice of the x-z-plane with triangle mesh containing the 2D



	3D :

	Export of the kernel in vtk format for visualising.





none so far

Plots the 1D integrated Kernel with a given z discretisation over the
measured pulse sequences.


	toplot: list [ [‘real’, ‘imag’, ‘amp’, ‘phase’, ‘1D’] ]

	There are different possibilities to plot the kernel. This
parameter defines which part of the kernel is shown. Possible
options are: ‘real’, ‘imag’, ‘amp’, ‘phase’, ‘0D’ (integrated over
z). All strings in the toplot variable will be plotted in the same
order given in the list.



	cMap: string [‘viridis’]

	Defines the colormap used to display the kernel. In order to get a
good contrast between the max and min as well as being useful in
comparison with MRSMatlab, ‘viridis’ is the default colormap. Any
colormap reachable by the plt.get_cmap(…) method can be chosen.



	normed: bool [True]

	A on the dimension based normalisation of the plot permits
a better assessment of the kernel distribution.



	ax: plotting ax or list of axes [None]

	Plot on a predefined ax and gives back the ax. A onedimensionla
list of axes is also accepted, if the number of items in ‘toplot’
is the same as the available axes.



	lut: None or int [None]

	Number of colors for the colorbar.
If lut is not None it must be an integer giving the number of
entries desired in the lookup table, and name must be a standard
mpl colormap name.






	indices: list

	By default one 2D plot is created for each pulsemoment. In order
to limit the number of plots the optional paramter indices  can be
given as a list of indices referring to the pulse moments to be
shown.



	cMap: string [‘viridis’]

	See Parameter 1D.



	normed: bool [True]

	A on the dimension based normalisation of the plot permits
a better assessment of the kernel distribution.



	show_marked_edges: boolean [ False ]

	Whether or not marked edges gets drawn.



	possible kwargs for matplotlib:

	cMin, cMax for range of the colorbar.
All other kwargs are reaching matplotlib functions.



	default label 2D:

	‘integrated kernel (2D) [nV/$m^2$] pulsemoment: {:.3f} As’
.format(self.pulses[i])





A self-sufficient plot of the kernel without any integration would
result in a set of 3D Cubes and is not implemented for now.

Instead the kernel will be saved in vtk format which can be easily
handled.


	savename: string

	A String defining the relative path to the vtk-file the kernel will
be saved in. If not given the default savename will be flagged with
the string ‘_default_’ and contain some information about the
kernel.





Example

2D:

>>> ax, cbar = kernel.show(indices=[16], cMin=-1,
>>>                        cMax=2, size=20, pad=0.7)
>>> ax.set_ylim(-50, 0)










	
show2DMesh()[source]

	




	
showLoopLayout(ax=None, **kwargs)[source]

	




	
sliceKernel1D(num_cpu=None, loop_mesh=None, new_bfield=False, interpolate_bfield=True, slice_name=None)[source]

	




	
sliceKernel2D(savename=None, forceNew=False, loopSaveName=None, num_cpu=None, new_bfield=False, loop_mesh=None, slice_name=None, **kwargs)[source]

	2D Kernel in a memory saving parallel computation approach.






	
tx

	Reference to transmitter class instance in survey.






	
tx_area

	Area of the transmitter loop.






	
tx_index

	




	
updatable

	




	
zvec

	z discretisation










	
comet.snmr.kernel.kernel_bib.calcInterpolationMatrix_para(source_mesh, target_pos, num_cpu=8)[source]

	




	
comet.snmr.kernel.kernel_bib.calculateKernelFromSlices(survey_name, invmesh, cfgname, max_length=0.05, max_num=400, path_name='kernel', num_cpu=48, h_order=1, json_name=None, force_new_paths=True, kernel_name='kernel/kern_{}', slice_export_name='kernel_slice')[source]

	

	survey: string

	Filepath of the survey containing the FIDs.



	invmesh: string

	Filepath for the inversion mesh the kernel is calculated on.



	cfgname: string

	Filepath of the secondary config containingin formation for
custEM. The same file should have been used for the field
calculation.



	max_length: float [ 0.05 ]

	Minimum distance between two slices in y direction.



	max_num: integer [ 400 ]

	Number of slices for y discretization.



	path_name: string [ ‘kernel’ ]

	Final name for the slices will be
{mdir}/paths/{path_name}_{number}_path.xml
“mdir” is defined in the secondary config.



	num_cpu: integer [ 48 ]

	Number of cores used.



	h_order: integer [ 1 ]

	Order of h-refinement when setting the invmesh in the
kernelclass.



	json_name: string [ None ]

	Optional name for the json file. Alternatively a tempory file
is created.



	force_new_path: boolean [ True ]

	Deletes old pathfiles (slices) and forces the generation of
new ones.



	kernel_name: string [ ‘kernel/kern_{}’ ]

	Filepath of used for export of the kernel functions. Need to
contain a “{}” which is filled with the index of the
corresponding FID in the survey class.



	slice_export_name: string [ ‘kernel_slice’ ]

	Filepath of the interpolated magnetic fields for the
individual kernel slices.
Full slice path contains:
“{r_dir}/{approach}/{mesh_name}/{mod_name}_interpolated/
tx_{tx_number}_{slice_export_name}_imesh_{slice_number}.npy”









kernel_name (added a “_{}” if not in original string)









	
comet.snmr.kernel.kernel_bib.checkForKernel(name, mkdir=False)[source]

	




	
comet.snmr.kernel.kernel_bib.create1DInterpolationSlices(kern)[source]

	




	
comet.snmr.kernel.kernel_bib.create2DInterpolationSlices(kern)[source]

	




	
comet.snmr.kernel.kernel_bib.integrateKernelH2(mat, array)[source]

	




	
comet.snmr.kernel.kernel_bib.simpleZVec(numz, minz, reduced=False)[source]

	





Module contents

Module comet/snmr/kernel





          

      

      

    

  

  
    

    comet.snmr.misc package
    

    

    
 
  

    
      
          
            
  
comet.snmr.misc package


Submodules



comet.snmr.misc.IO_pdf module

Part of comet/snmr/misc


	
comet.snmr.misc.IO_pdf.closeAxis(ax)[source]

	




	
comet.snmr.misc.IO_pdf.exportColorBarPDF(name=None, cMap='viridis', cmin=0, cmax=1, orientation='horizontal', label='colorbar label', size=14, ax=None, dpi=300)[source]

	




	
comet.snmr.misc.IO_pdf.exportKernelPDF(kern, fig=None, ax=None, savename=None, dpi=300, noYLabel=False, index=0, xl_add='', rotate=False, plotlims=None, colorbar=False, figsize=[10, 6])[source]

	




	
comet.snmr.misc.IO_pdf.returnFigure(ax)[source]

	




	
comet.snmr.misc.IO_pdf.robustPDFSave(fig_or_ax, name, **kwargs)[source]

	





comet.snmr.misc.plot_routines module

Part of comet/snmr/misc


	
comet.snmr.misc.plot_routines.drawSoundingCurve(ax, kern_mat, pulses, size=12, color='r', to_plot=['abs'], y_ticks_right=True, plot_abs=True, title='volume-integrated kernel', marker_size=5, **kwargs)[source]

	





comet.snmr.misc.plotting_tools module

Part of comet/snmr/misc


	
comet.snmr.misc.plotting_tools.grayCBarPalette(steps, lims=[1.0, 0.5])[source]

	




	
comet.snmr.misc.plotting_tools.setAxSize(ax, size)[source]

	




	
comet.snmr.misc.plotting_tools.setCBarSize(cbar, size)[source]

	





Module contents

Module comet/snmr/misc


	
class comet.snmr.misc.Constants[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]


	
calcCurieFactor(temperature)[source]

	




	
gamma

	











          

      

      

    

  

  
    

    comet.snmr.modelling package
    

    

    
 
  

    
      
          
            
  
comet.snmr.modelling package


Submodules



comet.snmr.modelling.errors module

Part of comet/snmr/modelling


	
comet.snmr.modelling.errors.DepricationWarning(msg=None)[source]

	




	
exception comet.snmr.modelling.errors.InputError(file=None, msg=None)[source]

	Bases: Exception [https://docs.python.org/3/library/exceptions.html#Exception]






	
exception comet.snmr.modelling.errors.KernImportError(value)[source]

	Bases: Exception [https://docs.python.org/3/library/exceptions.html#Exception]







comet.snmr.modelling.mrs module

Part of comet/snmr/modelling

Magnetic resonance sounding module.


	
class comet.snmr.modelling.mrs.MRS(survey=None, fid=0, kernel=None, mtype='smooth', dtype='rotatedAmplitudes', **kwargs)[source]

	Bases: comet.snmr.modelling.nmr_base.SNMRBase

Magnetic resonance sounding (MRS) manager class.


	
searchForLambda(startLam=20000)[source]

	Runs several inversion runs to find the highest lambda which is able to
fit the data within its errors.






	
showDataAndError(ax=None, figsize=(10, 8), as_log=False)[source]

	Show data cube along with error cube.






	
showDataAndFit(compare_to=None, figsize=(8, 6), savename=None, clim=None, suptitle=None, separated=False, savematrices=False)[source]

	data and error weighted misfit. 1,1 or 2,2 for complex






	
showKernel(ax=None, save=None, **kwargs)[source]

	Show the kernel as matrix (Q over z). If Kernel is a class object,
the plotting order is redirected to Kernel.show(**kwargs)

To see more about the plotting options type this in the console:

>>> import kernel as k
>>> help(k.Kernel.show)










	
showResult(figsize=(10, 8), save='', fig=None, ax=None, syn=None, wclabel=None, t2label=None, color=None)[source]

	Show theta(z) and T2*(z) (+uncertainties if there).






	
showResultAndFit(figsize=(12, 10), save='', maxdep=0.0, clim=None, suptitle=None, syn=None, wclabel=None, t2label=None)[source]

	Show ec(z), T2*(z), data and model response.






	
splitModel(model=None)[source]

	Split model vector into d, theta and T2*.










	
class comet.snmr.modelling.mrs.MRSGenetic(*args, **kwargs)[source]

	Bases: comet.snmr.modelling.mrs.MRS

MRS class derivation using a genetic algorithm for inversion.


	
genMod(individual)[source]

	Generate (GA) model from random vector (0-1) using model bounds.






	
plotEAstatistics(fname=None)[source]

	Plot EA statistics (best, worst, …) over time.






	
plotPopulation(maxfitness=None, fitratio=1.05, savefile=True)[source]

	Plot fittest individuals (fitness<maxfitness) as 1d models


	Parameters

	
	maxfitness (float) – maximum fitness value (absolute) OR


	fitratio (float [1.05]) – maximum ratio to minimum fitness













	
runEA(nlay=None, eatype='GA', pop_size=100, num_gen=100, runs=1, mp_num_cpus=8, **kwargs)[source]

	Run evolutionary algorithm using the inspyred library


	Parameters

	
	nlay (int [taken from classic fop if not given]) – number of layers


	pop_size (int [100]) – population size


	num_gen (int [100]) – number of generations


	runs (int [pop_size*num_gen]) – number of independent runs (with random population)


	eatype (string [‘GA’]) –

algorithm, choose among:


‘GA’ - Genetic Algorithm [default]

‘SA’ - Simulated Annealing

‘DEA’ - Discrete Evolutionary Algorithm

‘PSO’ - Particle Swarm Optimization

‘ACS’ - Ant Colony Strategy

‘ES’ - Evolutionary Strategy





















	
comet.snmr.modelling.mrs.showErrorBars(ax, thk, val, thkL, thkU, valL, valU, *args, **kwargs)[source]

	Plot wc and t2 models with error bars.






	
comet.snmr.modelling.mrs.showT2(ax, thk, t2, maxdep=0.0, label=None, color='g')[source]

	Show T2 function nicely.






	
comet.snmr.modelling.mrs.showWC(ax, thk, wc, maxdep=0.0, dw=0.1, label=None, color='g')[source]

	Show water content function nicely.







comet.snmr.modelling.mrs_survey module

Part of comet/snmr/modelling


	
class comet.snmr.modelling.mrs_survey.MRT(survey=None, dim=2, dtype='complex', mtype='smooth')[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]


	
create1DKernelMesh(verbose=False)[source]

	




	
createFOP(kernelmesh=None, secondary=False, para_mesh_2d=None, **kwargs)[source]

	kwargs: order (h refinement order for kernel mesh)






	
createFOPMesh()[source]

	




	
createINV(lam=1000, verbose=True, debug=False, **kwargs)[source]

	Create inversion instance (and fop if necessary with nlay).


	lam: float [100]

	Lambda factor for inversion.



	verbose: bool [True]

	Additional verbose decission, can be True, even if the rest of the
Manager should remain silent. Most information of the different
iterations is printed in the console. It’s recommended to set
verbose in this case to True (default).






	lambdaFactor, float [0.8]

	Sets lambda factor for Marquardt scheme.



	robust, bool [False]

	Sets the robust flag for the data.
See pg.RInversion for more details






	logTrans, bool [True]

	Applies a logarithmic transformation to the data. Its recommended
to do so (default), due to the dealing with water contents,
which can’t be negative. Logarithmic transformation is the easiest
way to archieve that.



	blockyModel, bool [False]

	Instead of the standard L2-Norm a L1 Norm can be used to allow for
more blocky models. Heavy changes in watercontent and relaxation
times can sometimes be fitted better this way.










	
data

	Concatenated data vectors of sounds.






	
dataIndices

	




	
data_slices

	Slices to get single data from self.data.

Data[sound #2] = mrt.data[mrt.data_slices[1]]






	
dtype

	




	
error

	Concatenated error vectors of sounds.






	
getSingleDataAndError(sounding_idx)[source]

	




	
initSoundings(override=False)[source]

	Extends the sounding list for the fids in survey.
Called automatically is necessary.






	
kernels

	List with underlaying kernels from sounds.






	
loadResults(basename, gates=True, pulses=True)[source]

	returns (model, error, response, chi2)






	
mtype

	




	
saveResults(basename)[source]

	Saves orig data, model, error and forward model as well as chi2.






	
setDataAndErrorCube(data, error, phase, df=None)[source]

	Depricated!

Set data and error cubes using the methods of the single soundings.

Input has to be a list or iterable object of data, and error cubes
(pulses x gates) a corresponding list of phase vectors for each pulse
and a float defining the frequency offset per sounding.






	
setDataAndErrorVector(data, error=None, phi=None, df=None)[source]

	Depricated!
Set Data and Error in MRT and the underlaying MRS instances.






	
setDataType(dtype)[source]

	




	
setKernelMesh(mesh, order=1, **kwargs)[source]

	




	
setKernels(basename, load_loopmesh=False, use_order_refinement=True, indices=None)[source]

	Sets the kernels for the underlaying soundings. Basename will be
formatted with index. Example 5 soundings, basename = ‘kern_{}’ will
result in import of kernel_0, kernel_1, …, kernel_4.






	
setModelTrans(thk=(10, 1, 30, 'log'), wc=(0.3, 0.0, 0.7, 'cot'), t2=(0.2, 0.005, 1.0, 'log'))[source]

	Sets model transformation for water content, relaxation times, and
thickness (1D). input = (startvalue, min, max, type).
Known types are cotangens (‘cot’) and logarithmic (‘log’)
transformations.






	
setModelType(mtype)[source]

	




	
setSurvey(survey)[source]

	Defines the survey that holds the various soundings and datasets.






	
setZWeight(z_weight)[source]

	




	
showFids(to_plot='abs', rows_cols=None, ax=None, draw='data', **kwargs)[source]

	kwargs to ph.plot.drawFID(**kwargs)






	
showSounding(index, ax=None, to_plot='abs', draw='data', figsize=(5, 3), **kwargs)[source]

	Shows Data, Error or misfit of a site.






	
simulate(model, error, samplingrate=1000.0, max_time=1.0, num_gates=50, verbose=False, **kwargs)[source]

	




	
updateData()[source]

	Update data vector in inversion instance.











comet.snmr.modelling.nmr_base module

Part of comet/snmr/modelling

Nuclear magnetic resonance base manager as used by MRS and MRT manager classes


	
class comet.snmr.modelling.nmr_base.SNMRBase(survey=None, fid=0, kernel=None, mtype='block', dtype='rotatedAmplitudes', update_kernel=False, dim=1, **kwargs)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Manager base class for MRS and MRT manager classes.


	
K

	




	
applyBoundsAndTrans()[source]

	Append the previously given bounaries for the model transformation
to the forward operator.






	
calcModelCovarianceMatrix()[source]

	Compute linear model covariance matrix.






	
calcModelCovarianceMatrixBounds()[source]

	Compute model bounds using covariance matrix diagonals.






	
createFOP(nlay=3)[source]

	Creates the forward operator (FOP). Two possibilities are supported:
block and smooth. The choice affects the inversion process and
therefore its results.

possible keyword argument for block FOP is ‘nlay’ to define the number
of layers, the FOP is calculating (default = 3).






	
createINV(lam=1000, **kwargs)[source]

	Create inversion instance (and fop if necessary with nlay).


	Parameters

	
	lam (float [100]) – Lambda factor for inversion.


	verbose (bool [True]) – Additional verbose decission, can be True, even if the rest of the
Manager should remain silent. Most information of the different
iterations is printed in the console. It’s recommended to set
verbose in this case to True (default).


	special kwargs for Marquardt scheme (block)


	——————————————-


	lambdaFactor, float [0.8] – Sets lambda factor for Marquardt scheme.


	robust, bool [False] – Sets the robust flag for the data.
See pg.RInversion for more details


	special kwargs for smooth scheme


	———————————


	logTrans, bool [True] – Applies a logarithmic transformation to the data. Its recommended
to do so (default), due to the dealing with water contents,
which can’t be negative. Logarithmic transformation is the easiest
way to archieve that.


	blockyModel, bool [False] – Instead of the standard L2-Norm a L1 Norm can be used to allow for
more blocky models. Heavy changes in watercontent and relaxation
times can sometimes be fitted better this way.













	
data

	Data Vector representation with respect to self.dtype.
Returns None if no sounding or data_cube in sounding is found.






	
dtype

	




	
error

	




	
fid

	Reference to sounding (FID) class instance in survey.






	
invert(data=None, error=None, phase=None, lam=1000, runChi1=False, **kwargs)[source]

	# TODO!






	
loadMRSI(filename, verbose=True)[source]

	Load data, error and kernel from mrsi file






	
loadSurvey(dataname)[source]

	




	
mtype

	




	
setBoundsAndTrans(thkBounds=[10.0, 1.0, 30.0], wcBounds=[0.3, 0.0, 0.7], t2Bounds=[0.2, 0.005, 1.0], trans=['log', 'cot', 'log'])[source]

	Sets the boundarys and transformation for the model domain.


	Parameters

	
	thkBounds (list of floats [ [10., 1., 30.] ]) – Startvalue, lower and upper boundary for thickness of each layer
in 1D. Ignored for smooth models (or 2D).


	wcBounds (list of floats [ [0.3, 0.0, 0.7] ]) – Startvalue, lower and upper boundary for water content.


	t2Bounds (list of floats [ [0.2, 0.005, 1.0] ]) – Startvalue, lower and upper boundary for relaxation times.


	trans (list of strings [ [‘log’, ‘cot’, ‘log’] ]) – Defines the type of model transformation. logarithmic (‘log’) or
cotangens (‘cot’)













	
setDataType(dtype)[source]

	




	
setKernel(kernelfile=None, load_loopmesh=True, load_kernelmesh=True, use_order_refinement=True)[source]

	Load or initialize a new Kernel class instance for calcualting the
NMR kernels.






	
setModelType(mtype)[source]

	




	
setSurvey(survey, fid=0)[source]

	




	
showCube(ax=None, vec=None, islog=None, clim=None, clab=None, cmap='viridis', cbar=True)[source]

	Plot any data (or response, error, misfit) cube nicely.






	
simulate(model, err=2.5e-07, samplingrate=1000.0, max_time=1.0, num_gates=50, verbose=False, debug=False, **kwargs)[source]

	Creates forward operator and calculates a synthetic response to a given
model. Keyword arguments are passed to the function createFOP and to
FOP.response. You can also define the ‘Type’ to be ‘smooth’ or ‘block’
or let the simulate function analyse the input.

returns datacube, errorcube (both complex) and phaseinformation
(for rotated amplitudes)


	Parameters

	model (list of lists) – Given model of shape [water_content, relaxation_time] if forwarded
to FOP to generate synthetic data set.














	
comet.snmr.modelling.nmr_base.effectiveNoise(area, noise_lvl=0.0036, sample_rate=1000.0, time=1.0)[source]

	Calculates the effective noise of a loop for simulation.

noise_lvl = 3.6e-3 nV / m² / sqrt(number_of_samples)
This is a standart noise_lvl from measurements in Schillerslage, Germany.
Output in Volt.






	
comet.snmr.modelling.nmr_base.getPhiByGridSearch(data)[source]

	





comet.snmr.modelling.smooth_syn module

Part of comet/snmr/modelling


	
comet.snmr.modelling.smooth_syn.archie(porosity, saturation, water_resistivity, tortuosity=1.0, cementation=1.3, saturation_exponent=2.0, formation_factor=None)[source]

	porosity(z), saturation(z)

returns resititvity_bulk(z)
cite{}






	
comet.snmr.modelling.smooth_syn.brooksCorey(z, water_table, porosity, lam=1.6, height_zero=0.12)[source]

	after Brooks and Corey (1964)
cite{}






	
comet.snmr.modelling.smooth_syn.costabel(saturation, t2_saturation, lam=1.6)[source]

	cite{costabel2011NSG}
Costabel, S., and U. Yaramanci, 2011, Relative hydraulic conductivity
and effective saturation from Earth’s field nuclear magnetic
resonance – a method for assessing the vadose zone: Near Surface
Geophysics, 9, 155–167.






	
comet.snmr.modelling.smooth_syn.effectiveSaturationToWater(saturation_eff, water_saturation, water_residual=0.05)[source]

	saturation_eff = (water - water_residual)/
(water_saturated - water_residual)






	
comet.snmr.modelling.smooth_syn.modelVadose(z, water_table, porosity, t2_saturated, water_resistivity, height_zero=0.12, water_residual=0.05, lam=1.6, verbose=False, **kwargs)[source]

	Calculates a synthetical vadose zone on basis of a Brooks-Corey model
for saturation over the vadose zone, whereas lambda is the pore size
distribution index.

Also calculates the electrical resistivity(z) via Archies law, as well as
the distribution of relaxation times based on Costabel and Yaramanci
(2011).

returns (z, resistivity, water_content, relaxation_times)






	
comet.snmr.modelling.smooth_syn.test_local()[source]

	





comet.snmr.modelling.snmrModelling module

Part of comet/snmr/modelling

Modelling classes for core magnetic resonance (1D, 2D)


	
class comet.snmr.modelling.snmrModelling.MRS1dBlockQTModelling(survey, fid=0, nlay=3, dtype='complex', kernel=None)[source]

	Bases: sphinx.ext.autodoc.importer._MockObject

MRS1dBlockQTModelling - pygimli modelling class for block-mono QT inversion

f=MRS1dBlockQTModelling(lay, KR, KI, zvec, t, verbose = False )


	
fid

	




	
forward(par, verbose=False, num_cpu=12)[source]

	yield model response cube as vector






	
iscomplex

	




	
response(par)[source]

	








	
class comet.snmr.modelling.snmrModelling.SNMRJointModelling(mrt=None, verbose=False)[source]

	Bases: sphinx.ext.autodoc.importer._MockObject

Joint modelling operator for multiple transmitter receiver combinations


	
addFOP(*fops)[source]

	




	
createJacobian(model)[source]

	




	
forward(model)[source]

	




	
response(model)[source]

	




	
setFOPs(fops)[source]

	








	
class comet.snmr.modelling.snmrModelling.SNMRModelling(survey, kernel, fid=0, dtype='complex', mesh=None, num_cpu=12, update_kernel=False)[source]

	Bases: sphinx.ext.autodoc.importer._MockObject

Modelling class for surface nuclear magnetic resonance (SNMR).

The class is based on the ModellingBase
class of pygimli and therefore contains a various amount of parameters and
functions as well as some protected members to ensure a generalized
interface suitable for the pygimli inversion engine.

For further details about the spezifications of the modelling base, be
referred to the pygimli API available from the official project website
www.pygimli.org.


	
static amplitudeJacobian(Mcomplex, model)[source]

	




	
calculateKernel(matrix=False, interpolate=False, forceNew=False, **kwargs)[source]

	




	
createJacobian(model=None, **kwargs)[source]

	Caculate the Jacobian Matrix of a NMR Kernel, with or without
relaxation times included (model dependancy for this).

kwargs are redirected to kernelClass.calculate()

Example

>>> # complex jacobian without relaxation time
>>> FOP = MRModelling('a valid kernel class')
>>> FOP.createJacobian()  # sets FOP.jacobian










	
dimension

	




	
fid

	Reference to sounding (FID) class instance in survey.






	
forward(model, **kwargs)[source]

	Forward response of the kernel to a specific destribution of
watercontent or relaxation times.


	model.shape:

	array.shape = 2 or 3, numLayers (watercontent only: 2, 3 with
relaxation times), first entry = thickness





>>> thickness = [1, 5, 10]
>>> # first layer 0...1 m
>>> # second layer 1...6 m
>>> # third layer 6...16 m
>>> # after that homogeneous halfspace
>>> watercontent = [0.2, 0.3, 0.1, 0.2]  # 1 == 100%
>>> # one entry more than thickness, last entry for halfspace
>>> model = np.array((thickness,
>>>                  watercontent,
>>>                  [100, 200, 14, 100]))  # relaxation times
>>> measurement = mrs.response(model)










	
iscomplex

	




	
jshape

	(data, model)
== (pulses * gates, model * number of parameters)


	Type

	Jacobian shape










	
kshape

	(data, model) == (pulses, model)


	Type

	Kernel shape










	
response(model)[source]

	Calculates the forward response of a SNMR measurement, and returns an
1D numpy array containing the real and imaginary parts
of the response. One Voltage value for each pulse moment q and time
gate g.

data type: complex

([real(V_11), ..., real(V_1Q),
  real(V_21), ..., real(V_2Q),
  ...,
  real(V_N1), ..., real(V_NQ),
  imag(V_11), ..., ...,
  ...       , ..., imag(V_NQ)]), shape: (2*N, Q)

data type: not complex

([abs(V_11), ..., abs(V_1Q),
  abs(V_21), ..., abs(V_2Q),
  ...,
  abs(V_N1), ..., abs(V_NQ)]), shape: (N, Q)










	
setKernel(kernel)[source]

	




	
setModel(model)[source]

	
	Parameters

	model (array_like) – Array that contains three array_like objects. First the thickness
of the different layers (number of layers - 1). The second and
third array contains the water contents and relaxation times of
each layer.





Example

>>> FOP = SNMRModelling('a valid kernel class')
>>> model = [[5., 10.],  # thickness [m]
>>>          [0.1, 0.25, 0.4],  # water content [1]
>>>          [0.1, 0.1, 1.]]  # relaxation times [s]
>>> FOP.setModelVec(model)










	
setSurvey(survey, fid=0)[source]

	




	
updateDataPhase()[source]

	Sets data phase for complex inversion. If no model is given the
starting model is used.






	
vector

	









Module contents

Part of comet/snmr/modelling
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comet.snmr.survey package


Submodules



comet.snmr.survey.survey module

Part of comet/snmr/survey

Enhanced sounding class for SNMR data sets and supporting variables.
Sounding class can hold any number of Measurement class instances each
representing single FIDs.


	
class comet.snmr.survey.survey.Earth(incl=60.0, decl=2.0, mag=4.8e-05, rad=False)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]


	Parameters

	
	inclination (float [ 60. ]) – Inclination of the earth magnetic field in rad or degree.


	declination (float [ 2. ]) – Declination of the earth magnetic field in rad or degree.


	magnitude (float [48000 * 1e-9]) – Magnitude of the earth magnetic field in Tesla.


	rad (boolean [ False ]) – Input inclination and declination in rad?








Example

>>> from comet.snmr.survey import Earth
>>> e = Earth(inclination=45, declination=0, magnitude=4.8*1e-5)
>>> print(e)






	
copy()[source]

	




	
field

	Static magnetic field vector from earth defined in survey.






	
larmor

	




	
magnitude

	








	
class comet.snmr.survey.survey.FID(tx=0, rx=0, pulses=None)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Single SNMR experiment (sounding) using a simple
Free Induction Decay (FID).

Attributes to be setted directly:


	
amperes

	Ampere vector [A].






	
curie

	Curie factor for kernel calculation.
Read only. Calculated automatically by setting temperature.






	
deadtime

	Effective deadtime (device + half pulse) [s].






	
filterGates(mint=0.0, maxt=2.0)[source]

	Dismiss not desired time gates.


	Parameters

	
	mint (float [0.0]) – Cut all data reqired before mint (in seconds). This is done using
the gate midpoints including deadtime.


	maxt (float [2.0]) – Cut all data reqired after maxt (in seconds). This is done using
the gate midpoints including deadtime.


	Append new .gating to restore old gates


	raw_data remain untouched)













	
gates

	Time gate midpoint vector [s] (including deadtime).






	
gating(num_gates=42, verbose=False)[source]

	(extracted from MRSMatlab, 2017)

y=exp(x)
For some interval x(a:b) the exact mean within exp(x(a:b))
yAverage    = exp(mean(log(y(a:b))))
t(yAverage) = mean(t(a:b))

Problem: Logarithm is nice for exact average of exponential function.
But signals are noise contaminated. 1. Logarithm of gaussian noise
changes noise structure from gaussian to lorenzian. Averaging of
lorenzian distributed noise is not zero. 2. Since noise can make signal
negative a dc shift is added to make signals positive. This deminishes
the accurancy of averaging in logspace. For large constant shift
averaging in logspace becomes equivalent to average in linspace.
However this is nice for noise structure.
So we have a tradeoff.
Finally, from some amount of intervals on, e.g. 20 within interval
[0 1]/s averaging is sufficiently exact in any case.

MMP 18/10/2011






	
getComplexData()[source]

	




	
getRotatedAmplitudes()[source]

	Returns Data and Error as real component of the rotated Vecs.






	
load(savename, df_removed=True)[source]

	Load previously saved FID class instance from savename (.npz)
(numpy compressed binary data structure).

Usually imported data are cleansed from frequency offsets (df) before
saving. However there is no auto detection for that. In rare cases (if
you know what youre doing) data are saved without removing df first.
Then df_removed has to be set to False. Otherwise the raw data






	
pulses

	Pulse moment vector [As].






	
rotateAmplitudes(raw_data=False)[source]

	One of the three main ways for NMR forward modelling is to use
rotated amplitudes, instead of using the amplitudes of the complex
data or the complex data itself. If the phase information of the noise
free data is known (synthetic data) or fitted (e.g. monoexponential
fit) the rotated Amplitudes (also complex, do not confuse) have the
advantage of containing all the information in the real part (together
with noise), where the imaginary part contians only noise and can
therefore be discarded later.

Can be used on gated or ungated data, however this call alters the
raw_data!


	Parameters

	raw_data (boolean [ True ]) – Flag to decide if raw data or gated data are rotated.
Default is raw data, however if no raw data are



	Returns

	



	Return type

	complex rotated raveled data.










	
save(savename)[source]

	Saves FID class instance under savename. Expect savename with ending
.npz (numpy compressed binary data structure).






	
setDataPhase(data_phase)[source]

	Sets variable data_phase. Expect single float value for data phase in
rad.






	
setFrequencyOffset(df)[source]

	Sets frequency offset of tx pulse to larmor frequency.

Expect one value per pulse or one single value (used for all pulses).
None is treated as zero offset (internal initialization).






	
setGatedDataErrorAndGates(data, error, gates, rotated=False, phases=None, midpoints=True)[source]

	Sets the processed and gated data vector along with the gates (time
discretization) and error cube.


	Parameters

	
	data (np.ndarray) – Data vector of shape (number of pulses, number of gates). Expect
complex valued vector.


	error (np.ndarray) – Error vector of the same shape as the data vector.


	gates (np.ndarray) – Simple time vector in seconds with shape matching the dimension 1
of the data and error vector. Expect gates without deadtime.


	rotated (boolean [ False ]) – Define whether the data are already rotated or not. thee is no
autodetect for that.


	phases (np.ndarray [ None ]) – Define phases as simple vector containing phases in rad. Expect one
value per pulse.


	midpoints (boolean [ True ]) – If True (default) the given times in the gates vector are
interpreted as midpoint of gates. However if False the vector is
interpreted as outer limits of the gates, so gate 1 would be
defined between time 1 and time 2 and gate 2 between time 2 and 3
and so on.


	Sets


	—-


	This functionality fills the following attributes


	*data_gated*, *gates*, *error_gated*, *rotated*


	and optionally


	*phi* (phases)













	
setGates(gates, midpoints=True)[source]

	Define time gates.


	Parameters

	
	gates (np.ndarray) – Define gates midpoints. Expect array with float in [s]. See
midpoints for definition of how the input array is interpreted.


	midpoints (boolean [ True ]) – If True (default) the given times in the gates vector are
interpreted as midpoint of gates. However if False the vector is
interpreted as outer limits of the gates, so gate 1 would be
defined between time 1 and time 2 and gate 2 between timne 2 and 3
and so on.


	Sets


	—- – gates and _gates_thk if not the midpoints are given













	
setPhases(phi)[source]

	Sets variable phi. No check for length if vector is done. See
setGatedDataErrorAndGates or setRawDataErrorAndTimes for more details.






	
setPulseDuration(taup, deadtime_device=0.005)[source]

	Sets pulse duration [s] and internal deadtime from the device.


	Parameters

	
	taup (float) – Pulse duration in seconds.


	deadtime_device (float [ 0.005 ]) – Internal deadtime of the measurement device in seconds.
0.005 seconds are default for synthetic studies.


	Sets


	—-


	*taup1*,


	*deadtime_device*,


	*deadtime* (half pulse + deadtime_device)













	
setPulses(pulses)[source]

	Set pulse moment vector. Expect array with float in [As].

pulses






	
setRawDataErrorAndTimes(data, error, times, rotated=False, phases=None, remove_df=True, omit_regating=False)[source]

	Sets the raw (processed but ungated) data vector along with the time
discretization and errorvector.


	Parameters

	
	data (np.ndarray) – Data vector of shape (number of pulses, times). Expect complex
valued vector.


	error (np.ndarray) – Error vector of the same shape as the data vector.


	times (np.ndarray) – Simple time vector in seconds with shape matching the dimension 1
of the data and error vector, expect times without deadtime!


	rotated (boolean [ False ]) – Define whether the data are already rotated or not. There is no
autodetect for that.


	phases (np.ndarray [ None ]) – Define phases as simple vector containing phases in rad. Expect one
value per pulse.


	remove_df (boolean [ True ]) – Removes the frequency offset in the given data stored in the
attribute df [Hz].


	omit_regating (boolean [ False ]) – When setting the raw data, the gated data need to be recalculated.
By default this is done via regating with the original settings
for the gating.


	Sets


	—-


	This functionality fills the following attributes


	*data_raw*, *times*, *error_raw*, *raw_rotated*


	and optionally


	*phi* (phases)













	
setResponse(array)[source]

	Sets a respinse array with the same shape as the data e.g. from an
inversion instance. For plotting only.






	
setRotated(rotated, raw_data=False)[source]

	Sets rotation of data. True = rotatedAmplitudes,
False = complex.






	
setRx(index, turns=None)[source]

	Define index of receiver loop and turns.






	
setTx(index, turns=None)[source]

	Define index of transmitter loop and turns.






	
temperature

	Middle temperature [K]. Default = 281 K (8°C or 46.4°F).






	
times

	Time vector [s] of raw data (including deadtime).










	
class comet.snmr.survey.survey.Survey(earth=None, loops=None)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Survey class for containment and handling of SNMR datasets (FIDS).


	
addLoop(loop)[source]

	Appends a given loop instance to the loops in survey and returns id






	
addSounding(fid)[source]

	Appends a given sounding instance to the sounds in survey and
returns id






	
createKernel(fid=0, dimension=1)[source]

	Returns a initialized kernel instance for the chosen sounding.


	Parameters

	
	sound_index (integer) – Index of the sounding the kernelclass is calcualting the kernel
for. In order to calculate the kernel, pulses, tx and rx are taken
as references from the sounding.


	Note (createKernel does not set or change any values in survey nor in)


	the corresponding sounding. However when calculating, the kernel class


	will override the frequency in the given loops (tx and rx) and set it


	to the larmor frequency calculated from the earth magnetic fields


	magnitude. Use the *setEarth* method before or after you generate the


	kernel instances, but obviously before calculation.













	
createMRS(fid=0, kernel=None, mtype='smooth', dtype='complex', nlay=3, lam=1000, dimension=2, **kwargs)[source]

	




	
createSounding(tx=0, rx=0, check_double=True)[source]

	Creates a new sounding based on the given ids for tx and rx.


	Parameters

	
	tx (integer [ 0 ]) – Index of the transmitter loop in loops.


	rx (integer [ 0 ]) – Index of the receiver loop in loops. Same number than tx indicates
a coincident measurement.


	check_double (boolean [ True ]) – If True, omits creating another instance of the same fid (tx/rx
combination). Instead the index of the original fid is returned.
If False new fid is created and its index is returned.


	Note (tx and rx indices can be setted regardless if there is an actual)


	loop in loops or just a *None* placeholder. In other words you can


	create your soundings and loops in arbitrary order.













	
data

	Complex data cube (pulses * gates) from soundings.






	
data_phases

	Single data phases of the FIDs.






	
error

	Complex error cube (pulses * gates) from soundings.






	
gates

	Time gates gathered from soundings.






	
load(savename, load_meshes=True, load_loops=True)[source]

	




	
loadLoopMesh(savename, indices=None, dipolename=None)[source]

	Loads mesh and distribute reference to given indices.






	
loadMRSD(filename, remove_df=True, build_loops=False, x_offsets=None, segments=80, max_length=None, tx=None, rx=None, fids=None, debug=False)[source]

	
	Parameters

	
	filename (string) – Path to .mrsd file to be imported.


	build_loops (boolean [ True ]) – If True, the saved config in the mrsd file is used to construct
loops for transmitter and receiver. However, the information
in the mrsd fiel is not complete. There are some defaults we
assume in autogenerating the loops, especially when it comes
to figure-of-eight loops. Feel free to replace the loops
with custom created loops of the pyhed library. Or switch this
off if you only want to see the data or define all the loops
yourself.


	x_offsets (list or None [ None ]) – One information that is missing in mrsd files, is the relative
position of the loops to each other. Here one can fill in this
information giving a simple list of offsets in positive x
direction (all loops (midpoints) are placed at y=0 and z=0).
Expect one float per used loop by the data file or raises an
error. Ignored if None and multiple loops are found
(in this case no loops are build at all).
Coincident measurements do not require this, x is set to 0 by
default.


	segments (integer [ 80 ]) – Number of dipoles used to auto build the loops.
Ignored if build_loops is False or not given any x_offsets.


	max_length (float [ None ]) – Maximum length of a dipole when auto generating the loops.
Overrides segments.
Ignored if build_loops is False or not given any x_offsets.













	
loadMRSD_h5(filename, remove_df=True, build_loops=False, x_offsets=None, segments=80, max_length=None, tx=None, rx=None, fids=None, debug=False)[source]

	See loadMRSD instead.






	
loadMRSD_mat(filename, remove_df=True, build_loops=False, x_offsets=None, segments=80, max_length=None, tx=None, rx=None, fids=None, debug=False)[source]

	See loadMRSD instead.






	
loadMRSK(filename, tx=None, rx=None, fid=None, set_earth=True, distribute_loop_config=False, x_offsets=None, segments=80, max_length=None, deadtime_device=0.005, min_thk=0, verbose=True, set_df=False)[source]

	




	
pulses

	Pulse moment vectors gathered from soundings.






	
response

	Complex data cube (pulses * gates) from soundings.






	
rx_indices

	Indices of the used receiver of each sounding.






	
save(savename, save_loops=True, use_original_loop_names=False)[source]

	




	
set1DModel(thk=[], res=[1000.0])[source]

	Modifies loop config in terms of primary field resistivity.






	
setCustemConfig(config, update_loop_configs=True)[source]

	




	
setEarth(earth=None, incl=60.0, decl=2.0, mag=4.8e-05, rad=False)[source]

	Defines the Earth in terms of inclination, declination and mag.


	Parameters

	
	earth (comet.snmr.survey.Earth [ None ]) – Already initialized earth class will be setted. Or created through
the other optional arguments.


	inclination (float [ 60. ]) – Inclination of the earth magnetic field in rad or degree.


	declination (float [ 2. ]) – Declination of the earth magnetic field in rad or degree.


	magnitude (float [48000 * 1e-9]) – Magnitude of the earth magnetic field in Tesla.


	rad (boolean [ False ]) – Input inclination and declination in rad?













	
setLoopConfig(config, update_loop_configs=True)[source]

	Loop config in terms of primary field resistivity and frequency.






	
setLoops(loops)[source]

	




	
setResponse(array)[source]

	Set a response array from e.g. an inversion as data set for
plotting.






	
tx_indices

	Indices of the used transitter of each sounding.






	
used_loops

	








	
comet.snmr.survey.survey.createLoopFromMRS(looptype, length, xoff, segments=80, max_length=None, turns=1)[source]

	Returns a loop class object out of input found in a mrsd or mrsk file.


	Parameters

	
	looptype (integer) – Integer in [1, 2, 3, 4], in this range representing circular, square,
circular eight, and square eight loop source types. Error for looptype
< 1 and > 4.


	length – Length [m] of one side of the loop, or loop diameter for cicular type.


	xoff (float) – Offset [m] for loop midpoint in positive x direction.


	segments (integer [ 80 ]) – Number of segments used for discretization of the loop wire.


	max_length (integer [ None ]) – If given, replaces the segments with a number suited to ensure each
dipole represents this distance [m] at maximum.
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LICENSE


GNU GENERAL PUBLIC LICENSE

Version 3, 29 June 2007

Copyright (C) 2007 Free Software Foundation, Inc.
<https://fsf.org/>

Everyone is permitted to copy and distribute verbatim copies of this
license document, but changing it is not allowed.



Preamble

The GNU General Public License is a free, copyleft license for
software and other kinds of works.

The licenses for most software and other practical works are designed
to take away your freedom to share and change the works. By contrast,
the GNU General Public License is intended to guarantee your freedom
to share and change all versions of a program–to make sure it remains
free software for all its users. We, the Free Software Foundation, use
the GNU General Public License for most of our software; it applies
also to any other work released this way by its authors. You can apply
it to your programs, too.

When we speak of free software, we are referring to freedom, not
price. Our General Public Licenses are designed to make sure that you
have the freedom to distribute copies of free software (and charge for
them if you wish), that you receive source code or can get it if you
want it, that you can change the software or use pieces of it in new
free programs, and that you know you can do these things.

To protect your rights, we need to prevent others from denying you
these rights or asking you to surrender the rights. Therefore, you
have certain responsibilities if you distribute copies of the
software, or if you modify it: responsibilities to respect the freedom
of others.

For example, if you distribute copies of such a program, whether
gratis or for a fee, you must pass on to the recipients the same
freedoms that you received. You must make sure that they, too, receive
or can get the source code. And you must show them these terms so they
know their rights.

Developers that use the GNU GPL protect your rights with two steps:
(1) assert copyright on the software, and (2) offer you this License
giving you legal permission to copy, distribute and/or modify it.

For the developers’ and authors’ protection, the GPL clearly explains
that there is no warranty for this free software. For both users’ and
authors’ sake, the GPL requires that modified versions be marked as
changed, so that their problems will not be attributed erroneously to
authors of previous versions.

Some devices are designed to deny users access to install or run
modified versions of the software inside them, although the
manufacturer can do so. This is fundamentally incompatible with the
aim of protecting users’ freedom to change the software. The
systematic pattern of such abuse occurs in the area of products for
individuals to use, which is precisely where it is most unacceptable.
Therefore, we have designed this version of the GPL to prohibit the
practice for those products. If such problems arise substantially in
other domains, we stand ready to extend this provision to those
domains in future versions of the GPL, as needed to protect the
freedom of users.

Finally, every program is threatened constantly by software patents.
States should not allow patents to restrict development and use of
software on general-purpose computers, but in those that do, we wish
to avoid the special danger that patents applied to a free program
could make it effectively proprietary. To prevent this, the GPL
assures that patents cannot be used to render the program non-free.

The precise terms and conditions for copying, distribution and
modification follow.



TERMS AND CONDITIONS


	Definitions.




“This License” refers to version 3 of the GNU General Public License.

“Copyright” also means copyright-like laws that apply to other kinds
of works, such as semiconductor masks.

“The Program” refers to any copyrightable work licensed under this
License. Each licensee is addressed as “you”. “Licensees” and
“recipients” may be individuals or organizations.

To “modify” a work means to copy from or adapt all or part of the work
in a fashion requiring copyright permission, other than the making of
an exact copy. The resulting work is called a “modified version” of
the earlier work or a work “based on” the earlier work.

A “covered work” means either the unmodified Program or a work based
on the Program.

To “propagate” a work means to do anything with it that, without
permission, would make you directly or secondarily liable for
infringement under applicable copyright law, except executing it on a
computer or modifying a private copy. Propagation includes copying,
distribution (with or without modification), making available to the
public, and in some countries other activities as well.

To “convey” a work means any kind of propagation that enables other
parties to make or receive copies. Mere interaction with a user
through a computer network, with no transfer of a copy, is not
conveying.

An interactive user interface displays “Appropriate Legal Notices” to
the extent that it includes a convenient and prominently visible
feature that (1) displays an appropriate copyright notice, and (2)
tells the user that there is no warranty for the work (except to the
extent that warranties are provided), that licensees may convey the
work under this License, and how to view a copy of this License. If
the interface presents a list of user commands or options, such as a
menu, a prominent item in the list meets this criterion.


	Source Code.




The “source code” for a work means the preferred form of the work for
making modifications to it. “Object code” means any non-source form of
a work.

A “Standard Interface” means an interface that either is an official
standard defined by a recognized standards body, or, in the case of
interfaces specified for a particular programming language, one that
is widely used among developers working in that language.

The “System Libraries” of an executable work include anything, other
than the work as a whole, that (a) is included in the normal form of
packaging a Major Component, but which is not part of that Major
Component, and (b) serves only to enable use of the work with that
Major Component, or to implement a Standard Interface for which an
implementation is available to the public in source code form. A
“Major Component”, in this context, means a major essential component
(kernel, window system, and so on) of the specific operating system
(if any) on which the executable work runs, or a compiler used to
produce the work, or an object code interpreter used to run it.

The “Corresponding Source” for a work in object code form means all
the source code needed to generate, install, and (for an executable
work) run the object code and to modify the work, including scripts to
control those activities. However, it does not include the work’s
System Libraries, or general-purpose tools or generally available free
programs which are used unmodified in performing those activities but
which are not part of the work. For example, Corresponding Source
includes interface definition files associated with source files for
the work, and the source code for shared libraries and dynamically
linked subprograms that the work is specifically designed to require,
such as by intimate data communication or control flow between those
subprograms and other parts of the work.

The Corresponding Source need not include anything that users can
regenerate automatically from other parts of the Corresponding Source.

The Corresponding Source for a work in source code form is that same
work.


	Basic Permissions.




All rights granted under this License are granted for the term of
copyright on the Program, and are irrevocable provided the stated
conditions are met. This License explicitly affirms your unlimited
permission to run the unmodified Program. The output from running a
covered work is covered by this License only if the output, given its
content, constitutes a covered work. This License acknowledges your
rights of fair use or other equivalent, as provided by copyright law.

You may make, run and propagate covered works that you do not convey,
without conditions so long as your license otherwise remains in force.
You may convey covered works to others for the sole purpose of having
them make modifications exclusively for you, or provide you with
facilities for running those works, provided that you comply with the
terms of this License in conveying all material for which you do not
control copyright. Those thus making or running the covered works for
you must do so exclusively on your behalf, under your direction and
control, on terms that prohibit them from making any copies of your
copyrighted material outside their relationship with you.

Conveying under any other circumstances is permitted solely under the
conditions stated below. Sublicensing is not allowed; section 10 makes
it unnecessary.


	Protecting Users’ Legal Rights From Anti-Circumvention Law.




No covered work shall be deemed part of an effective technological
measure under any applicable law fulfilling obligations under article
11 of the WIPO copyright treaty adopted on 20 December 1996, or
similar laws prohibiting or restricting circumvention of such
measures.

When you convey a covered work, you waive any legal power to forbid
circumvention of technological measures to the extent such
circumvention is effected by exercising rights under this License with
respect to the covered work, and you disclaim any intention to limit
operation or modification of the work as a means of enforcing, against
the work’s users, your or third parties’ legal rights to forbid
circumvention of technological measures.


	Conveying Verbatim Copies.




You may convey verbatim copies of the Program’s source code as you
receive it, in any medium, provided that you conspicuously and
appropriately publish on each copy an appropriate copyright notice;
keep intact all notices stating that this License and any
non-permissive terms added in accord with section 7 apply to the code;
keep intact all notices of the absence of any warranty; and give all
recipients a copy of this License along with the Program.

You may charge any price or no price for each copy that you convey,
and you may offer support or warranty protection for a fee.


	Conveying Modified Source Versions.




You may convey a work based on the Program, or the modifications to
produce it from the Program, in the form of source code under the
terms of section 4, provided that you also meet all of these
conditions:


	a) The work must carry prominent notices stating that you modified
it, and giving a relevant date.


	b) The work must carry prominent notices stating that it is
released under this License and any conditions added under
section 7. This requirement modifies the requirement in section 4
to “keep intact all notices”.


	c) You must license the entire work, as a whole, under this
License to anyone who comes into possession of a copy. This
License will therefore apply, along with any applicable section 7
additional terms, to the whole of the work, and all its parts,
regardless of how they are packaged. This License gives no
permission to license the work in any other way, but it does not
invalidate such permission if you have separately received it.


	d) If the work has interactive user interfaces, each must display
Appropriate Legal Notices; however, if the Program has interactive
interfaces that do not display Appropriate Legal Notices, your
work need not make them do so.




A compilation of a covered work with other separate and independent
works, which are not by their nature extensions of the covered work,
and which are not combined with it such as to form a larger program,
in or on a volume of a storage or distribution medium, is called an
“aggregate” if the compilation and its resulting copyright are not
used to limit the access or legal rights of the compilation’s users
beyond what the individual works permit. Inclusion of a covered work
in an aggregate does not cause this License to apply to the other
parts of the aggregate.


	Conveying Non-Source Forms.




You may convey a covered work in object code form under the terms of
sections 4 and 5, provided that you also convey the machine-readable
Corresponding Source under the terms of this License, in one of these
ways:


	a) Convey the object code in, or embodied in, a physical product
(including a physical distribution medium), accompanied by the
Corresponding Source fixed on a durable physical medium
customarily used for software interchange.


	b) Convey the object code in, or embodied in, a physical product
(including a physical distribution medium), accompanied by a
written offer, valid for at least three years and valid for as
long as you offer spare parts or customer support for that product
model, to give anyone who possesses the object code either (1) a
copy of the Corresponding Source for all the software in the
product that is covered by this License, on a durable physical
medium customarily used for software interchange, for a price no
more than your reasonable cost of physically performing this
conveying of source, or (2) access to copy the Corresponding
Source from a network server at no charge.


	c) Convey individual copies of the object code with a copy of the
written offer to provide the Corresponding Source. This
alternative is allowed only occasionally and noncommercially, and
only if you received the object code with such an offer, in accord
with subsection 6b.


	d) Convey the object code by offering access from a designated
place (gratis or for a charge), and offer equivalent access to the
Corresponding Source in the same way through the same place at no
further charge. You need not require recipients to copy the
Corresponding Source along with the object code. If the place to
copy the object code is a network server, the Corresponding Source
may be on a different server (operated by you or a third party)
that supports equivalent copying facilities, provided you maintain
clear directions next to the object code saying where to find the
Corresponding Source. Regardless of what server hosts the
Corresponding Source, you remain obligated to ensure that it is
available for as long as needed to satisfy these requirements.


	e) Convey the object code using peer-to-peer transmission,
provided you inform other peers where the object code and
Corresponding Source of the work are being offered to the general
public at no charge under subsection 6d.




A separable portion of the object code, whose source code is excluded
from the Corresponding Source as a System Library, need not be
included in conveying the object code work.

A “User Product” is either (1) a “consumer product”, which means any
tangible personal property which is normally used for personal,
family, or household purposes, or (2) anything designed or sold for
incorporation into a dwelling. In determining whether a product is a
consumer product, doubtful cases shall be resolved in favor of
coverage. For a particular product received by a particular user,
“normally used” refers to a typical or common use of that class of
product, regardless of the status of the particular user or of the way
in which the particular user actually uses, or expects or is expected
to use, the product. A product is a consumer product regardless of
whether the product has substantial commercial, industrial or
non-consumer uses, unless such uses represent the only significant
mode of use of the product.

“Installation Information” for a User Product means any methods,
procedures, authorization keys, or other information required to
install and execute modified versions of a covered work in that User
Product from a modified version of its Corresponding Source. The
information must suffice to ensure that the continued functioning of
the modified object code is in no case prevented or interfered with
solely because modification has been made.

If you convey an object code work under this section in, or with, or
specifically for use in, a User Product, and the conveying occurs as
part of a transaction in which the right of possession and use of the
User Product is transferred to the recipient in perpetuity or for a
fixed term (regardless of how the transaction is characterized), the
Corresponding Source conveyed under this section must be accompanied
by the Installation Information. But this requirement does not apply
if neither you nor any third party retains the ability to install
modified object code on the User Product (for example, the work has
been installed in ROM).

The requirement to provide Installation Information does not include a
requirement to continue to provide support service, warranty, or
updates for a work that has been modified or installed by the
recipient, or for the User Product in which it has been modified or
installed. Access to a network may be denied when the modification
itself materially and adversely affects the operation of the network
or violates the rules and protocols for communication across the
network.

Corresponding Source conveyed, and Installation Information provided,
in accord with this section must be in a format that is publicly
documented (and with an implementation available to the public in
source code form), and must require no special password or key for
unpacking, reading or copying.


	Additional Terms.




“Additional permissions” are terms that supplement the terms of this
License by making exceptions from one or more of its conditions.
Additional permissions that are applicable to the entire Program shall
be treated as though they were included in this License, to the extent
that they are valid under applicable law. If additional permissions
apply only to part of the Program, that part may be used separately
under those permissions, but the entire Program remains governed by
this License without regard to the additional permissions.

When you convey a copy of a covered work, you may at your option
remove any additional permissions from that copy, or from any part of
it. (Additional permissions may be written to require their own
removal in certain cases when you modify the work.) You may place
additional permissions on material, added by you to a covered work,
for which you have or can give appropriate copyright permission.

Notwithstanding any other provision of this License, for material you
add to a covered work, you may (if authorized by the copyright holders
of that material) supplement the terms of this License with terms:


	a) Disclaiming warranty or limiting liability differently from the
terms of sections 15 and 16 of this License; or


	b) Requiring preservation of specified reasonable legal notices or
author attributions in that material or in the Appropriate Legal
Notices displayed by works containing it; or


	c) Prohibiting misrepresentation of the origin of that material,
or requiring that modified versions of such material be marked in
reasonable ways as different from the original version; or


	d) Limiting the use for publicity purposes of names of licensors
or authors of the material; or


	e) Declining to grant rights under trademark law for use of some
trade names, trademarks, or service marks; or


	f) Requiring indemnification of licensors and authors of that
material by anyone who conveys the material (or modified versions
of it) with contractual assumptions of liability to the recipient,
for any liability that these contractual assumptions directly
impose on those licensors and authors.




All other non-permissive additional terms are considered “further
restrictions” within the meaning of section 10. If the Program as you
received it, or any part of it, contains a notice stating that it is
governed by this License along with a term that is a further
restriction, you may remove that term. If a license document contains
a further restriction but permits relicensing or conveying under this
License, you may add to a covered work material governed by the terms
of that license document, provided that the further restriction does
not survive such relicensing or conveying.

If you add terms to a covered work in accord with this section, you
must place, in the relevant source files, a statement of the
additional terms that apply to those files, or a notice indicating
where to find the applicable terms.

Additional terms, permissive or non-permissive, may be stated in the
form of a separately written license, or stated as exceptions; the
above requirements apply either way.


	Termination.




You may not propagate or modify a covered work except as expressly
provided under this License. Any attempt otherwise to propagate or
modify it is void, and will automatically terminate your rights under
this License (including any patent licenses granted under the third
paragraph of section 11).

However, if you cease all violation of this License, then your license
from a particular copyright holder is reinstated (a) provisionally,
unless and until the copyright holder explicitly and finally
terminates your license, and (b) permanently, if the copyright holder
fails to notify you of the violation by some reasonable means prior to
60 days after the cessation.

Moreover, your license from a particular copyright holder is
reinstated permanently if the copyright holder notifies you of the
violation by some reasonable means, this is the first time you have
received notice of violation of this License (for any work) from that
copyright holder, and you cure the violation prior to 30 days after
your receipt of the notice.

Termination of your rights under this section does not terminate the
licenses of parties who have received copies or rights from you under
this License. If your rights have been terminated and not permanently
reinstated, you do not qualify to receive new licenses for the same
material under section 10.


	Acceptance Not Required for Having Copies.




You are not required to accept this License in order to receive or run
a copy of the Program. Ancillary propagation of a covered work
occurring solely as a consequence of using peer-to-peer transmission
to receive a copy likewise does not require acceptance. However,
nothing other than this License grants you permission to propagate or
modify any covered work. These actions infringe copyright if you do
not accept this License. Therefore, by modifying or propagating a
covered work, you indicate your acceptance of this License to do so.


	Automatic Licensing of Downstream Recipients.




Each time you convey a covered work, the recipient automatically
receives a license from the original licensors, to run, modify and
propagate that work, subject to this License. You are not responsible
for enforcing compliance by third parties with this License.

An “entity transaction” is a transaction transferring control of an
organization, or substantially all assets of one, or subdividing an
organization, or merging organizations. If propagation of a covered
work results from an entity transaction, each party to that
transaction who receives a copy of the work also receives whatever
licenses to the work the party’s predecessor in interest had or could
give under the previous paragraph, plus a right to possession of the
Corresponding Source of the work from the predecessor in interest, if
the predecessor has it or can get it with reasonable efforts.

You may not impose any further restrictions on the exercise of the
rights granted or affirmed under this License. For example, you may
not impose a license fee, royalty, or other charge for exercise of
rights granted under this License, and you may not initiate litigation
(including a cross-claim or counterclaim in a lawsuit) alleging that
any patent claim is infringed by making, using, selling, offering for
sale, or importing the Program or any portion of it.


	Patents.




A “contributor” is a copyright holder who authorizes use under this
License of the Program or a work on which the Program is based. The
work thus licensed is called the contributor’s “contributor version”.

A contributor’s “essential patent claims” are all patent claims owned
or controlled by the contributor, whether already acquired or
hereafter acquired, that would be infringed by some manner, permitted
by this License, of making, using, or selling its contributor version,
but do not include claims that would be infringed only as a
consequence of further modification of the contributor version. For
purposes of this definition, “control” includes the right to grant
patent sublicenses in a manner consistent with the requirements of
this License.

Each contributor grants you a non-exclusive, worldwide, royalty-free
patent license under the contributor’s essential patent claims, to
make, use, sell, offer for sale, import and otherwise run, modify and
propagate the contents of its contributor version.

In the following three paragraphs, a “patent license” is any express
agreement or commitment, however denominated, not to enforce a patent
(such as an express permission to practice a patent or covenant not to
sue for patent infringement). To “grant” such a patent license to a
party means to make such an agreement or commitment not to enforce a
patent against the party.

If you convey a covered work, knowingly relying on a patent license,
and the Corresponding Source of the work is not available for anyone
to copy, free of charge and under the terms of this License, through a
publicly available network server or other readily accessible means,
then you must either (1) cause the Corresponding Source to be so
available, or (2) arrange to deprive yourself of the benefit of the
patent license for this particular work, or (3) arrange, in a manner
consistent with the requirements of this License, to extend the patent
license to downstream recipients. “Knowingly relying” means you have
actual knowledge that, but for the patent license, your conveying the
covered work in a country, or your recipient’s use of the covered work
in a country, would infringe one or more identifiable patents in that
country that you have reason to believe are valid.

If, pursuant to or in connection with a single transaction or
arrangement, you convey, or propagate by procuring conveyance of, a
covered work, and grant a patent license to some of the parties
receiving the covered work authorizing them to use, propagate, modify
or convey a specific copy of the covered work, then the patent license
you grant is automatically extended to all recipients of the covered
work and works based on it.

A patent license is “discriminatory” if it does not include within the
scope of its coverage, prohibits the exercise of, or is conditioned on
the non-exercise of one or more of the rights that are specifically
granted under this License. You may not convey a covered work if you
are a party to an arrangement with a third party that is in the
business of distributing software, under which you make payment to the
third party based on the extent of your activity of conveying the
work, and under which the third party grants, to any of the parties
who would receive the covered work from you, a discriminatory patent
license (a) in connection with copies of the covered work conveyed by
you (or copies made from those copies), or (b) primarily for and in
connection with specific products or compilations that contain the
covered work, unless you entered into that arrangement, or that patent
license was granted, prior to 28 March 2007.

Nothing in this License shall be construed as excluding or limiting
any implied license or other defenses to infringement that may
otherwise be available to you under applicable patent law.


	No Surrender of Others’ Freedom.




If conditions are imposed on you (whether by court order, agreement or
otherwise) that contradict the conditions of this License, they do not
excuse you from the conditions of this License. If you cannot convey a
covered work so as to satisfy simultaneously your obligations under
this License and any other pertinent obligations, then as a
consequence you may not convey it at all. For example, if you agree to
terms that obligate you to collect a royalty for further conveying
from those to whom you convey the Program, the only way you could
satisfy both those terms and this License would be to refrain entirely
from conveying the Program.


	Use with the GNU Affero General Public License.




Notwithstanding any other provision of this License, you have
permission to link or combine any covered work with a work licensed
under version 3 of the GNU Affero General Public License into a single
combined work, and to convey the resulting work. The terms of this
License will continue to apply to the part which is the covered work,
but the special requirements of the GNU Affero General Public License,
section 13, concerning interaction through a network will apply to the
combination as such.


	Revised Versions of this License.




The Free Software Foundation may publish revised and/or new versions
of the GNU General Public License from time to time. Such new versions
will be similar in spirit to the present version, but may differ in
detail to address new problems or concerns.

Each version is given a distinguishing version number. If the Program
specifies that a certain numbered version of the GNU General Public
License “or any later version” applies to it, you have the option of
following the terms and conditions either of that numbered version or
of any later version published by the Free Software Foundation. If the
Program does not specify a version number of the GNU General Public
License, you may choose any version ever published by the Free
Software Foundation.

If the Program specifies that a proxy can decide which future versions
of the GNU General Public License can be used, that proxy’s public
statement of acceptance of a version permanently authorizes you to
choose that version for the Program.

Later license versions may give you additional or different
permissions. However, no additional obligations are imposed on any
author or copyright holder as a result of your choosing to follow a
later version.


	Disclaimer of Warranty.




THERE IS NO WARRANTY FOR THE PROGRAM, TO THE EXTENT PERMITTED BY
APPLICABLE LAW. EXCEPT WHEN OTHERWISE STATED IN WRITING THE COPYRIGHT
HOLDERS AND/OR OTHER PARTIES PROVIDE THE PROGRAM “AS IS” WITHOUT
WARRANTY OF ANY KIND, EITHER EXPRESSED OR IMPLIED, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE. THE ENTIRE RISK AS TO THE QUALITY AND
PERFORMANCE OF THE PROGRAM IS WITH YOU. SHOULD THE PROGRAM PROVE
DEFECTIVE, YOU ASSUME THE COST OF ALL NECESSARY SERVICING, REPAIR OR
CORRECTION.


	Limitation of Liability.




IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO IN WRITING
WILL ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO MODIFIES AND/OR
CONVEYS THE PROGRAM AS PERMITTED ABOVE, BE LIABLE TO YOU FOR DAMAGES,
INCLUDING ANY GENERAL, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES
ARISING OUT OF THE USE OR INABILITY TO USE THE PROGRAM (INCLUDING BUT
NOT LIMITED TO LOSS OF DATA OR DATA BEING RENDERED INACCURATE OR
LOSSES SUSTAINED BY YOU OR THIRD PARTIES OR A FAILURE OF THE PROGRAM
TO OPERATE WITH ANY OTHER PROGRAMS), EVEN IF SUCH HOLDER OR OTHER
PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.


	Interpretation of Sections 15 and 16.




If the disclaimer of warranty and limitation of liability provided
above cannot be given local legal effect according to their terms,
reviewing courts shall apply local law that most closely approximates
an absolute waiver of all civil liability in connection with the
Program, unless a warranty or assumption of liability accompanies a
copy of the Program in return for a fee.

END OF TERMS AND CONDITIONS
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        	(comet.snmr.kernel.kernel_bib.Kernel method)


      


      	SNMRBase (class in comet.snmr.modelling.nmr_base)


      	SNMRJointModelling (class in comet.snmr.modelling.snmrModelling)


      	SNMRModelling (class in comet.snmr.modelling.snmrModelling)


      	splitModel() (comet.snmr.modelling.mrs.MRS method)


      	sumBetweenIndices() (in module comet.pyhed.misc.vec)


      	SummationWorker() (in module comet.pyhed.hed.hed_para)


      	Survey (class in comet.snmr.survey)

      
        	(class in comet.snmr.survey.survey)


      


  





T


  	
      	temperature (comet.snmr.survey.FID attribute)

      
        	(comet.snmr.survey.survey.FID attribute)


      


      	temporal_printoptions() (in module comet.pyhed.misc.toolbox)


      	test() (comet.pyhed.misc.test_class.BaseTest method)


      	test_local() (in module comet.snmr.modelling.smooth_syn)


      	testing_function() (comet.pyhed.misc.test_class.BaseTest method)


      	tetgen151() (in module comet.pyhed.misc.console_call)


      	TetgenNotFoundError


      	tick() (comet.pyhed.misc.timer.NoneTimer method)

      
        	(comet.pyhed.misc.timer.Timer method)


      


      	time_last (comet.pyhed.misc.timer.Timer attribute)


      	time_total (comet.pyhed.misc.timer.Timer attribute)


      	Timer (class in comet.pyhed.misc.timer)


  

  	
      	times (comet.snmr.survey.FID attribute)

      
        	(comet.snmr.survey.survey.FID attribute)


      


      	totalFieldCalculation() (in module comet.pyhed.loop.loop_bib)


      	translate() (in module comet.pyhed.misc.vec)


      	translate_all() (in module comet.pyhed.misc.vec)


      	translateToDipole() (in module comet.pyhed.misc.vec)


      	transMult() (comet.pyhed.misc.matrixWrapper.RealNumpyMatrix method)


      	tx (comet.snmr.kernel.Kernel attribute)

      
        	(comet.snmr.kernel.kernel_bib.Kernel attribute)


      


      	tx_area (comet.snmr.kernel.Kernel attribute)

      
        	(comet.snmr.kernel.kernel_bib.Kernel attribute)


      


      	tx_index (comet.snmr.kernel.kernel_bib.Kernel attribute)


      	tx_indices (comet.snmr.survey.Survey attribute)

      
        	(comet.snmr.survey.survey.Survey attribute)


      


  





U


  	
      	uniqueAndSum() (in module comet.pyhed.misc.vec)


      	updatable (comet.snmr.kernel.kernel_bib.Kernel attribute)


      	update() (comet.pyhed.misc.timer.NoneTimer method)

      
        	(comet.pyhed.misc.timer.Timer method)


      


      	updateData() (comet.snmr.modelling.mrs_survey.MRT method)


  

  	
      	updateDataPhase() (comet.snmr.modelling.snmrModelling.SNMRModelling method)


      	updateFEMAnomaly() (comet.pyhed.loop.Loop method)

      
        	(comet.pyhed.loop.loop_bib.Loop method)


      


      	updateFEMAnomaly_old() (comet.pyhed.loop.Loop method)

      
        	(comet.pyhed.loop.loop_bib.Loop method)


      


      	used_loops (comet.snmr.survey.survey.Survey attribute)


  





V


  	
      	vector (comet.snmr.modelling.snmrModelling.SNMRModelling attribute)


  

  	
      	VectortoGrid() (in module comet.pyhed.misc.vec)


  





W


  	
      	wer_201_2018 (class in comet.pyhed.hed.libHED)


  

  	
      	World1D (class in comet.pyhed.hed.libHED)


  





Z


  	
      	zvec (comet.snmr.kernel.Kernel attribute)

      
        	(comet.snmr.kernel.kernel_bib.Kernel attribute)


      


  







          

      

      

    

  

  
    

    <no title>
    

    

    
 
  

    
      
          
            
  step 1: commit all changes

git commit –all -m ‘’

step 2: merge all to master branch

git checkout master
git merge branch

step 3: change version in comet/comet/version.rst

git tag

step 4: add new tag, push tag

git push –tags

step 5: build docu



          

      

      

    

  

  
    
    Overview: module code
    

    

    
 
  

    
      
          
            
  All modules for which code is available

	comet.pyhed

	comet.pyhed.IO.saveload

	comet.pyhed.IO.vtk

	comet.pyhed.config

	comet.pyhed.hed.hed_bib

	comet.pyhed.hed.hed_para

	comet.pyhed.hed.libHED

	comet.pyhed.hed.reference.homogeneous_fullspace

	comet.pyhed.hed.reference.homogeneous_halfspace

	comet.pyhed.loop.loop_bib

	comet.pyhed.loop.loop_para

	comet.pyhed.misc.console_call

	comet.pyhed.misc.load_save

	comet.pyhed.misc.matrixWrapper

	comet.pyhed.misc.mesh_tools

	comet.pyhed.misc.mpi_tools

	comet.pyhed.misc.para_lib

	comet.pyhed.misc.poly_tools

	comet.pyhed.misc.test_class

	comet.pyhed.misc.timer

	comet.pyhed.misc.toolbox

	comet.pyhed.misc.vec

	comet.pyhed.plot.plotHankel

	comet.pyhed.plot.plot_bib


	comet.snmr.kernel.kernel_bib

	comet.snmr.misc

	comet.snmr.misc.IO_pdf

	comet.snmr.misc.plot_routines

	comet.snmr.misc.plotting_tools


	comet.snmr.modelling.errors

	comet.snmr.modelling.mrs

	comet.snmr.modelling.mrs_survey

	comet.snmr.modelling.nmr_base

	comet.snmr.modelling.smooth_syn

	comet.snmr.modelling.snmrModelling

	comet.snmr.survey.survey




          

      

      

    

  

  
    
    comet.pyhed
    

    

    
 
  

    
      
          
            
  Source code for comet.pyhed

# -*- coding: utf-8 -*-
"""
Module comet/pyhed
"""
# COMET - COupled Magnetic resonance Electrical resistivity Tomography
# Copyright (C) 2019  Nico Skibbe

# This program is free software: you can redistribute it and/or modify
# it under the terms of the GNU General Public License as published by
# the Free Software Foundation, either version 3 of the License, or
# (at your option) any later version.

# This program is distributed in the hope that it will be useful,
# but WITHOUT ANY WARRANTY; without even the implied warranty of
# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
# GNU General Public License for more details.

# You should have received a copy of the GNU General Public License
# along with this program. If not, see <https://www.gnu.org/licenses/>.
import logging
import sys
from contextlib import contextmanager

log = logging.getLogger('comet')

from . config import config, SecondaryConfig
# simple submodule import
from . import hed
from . import misc
from . import loop
from . import IO
from . import plot


[docs]def addLogFile(name=None, new_log=True):
    import os
    from pathlib import Path
    import inspect

    if name is None:
        # take basename of the script
        name = inspect.stack()[1][1]
        name = Path(name).with_suffix('.log')

    else:
        if name.endswith('.py'):
            name = Path(name).with_suffix('.log')
            log.warning(
                'addLogFile: Changed file suffix from ".py" to ".log"'
                ' to ensure no python script is accidentally overridden.')
        else:
            name = Path(name)

    if new_log:
        if name.exists():
            os.remove(name)

    # search for entries of the same file handler (previous calls)
    remove = []
    for hdl_id, hdl in enumerate(log.handlers):
        if isinstance(hdl, logging.FileHandler):
            if hdl.baseFilename == name.as_posix():
                remove.append(hdl_id)

    # remove double entries
    for hdid in remove[::-1]:
        log.handlers.pop(hdid)

    # add new file handler
    fh = logging.FileHandler(name)
    with open(name, mode='a') as quickanddirty:
        quickanddirty.write('#' * 34 + ' SOURCE CODE ' + '#' * 33 + '\n')
        for line in inspect.getsourcelines(inspect.stack()[1][0])[0]:
            quickanddirty.write(line)
        quickanddirty.write('#' * 38 + ' LOG ' + '#' * 37 + '\n')

    formatter = logging.Formatter(
        fmt='%(asctime)s - %(name)s - %(levelname)s - %(message)s',
        datefmt='%Y-%m-%d %H:%M:%S')

    fh.setFormatter(formatter)

    log.addHandler(fh)

    if 'pygimli' in sys.modules:
        logging.getLogger('pyGIMLi').addHandler(fh)

    log.info('Inititalised File Handler: {}'.format(name))

    log.info('used modules information:')
    keep_track = ['pygimli', 'pybert', 'custEM',
                  'comet', 'numpy', 'matplotlib']

    for item in keep_track:
        if item in sys.modules:
            module = sys.modules[item]
            log.info('{}, version: {}'.format(module, module.__version__))


@contextmanager
def temporalLoglevel(lglvl, logger='comet'):
    tempLog = logging.getLogger(logger)
    old_lvl = tempLog.getEffectiveLevel()
    try:
        tempLog.setLevel(lglvl)
        yield
    finally:
        tempLog.setLevel(old_lvl)

#class Params(object):
#    def __init__(self):
#        self.use_kk_hankel = False
#
#    def useKerryKeyHankel(self, boolean: bool, not_found_ok=False):
#        if boolean is True:
#
#            try:
#                import empymod as em
#                log.info('Enable use of Kerry Key Hankel factors through'
#                         ' empymod.')
#
#            except ModuleNotFoundError as e:
#                if not_found_ok:
#                    log.warning('Empymod is not installed. Use standard hankel'
#                                ' factors instead.')
#                    boolean = False
#
#                log.critical('The use of Kerry Key Hankel factors is only '
#                             'possible if empymod is installed.')
#                raise e
#
#        self.use_kk_hankel = boolean


#params = Params()

__all__ = ('log', 'config', 'SecondaryConfig', 'hed', 'misc', 'loop', 'IO',
           'plot', 'addLogFile')  # , 'params')

# log level as taken from fenics
# log.setLevel(logging.WARNING)
# CRITICAL  = 50, errors that may lead to data corruption and suchlike
# ERROR     = 40, things that go boom
# WARNING   = 30, things that may go boom later
# INFO      = 20, information of general interest
# PROGRESS  = 16, what's happening (broadly), only in fenics
# TRACE     = 13, what's happening (in detail), only in fenics
# DBG       = 10  sundry

# THE END




          

      

      

    

  

  
    
    comet.pyhed.config
    

    

    
 
  

    
      
          
            
  Source code for comet.pyhed.config

"""
Part of comet/pyhed
"""
# COMET - COupled Magnetic resonance Electrical resistivity Tomography
# Copyright (C) 2019  Nico Skibbe

# This program is free software: you can redistribute it and/or modify
# it under the terms of the GNU General Public License as published by
# the Free Software Foundation, either version 3 of the License, or
# (at your option) any later version.

# This program is distributed in the hope that it will be useful,
# but WITHOUT ANY WARRANTY; without even the implied warranty of
# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
# GNU General Public License for more details.

# You should have received a copy of the GNU General Public License
# along with this program. If not, see <https://www.gnu.org/licenses/>.
import os
import numpy as np
from comet.pyhed.IO import createCustEMDirectories
from comet.pyhed.misc import temporal_printoptions
from comet.pyhed import log
from pathlib import Path


[docs]class config():
    """ Basic 1d configuration file.

    Contents the values for layer parameters rho and d, the mode (te or tm),
    the fieldtype that will be calculated and the current of the loop.

    Held by instances of the loop class.
    """

    def __init__(self, name=None, rho=[1000.], d=[], f=2000.,
                 mode='te', ftype='B', current=1., forceNew=False):
        self.rho = rho
        self.d = d
        self.f = f
        self.mode = mode
        self.ftype = ftype
        self.current = current
        if name is not None:
            if forceNew is False:
                self.load(name)
            elif forceNew is True:
                # creates a new and save in one step
                self.save(name)

    def __str__(self):
        rho = np.atleast_1d(self.rho)
        d = np.atleast_1d(self.d)
        if len(rho) == 1:
            case = 'homogeneous halfspace'
        else:
            case = 'layered halfspace'
        if self.ftype.upper() == 'E':
            fieldtype = 'electric'
        elif self.ftype.upper() in ('H', 'B'):
            fieldtype = 'magnetic, %s' % (self.ftype)

        return ('### LOOP CONFIGURATION ###{0}' +
                'case:                     {1}{0}' +
                'resistivity distribution: {2} [Ohm*m] ({3}){0}' +
                'layer thickness:          {4} [m] ({5}){0}' +
                'frequency:                {6:.2f} [Hz]{0}' +
                'current:                  {7} [A]{0}' +
                'field type:               {8}{0}' +
                'field mode:               {9}'
                ).format('\n', case, rho, len(rho),
                         d, len(d), self.f, self.current,
                         fieldtype, self.mode)

    def __repr__(self):
        if self.ftype == 'E':
            field_type = 'electric'
        elif self.ftype == 'B' or self.ftype == 'H':
            field_type = 'magnetic, %s' % (self.ftype)
        if len(self.rho) == 1:
            ret = 'config: homogeneous halfspace, {} Ohm*m @ {} Hz, {}'.format(
                np.atleast_1d(self.rho)[0], self.f, field_type)
        else:
            ret = 'config: layered earth, {} layers @ {} Hz, {}'.format(
                len(self.rho), self.f, field_type)

        return ret

[docs]    def save(self, name):
        """ Saves config in ASCII file format. """
        Path(name).parent.mkdir(exist_ok=True, parents=True)
        with open(name, 'w') as config:
            config.write('frequency: %f\n' % (self.f))
            config.write('field type: %s\n' % (self.ftype))
            config.write('mode: %s\n' % (self.mode))
            config.write('current: %f\n' % (self.current))
            config.write('# rdmap %d\n' % (len(self.rho)))
            for i in range(len(self.d)):
                config.write('%f %f\n' % (self.rho[i], self.d[i]))
            config.write('%f %f' % (self.rho[-1], -1))


[docs]    def load(self, name):
        """ Load config from ASCII file format. """
        with open(name, 'r') as config:
            self.f = float(config.readline().split(': ')[1].split('\n')[0])
            self.ftype = config.readline().split(': ')[1].split('\n')[0]
            self.mode = config.readline().split(': ')[1].split('\n')[0]
            self.current = \
                float(config.readline().split(': ')[1].split('\n')[0])
            n = int(config.readline().split('# rdmap ')[1].split('\n')[0])
            self.rho = []
            self.d = []
            for i in range(n - 1):
                line = config.readline().split(' ')
                self.rho.append(np.float(line[0]))
                self.d.append(np.float(line[1].split('\n')[0]))
            self.rho.append(np.float(config.readline().split(' ')[0]))
            log.debug(self)




# c = config()
# c
# >>> ### LOOP CONFIGURATION ###
# >>> case:                     homogeneous halfspace
# >>> resistivity distribution: [ 1.] [Ohm*m] (1)
# >>> layer thickness:          [] [m] (0)
# >>> frequency:                2000.0 [Hz]
# >>> current:                  1.0 [A]
# >>> field type:               magnetic, B
# >>> field mode:               te


[docs]class SecondaryConfig:
    def __init__(self, name=None, mod_name=None, mesh_name=None, m_dir='.',
                 r_dir='.', pf_name='__default__prim_fields', p2=False,
                 approach='E_s', pf_EH_flag='E', sigma_ground=[0.001],
                 procs_per_proc=1, frequency=2000):
        """ Basic 2d configuration file for pyhed.

        Held by instances of the loop class if used for secondary field
        computations out of pyhed.

        name: string [ None ]
            Filename of the configuration file.

        mod_name: string [ None ]
            Filename of the correcponding mod instance used for secondary field
            computation using custEM.

        mesh_name: string [ None ]
            Filename of the FEM mesh.

        m_dir: string [ '.' ]
            Path to the mesh directory where custEM is searching for meshes.

        r_dir: string [ '.' ]
            Path to the result directory where custEM results will be found.

        pf_name: string [ '__default__prim_fields' ]
            Filename of the primary fields used to exchange primary fields
            between pyhed and custEM processes.

        aproach: string [ 'E_s' ]
            Approach used by custEM for field calculation. Default E secondary,
            which uses either H or E rpimary fields for calculation of electric
            fields which are later converted to magnetic fields. This is the
            most stable way to calculate accurate magnetic fields in anomaly
            bodys. As for valid strings please consult the documentation of
            custEM.

        pf_EH_flag: string [ 'E' ]
            Flag to determine if primary E or H fields are used for the
            approach above.

        sigma_ground: list with floats [ [0.001] ]
            Primary resistivity structure. Default halfspace with
            1000 Ohmm = 0.001 Siemens. Expect Conductivity not resistivity
            values.

        procs_per_proc: integer [1]
            Number of subprocesses a single mpiprocess can spawn to calculate
            the primary magnetic field if using custem for this purpose.

        frequency: float [2000]
            Frequency at which the magnetic field is calculated.
            Only used in the total field calculation routine, otherwise check
            out the config-class.

        Note:
        -----

        sigma_anom corresponds to the sigma values of the anomalies, not the
        delta of the sigma values to the background!

        """
        # init mod instance
        self.mesh_name = mesh_name
        self.mod_name = mod_name
        self.m_dir = m_dir  # os.path.abspath(m_dir)
        self.r_dir = r_dir  # os.path.abspath(r_dir)
        self.polynominal_order = 2 if p2 else 1
        self.enable_overwrite = True
        # update model parameter
        self.sigma_raw = []
        self.sigma_paramesh = []
        self.sigma_anom = []
        self.layer_markers = []
        self.sigma_ground = np.atleast_1d(sigma_ground)
        self.sigma_air = 1e-8
        self.frequency = frequency
        # init primary fields
        self.pf_type = 'custom'
        self.pf_name = pf_name
        self.procs_per_proc = procs_per_proc
        # approach
        self.approach = approach  # E_s more stable for anomalies
        self.pf_EH_flag = pf_EH_flag  # only stable if using E !!

        if name is not None:
            self.load(name)

        log.debug('create custom directories')
        createCustEMDirectories(m_dir=self.m_dir, r_dir=self.r_dir)
        log.debug(self)

    def __str__(self):
        with temporal_printoptions(edgeitems=2, threshold=5):
            tp = ('### SEC MOD CONFIG ###{0}' +
                  'mesh_name               : {1}{0}' +
                  'mod_name                : {2}{0}' +
                  'm_dir (mesh directory)  : "{3}"{0}' +
                  'r_dir (result directory): "{4}"{0}' +
                  'polynominal_order       : {5}{0}' +
                  'enable_overwrite        : {6}{0}' +
                  'sigma_anom              : {7} ({8}){0}' +
                  'layer_markers           : {9} ({10}){0}' +
                  'sigma_ground            : {11} ({12}){0}' +
                  'sigma_air               : {13}{0}' +
                  'pf_type (primary field) : {14}{0}' +
                  'pf_name (primary field) : {15}{0}' +
                  'approach                : {16}{0}' +
                  'used primary field      : {17}{0}' +
                  'sigma_raw               : {18} ({19}){0}' +
                  'sigma_paramesh          : {20} ({21}){0}' +
                  'procs_per_proc          : {22}{0}' +
                  'frequency               : {23:.3f}'
                  ).format(
                  '\n',                                            # 0, ending
                  self.mesh_name,                                  # 1
                  self.mod_name,                                   # 2
                  self.m_dir,                                      # 3
                  self.r_dir,                                      # 4
                  self.polynominal_order,                          # 5
                  self.enable_overwrite,                           # 6
                  np.atleast_1d(self.sigma_anom),                  # 7
                  len(np.atleast_1d(self.sigma_anom)),             # 8
                  np.atleast_1d(self.layer_markers),               # 9
                  len(np.atleast_1d(self.layer_markers)),          # 10
                  np.atleast_1d(self.sigma_ground),                # 11
                  len(np.atleast_1d(self.sigma_ground)),           # 12
                  self.sigma_air,                                  # 13
                  self.pf_type,                                    # 14
                  self.pf_name,                                    # 15
                  self.approach,                                   # 16
                  self.pf_EH_flag,                                 # 17
                  np.atleast_1d(self.sigma_raw),                   # 18
                  len(np.atleast_1d(self.sigma_raw)),              # 19
                  np.atleast_1d(self.sigma_paramesh),              # 20
                  len(np.atleast_1d(self.sigma_paramesh)),         # 21
                  self.procs_per_proc,                             # 22
                  self.frequency,                                  # 23
                  )
        return tp

    def __repr__(self):
        string = 'sec mod config: {}-field for {} anomalies'.format(
            self.pf_type, len(np.atleast_1d(self.sigma_anom)))
        return string

    def _setVariable(self, key, *value):
        """ Internally called by *load* to set and chek class variables.

        Do not call manually.
        """
        keys_str = ['mesh_name', 'mod_name', 'm_dir', 'r_dir', 'pf_type',
                    'pf_name', 'enable_overwrite', 'approach', 'pf_EH_flag']
        keys_int = ['polynominal_order', 'procs_per_proc']
        keys_float = ['sigma_air', 'frequency']
        keys_list_float = ['sigma_ground']

        len_vals = len(value)
        if len_vals == 1:
            value = value[0]

        if key in keys_str:
            if isinstance(value, tuple):  # hack if space in dirnames
                hlp = value[0]
                for i in range(1, len(value)):
                    hlp += ' {}'.format(value[i])
                print(hlp)
                value = hlp
            if value.lower() == 'none':
                setattr(self, key, None)
            elif value.lower() == 'false':
                setattr(self, key, False)
            elif value.lower() == 'true':
                setattr(self, key, True)
            else:
                setattr(self, key, value)
#            print('set string variable: {}, {}'.format(key, value))
        elif key in keys_int:
            setattr(self, key, int(value))
#            print('set int variable: {}, {}'.format(key, value))
        elif key in keys_float:
            setattr(self, key, float(value))
#            print('set float variable: {}, {}'.format(key, value))
        elif key in keys_list_float:
            if len_vals == 1:
                setattr(self, key, [float(value.rstrip('],').lstrip('[,'))])
#                print('set list variable: {}, {}'.format(
#                    key, [float(value.rstrip('],').lstrip('[,'))]))
            else:
                values = []
                for val in value:
                    strp = val.rstrip('],').lstrip('[,')
                    if strp != '':
                        values.append(float(strp))
                setattr(self, key, list(values))
#                print('set list variable: {}, {}'.format(key, values))
        else:
            raise KeyError(key)

[docs]    def setAnomalies(self, sigma_anom, layer_markers=None):
        """ Set anomalie vector.

        Parameters
        ----------

            sigma_anom: np.ndarray
                Array with sigma values for each cell marked as anomaly.

            layer_markers: np.ndarray [ None ]
                Array containing the cell marker for each anomaly value (cell)
                to calculate the sigma anomalies with respect to the 1d
                background model. None indicates a homogenous background and
                all marker are set to 1 (0 is airspace).
        """
        if layer_markers is None:
            layer_markers = np.ones_like(sigma_anom, dtype=int)
        if len(sigma_anom) != len(layer_markers):
            raise Exception('Number of sigma anomalies ({}) is not equal '
                            'to corresponding layer markers ({})'
                            .format(len(sigma_anom), len(layer_markers)))
        self.sigma_anom = np.array(sigma_anom).tolist()
        self.layer_markers = np.array(layer_markers).tolist()


[docs]    def save(self, filename):
        """ Save secondary config in ASCII file format.

        Parameters
        ----------
            Filename: string
                Filename for saving. Sub directories are created on the fly if
                code execution has the proper rights.

        """
        # provide some temporal on the fly formatting for ASCII strings when it
        # comes to ndarrays:
        with temporal_printoptions(threshold=len(self.sigma_ground) + 1):
            header = ('mesh_name = {1}{0}' +
                      'mod_name = {2}{0}' +
                      'm_dir = {3}{0}' +
                      'r_dir = {4}{0}' +
                      'polynominal_order = {5:d}{0}' +
                      'enable_overwrite = {6}{0}' +
                      'sigma_air = {7:.18e}{0}' +
                      'pf_type = {8}{0}' +
                      'pf_name = {9}{0}'
                      'approach = {10}{0}' +
                      'pf_EH_flag = {11}{0}' +
                      'sigma_ground = {12}{0}' +
                      'frequency = {13}{0}' +
                      'procs_per_proc = {14}{0}' +
                      'END OF HEADER{0}' +
                      'sigma_anom layer_markers'
                      ).format(
                      '\n',                                 # 0, ending
                      # oddly enough os.linesep doesn't seem to work...
                      self.mesh_name,                       # 1
                      self.mod_name,                        # 2
                      self.m_dir,                           # 3
                      self.r_dir,                           # 4
                      self.polynominal_order,               # 5
                      self.enable_overwrite,                # 6
                      self.sigma_air,                       # 7
                      self.pf_type,                         # 8
                      self.pf_name,                         # 9
                      self.approach,                        # 10
                      self.pf_EH_flag,                      # 11
                      self.sigma_ground,                    # 12
                      self.frequency,                       # 13
                      self.procs_per_proc                   # 14
                      )
        Path(filename).parent.mkdir(exist_ok=True, parents=True)
        content = np.column_stack(
            [np.atleast_1d(self.sigma_anom),
             np.atleast_1d(self.layer_markers)]).tolist()
        np.savetxt(filename, content, header=header, fmt='%.18e %d')
        log.info('Saved secondary config as "{}".'.format(
                 os.path.abspath(filename)))


[docs]    def load(self, filename):
        """ Load config from file.

        Parameters
        ----------

            filename: sting
                Relative or absolute path to file.

        Returns:
        --------
            None
        """
        with open(filename, 'r') as infile:
            log.info('Load secondary config from "{}".'
                     .format(os.path.abspath(filename)))
            in_header = True
            while in_header:
                line = infile.readline().lstrip('#').lstrip().rstrip()
                if line[:13] == 'END OF HEADER':
                    in_header = False
                    break
                if line == '':
                    continue
                else:
                    sep = line.rstrip().split('#')[0].split()
                    self._setVariable(sep[0], *sep[2:])

        arrays = np.genfromtxt(filename,
                               dtype=[('sigma_anom', np.float64),
                                      ('layer_markers', np.int)])

        self.setAnomalies(arrays['sigma_anom'],
                          layer_markers=arrays['layer_markers'])

        # TODO: import of sigma_raw and sigma_raw_prolonged only from .json
        # Do I need them?
        self.sigma_raw = []
        self.sigma_paramesh = []



# The End
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  Source code for comet.pyhed.IO.saveload

"""
Part of comet/pyhed/IO
"""
# COMET - COupled Magnetic resonance Electrical resistivity Tomography
# Copyright (C) 2019  Nico Skibbe

# This program is free software: you can redistribute it and/or modify
# it under the terms of the GNU General Public License as published by
# the Free Software Foundation, either version 3 of the License, or
# (at your option) any later version.

# This program is distributed in the hope that it will be useful,
# but WITHOUT ANY WARRANTY; without even the implied warranty of
# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
# GNU General Public License for more details.

# You should have received a copy of the GNU General Public License
# along with this program. If not, see <https://www.gnu.org/licenses/>.

import numpy as np
import os
from pathlib import Path


[docs]class ArgsError(Exception):
    def __init__(self, value):
        self.value = value

    def __str__(self):
        return repr(self.value)



[docs]def cutExtension(path):
    filename = os.path.split(path)[1].split('.')[0]
    return os.path.join(os.path.dirname(path), filename)



[docs]class TetgenNotFoundError(Exception):
    """ Special Exception to catch in a try except. """
    pass



[docs]def searchforTetgen(returnPathfile=False):
    """ Try to find a valid tetgen installation for meshing purposes.

    Returns:
    --------
        path: string
            Path to tetgen installation or path to pathfile of pyhed itself.
    """
    import comet.pyhed as ph
    import sys
    import subprocess as sp

    if sys.version_info[:2] < (3, 3):
        error = IOError
    else:
        error = FileNotFoundError

    pathfile = os.path.join(os.path.dirname(ph.__file__), '_PATH_.txt')

    try:
        p = sp.Popen(['tetgen'], stdout=sp.PIPE)
        _, err = p.communicate()
        PATH = None

    except FileNotFoundError:
        try:
            with open(pathfile, 'r') as pathf:
                PATH = pathf.readline()
                while PATH.lstrip().startswith('#'):
                    PATH = pathf.readline()
                try:
                    try:
                        PATH = PATH.split('TETGENPATH: ')[1].rstrip()
                    except TypeError:
                        PATH = PATH.decode().split('TETGENPATH: ')[1].rstrip()
                except IndexError:
                    PATH = ''
                if PATH in ['Enter/path/here/', '']:
                    raise error
        except error:
            with open(pathfile, 'w') as pathf:

                try:
                    p = sp.Popen(['which', 'tetgen'], stdout=sp.PIPE)
                    out, err = p.communicate()
                    # print(out, err)
                    if len(out) > 0:
                        try:
                            PATH = Path(out.split('tetgen')[0])
                        except TypeError:
                            PATH = Path(out.decode().split('tetgen')[0])

                        if not PATH.exists():
                            # windows root not detected corretly
                            # there is a special case that can be intercepted
                            import platform
                            if platform.system() == 'Windows':
                                if PATH.drive == '':
                                    parts = PATH.parts
                                    if parts[0] == '\\':
                                        PATH = Path('{}:/'.format(parts[1]),
                                                    *parts[2:])

                        if PATH.exists():
                            pathf.writelines('TETGENPATH: {}'
                                             .format(PATH.as_posix()))

                    else:
                        raise error
                except error:
                    pathf.writelines('TETGENPATH: Enter/path/here/')
                    raise Exception(
                        'Tetgen not found. Please add or link a '
                        'executabe tetgen instance to your PATH or alter file'
                        'in "{}"'.format(pathfile))

    if returnPathfile is True:
        return pathfile
    else:
        if PATH is None:
            return None
        else:
            return Path(PATH).as_posix()



[docs]def getItem(archive, key, default=None):
    """
    Get item for *key* from numpy *archive* via try except with given *default*
    value for None.
    """
    try:
        item = archive[key].item()
    except ValueError:
        item = archive[key]
    except KeyError:
        item = default
    return item



[docs]def checkDirectory(savename, filename=False, verbose=False):
    """ Checks for directory and creates if not. """
    from comet.pyhed import log
    if '.' in savename and filename is False and not savename.startswith('.'):
        filename = True
    if filename is True:
        dirname = os.path.dirname(savename)
        if dirname == '':
            if '.' in savename:
                directory = '.'
            else:
                return
        else:
            directory = os.path.abspath(dirname)
    else:
        directory = savename
    exists = os.path.exists(directory)
    log.debug('checkDirectory: "{}" exists? : {}'.format(directory, exists))
    log.debug('todo: replace "checkDirectory" with proper pathlib tools')
    if not exists:
        os.makedirs(directory)



[docs]def checkForFile(name):
    """ Checks if file exists and creates a directory if it does not."""
    if os.path.exists(name):
        return True
    else:
        checkDirectory(name)
        return False



[docs]def delLastLine(opened_file, line_ending='\n'):
    """ Efficient way of deleting the last line of a large file. """
    opened_file.seek(0, os.SEEK_END)  # end of file
    pos = opened_file.tell() - 1
    while pos > 0 and opened_file.read(1) != line_ending:
        pos -= 1
        opened_file.seek(pos, os.SEEK_SET)
    if pos > 0:
        opened_file.seek(pos, os.SEEK_SET)
        opened_file.truncate()
    return opened_file



[docs]def addVolumeConstraintToPoly(name, regions, float_format='6.3f'):
    '''
    Append region information in form of volume constraints to a tetgen.poly
    file. The given regions has to be of shape (n, 5 or 6), with
    n times: [number, x, y, z, regional attribute, volume constraint]
    '''
    with open(name, "r+") as in_file:
        string = '{}'
        for i in range(len(regions[0]) - 1):  # either 4 or 5 floats possible
            string += ' {:%s}' % (float_format)
        string += os.linesep

        delLastLine(in_file)
        in_file.seek(0, os.SEEK_END)
        in_file.write(os.linesep)
        lines = '# volume constraints{}'.format(os.linesep)
        lines += '{:d}{}'.format(len(regions), os.linesep)
        for region in regions:
            lines += string.format(*region)
        in_file.write(lines)



[docs]def createCustEMDirectories(m_dir='.', r_dir='.'):
    """ Creates the used custEM directories based on *m_dir* and *r_dir*. """
    m_path = Path(m_dir)
    r_path = Path(r_dir)

    m_path.joinpath('_h5').mkdir(exist_ok=True, parents=True)
    m_path.joinpath('_mesh').mkdir(exist_ok=True)
    m_path.joinpath('para').mkdir(exist_ok=True)

    r_path.joinpath('primary_fields/custom').mkdir(exist_ok=True, parents=True)
    r_path.joinpath('E_s').mkdir(exist_ok=True)
    r_path.joinpath('H_s').mkdir(exist_ok=True)



#def exportTetgenPolyFile(filename, poly, float_format='.12e'):
#    '''
#    Writes a given piecewise linear complex (mesh/poly ) into a Ascii file in
#    tetgen's .poly format.
#
#    Parameters
#    ----------
#
#    filename: string
#        Name in which the result will be written. The recommended file
#        ending is '.poly'.
#
#    poly: pg.Mesh
#        Piecewise linear complex as pygimli mesh to be exported.
#
#    float_format: format string ('.12e')
#        Format that will be used to write float values in the Ascii file.
#        Default is the exponential float form with a precision of 12 digits.
#
#    '''
#    filename = filename.rstrip('.poly') + '.poly'
#    polytxt = ''
#    sep = '\t'  # standard tab seperated file
#    assert poly.dim() == 3, 'Exit, only for 3D meshes.'
#    boundary_marker = 1
#    attribute_count = 0
#
#    # Part 1/4: node list
#    # intro line
#    # <nodecount> <dimension (3)> <# of attributes> <boundary markers (0 or 1)>
#    polytxt += '{0}{5}{1}{5}{2}{5}{3}{4}'.format(poly.nodeCount(), 3,
#                                                 attribute_count,
#                                                 boundary_marker,
#                                                 os.linesep, sep)
#    # loop over positions, attributes and marker(node)
#    # <point idx> <x> <y> <z> [attributes] [boundary marker]
#    point_str = '{:d}'  # index of the point
#    for i in range(3):
#        # coords as float with given precision
#        point_str += sep + '{:%s}' % (float_format)
#    point_str += sep + '{:d}' + os.linesep  # node marker
#    for j, node in enumerate(poly.nodes()):
#        fill = [node.id()]
#        fill.extend([pos for pos in node.pos()])
#        fill.append(node.marker())
#        polytxt += point_str.format(*fill)
#
#    # Part 2/4: boundary list
#    # intro line
#    # <# of facets> <boundary markers (0 or 1)>
#    polytxt += '{0:d}{2}1{1}'.format(poly.boundaryCount(), os.linesep, sep)
#    # loop over facets, each facet can contain an arbitrary number of holes
#    # and polygons, in our case, there is always one polygon per facet.
#    for k, bound in enumerate(poly.boundaries()):
#        # one line per facet
#        # <# of polygons> [# of holes] [boundary marker]
#        npolys = 1
#        polytxt += '1{2}0{2}{0:d}{1}'.format(bound.marker(), os.linesep, sep)
#        # inner loop over polygons
#        # <# of corners> <corner 1> <corner 2> ... <corner #>
#        for l in range(npolys):
#            poly_str = '{:d}'.format(bound.nodeCount())
#            for ind in bound.ids():
#                poly_str += sep + '{:d}'.format(ind)
#            polytxt += '{0}{1}'.format(poly_str, os.linesep)
#        # inner loop over holes
#        # not necessary yet ?! why is there an extra hole section?
#        # because this is for 2D holes in facets only
#
#    # part 3/4: hole list
#    # intro line
#    # <# of holes>
#    holes = poly.holeMarker()
#    polytxt += '{:d}{}'.format(len(holes), os.linesep)
#    # loop over hole markers
#    # <hole #> <x> <y> <z>
#    hole_str = '{:d}'
#    for m in range(3):
#        hole_str += sep + '{:%s}' % float_format
#    hole_str += os.linesep
#    for n, hole in enumerate(holes):
#        polytxt += hole_str.format(n, *hole)
#
#    # part 4/4: region attributes and volume constraints (optional)
#    # intro line
#    # <# of regions>
#    regions = poly.regionMarker()
#    polytxt += '{:d}{}'.format(len(regions), os.linesep)
#    # loop over region markers
#    # <region #> <x> <y> <z> <region number> <region attribute>
#    region_str = '{:d}'
#    for o in range(3):
#        region_str += sep + '{:%s}' % (float_format)
#    region_str += sep + '{:d}%s{:%s}' % (sep, float_format) + os.linesep
#    for p, region in enumerate(regions):
#        polytxt += region_str.format(p, region.x(), region.y(), region.z(),
#                                     region.marker(),
#                                     region.area())
#
#    # writing file
#    with open(filename, 'w') as out:
#        out.write(polytxt)
# THE END
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  Source code for comet.pyhed.IO.vtk

"""
Part of comet/pyhed/IO
"""
# COMET - COupled Magnetic resonance Electrical resistivity Tomography
# Copyright (C) 2019  Nico Skibbe

# This program is free software: you can redistribute it and/or modify
# it under the terms of the GNU General Public License as published by
# the Free Software Foundation, either version 3 of the License, or
# (at your option) any later version.

# This program is distributed in the hope that it will be useful,
# but WITHOUT ANY WARRANTY; without even the implied warranty of
# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
# GNU General Public License for more details.

# You should have received a copy of the GNU General Public License
# along with this program. If not, see <https://www.gnu.org/licenses/>.

from __future__ import print_function
import numpy as np
import pygimli as pg
import time
from comet.pyhed.misc import GridtoVector


[docs]def add_vector_to_vtk(vtk, vector, vectorname, dtype_string='double'):
    """ Appends a vector fields to an existing vtk file.

    Parameters
    ----------

        vtk: string
            Path to vtk file, where the field is to be appended.

        vector: np.ndarray
            Real valued array of shape (3, n) n being either the number of
            nodes or the number of cells.

        vectorname: string
            Name under which the array is to be identified in the vtk file.

        dtype_string: string
            Format string in the vtk file. Default 'double' is used for float
            values.
    """
    with open(vtk, 'a+') as file:
        # seek end of file
        file.seek(0, 2)
        # print(file.tell)
        file.write('VECTORS ' + vectorname + ' ' + dtype_string + '\n')
        # file.write('LOOKUP_TABLE default\n')
        for i in range(vector.shape[1]):
            v_xyz = str(vector[0, i]) + ' ' +\
                    str(vector[1, i]) + ' ' +\
                    str(vector[2, i])
            file.write(v_xyz + '\n')



[docs]def savefieldvtk(vtk_name, mesh, field, itype='mesh', components=False,
                 scalar=False, save=['real', 'imag'], field_name='field',
                 verbose=True):
    """ Basic VTK export routine when it comes to complex vector fields on
    unstructured meshes.

    Parameters
    ----------

        vtk_name: string
            Path to the resulting vtk file.

        mesh: string or pg.Mesh or np.ndarray
            Pygimli Mesh instance or path to a mesh file. Alternatively a
            bare numpy array containing coordinates or meshgrid ranges can be
            used.

        field: np.ndarray
            Complex vector field of shape (3, n) with *n* corresponding either
            to mesh cell count or node count.

        itype: string [ 'mesh' ]
            Defines input type of *mesh*. Possible choices are 'mesh' for
            pg.Mesh (instance or file path), 'coords' for direct 3d coordinates
            ranges to build a regular meshgrid, or 'grid' if input is a 3d
            meshgrid.

        components: boolean [ False ]
            Separately saves the spatial components of the vector field for
            debugging purposes.

        scalar: boolean [ False ]
            Input is a simple scalar field (e.g. potential).

        save: list [ 'real', 'imag' ]
            The vector is saved once for each entry in the list. Possible
            choices are 'real' to save the real component, 'imag' to save
            the imaginary component, 'aps' or 'amp' to save the amplitude, and
            'phase' to save the phase component of the field. Only works with
            vector fields.

        field_name: string
            Name under which the array is to be identified in the vtk file.

        verbose: boolean [ True ]
                Turn on verbose mode.

    Returns
    -------

        True if succesful.
    """
    tick = time.time()
    from comet.pyhed.IO import checkDirectory
    from comet.pyhed import log
    checkDirectory(vtk_name, filename=True)
    # try auto detect:
    if isinstance(mesh, pg.Mesh):
        itype == 'mesh'
    # start import routine
    if itype.lower() == 'coords':
        x = mesh[0]
        y = mesh[1]
        z = mesh[2]
        mesh = pg.createGrid(pg.Vector(x), pg.Vector(y), pg.Vector(z))

    elif itype.lower() == 'grid':
        x = mesh[0][:, 0, 0]
        y = mesh[1][0, :, 0]
        z = mesh[2][0, 0, :]
        mesh = pg.createGrid(pg.Vector(x), pg.Vector(y), pg.Vector(z))

        field = GridtoVector(field)

    if len(field) == 3 and len(field[0]) != 3:
        field_python = np.array(
            (field[0], field[1], field[2]),
            dtype=np.complex128 if np.iscomplexobj(field) else np.float64)

    elif len(field[0]) == 3 and len(field) != 3:
        field_python = np.array(
            (field[:, 0], field[:, 1], field[:, 2]),
            dtype=np.complex128 if np.iscomplexobj(field) else np.float64)

    else:
        raise Exception('Cannot deal with field of given shape: {}.'.format(
            field.shape))

    if field_python.shape[1] != mesh.cellCount() and\
            field_python.shape[1] != mesh.nodeCount():
        raise Exception(
            'savefieldvtk: Invalid field shape, expect number of value to '
            'fit either the nodecount ({}) or cellcount ({}) of the given '
            'mesh. Got {} vectors instead. Abort.'
            .format(mesh.nodeCount(), mesh.cellCount(), field_python.shape))

    if scalar is True:
        if isinstance(field_python[0], complex):
            mesh.addData('{}_scalar_real'.format(field_name),
                         (pg.Vector(field_python.real)))
            mesh.addData('{}_scalar_imag'.format(field_name),
                         (pg.Vector(field_python.imag)))
        else:
            mesh.addData('{}_scalar_field'.format(field_name),
                         (pg.Vector(field_python)))
        log.info('save scalarfield to vtk ...')
        mesh.exportVTK(vtk_name)
        log.info('file name: {} ({:.3f} sec)'
                 .format(vtk_name, time.time() - tick))
        return True

    elif components is True:
        mesh.addData('{}_x_real'.format(field_name),
                     (pg.Vector(np.real(field_python)[0])))
        mesh.addData('{}_y_real'.format(field_name),
                     (pg.Vector(np.real(field_python)[1])))
        mesh.addData('{}_z_real'.format(field_name),
                     (pg.Vector(np.real(field_python)[2])))
        mesh.addData('{}_x_imag'.format(field_name),
                     (pg.Vector(np.imag(field_python)[0])))
        mesh.addData('{}_y_imag'.format(field_name),
                     (pg.Vector(np.imag(field_python)[1])))
        mesh.addData('{}_z_imag'.format(field_name),
                     (pg.Vector(np.imag(field_python)[2])))
    log.info('save vectorfield to vtk ...')
    mesh.exportVTK(vtk_name)

    if field_python.shape[1] == mesh.cellCount():
        log.info('savefieldvtk: Found cell based vector field. '
                 'Interpolate to nodes.')
        field_python = fieldCell2Node(mesh, field_python)

    elif field_python.shape[1] == mesh.nodeCount():
        pass

    else:
        raise Exception('add field to vtk wrong shape: {}.'
                        .format(np.shape(field_python)))
    if 'real' in save:
        add_vector_to_vtk(vtk_name, np.real(field_python),
                          '{}_real'.format(field_name))
    if 'imag' in save:
        add_vector_to_vtk(vtk_name, np.imag(field_python),
                          '{}_imag'.format(field_name))
    if 'abs' in save or 'amp' in save:
        ABS = np.absolute(field_python) * np.sign(field_python.real)
        add_vector_to_vtk(vtk_name, ABS, '{}_abs'.format(field_name))
    if 'phase' in save:
        add_vector_to_vtk(vtk_name, np.angle(field_python),
                          '{}_phase'.format(field_name))
    log.info('file name: {} ({:.3f} sec)'.format(vtk_name, time.time() - tick))
    return True



[docs]def fieldCell2Node(mesh, field):
    shape_in = np.asarray(field).shape

    # ensure shape = (n, 3), edge_case for shape (3, 3)
    if shape_in[0] == 3 and shape_in[1] != 3:
        field = field.T

    if field.shape[0] != mesh.cellCount():
        raise Exception('Error in fieldCell2Node, expect {} field '
                        'vectors for given mesh, got {}. Abort.'
                        .format(mesh.cellCount(), field.shape[0]))

    is_complex = np.iscomplexobj(field)

    xr = pg.meshtools.cellDataToNodeData(mesh, field[:, 0].real)
    yr = pg.meshtools.cellDataToNodeData(mesh, field[:, 1].real)
    zr = pg.meshtools.cellDataToNodeData(mesh, field[:, 2].real)
    node_real = np.array((xr, yr, zr))

    if is_complex:
        # magnetization is always real
        xi = pg.meshtools.cellDataToNodeData(mesh, field[:, 0].imag)
        yi = pg.meshtools.cellDataToNodeData(mesh, field[:, 1].imag)
        zi = pg.meshtools.cellDataToNodeData(mesh, field[:, 2].imag)
        node_imag = np.array((xi, yi, zi))
        ret = node_real + 1j * node_imag

    else:
        ret = node_real

    return ret



# THE END
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  Source code for comet.pyhed.hed.hed_bib

"""
Part of comet/pyhed/hed
"""
# COMET - COupled Magnetic resonance Electrical resistivity Tomography
# Copyright (C) 2019  Nico Skibbe

# This program is free software: you can redistribute it and/or modify
# it under the terms of the GNU General Public License as published by
# the Free Software Foundation, either version 3 of the License, or
# (at your option) any later version.

# This program is distributed in the hope that it will be useful,
# but WITHOUT ANY WARRANTY; without even the implied warranty of
# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
# GNU General Public License for more details.

# You should have received a copy of the GNU General Public License
# along with this program. If not, see <https://www.gnu.org/licenses/>.

from __future__ import print_function
import numpy as np
from comet.pyhed.misc import vec
from comet.pyhed import log
# import time
# import sys
from . libHED import World1D, HED
# from comet import pyhed as ph


[docs]def hankelfc(order):
    """ Filter coefficients for hankel transformation by Anderson (1980) """
    if order == 1:  # sin
        fc = np.array([
            2.59526236e-7, 3.66544843e-7, 5.17830795e-7, 7.31340622e-7,
            1.03322805e-6, 1.45918500e-6, 2.06161065e-6, 2.91137793e-6,
            4.11357863e-6, 5.80876420e-6, 8.20798075e-6, 1.15895083e-5,
            1.63778560e-5, 2.31228459e-5, 3.26800649e-5, 4.61329334e-5,
            6.52101085e-5, 9.20390575e-5, 1.30122935e-4, 1.83620431e-4,
            2.59656626e-4, 3.66311982e-4, 5.18141184e-4, 7.30717340e-4,
            1.03392184e-3, 1.45742714e-3, 2.06292302e-3, 2.90599911e-3,
            4.11471902e-3, 5.79042763e-3, 8.20004722e-3, 1.15192930e-2,
            1.63039133e-2, 2.28257757e-2, 3.22249222e-2, 4.47864328e-2,
            6.27329625e-2, 8.57059100e-2, 1.17418314e-1, 1.53632655e-1,
            1.97717964e-1, 2.28849849e-1, 2.40311038e-1, 1.65409220e-1,
            2.84701476e-3, -2.88016057e-1, -3.69097406e-1, -2.50107514e-2,
            5.71811256e-1, -3.92261572e-1, 7.63280044e-2, 5.16233994e-2,
            -6.48012082e-2, 4.89047141e-2, -3.26936331e-2, 2.10539842e-2,
            -1.33862549e-2, 8.47124695e-3, -5.35123972e-3, 3.37796651e-3,
            -2.13174466e-3, 1.34513833e-3, -8.48749612e-4, 5.35531006e-4,
            -3.37898780e-4, 2.13200109e-4, -1.34520273e-4, 8.48765787e-5,
            -5.35535069e-5, 3.37899801e-5, -2.13200365e-5, 1.34520337e-5,
            -8.48765949e-6, 5.35535110e-6, -3.37899811e-6, 2.13200368e-6,
            -1.34520338e-6, 8.48765951e-7, -5.35535110e-7, 3.37899811e-7],
            np.float)
        nc = np.int(80)
        nc0 = np.int(40)
    elif order == 2:  # cos
        fc = np.array([
            1.63740363e-7,  1.83719709e-7,  2.06136904e-7, 2.31289411e-7,
            2.59510987e-7, 2.91176117e-7, 3.26704977e-7, 3.66569013e-7,
            4.11297197e-7, 4.61483045e-7, 5.17792493e-7, 5.80972733e-7,
            6.51862128e-7, 7.31401337e-7, 8.20645798e-7, 9.20779729e-7,
            1.03313185e-6, 1.15919300e-6, 1.30063594e-6, 1.45933752e-6,
            1.63740363e-6, 1.83719709e-6, 2.06136904e-6, 2.31289411e-6,
            2.59510987e-6, 2.91176117e-6, 3.26704977e-6, 3.66569013e-6,
            4.11297197e-6, 4.61483045e-6, 5.17792493e-6, 5.80972733e-6,
            6.51862128e-6, 7.31401337e-6, 8.20645798e-6, 9.20779729e-6,
            1.03313185e-5, 1.15919300e-5, 1.30063594e-5, 1.45933752e-5,
            1.63740363e-5, 1.83719709e-5, 2.06136904e-5, 2.31289411e-5,
            2.59510987e-5, 2.91176117e-5, 3.26704977e-5, 3.66569013e-5,
            4.11297197e-5, 4.61483045e-5, 5.17792493e-5, 5.80972733e-5,
            6.51862128e-5, 7.31401337e-5, 8.20645798e-5, 9.20779729e-5,
            1.03313185e-4, 1.15919300e-4, 1.30063594e-4, 1.45933752e-4,
            1.63740363e-4, 1.83719709e-4, 2.06136904e-4, 2.31289411e-4,
            2.59510987e-4, 2.91176117e-4, 3.26704976e-4, 3.66569013e-4,
            4.11297197e-4, 4.61483045e-4, 5.17792493e-4, 5.80972733e-4,
            6.51862127e-4, 7.31401337e-4, 8.20645797e-4, 9.20779730e-4,
            1.03313185e-3, 1.15919300e-3, 1.30063593e-3, 1.45933753e-3,
            1.63740362e-3, 1.83719710e-3, 2.06136901e-3, 2.31289411e-3,
            2.59510977e-3, 2.91176115e-3, 3.26704948e-3, 3.66569003e-3,
            4.11297114e-3, 4.61483003e-3, 5.17792252e-3, 5.80972566e-3,
            6.51861416e-3, 7.31400728e-3, 8.20643673e-3, 9.20777603e-3,
            1.03312545e-2, 1.15918577e-2, 1.30061650e-2, 1.45931339e-2,
            1.63734419e-2, 1.83711757e-2, 2.06118614e-2, 2.31263461e-2,
            2.59454421e-2, 2.91092045e-2, 3.26529302e-2, 3.66298115e-2,
            4.10749753e-2, 4.60613861e-2, 5.16081994e-2, 5.78193646e-2,
            6.46507780e-2, 7.22544422e-2, 8.03873578e-2, 8.92661837e-2,
            9.80670729e-2, 1.07049506e-1, 1.13757572e-1, 1.18327217e-1,
            1.13965041e-1, 1.00497783e-1, 6.12958082e-2, -1.61234222e-4,
            -1.11788551e-1, -2.27536948e-1, -3.39004453e-1, -2.25128800e-1,
            8.98279919e-2, 5.12510388e-1, -1.31991937e-1, -3.35136479e-1,
            3.64868100e-1, -2.34039961e-1, 1.32085237e-1, -7.56739672e-2,
            4.52296662e-2, -2.78297002e-2, 1.73727753e-2, -1.09136894e-2,
            6.87397283e-3, -4.33413470e-3, 2.73388730e-3, -1.72477355e-3,
            1.08821012e-3, -6.86602007e-4, 4.33213523e-4, -2.73338487e-4,
            1.72464733e-4, -1.08817842e-4, 6.86594042e-5, -4.33211523e-5,
            2.73337984e-5, -1.72464607e-5, 1.08817810e-5, -6.86593962e-6,
            4.33211503e-6, -2.73337979e-6, 1.72464606e-6, -1.08817810e-6,
            6.86593961e-7, -4.33211503e-7, 2.73337979e-7, -1.72464606e-7],
            np.float)
        nc = np.int(164)
        nc0 = np.int(122)
    elif order == 3:  # J0
        fc = np.array([
            2.89878288e-7, 3.64935144e-7, 4.59426126e-7, 5.78383226e-7,
            7.28141338e-7, 9.16675639e-7, 1.15402625e-6, 1.45283298e-6,
            1.82900834e-6, 2.30258511e-6, 2.89878286e-6, 3.64935148e-6,
            4.59426119e-6, 5.78383236e-6, 7.28141322e-6, 9.16675664e-6,
            1.15402621e-5, 1.45283305e-5, 1.82900824e-5, 2.30258527e-5,
            2.89878259e-5, 3.64935186e-5, 4.59426051e-5, 5.78383329e-5,
            7.28141144e-5, 9.16675882e-5, 1.15402573e-4, 1.45283354e-4,
            1.82900694e-4, 2.30258630e-4, 2.89877891e-4, 3.64935362e-4,
            4.59424960e-4, 5.78383437e-4, 7.28137738e-4, 9.16674828e-4,
            1.15401453e-3, 1.45282561e-3, 1.82896826e-3, 2.30254535e-3,
            2.89863979e-3, 3.64916703e-3, 4.59373308e-3, 5.78303238e-3,
            7.27941497e-3, 9.16340705e-3, 1.15325691e-2, 1.45145832e-2,
            1.82601199e-2, 2.29701042e-2, 2.88702619e-2, 3.62691810e-2,
            4.54794031e-2, 5.69408192e-2, 7.09873072e-2, 8.80995426e-2,
            1.08223889e-1, 1.31250483e-1, 1.55055715e-1, 1.76371506e-1,
            1.85627738e-1, 1.69778044e-1, 1.03405245e-1, -3.02583233e-2,
            -2.27574393e-1, -3.62173217e-1, -2.05500446e-1, 3.37394873e-1,
            3.17689897e-1, -5.13762160e-1, 3.09130264e-1, -1.26757592e-1,
            4.61967890e-2, -1.80968674e-2, 8.35426050e-3, -4.47368304e-3,
            2.61974783e-3, -1.60171357e-3, 9.97717882e-4, -6.26275815e-4,
            3.94338818e-4, -2.48606354e-4, 1.56808604e-4, -9.89266288e-5,
            6.24152398e-5, -3.93805393e-5, 2.48472358e-5, -1.56774945e-5,
            9.89181741e-6, -6.24131160e-6, 3.93800058e-6, -2.48471018e-6,
            1.56774609e-6, -9.89180896e-7, 6.24130948e-7, -3.93800005e-7,
            2.48471005e-7, -1.56774605e-7, 9.89180888e-8, -6.24130946e-8],
            np.float)
        nc = np.int(100)
        nc0 = np.int(60)
    elif order == 4:  # J1
        fc = np.array([
            1.84909557e-13, 2.85321327e-13, 4.64471808e-13, 7.16694771e-13,
            1.16670043e-12, 1.80025587e-12, 2.93061898e-12, 4.52203829e-12,
            7.36138206e-12, 1.13588466e-11, 1.84909557e-11, 2.85321327e-11,
            4.64471808e-11, 7.16694771e-11, 1.16670043e-10, 1.80025587e-10,
            2.93061898e-10, 4.52203829e-10, 7.36138206e-10, 1.13588466e-9,
            1.84909557e-9, 2.85321326e-9, 4.64471806e-9, 7.16694765e-9,
            1.16670042e-8, 1.80025583e-8, 2.93061889e-8, 4.52203807e-8,
            7.36138149e-8, 1.13588452e-7, 1.84909521e-7, 2.85321237e-7,
            4.64471580e-7, 7.16694198e-7, 1.16669899e-6, 1.80025226e-6,
            2.93060990e-6, 4.52201549e-6, 7.36132477e-6, 1.13587027e-5,
            1.84905942e-5, 2.85312247e-5, 4.64449000e-5, 7.16637480e-5,
            1.16655653e-4, 1.79989440e-4, 2.92971106e-4, 4.51975783e-4,
            7.35565435e-4, 1.13444615e-3, 1.84548306e-3, 2.84414257e-3,
            4.62194743e-3, 7.10980590e-3, 1.15236911e-2, 1.76434485e-2,
            2.84076233e-2, 4.29770596e-2, 6.80332569e-2, 9.97845929e-2,
            1.51070544e-1, 2.03540581e-1, 2.71235377e-1, 2.76073871e-1,
            2.16691977e-1, -7.83723737e-2, -3.40675627e-1, -3.60693673e-1,
            5.13024526e-1, -5.94724729e-2, -1.95117123e-1, 1.99235600e-1,
            -1.38521553e-1, 8.79320859e-2, -5.50697146e-2, 3.45637848e-2,
            -2.17527180e-2, 1.37100291e-2, -8.64656417e-3, 5.45462758e-3,
            -3.44138864e-3, 2.17130686e-3, -1.36998628e-3, 8.64398952e-4,
            -5.45397874e-4, 3.44122545e-4, -2.17126585e-4, 1.36997597e-4,
            -8.64396364e-5, 5.45397224e-5, -3.44122382e-5, 2.17126544e-5,
            -1.36997587e-5, 8.64396338e-6, -5.45397218e-6, 3.44122380e-6,
            -2.17126543e-6, 1.36997587e-6, -8.64396337e-7, 5.45397218e-7],
            np.float)
        nc = np.int(100)
        nc0 = np.int(60)
    return (np.reshape(fc, (-1, 1)), nc, nc0)  # (100,) -> (100, 1)



[docs]def downward(u, model, rho, d, f, mode):
    """ Downward attenuation.

    Parameters
    ----------

        u: np.ndarray
            Horizontal wavenumbers based on Hankel factors and horizontal
            tx-rx distance. Shape: (Hankel, n_rx)

        model: np.ndarray
            Polar coords of the receiver pos (3, n).

        rho: np.ndarray
            Resistivities for each layer (Ohm*m).

        d: np.ndarray
            Thicknesses of each layer (m).

        f: float
            Frequency (Hz).

    Returns
    -------

        aa : np.ndarray
            Ratio of the partial wave amplitude A(z,u)/A(0,u)

        aap : np.andarray
            Ratio of the partial wave amplitude A'(z,u)/A'(0,u)

        bt : np.ndarray
            Admittance at the surface of the layerd halfspace
    """
    mu0 = 4e-7 * np.pi
    iwm = 1j * 2. * np.pi * f * mu0
    nl = rho.size

    h = np.zeros(nl)
    h[1:] += np.cumsum(d)

    rho = rho[np.newaxis, :]
    rho = np.tile(rho.T, (1, u.shape[0]))
    rho = rho[:, :, np.newaxis]

    d = d[np.newaxis, :]
    d = np.tile(d.T, (1, u.shape[0]))
    d = d[:, :, np.newaxis]
    alpha = np.sqrt(u ** 2 + iwm/rho)  # dim: Rho x Hankel x model

    if nl == 1:  # homogeneous halfspace
        b1 = alpha[0]
        a = np.exp((-alpha[0]) * (-model[2]))
        ap = a.copy()
        return b1, a, ap

    elif nl > 1:  # multi-layer case
        ealphad = np.exp(-2.0 * alpha[:-1] * d)  # needs time
        talphad = (1.0 - ealphad) / (ealphad + 1.0)
        # print(min(-alpha[:-1] * d), max(-alpha[:-1] * d))

        # save for later
        b = np.copy(alpha)

        # recursive calculation from bottom to top for nl-1 layer
        beta = np.ones_like(alpha)

        if mode.lower() == 'tm':
            beta[:-1] *= rho[:-1]/rho[1:]
            albe = alpha[:-1] * beta[:-1]

        elif mode.lower() == 'te':
            albe = alpha[:-1]

        else:
            raise Exception('{} not a valid mode for calculation of reflection\
 coefficients. Choose either "te" or "tm".'.format(mode))

        albetal = albe * talphad
        for n in range(nl-2, -1, -1):
            b[n] *= (b[n + 1] + albetal[n]) / (
                albe[n] + b[n + 1] * talphad[n])

        # Impedance
        c = 1.0 / b
        b1 = np.copy(b[0])  # only for surface

        # Variation from one layer boundary to the other
        dim2 = u.shape[0]
        dim3 = u.shape[1]
        aa = np.zeros((nl-1) * dim2 * dim3, dtype=np.complex).reshape(
            nl-1, dim2, dim3)
        aap = np.zeros_like(aa)

        for n in range(0, nl-1):
            # note: here comes the memory
            term_aa = beta[n] * (b[n] + alpha[n]) / (b[n+1] + albe[n])
            expterm = np.exp(-alpha[n] * d[n])
#            aa[n] = beta[n] * (b[n] + alpha[n]) / \
#                (b[n+1] + albe[n]) * \
#                np.exp(-alpha[n] * d[n])
            term_aap = (alpha[n] * c[n] + 1.0) / (albe[n] * c[n+1] + 1.0)
#            aap[n] = (alpha[n] * c[n] + 1.0) / (1.0 + albe[n] *
#                                                c[n+1]) * \
#                np.exp(-alpha[n] * d[n])
            aa[n] = term_aa * expterm
            aap[n] = term_aap * expterm
#            del bla
#            del bla2
#            del expterm

        # find corresponding layer for each node/receiver
        ind = np.zeros(np.shape(model)[1], dtype=np.int)
        for i in range(0, len(h) - 1):
            ind[np.nonzero(np.logical_and(model[2] <= -h[i],
                                          model[2] > -h[i + 1]))] += i

        ind[np.nonzero(model[2] <= -h[-1])] = len(h) - 1

        a = np.zeros(np.shape(u), dtype=np.complex128)
        ap = np.zeros(np.shape(u), dtype=np.complex128)

        for i in range(0, nl):
            # all layer at once (except the last)
            idl = np.where(ind == i)[0]
            if i < (nl - 1):
                prod_aa = np.prod(aa[0:i, :, idl], 0)
                prod_aap = np.prod(aap[0:i, :, idl], 0)
                # aap[1:n-1] = sum[1:n-1](F'(n + 1) / F'(n))
                # aa[1:n-1] = sum[1:n-1](F(n + 1) / F(n))

                exp_1 = np.exp(-alpha[i, :, idl].T * (-model[2][idl] - h[i]))
                exp_2 = np.exp(-alpha[i, :, idl].T *
                               (d[i, :, :] + h[i+1] + model[2][idl]))

                factor_a = 0.5 * (
                    1.0 + b[i, :, idl].T / alpha[i, :, idl].T) * (
                        exp_1 -
                        (b[i+1, :, idl].T -
                         albe[i, :, idl].T) /
                        (b[i+1, :, idl].T +
                         albe[i, :, idl].T) *
                        exp_2)
                factor_ap = 0.5 * \
                    (1.0 + alpha[i, :, idl].T * c[i, :, idl].T) * \
                    (exp_1 +
                        (1.0 - albe[i, :, idl].T * c[i+1, :, idl].T) /
                        (1.0 + albe[i, :, idl].T * c[i+1, :, idl].T) *
                        exp_2)
                a[:, idl] = prod_aa * factor_a
                ap[:, idl] = prod_aap * factor_ap
            else:
                # last layer (lower halfspace)
                exp_alphai = np.exp(-alpha[i, :, idl].T *
                                    (-model[2][idl] - h[i]))
                a[:, idl] = np.prod(aa[:, :, idl], 0) * exp_alphai
                ap[:, idl] = np.prod(aap[:, :, idl], 0) * exp_alphai
    return b1, a, ap



[docs]def btp(u, model, rho, d, f, mode):
    """ Airspace only, internal function, for imput see **downout**.

    Do not call directly.
    """
    nl = len(rho)  # number of layer

    mu0 = 4e-7 * np.pi  # mu null
    iwm = 1j * 2. * np.pi * f * mu0

    uiwrho = np.sqrt((u**2)[:, :, np.newaxis] + iwm/rho[:nl])
    b = uiwrho[:, :, -1]
    alpha = uiwrho[:, :, :-1]

    if mode == 'te':
        beta = np.ones(nl - 1)
    elif mode == 'tm':
        beta = rho[:nl-1]/rho[1:nl]
    else:
        raise Exception('"{}" not a valid mode for calculation of reflection\
 coefficients. Choose either "te" or "tm".'.format(mode))

    cth_exp = np.exp(-2. * alpha * d[:nl-1])
    cth = (1.0 - cth_exp) / (cth_exp + 1.0)
    # cth= np.tanh(-alpha * d[:nl-1])  # note: slower, less accurate
    if nl > 1:
        b_last = b
        for i in range(nl - 2, -1, -1):  # second-to-last layer to top layer
            b_new = (b_last + alpha[:, :, i] * beta[i] * cth[:, :, i]) / \
                   (beta[i] + cth[:, :, i] * b_last / alpha[:, :, i])
            b_last = b_new
        return b_new
    else:
        return b



[docs]def downout(u, model, rho, d, f, mode):
    """ Overall call function for recursive calculation.

    Parameters
    ----------

        u: np.ndarray
            Horizontal wavenumbers based on Hankel factors and horizontal
            tx-rx distance. Shape: (Hankel, n_rx)

        model: np.ndarray
            Polar coords of the receiver pos (3, n).

        rho: np.ndarray
            Resistivities for each layer (Ohm*m).

        d: np.ndarray
            Thicknesses of each layer (m).

        f: float
            Frequency (Hz).

        mode: str
            Calculation for 'te', 'tm' or 'tetm' possible. Mode 'te' for closed
            loops and 'tetm' for grounded wires. Single 'tm' is only for debug.

    Returns
    -------

        aa : np.ndarray
            Ratio of the partial wave amplitude A(z,u)/A(0,u)

        aap : np.andarray
            Ratio of the partial wave amplitude A'(z,u)/A'(0,u)

        bt : np.ndarray
            Admittance at the surface of the layerd halfspace
    """
    aa = np.ones(u.shape, dtype=np.complex)    #
    aap = np.ones(u.shape, dtype=np.complex)   # shape = hankel x model
    bt = np.ones(u.shape, dtype=np.complex)    #

    z_idx_air = np.where(model[2] >= 0.)[0]
    z_idx_halfspace = np.where(model[2] < 0.)[0]

    if len(z_idx_air) != 0:
        bt[:, z_idx_air] = btp(u[:, z_idx_air], model[:, z_idx_air],
                               rho, d, f, mode)
    if len(z_idx_halfspace) != 0:
        bt[:, z_idx_halfspace], aa[:, z_idx_halfspace], \
            aap[:, z_idx_halfspace] =\
            downward(u[:, z_idx_halfspace],
                     model[:, z_idx_halfspace], rho, d, f, mode)
    return aa, aap, bt



[docs]def hfield_3D_hed_te(polar, u, aa, aap, bt, f, Ids):
    """ Calculation of magnetic field for transversal electric mode.

    Computes the transversal electric induced magnetic field of a x-directed
    dipole at (0, 0, 0). Field shape (3, n) with x, y, z components for each
    reciever point in *polar*.

    Internal function. Called by **makeField** if *ftype* == 'H' and *mode* in
    ('te', 'tetm').

    Parameters
    ----------
        polar: np.ndarray
            Polar coords of the receiver pos (3, n).

        u: np.ndarray
            Horizontal wavenumbers based on Hankel factors and horizontal
            tx-rx distance. Shape: (Hankel, n_rx)

        aa : np.ndarray
            Ratio of the partial wave amplitude A(z,u)/A(0,u)

        aap : np.andarray
            Ratio of the partial wave amplitude A'(z,u)/A'(0,u)

        bt : np.ndarray
            Admittance at the surface of the layerd halfspace

        f: float
            Frequency (Hz).

        Ids: float
            Dipole current * dipole length.

    Returns
    -------

        field: np.ndarray
            Transversal electric induced magnetic field of a x-directed dipole
            at (0, 0, 0). field.shape = polar.shape.
    """
    # empty field vector with dim=dim(polar)
    field = np.zeros(polar.shape, dtype=np.complex)
    # hankel filter coefficients
    fc0, nc, nc0 = hankelfc(3)
    fc1, nc, nc0 = hankelfc(4)
    # indices of the meshpoints in the airspace
    idx_air = np.array(np.nonzero(polar[2] >= 0.))
    if len(idx_air.shape) > 1:
        idx_air = idx_air[0]

    # indices of the meshpoints inside the layered earth
    idx_layer = np.array(np.nonzero(polar[2] < 0.))
    if len(idx_layer.shape) > 1:
        idx_layer = idx_layer[0]

    # core function
    delta = 2./(u + bt)
    delta[:, idx_air] *= np.exp(u[:, idx_air] * polar[2][idx_air] * (-1.))

    # convolution
    aux1 = np.zeros((2, polar.shape[1]), dtype=np.complex)
    aux2 = np.zeros((1, polar.shape[1]), dtype=np.complex)

    # the six hankel integrals ! 3 for air, 3 for the layered earth
    aux1[0, idx_air] = np.sum((delta[:, idx_air] *
                               u[:, idx_air] *
                               fc1[::-1]),
                              0, np.complex)

    aux1[0, idx_layer] = np.sum((delta[:, idx_layer] *
                                 bt[:, idx_layer] *
                                 aap[:, idx_layer] *
                                 fc1[::-1]),
                                0, np.complex)

    aux1[1, idx_air] = np.sum((delta[:, idx_air] *
                               u[:, idx_air] *
                               u[:, idx_air] *
                               fc1[::-1]),
                              0, np.complex)

    aux1[1, idx_layer] = np.sum((delta[:, idx_layer] *
                                 u[:, idx_layer] *
                                 u[:, idx_layer] *
                                 aa[:, idx_layer] *
                                 fc1[::-1]),
                                0, np.complex)

    aux2[0, idx_air] = np.sum((delta[:, idx_air] *
                               u[:, idx_air] *
                               u[:, idx_air] *
                               fc0[::-1]),
                              0, np.complex)

    aux2[0, idx_layer] = np.sum((delta[:, idx_layer] *
                                 u[:, idx_layer] *
                                 bt[:, idx_layer] *
                                 aap[:, idx_layer] *
                                 fc0[::-1]),
                                0, np.complex)
    aux1 /= polar[0]
    aux2 /= polar[0]
    # field
    bh = 1./(4.*np.pi)
    sphi = np.sin(polar[1])
    cphi = np.cos(polar[1])
    field[2] = Ids * bh * sphi * aux1[1]

    # only for r, phi components
    sphi[idx_layer] *= -1.
    cphi[idx_layer] *= -1.

    field[0] = -Ids * bh * sphi * 1./polar[0] * aux1[0] + \
        Ids * bh * sphi * aux2[0]

    field[1] = Ids * bh * cphi * 1./polar[0] * aux1[0]
    field_cartesian = vec.PtoK_field(polar, field, dtype=np.complex128)
    # change the direction of the field due to the z-convention
    field_cartesian[0] *= -1
    field_cartesian[1] *= -1
    # field_cartesian[0] = np.conjugate(field_cartesian[0])  # 22.05 -x_imag

    return field_cartesian



[docs]def hfield_3D_hed_tm(polar, u, aa, aap, bt, f, Ids):
    """ Calculation of magnetic field for transversal magnetic mode.

    Computes the transversal magnetic component of the magnetic field of a
    x-directed dipole at (0, 0, 0). Field shape (3, n) with x, y, z components
    for each reciever point in *polar*.

    Internal function. Called by **makeField** if *ftype* == 'H' and *mode* in
    ('tm', 'tetm').

    Parameters
    ----------

        polar: np.ndarray
            Polar coords of the receiver pos (3, n).

        u: np.ndarray
            Horizontal wavenumbers based on Hankel factors and horizontal
            tx-rx distance. Shape: (Hankel, n_rx)

        aa : np.ndarray
            Ratio of the partial wave amplitude A(z,u)/A(0,u)

        aap : np.andarray
            Ratio of the partial wave amplitude A'(z,u)/A'(0,u)

        bt : np.ndarray
            Admittance at the surface of the layerd halfspace

        f: float
            Frequency (Hz).

        Ids: float
            Dipole current * dipole length.

    Returns
    -------

        field: np.ndarray
            Transversal magnetic component of the magnetic field of a
            x-directed dipole at (0, 0, 0). field.shape = polar.shape.
    """
    # empty field vector with dim=dim(polar)
    field = np.zeros(polar.shape, dtype=np.complex)
    # hankel filter coefficients
    fc0, nc, nc0 = hankelfc(3)
    fc1, nc, nc0 = hankelfc(4)
    # indices of the meshpoints in the airspace
    idx_air = np.array(np.nonzero(polar[2] >= 0.))
    if len(idx_air.shape) > 1:
        idx_air = idx_air[0]

    # indices of the meshpoints inside the layered earth
    idx_layer = np.array(np.nonzero(polar[2] < 0.))
    if len(idx_layer.shape) > 1:
        idx_layer = idx_layer[0]

    # core function
    delta = np.zeros(np.shape(u))
    # tm air == 0 !
    delta[:, idx_layer] = 2.0
    # convolution
    aux1 = np.zeros((polar.shape[1]), dtype=np.complex)
    aux2 = np.zeros((polar.shape[1]), dtype=np.complex)

    # the two hankel integrals ! 2 for air, 2 for the layered earth
    aux1[idx_air] = np.sum((delta[:, idx_air] *
                            fc1[::-1]),
                           0, np.complex)

    aux1[idx_layer] = np.sum((delta[:, idx_layer] *
                              aa[:, idx_layer] *  # aa is valid
                              fc1[::-1]),
                             0, np.complex)

    aux2[idx_air] = np.sum((delta[:, idx_air] *
                            u[:, idx_air] *
                            fc0[::-1]),
                           0, np.complex)

    aux2[idx_layer] = np.sum((delta[:, idx_layer] *
                              u[:, idx_layer] *
                              aa[:, idx_layer] *  # aa is valid
                              fc0[::-1]),
                             0, np.complex)
    aux1 /= polar[0]
    aux2 /= polar[0]
    # field
    bh = 1./(4.*np.pi)
    sphi = np.sin(polar[1])
    cphi = np.cos(polar[1])

    field[0] = -Ids * bh * sphi * (1./polar[0]) * aux1

    field[1] = (Ids * bh * cphi * (1./polar[0]) * aux1) - \
        (Ids * bh * cphi * aux2)

    field_cartesian = vec.PtoK_field(polar, field, dtype=np.complex128)
    # change the direction of the field due to the z-convention
    field_cartesian[0] *= -1
    field_cartesian[1] *= -1

    return field_cartesian



[docs]def efield_3D_hed_te(polar, u, aa, aap, bt, f, Ids):
    """ Calculation of electric field for transversal electric mode.

    Computes the transversal electric induced electric field of a
    x-directed dipole at (0, 0, 0). Field shape (3, n) with x, y, z components
    for each reciever point in *polar*.

    Internal function. Called by **makeField** if *ftype* == 'E' and *mode* in
    ('te', 'tetm').

    Parameters
    ----------

        polar: np.ndarray
            Polar coords of the receiver pos (3, n).

        u: np.ndarray
            Horizontal wavenumbers based on Hankel factors and horizontal
            tx-rx distance. Shape: (Hankel, n_rx)

        aa : np.ndarray
            Ratio of the partial wave amplitude A(z,u)/A(0,u)

        aap : np.andarray
            Ratio of the partial wave amplitude A'(z,u)/A'(0,u)

        bt : np.ndarray
            Admittance at the surface of the layerd halfspace

        f: float
            Frequency (Hz).

        Ids: float
            Dipole current * dipole length.

    Returns
    -------

        field: np.ndarray
            Transversal electric component of the electric field of a
            x-directed dipole at (0, 0, 0). field.shape = polar.shape.
    """
    # empty field vector with dim=dim(polar)
    field = np.zeros(polar.shape, dtype=np.complex)
    # hankel filter coefficients
    fc0, nc, nc0 = hankelfc(3)
    fc1, nc, nc0 = hankelfc(4)
    # indices of the meshpoints in the airspace
    idx_air = np.array(np.nonzero(polar[2] >= 0.))
    if len(idx_air.shape) > 1:
        idx_air = idx_air[0]
    # indices of the meshpoints inside the layered earth
    idx_layer = np.array(np.nonzero(polar[2] < 0.))
    if len(idx_layer.shape) > 1:
        idx_layer = idx_layer[0]
    # core function:
    # air: 2 / (lam + u1) * exp(lam*z)
    # ground: 2 / (lam + u1)
    delta = 2./(u + bt)
    delta[:, idx_air] *= np.exp(u[:, idx_air] * polar[2][idx_air] * (-1.))
    # convolution
    aux1 = np.zeros((polar.shape[1]), dtype=np.complex)
    aux2 = np.zeros((polar.shape[1]), dtype=np.complex)

    # 2 / (lam + u1) * exp(lam*z) * J1
    aux1[idx_air] = np.sum((delta[:, idx_air] *
                            fc1[::-1]),
                           0, np.complex)

    # 2 / (lam + u1) * exp(-u1*z) * J1
    aux1[idx_layer] = np.sum((delta[:, idx_layer] *
                              aa[:, idx_layer] *
                              fc1[::-1]),
                             0, np.complex)

    aux2[idx_air] = np.sum((delta[:, idx_air] *
                            u[:, idx_air] *
                            fc0[::-1]),
                           0, np.complex)

    aux2[idx_layer] = np.sum((delta[:, idx_layer] *
                              u[:, idx_layer] *
                              aa[:, idx_layer] *
                              fc0[::-1]),
                             0, np.complex)

    aux1 /= polar[0]  # bessel/hankel
    aux2 /= polar[0]  # bessel/hankel
    # field
    bh = 1./(4.*np.pi)
    sphi = np.sin(polar[1])
    cphi = np.cos(polar[1])
    mu0 = 4e-7 * np.pi  # mu null
    iwm = 1j * 2. * np.pi * f * mu0
    field[0] = -Ids * iwm * bh * cphi * 1./polar[0] * aux1
    field[1] = -Ids * iwm * bh * sphi * 1./polar[0] * aux1 + \
        Ids * iwm * bh * sphi * aux2
    field_cartesian = vec.PtoK_field(polar, field, dtype=np.complex128)
    # change the direction of the field due to the z-convention
    # e^-iwt conformity with custEM: added 19.11.2019 *= -1 to all
    # field_cartesian[0] *= -1
    # field_cartesian[1] *= -1
    field_cartesian[2] *= -1
    return field_cartesian



[docs]def calcField(polar, rho, d, f, Ids, ftype, mode):
    """ Calculates field for a given dipole on given polar coords. Internally.

    Internally used by *makeField*. Please be referred to the docstrings of
    **makeField**. And please use makeField directly!!!
    """

    # calculate horizontal wavenumbers
    fc0, nc, nc0 = hankelfc(3)
    nu = np.arange(0, nc, 1, dtype=np.int) + 1
    n = nc0 - nc + nu
    # n = [-39, ...., 60]
    q = 0.1 * np.log(10)
    # q = 0.23025851
    # 23.02... samples per decade (Anderson (1982), pp.364)
    hlp = np.exp(-(n - 1) * q)
    u = hlp[:, np.newaxis] / polar[0]  # one u per receiver coord

    RHO = np.copy(rho)
    D = np.copy(d)

    if mode == 'te':  # closed loops
        aaTE, aapTE, btTE = downout(u, polar, RHO, D, f, 'te')

        if ftype.upper() == 'E':
            F = efield_3D_hed_te(polar, u, aaTE, aapTE, btTE, f, Ids)

        elif ftype.upper() in ('B', 'H'):
            F = hfield_3D_hed_te(polar, u, aaTE, aapTE, btTE, f, Ids)

    elif mode == 'tm':  # testing purpose
        aaTM, aapTM, btTM = downout(u, polar, RHO, D, f, 'tm')

        if ftype.upper() == 'E':
            raise Exception('E + tm: This should not happen. This '
                            'should be prevented by the function makeField.')

        elif ftype.upper() in ('B', 'H'):
            F = hfield_3D_hed_tm(polar, u, aaTM, aapTM, btTM, f, Ids)

    elif mode == 'tetm':  # grounded wires
        aaTE, aapTE, btTE = downout(u, polar, RHO, D, f, 'te')
        aaTM, aapTM, btTM = downout(u, polar, RHO, D, f, 'tm')

        if ftype.upper() == 'E':
            raise Exception('E + tm: This should not happen. This '
                            'should be prevented by the function makeField.')

        elif ftype.upper() in ('B', 'H'):
            F = hfield_3D_hed_tm(polar, u, aaTM, aapTM, btTM, f, Ids)
            F += hfield_3D_hed_te(polar, u, aaTE, aapTE, btTE, f, Ids)

    if ftype.upper() == 'B':
        F *= 4e-7 * np.pi  # mu null

    return F



[docs]def makeField(coords, rho_in, d_in, f=2000, Ids=1, pos=(0, 0, 0), angle=0,
              mode='te', inputType='M', ftype='B',
              cell_center=False, drop_tol=1e-2, src_z=-0.01):
    '''
    Calculation of the electric or magnetic field of a horizontal electric
    dipole at position pos, pointing in a direction defined by angle on
    given cartesian coordinates.

    Parameters
    ----------

    coords: np.ndarray or string
        Reciever coords. Possible input types are numpy ndarrays for direct
        cartesian coordinates, ranges for (x, y, z) or pygimli Meshes.

    rho_in: float or np.ndarray
        Float or Array of resistivity values for the 1d layered earth model.
        Airspace is at the level of the source dipole.

    d_in: float or np.ndarray
        Layer thicknesses in m. As the lower halfspace is considered to have an
        infinite thickness, *d_in* is always one value short of *rho_in* (an
        empty list ar array or a 0 for homogenous halfspace.)

    f: float [ 2000 ]
        Frequency (Hz).

    Ids: float [ 1 ]
        Dipole current * dipole length. Used for simple scaling of the
        calcualted field.

    pos: tuple of length 3 [ (0 ,0, 0) ]
        Absolute position of the source dipole in cartesian coordinates.
        Values for z are used for a shift of the airspace. Currently only
        sources at the upper halfpsce boundary are permitted.

    angle: float [ 0 ]
        Rotation of the dipole with respect of an x-directed dipole counting
        positive clockwise.

    mode: string [ 'te' ]
        For a closed loop consisting of a finite number of dipoles the total
        field can be seen as superposition of the transversal electric
        components of the single dipole fields ('te'). For grounded dipoles
        'tetm' is needed.

    inputType: string [ 'M' ]
        Specifier for input coordinates. Possible choices are 'M' if *coords*
        is a pygimli mesh or file path to a pygimli mesh, 'C' if coords is
        a np.ndarray with ranges to build a meshgrid, or 'V' to indicate that
        *coords* is a vector of cartesian coordinates.

    ftype: string [ 'B' ]
        Flag to control calculated field type. Possible choices are 'E', 'B' or
        'H' (asuming B = 4e-7 * pi * H).

    verbose: boolean [ False ]
        Turn on verbose mode.

    cell_center: boolean [ False ]
        If coords is a pygimli mesh, there is the additional possibility to
        calulate the fields in the cell Centers, instead of the node positions.

    drop_tol: float [ 1e-2 ]
        Singularity fix. All horizontal distances between *drop_tol* and the
        transmitter dipole are placed between the first reciever outside the
        tolerance and the tolerance, maintaining the correct order and angle.
        This has been very useful for later usage of the fields in FEM
        approaches.

    src_z: float [-0.001]
        This is only used if grounded terms for an electric field are used. In
        this case the source has to be buried in order to get the correct
        results. Default is 1 cm (remember: z defined positive upwards). So in
        most cases this value should be negative.

    '''
    # %% handle receiver coords
    transposed = False
    if inputType == 'C':
        x = coords[0]
        y = coords[1]
        z = coords[2]
        grid = np.meshgrid(x, y, z, indexing='ij')
        modelvector = vec.GridtoVector(grid)

    elif inputType == 'V':
        if np.shape(coords)[1] == 3 and np.shape(coords)[0] != 3:
            modelvector = coords.T
            transposed = True
        else:
            modelvector = coords

    elif inputType == 'M':
        # no isinstance(coords, pg.Mesh) due to independance of pygimli
        if not cell_center:
            modelvector = coords.positions().array().T
        else:
            modelvector = coords.cellCenters().array().T

    elif inputType == 'Grid':
        # only used in some test scripts, therefore not mentioned in the
        # docstring
        modelvector = vec.GridtoVector(coords)

    # not origin == (0, 0, 0)
    if not np.allclose(pos, np.array((0, 0, 0))):
        model = vec.translate(modelvector, -pos[0], -pos[1], z=-pos[2],
                              copy=True)
    else:
        model = np.copy(modelvector)

    # handle resistivity distribution
    rho = np.atleast_1d(rho_in)
    d = np.atleast_1d(d_in)
    if len(d) == 1 and np.isclose(d[0], 0):
        d = np.array([])

    # %% field calculation started
    if ftype.upper() == 'E' and mode != 'te':
        # e field tetm
        e = World1D(rho=rho, thk=d, f=f)

        hed = HED(src_z=src_z, src_theta=angle, src_ids=Ids,
                  config=e, timer=None, debug=False)
        hed.setCoords(model)

        hed.calculate()
        F = hed.e_field

    else:
        # cartesian -> cylindrical coordinates
        cylindrical = vec.KtoP(model, drop_tol=drop_tol)

        if not np.isclose(angle, 0):
            cylindrical[1] -= angle  # rotation of the polar coords

        F = calcField(cylindrical, rho, d, f, Ids, ftype, mode)

        if not np.isclose(angle, 0):
            vec.rotate3(F, angle)  # rotation of field in cartesian coords

    # %% handling phi (rotate field back) + return

    # return field in correct shape
    if inputType == 'Grid':
        return vec.VectortoGrid(F, np.shape(coords)[1:])

    if transposed:
        return F.T
    else:
        return F


# The End
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  Source code for comet.pyhed.hed.hed_para

"""
Part of comet/pyhed/hed
"""
# COMET - COupled Magnetic resonance Electrical resistivity Tomography
# Copyright (C) 2019  Nico Skibbe

# This program is free software: you can redistribute it and/or modify
# it under the terms of the GNU General Public License as published by
# the Free Software Foundation, either version 3 of the License, or
# (at your option) any later version.

# This program is distributed in the hope that it will be useful,
# but WITHOUT ANY WARRANTY; without even the implied warranty of
# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
# GNU General Public License for more details.

# You should have received a copy of the GNU General Public License
# along with this program. If not, see <https://www.gnu.org/licenses/>.

from __future__ import print_function
import time
import sys
import os

if sys.version_info[:2] < (3, 3):
    import Queue as queue  # # python 2.7+ version
else:
    import queue  # python 3+ version

import multiprocessing as mpc
import numpy as np
import pygimli as pg

from comet.pyhed.misc import vec


[docs]def SummationWorker(queueIn, queueSum, queueEnd, verbose):
    """ MPI Worker used to sum up single fields. """
    Htes = queueIn.get()
    queueIn.task_done()
    looping = True
    while looping is True:
        try:
            Htes += queueIn.get(timeout=0.3)
            queueIn.task_done()

        except queue.Empty:
            time.sleep(1)

        if queueEnd.empty() is False and queueIn.empty() is True:
            queueSum.put(Htes, block=False)
            looping = queueEnd.get()
            queueEnd.task_done()
            if verbose is True:
                print('leave SumWorker', flush=True)
    if verbose is True:
        print('SumWorker hat das Gebäude verlassen', flush=True)
    return



[docs]def InterpolationWorker(num, pos_queue, out_queue, data,
                        srcmeshName, outmeshName, outtype, verbose):
    """ MPI Worker used to interpolate fields to target source location. """
    if verbose is True:
        print('Initialise Worker No %d.' % (num), flush=True)
    # since pickling of pygimli mesh instances isn't possible, its nessesary to
    # import the two meshes once per Worker...
    if outtype == 'mesh':
        outmesh = pg.load(outmeshName)
    elif outtype == 'vector':
        outmesh = outmeshName

    srcmesh = pg.load(srcmeshName)

    while True:  # be careful this loop never ends!
        pos = pos_queue.get()
        if verbose is True:
            print('Worker %d start interpolating dipole with pos (%f, %f, %f)'
                  % (num, pos[0], pos[1], pos[2]), flush=True)

        alpha = (np.arctan2((pos[1]), (pos[0])) - np.pi/2.)
        src = pg.Mesh(srcmesh)  # need copy for rotate and translate
        # rotate mesh
        src.rotate(pg.Pos(0, 0, alpha))
        src.translate(pg.Pos(pos[0], pos[1], pos[2]))
        # rotate data !
        data_rotated = vec.rotate3(data, alpha, copy=True)
        Hte = vec.interpolateField(src, outmesh, data_rotated, verbose=verbose)
        out_queue.put(Hte)
        pos_queue.task_done()
        sys.stdout.flush()
        if pos_queue.empty() is True:
            # print('sys.exit of Worker %d' % (num), flush=True)
            # sys.exit()
            if verbose is True:
                print('exit of Worker %d' % (num), flush=True)
            return



[docs]def multiInterpolation(DipoleDataName,
                       SrcMeshName,
                       OutMesh,
                       DipolePos=None,
                       verbose=False):
    """ Call function for multiprocessing interpoaltion of dipole fields. """
    tick = time.time()
    # DipoleDataName = 'dipole_field.npy'
    dipoledata = np.load(DipoleDataName)
    # SrcMeshName = 'mesh/dipole.bms'
    # OutMeshName = 'mesh/world.bms'
    if isinstance(OutMesh, str):
        outmesh = pg.load(OutMesh)
        outtype = 'mesh'
        if verbose is True:
            print('search for dipole indices...', end='', flush=True)
        dipole_pos = outmesh.positions(outmesh.findNodesIdxByMarker(-99))
        dipole_pos = vec.R3VtoNumpy(dipole_pos)
        N = np.shape(dipole_pos)[0]
        if verbose is True:
            print(' found %d dipoles... ' % (N), end='', flush=True)
    else:
        outmesh = OutMesh
        outtype = 'vector'
        dipole_pos = DipolePos
        N = np.shape(dipole_pos)[0]
        if verbose is True:
            print('%d dipoles given ...' % (N), end='', flush=True)

    pos_queue = mpc.JoinableQueue()
    out_queue = mpc.JoinableQueue()
    Sum = mpc.Queue()
    end = mpc.JoinableQueue()
    number_of_threads = min(os.cpu_count(), N)
    if verbose is True:
        print(' start interpolating in %d parallel processes.' %
              (number_of_threads))
    processes = []
    for i in range(number_of_threads):
        worker = mpc.Process(target=InterpolationWorker,
                             args=(i, pos_queue, out_queue,
                                   dipoledata,
                                   SrcMeshName,
                                   OutMesh,
                                   outtype,
                                   verbose,))
        worker.daemon = True
        processes.append(worker)
        worker.start()

    SumWorker = mpc.Process(target=SummationWorker,
                            args=(out_queue,
                                  Sum,
                                  end,
                                  verbose,))
    SumWorker.daemon = True
    SumWorker.start()

    for pos in dipole_pos:
        if verbose is True:
            print(pos)
        pos_queue.put(pos)

    pos_queue.join()
    out_queue.join()
    end.put(False)
    for p in processes:
        if p.is_alive():
            p.terminate()
        p.join()
    Summe = Sum.get()
    # print('Is SumWorker noch alive?', SumWorker.is_alive())
    SumWorker.terminate()
    verbose = True
    if verbose is True:
        print('overall time: %.4f seconds' % (time.time() - tick))
    return Summe


# The End
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  Source code for comet.pyhed.hed.libHED

"""
Part of comet/pyhed/hed

Earth class for calculation of dipole (HED) fields for 1d layered earth.

The algorithms in method *calcFieldForLayer* of HED class is partly taken
from Kerry Key Dipole1D.f90 after the algorithms published in [Key2009G]_
(Appendix A).

Hankel factors of Hankelfc are based on the original values of Anderson (1990).

References:
-----------

.. [Key2009G] Key, K.,  2009, 1D inversion of multicomponent,
    multifrequency marine (CSEM) data: Methodology and synthetic
    studies for resolving thin resistive layers: Geophysics.
"""
# COMET - COupled Magnetic resonance Electrical resistivity Tomography
# Copyright (C) 2019  Nico Skibbe

# This program is free software: you can redistribute it and/or modify
# it under the terms of the GNU General Public License as published by
# the Free Software Foundation, either version 3 of the License, or
# (at your option) any later version.

# This program is distributed in the hope that it will be useful,
# but WITHOUT ANY WARRANTY; without even the implied warranty of
# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
# GNU General Public License for more details.

# You should have received a copy of the GNU General Public License
# along with this program. If not, see <https://www.gnu.org/licenses/>.

import numpy as np
import pygimli as pg
from comet import pyhed as ph


[docs]class World1D:
    def __init__(self, rho=1000., thk=None, airspace_interface=0.0,
                 f=2000.):
        """ This class contains and manages the 1d resistivity distribution.

        z is defined positive upwards!
        """
        # constants
        self.e0 = 8.8541878176e-12

        # initialising class attributes for overview
        self.rho = None
        self.thk = None
        self.top_layer = None

        self.air_inter = airspace_interface

        self.freq = None
        self.omega = None

        self.setFrequency(f)

        self.rho = None
        self.sigma_complex = None
        self.air_res = None
        self.setRes(rho=rho, thk=thk, air_resistivty=1e12)

        # dormant for now
        self.tetm = 'tetm'

[docs]    def setFrequency(self, freq):
        """ Simple setter for frequency + implicit omega/sigma calculation """
        old_omega = self.omega
        self.freq = freq
        self.omega = freq * 2. * np.pi

        if old_omega is not None:
            self._calcComplexSigma()


[docs]    def setRes(self, rho=1000., thk=None, air_resistivty=1e13):
        """ Sets the resisitvity model for the dipoles + calc sigma complex.

        Parameters
        ----------

        rho: float or array_like
            Resistivity distribution in Ohm*m. Airspace is considered to have
            0 Ohm*m. The first entry of rho correspond to the first layer
            of the subsurface. The airspace interface is considered to be at
            z = 0 m which simplyfies the calculations. For offsets in z,
            a cordinate transformation has to be performed externally.

        thk: float or array_like
            Layer thicknesses of each subsurface layer except the last.

        """
        self.air_res = air_resistivty
        self.rho = np.append(air_resistivty, rho).astype(float)
        self._calcComplexSigma()
        if thk is None:
            self.thk = np.empty(0)
        else:
            self.thk = np.atleast_1d(thk).astype(float)
        self.__checkRhoThk()

        # top level of layers
        self.top_layer = np.cumsum(np.append([0.0], -self.thk)) +\
            self.air_inter


    def _calcComplexSigma(self):
        self.sigma_complex = (1./self.rho) - 1j * self.omega * self.e0

[docs]    def evalSrcIdx(self, src_depth):
        """ Evaluates in which layer the source is considered. """
        # src layer index (-self.toplayer due to z convention)
        src_idx = np.searchsorted(-self.top_layer, -src_depth,
                                  side='left')
        # in case of depth == layer interface: source is considered to be in
        # the top medium
        return src_idx


    def __checkRhoThk(self):
        """ Check function: Assert num thicknesses = num res - 1.

        Internal function, do not call from outside.
        """
        len1 = len(self.rho)
        len2 = len(self.thk)
        if len1 != len2 + 2:  # -1 for both air and ground halfspace
            raise Exception('Found {} thicknesses for {} layer, expect {}.'
                            .format(len2, len1, len1 - 2))



[docs]class HED:
    def __init__(self, src_z=-0.01, src_theta=0.0, src_ids=1.0, config=None,
                 timer=None, debug=False):
        """
        This class is needed to calculate the electric and magnetic fields of
        horizontal electric dipole sources.

        It contains various internally used functions for the calcuation of
        the recursive factors a, b, c, and d as stated in [Key2009G]_
        (Appendix A).

        References:
        -----------

        .. [Key2009G] Key, K.,  2009, 1D inversion of multicomponent,
            multifrequency marine (CSEM) data: Methodology and synthetic
            studies for resolving thin resistive layers: Geophysics.
        """
        self.debug = debug

        if config:
            self.config = config
        else:
            self.config = World1D()

        self.src_z = src_z
        ph.log.debug(f'src_z: {self.src_z}')
        self.src_theta = src_theta
        self.src_ids = src_ids

        self.cartesian = None
        self.cylindrical = None

        self.e_field = None
        self.b_field = None

        self.hfc = None
        self.lam = None
        self.lam_c = None
        self.lam_c2 = None
        self.hfc = None
        self.r_2d = None
        self.lay_idx = None
        self.src_idx = None
        self.mu0 = 4e-7 * np.pi

        # recursive parameters

        # hed upward attenuation coefficients: defined at base of each layer
        self.hed_a = None  # eq. A-10
        self.hed_c = None  # eq. A-12

        # hed downward attenuation coefficients: defined at top of each layer
        self.hed_b = None  # eq. A-11
        self.hed_d = None  # eq. A-13

        if timer is not None:
            self.timer = timer
        else:
            self.timer = ph.misc.NoneTimer()

[docs]    def setTheta(self, theta):
        self.src_theta = theta


[docs]    def setCoords(self, cartesian, nodes=True, drop_tol=1e-2):
        """ Sets coordinates of the receiver for calculation.

        All calcualtions will be performed in cylindrically coordinates.

        Parameters
        ----------
            cartesian: np.ndarray
                Cartesian coordinates (N points) of the receiver points with
                shape (3, N). Z is defined positive upwards.

            drop_tol: float
                Tolerance in meter, where the horizontal src distance is capped
                to ensure a safe division (singularity fix). Distances smaller
                than drop_tol are distributed between droptol and 20% of the
                first value outside the droptol. Raises Exception if all points
                within drop_tol. Default value of 1cm.
        """
        if isinstance(cartesian, str):
            if cartesian.endswith('.npy'):
                cartesian = np.load(cartesian)
            elif cartesian.endswith(('.bms', '.h5')):
                cartesian = pg.Mesh(cartesian)
            else:
                raise Exception('File format not implemented: {}'
                                .format(cartesian))

        if isinstance(cartesian, pg.Mesh):
            if nodes:
                self.cartesian = cartesian.positions().array().T
            else:
                self.cartesian = cartesian.cellCenter().array().T

        elif isinstance(cartesian, np.ndarray):
            self.cartesian = np.array(cartesian, dtype=np.float64)

        else:
            raise Exception('Data type not understood: {}'
                            .format(type(cartesian)))

        self.cylindrical = ph.misc.Ca2Cy(self.cartesian, drop_tol=drop_tol,
                                         dipole_z=self.src_z)
        # switch to y-directed dipole (np.pi/2.) + src direction (src_theta)
        self.cylindrical[1] -= self.src_theta + np.pi/2.

        if self.debug:
            print('theta rx', np.rad2deg(self.cylindrical[1]))


[docs]    def calculate(self):
        """Calculates the 1d layered earth recursive formula.

        Calculates the recursive attenuation and reflection coefficients for
        each layer on basis of the given set of cylindrical coordinates.

        Fills the variables **R_p**, **R_m**, **r_p**, **r_s**, **S_p**,
        **S_m**, **s_p**, **s_m**, **hem_a**, **hem_b**, **hem_c**, and
        **hem_d**. The used formulas correspond to equations A-6 to A-13 in
        [Key2009G]_ (Appendix A).

        """
        if self.cylindrical is None:
            raise Exception('No coords found. Use "setCoords" to define '
                            'reciever points.')
        self.timer.update()
        # %% initialize Hankel coefficients
        # hold instance of Hankel class for calculation of lambda

        # get Hankel factors and reshape for convolution

        self.hfc = wer_201_2018()
        self.hfc_j0 = self.hfc.j0[:, np.newaxis]
        self.hfc_j1 = self.hfc.j1[:, np.newaxis]

#        else:
#             Christensen 101 filter -> turn around for convolution
#            self.hfc = hankelfc()
#            self.hfc_j0 = self.hfc.getFactors('j0')[::-1]
#            self.hfc_j1 = self.hfc.getFactors('j1')[::-1]

        # get indices and rho indices for each receiver and layer
        self._getIndices()

        # %% recursive part

        self.e_field = np.zeros(self.cylindrical.shape, dtype=np.complex)
        self.b_field = np.zeros(self.cylindrical.shape, dtype=np.complex)

        for rx_lay, lay_indices in enumerate(self.lay_idx):
            # overall loop: separate calculations for the points of each layer
            # as there are no possibilities to cache, as the basic wavenumbers
            # are different. The only time to gain here is due to more
            # sophisticated broadcasting, but this comes with a lot of
            # unnesessary empty spaces in some of the recursive arrays which
            # cost a lot of memory and calulation time as well.
            if self.debug:
                print('#########################')
                if rx_lay != self.src_idx:
                    print('Layer: {} ({} points)'
                          .format(rx_lay, self.lay_num[rx_lay]))
                else:
                    print('Layer: {} (source) ({} points)'
                          .format(rx_lay, self.lay_num[rx_lay]))
                print('#########################')

            if self.lay_num[rx_lay] == 0:
                # no receiver in layer num, no calculations.
                continue

            # what we need:
            # Step 1/4: wavenumbers
            # shape = (hankel, model)

            # if ph.params.use_kk_hankel:
            # Werthmüller 2018
            lam = self.hfc.base[:, np.newaxis] /\
                self.cylindrical[0, lay_indices]

            # else:
            #     lam = self.hfc.getWavenumbes('j0')[:, np.newaxis] / \
            #         self.cylindrical[0, lay_indices]

            # we need both lam and lam², so this is about memory vs time
            lam_2 = lam ** 2

            # complex wavenumber lam_c² = lam² - 1j * (2 * pi * mu0 * sigma)
            # shape = (hankel, model, layer)
            kk = - 1j * (self.config.omega * self.mu0) * \
                self.config.sigma_complex
            lam_c2 = lam_2[:, :, np.newaxis] + kk

            lam_c = np.sqrt(lam_c2)

            exp = np.zeros_like(lam_c)
            exp[:, :, 1:-1] = np.exp(-lam_c[:, :, 1:-1] * self.thk[1:-1])

            # Step 2/4: R+, R-, S+, S- for all layer
            R_p, R_m, S_p, S_m = self.reflectionCoefficients(
                rx_lay, lam, lam_2, lam_c, lam_c2, exp)

            self.timer.tick('reflectionCoefficients: {:2.3f} sec')
            # Step 3/4: Ay, Az (a, b, c, d) can be calulated recursively
            e_field = self.calcFieldForLayer(rx_lay, lay_indices,
                                             lam, lam_2, lam_c, lam_c2,
                                             R_p, R_m, S_p, S_m, exp)

            # Step 4/4: Append Field of layer rx_lay
            self.e_field[:, lay_indices] = e_field

        # Note: currently a bug occurs below the airspace where the z
        # component is sign-flipped. This is fixed here explicitely,
        # however, I need to find the bug in the real implementation.
        # TODO!
        ground = self.cylindrical[2] < self.config.air_inter
        self.e_field[2, ground] *= -1.

        # e-iwt conformity with custEM: added 19.11.2019
        # switch real component of field
        self.e_field = -self.e_field.real + 1j * self.e_field.imag

        # scaling by dipole moment
        self.e_field *= self.src_ids

        # rotate back by theta
        if not np.isclose(self.src_theta, 0):
            ph.misc.rotate3(self.e_field, self.src_theta, axis='z', copy=False)


    def _getIndices(self):
        """
        Evaluates src-rec indices and receiver sorting for recursion
        formulation.
        """
        # how many layer above and below transmitter
        self.src_idx = self.config.evalSrcIdx(self.src_z)

        # z layer index for each point
        self.lay_idx = ()

        for ind in range(len(self.config.sigma_complex)):
            if ind == 0:
                # case 1/3: airspace (upper halfspace)
                self.lay_idx += np.where(self.cylindrical[2] >=
                                         self.config.air_inter)

            elif ind < len(self.config.sigma_complex) - 1:
                # case 2/3:  all layer except last (N finite layers)
                self.lay_idx += np.where(
                    np.logical_and(
                        self.cylindrical[2] < self.config.top_layer[ind - 1],
                        self.cylindrical[2] >= self.config.top_layer[ind]))

            else:
                # case 3/3:  homogenous earth (lower halfspace)
                self.lay_idx += np.where(
                    self.cylindrical[2] < self.config.top_layer[-1])

        # number of receivers in each layer (can be zero)
        self.lay_num = []
        for arr in self.lay_idx:
            self.lay_num.append(len(arr))

        # number of receiver above source
        self.above_num = int(np.sum(self.lay_num[:self.src_idx]))

        # layer indices above source layer from top to bottom
        self.above_idx = np.arange(0, self.src_idx, dtype=int)

        # number of receiver below source
        self.below_num = int(np.sum(self.lay_num[self.src_idx + 1:]))

        # layer indices below source layer from bottom to top
        self.below_idx = np.arange(self.src_idx + 1, len(self.lay_idx),
                                   dtype=int)[::-1]
        # number of receiver in source layer
        self.src_num = int(self.lay_num[self.src_idx])

        # layer thicknesses (1 value per layer for easy indexing)
        self.thk = [np.inf]
        self.thk.extend(self.config.thk)
        self.thk.append(np.inf)

        # layer top (1 value per layer for easy indexing)
        self.z_top = [np.inf]
        self.z_top.extend(self.config.top_layer)

[docs]    def reflectionCoefficients(self, rx_lay, lam, lam_2, lam_c, lam_c2, exp):
        """ Calculation of the general reflection coefficients R+, R-, S+,
        and S- as stated in [Key2009G]_ (Appendix A, equations A-06 to A-09).

        Computed from the air and halfspace, respectively, inward to the
        source layer.
        """
        # general rule: (a - b)/(a + b) = 2a / (a + b) - 1
        # -->
        # r- = (lamc_i - lamc_i-1)/(lamc_i + lamc_i-1)
        #    = 2*lamc_i/(lamc_i + lamc_i-1) - 1

#        print_i = 99  # dipole1d  - 1 number/index ->
#        entspricht print - 1 beim plotten

        R_p = []  # R+
        S_p = []  # S+
        R_m = []  # R-
        S_m = []  # S-

        # layer indices for downward recursion
        top_2_src = np.append(self.above_idx, self.src_idx)

        # layer indices for upward recursion
        btm_2_src = np.append(self.below_idx, self.src_idx)

        # common term used for calculation of r+ and r-
        # (lamc[:-1] + lamc[1:])
        common_r = lam_c[:, :, :-1] + lam_c[:, :, 1:]

        # common term used for calculation of s+ and s-
        # lamc[:-1] * sig[1:] + lamc[1:] * sig[:-1]
        common_s = lam_c[:, :, :-1] * self.config.sigma_complex[1:] + \
            lam_c[:, :, 1:] * self.config.sigma_complex[:-1]

        # %% upward
        for itr, lay in enumerate(btm_2_src):
            # begin recursive calulation: from bottom to source (n -> src)

            if itr == 0:
                # R+ [N] = 0
                R_p.append(np.zeros(lam.shape, dtype=complex))
                # S+ [N] = 0
                S_p.append(np.zeros(lam.shape, dtype=complex))
                continue

            # equation A-7: r+
            # lam- = lamc(i) - lamc(i-1)
            # lam+ = lamc(i) + lamc(i-1)
            # r+: lam- / lam+
            # == lam- * lam+ / (lam+)**2
            # with 3rd binomial formula:
            # lam- * lam+ = -i * omega * mu0 * (sig(i) - sig(i - 1))
            # -> r+ = -i * omega * mu0 * (sig(i) - sig(i - 1)) / (lam+)**2
            # this is after the code from Dipole1D.f90 and increases accuracy
            # when it comes to very small wavenumbers
            r_p = -1j * self.config.omega * self.mu0 * \
                (self.config.sigma_complex[lay] -
                 self.config.sigma_complex[lay+1]) /\
                common_r[:, :, lay]**2

            # equation A-9: s+
            s_p = (2 * lam_c[:, :, lay] *
                   self.config.sigma_complex[lay + 1] /
                   common_s[:, :, lay]) - 1

            if itr == 1:
                # R+[N] = 0 --> R+[N-1] = r+[n-1]
                R_p.append(r_p)
                # same for S+
                S_p.append(s_p)

            else:
                # exp used in next recursive iteration
                # exp term from last time and this time eq.
                # exp(-lamc[i + 1] * h[i + 1])
                exp_j1 = exp[:, :, lay + 1]

                # equation A-6: R+
                # (r+[i] + R+[i+1] * exp(-lamc[i+1] * h[i+1]) /
                #  1 + r+[i] * R+[i+1] * exp(-lamc[i+1] * h[i+1]))
                # * exp(-lamc[i] * h[i]) ! applied in next step
                R_p[-1] = R_p[-1] * exp_j1
                R_term = R_p[-1] * exp_j1
                R_p.append((r_p + R_term) / (1 + r_p * R_term))

                # equation A-8: S+
                # (s+[i] + S+[i+1] * exp(-lamc[i+1] * h[i+1]) /
                #  1 + s+[i] * S+[i+1] * exp(-lamc[i+1] * h[i+1]))
                # * exp(-lamc[i] * h[i]) ! applied in next step
                S_p[-1] = S_p[-1] * exp_j1
                S_term = S_p[-1] * exp_j1
                S_p.append((s_p + S_term) / (1 + s_p * S_term))

        for _ in self.above_idx:
            # R+, S+ only defined below source
            # append empty array so that len(R/S) == number of layers
            # and entries are at the correct indices
            R_p.append(np.array([]))
            S_p.append(np.array([]))

        # N...0 -> 0...N, for indexing later on
        S_p = S_p[::-1]
        R_p = R_p[::-1]

        # %% downward
        for itr, lay in enumerate(top_2_src):
            # begin recursive calulation: from top to source (0 -> src)
            if itr == 0:
                # R- [0] = 0
                R_m.append(np.zeros(lam.shape, dtype=complex))
                # S- [0] = 0
                S_m.append(np.zeros(lam.shape, dtype=complex))
                continue

            # equation A-7: r-
            # r-[i] see r+ for derivation (and account for index shift)
            r_m = -1j * self.config.omega * self.mu0 * \
                (self.config.sigma_complex[lay] -
                 self.config.sigma_complex[lay-1]) /\
                common_r[:, :, lay - 1]**2

            # equation A-9: s-
            s_m = (2 * lam_c[:, :, lay] *
                   self.config.sigma_complex[lay - 1] /
                   common_s[:, :, lay - 1]) - 1

            if itr == 1:
                # R- [0] = 0 --> R- [1] = r- [1], same for S-
                R_m.append(r_m)
                S_m.append(s_m)

            else:
                # exp term from last time and this time eq.
                # exp(-lamc[i - 1] * h[i - 1])
                exp_j1 = exp[:, :, lay - 1]

                # equation A-6: R-
                # (r-[i] + R-[i-1] * exp(-lamc[i-1] * h[i-1]) /
                #  1 + r-[i] * R-[i-1] * exp(-lamc[i-1] * h[i-1]))
                # * exp(-lamc[i] * h[i]) ! applied in next step
                R_m[-1] = R_m[-1] * exp_j1
                R_term = R_m[-1] * exp_j1
                R_m.append((r_m + R_term) / (1 + r_m * R_term))

                # equation A-8: S-
                # (s-[i] + S-[i-1] * exp(-lamc[i-1] * h[i-1]) /
                #  1 + s-[i] * S-[i-1] * exp(-lamc[i-1] * h[i-1]))
                # * exp(-lamc[i] * h[i]) ! applied in next step
                S_m[-1] = S_m[-1] * exp_j1
                S_term = S_m[-1] * exp_j1
                S_m.append((s_m + S_term) / (1 + s_m * S_term))

        for _ in self.below_idx:
            # R-, S- only defined above source
            # append empty array so that len(R/S) == number of layers
            # and entries are at the correct indices
            R_m.append(np.array([]))
            S_m.append(np.array([]))

        return R_p, R_m, S_p, S_m


[docs]    def calcFieldForLayer(self, rx_lay, lay_indices, lam, lam_2, lam_c, lam_c2,
                          R_p, R_m, S_p, S_m, exp):
        print_i = 99
        # %% Evaluation of the attenuation coefficients a, b, c, d
        self.timer.update()

        if rx_lay == self.src_idx:
            src_2_rx = [self.src_idx]

        elif rx_lay > self.src_idx:
            if self.debug:
                print('target layer below source')
            down = True
            src_2_rx = np.arange(self.src_idx, rx_lay + 1)

        else:
            if self.debug:
                print('target layer above source')
            down = False
            src_2_rx = np.arange(self.src_idx, rx_lay - 1, -1)

        if self.debug:
            print('calculate Potential recursively for layers: {}'
                  .format(src_2_rx))

        for itr, lay in enumerate(src_2_rx):

            # starting with the source layer i = j
            if itr == 0:

                # mu0 / (2 * lam_c[j])
                mu_2_lamc = self.mu0 / (2. * lam_c[:, :, lay])

                # mu0 / (2 * lam²)
                mu_2_lam2 = self.mu0 / (2. * lam_2)

                if lay == 0:
                    # case 1/3: src in airspace
                    if self.debug:
                        print('case 1/3: src in airspace')
                    # R- = S- = 0
                    # --> R+ * R- = 0
                    exp_btm = np.exp(-lam_c[:, :, lay] *
                                     np.abs(self.z_top[lay + 1] - self.src_z))

                    coeff_a = R_p[lay] * mu_2_lamc * exp_btm
                    coeff_b = np.zeros(lam.shape, dtype=np.complex)

                    coeff_c = - S_p[lay] * mu_2_lam2 * exp_btm
                    coeff_d = np.zeros(lam.shape, dtype=np.complex)

                elif lay == len(self.lay_num) - 1:
                    # case 2/3: src in lower halfspace
                    if self.debug:
                        print('case 2/3: src in lower halfspace')
                    # R+ = S+ = 0
                    # --> R+ * R- = 0
                    exp_top = np.exp(-lam_c[:, :, lay] *
                                     np.abs(self.z_top[lay] - self.src_z))

                    coeff_a = np.zeros(lam.shape, dtype=np.complex)
                    coeff_b = R_m[lay] * mu_2_lamc * exp_top

                    coeff_c = np.zeros(lam.shape, dtype=np.complex)
                    coeff_d = S_m[lay] * mu_2_lam2 * exp_top

                else:
                    # case 3/3: src in finite layer
                    if self.debug:
                        print('case 3/3: src in finite layer')
                    # lay == self.src_idx
                    exp_btm = np.exp(-lam_c[:, :, lay] *
                                     np.abs(self.z_top[lay + 1] - self.src_z))

                    exp_top = np.exp(-lam_c[:, :, lay] *
                                     np.abs(self.z_top[lay] - self.src_z))

                    # exponential term for R+, R-, S-, S- in source layer
                    exp_j = exp[:, :, lay]

                    Rp_Rm = 1. - R_p[lay] * R_m[lay] *\
                        exp_j * exp_j

                    Sp_Sm = 1. - S_p[lay] * S_m[lay] *\
                        exp_j * exp_j

                    # a (eq. A-10)
                    coeff_a = (exp_btm + R_m[lay] * exp_j * exp_top) * \
                        (R_p[lay] / Rp_Rm) * mu_2_lamc

                    # b (eq. A-11)
                    coeff_b = (R_p[lay] * exp_j * exp_btm + exp_top) * \
                        (R_m[lay] / Rp_Rm) * mu_2_lamc

                    # c (eq. A-12)
                    coeff_c = (-exp_btm + S_m[lay] * exp_j * exp_top) * \
                        (S_p[lay] / Sp_Sm) * mu_2_lam2

                    # d (eq. A-13)
                    coeff_d = (-S_p[lay] * exp_j * exp_btm + exp_top) * \
                        (S_m[lay] / Sp_Sm) * mu_2_lam2

            else:
                # source ready, now moving to rx layer

                if down:
                    # moving downwards to rx layer
                    top_te = coeff_a + coeff_b * exp[:, :, lay - 1]
                    top_tm = coeff_c + coeff_d * exp[:, :, lay - 1]

                    if itr == 1:
                        # src term
                        src_ab = exp_btm * mu_2_lamc
                        src_cd = -exp_btm * mu_2_lam2
                        top_te += src_ab
                        top_tm += src_cd

                    coeff_b = top_te / (1. + R_p[lay] * exp[:, :, lay])
                    coeff_a = coeff_b * R_p[lay]

                    coeff_d = top_tm / (1. + S_p[lay] * exp[:, :, lay])
                    coeff_c = coeff_d * S_p[lay]

                else:
                    # print('up to layer idx:', lay)
                    # moving upwards to rx layer
                    top_te = coeff_a * exp[:, :, lay + 1] + coeff_b
                    top_tm = coeff_c * exp[:, :, lay + 1] + coeff_d

                    if itr == 1:
                        src_ab = exp_top * mu_2_lamc
                        src_cd = exp_top * mu_2_lam2
                        top_te += src_ab
                        top_tm += src_cd

                    coeff_a = top_te / (1. + R_m[lay] * exp[:, :, lay])
                    coeff_b = coeff_a * R_m[lay]

                    coeff_c = top_tm / (1. + S_m[lay] * exp[:, :, lay])
                    coeff_d = coeff_c * S_m[lay]

        self.timer.tick('coeff a, b, c, d: {:2.3f} sec')

        if self.debug:
            print('final coeff')
            print('coeff a[{}]'.format(print_i + 1), coeff_a[print_i])
            print('coeff b[{}]'.format(print_i + 1), coeff_b[print_i])
            print('coeff c[{}]'.format(print_i + 1), coeff_c[print_i])
            print('coeff d[{}]'.format(print_i + 1), coeff_d[print_i])

        # %% field
        # A = (0, A_y, d/dy(A_z)).T
        # A_y:       equation (A-2)
        # d/dy(A_z): equation (A-3)

        # E = iw * A + 1 / (mu * sigma) * grad(div(A))
        # E_x = ( d2/dxdy(A_y) + d3/dxdydz(A_z) ) / (mu * sigma)
        # E_y = iw * A_y + ( d2/dy²(A_y) + d3/dy²dz(A_z)) / (mu * sigma)
        # E_z = iw * A_z + ( d2/dydz(A_y) + d3/dydz²(A_z) ) / (mu * sigma)

        # B = rot(A)
        # B_x = d2/dy²(A_z) - d/dz(A_y)
        # B_y = - d2/dxdy(A_z)
        # B_z = d/dx(A_y)

        # cylindrical coords for rx layer: (r, phi, z)
        local = self.cylindrical[:, lay_indices]
        if self.debug:
            print('--------len local {} ------------'.format(local.shape))

        # calculation common terms
        # exp(-lam (z - z_i) )

        if rx_lay == 0:
            # hack so that exp_b and exp_d are 0, which is correct
            exp_i = np.zeros_like(lam_c[:, :, rx_lay])

        else:
            exp_i = np.exp(
                -lam_c[:, :, rx_lay] * (-local[2] + self.z_top[rx_lay]))

        # exp(lam (z - z_i+1) )
        if rx_lay == len(self.lay_num) - 1:
            # hack so that exp_a and exp_c are 0, which is correct
            exp_i1 = np.zeros_like(lam_c[:, :, rx_lay])

        else:
            exp_i1 = np.exp(
                lam_c[:, :, rx_lay] * (-local[2] + self.z_top[rx_lay + 1]))

        exp_a = coeff_a * exp_i1
        exp_b = coeff_b * exp_i
        exp_c = coeff_c * exp_i1
        exp_d = coeff_d * exp_i
        if self.debug:
            print('exp_a[{}]'.format(print_i + 1), exp_a[print_i])
            print('exp_b[{}]'.format(print_i + 1), exp_b[print_i])
            print('exp_c[{}]'.format(print_i + 1), exp_c[print_i])
            print('exp_d[{}]'.format(print_i + 1), exp_d[print_i])

        # building z derivatives before Hankel integration is applied

        ab_plus = exp_a + exp_b
        ab_minus = exp_a - exp_b
        if self.debug:
            print('exp_a + exp_b [{}]:'.format(print_i + 1), ab_plus[print_i])
            print('exp_a - exp_b [{}]:'.format(print_i + 1), ab_minus[print_i])

        if self.src_idx == rx_lay:
            # only if source and receiver in the same layer
            # explicit solves the Kronecker in (eq. A-2)
            # and keeps calculation effort to minimum
            src_exp = np.exp(-lam_c[:, :, self.src_idx] *
                             np.abs(local[2] - self.src_z))
            src_term = self.mu0/(2.*lam_c[:, :, rx_lay]) * src_exp
            if self.debug:
                print('src_term(100)', src_term[print_i])
            ay = ab_plus + src_term

            # derivative of source_term is defined for z != src_z
            # d/dz(exp(-lam_c * |z - src_z|)) = -lam_c * signum(z-src_z) *\
            # exp(-lam_c * |z - src_z|)
            # note the effect of the z convention inside the sign function
            ddz_src_term = -self.mu0 / 2. * np.sign(-local[2] + self.src_z) *\
                src_exp
            if self.debug:
                print('ddz_src_term(100)', ddz_src_term[print_i])

            ddz_ay = ab_minus * lam_c[:, :, rx_lay] + ddz_src_term

        else:
            # A_y (inside Hankel) (eq. A-2)
            ay = ab_plus
            ddz_ay = ab_minus * lam_c[:, :, rx_lay]
        if self.debug:
            print('ay [{}]:'.format(print_i + 1), ay[print_i])
            print('ddz_ay [{}]:'.format(print_i + 1), ddz_ay[print_i])

        # A_z (inside Hankel) (eq. A-3)
        az = (exp_c + exp_d) - lam_c[:, :, rx_lay] * ab_minus / lam_2

        # d/dz(A_z)
        ddz_az = lam_c[:, :, rx_lay] * (exp_c - exp_d) - \
            ab_plus * lam_c2[:, :, rx_lay] / lam_2
        if self.debug:
            print('##########################################################')
            print('gg', lam_c[print_i, :, rx_lay])
            print('ce1', exp_c[print_i])
            print('de2', exp_d[print_i])
            print('ae1pbe2', ab_plus[print_i])
            print('gg2', lam_c2[print_i, :, rx_lay])
            print('lam2', lam_2[print_i])
            print('ddz_az', ddz_az[print_i])
            print('##########################################################')

            print('az [{}]:'.format(print_i + 1), az[print_i])
            print('ddz_az [{}]:'.format(print_i + 1), ddz_az[print_i])
        # d²/dz²(A_z)
        d2dz2_az = lam_c2[:, :, rx_lay] * az
        if self.debug:
            print('d2dz2_az [{}]:'.format(print_i + 1), d2dz2_az[print_i])

        mu_sig_2pi = 1. /\
            (self.mu0 * self.config.sigma_complex[rx_lay] * 2. * np.pi)
        lam_3 = lam_2 * lam
        if self.debug:
            print('csigsite', self.config.sigma_complex[rx_lay])

#        ay_ddz_az = (ay + ddz_az)

        # %% Hankel Integration about here

        # Integral(0...inf) ()
        ex_j0 = np.sum(-lam_3 * (ay + ddz_az) * self.hfc_j0, 0, np.complex)
        if self.debug:
            print('ex_j0 [{}]:'.format(print_i + 1),
                  (-lam_3 * (ay + ddz_az))[print_i])

        # Integral(0...inf) ()
        ex_j1 = np.sum(2. * lam_2 / local[0] * (ay + ddz_az) * self.hfc_j1,
                       0, np.complex)
        if self.debug:
            print('ex_j1 [{}]:'.format(print_i + 1), (2. * lam_2 / local[0] *
                  (ay + ddz_az))[print_i])

        # Integral(0...inf) ()
        # 0.42993358039234764 (-np.pi off)
        part1 = 1j * self.config.freq * ay * lam
#        part2 = -mu_sig_2pi * (ay + ddz_az) * lam_3 * \
#            np.sin(local[1] + np.pi/2.)**2
        part2 = -mu_sig_2pi * (ay + ddz_az) * lam_3 * \
            np.sin(local[1])**2
        int_ey_j0 = part1 + part2
        if self.debug:
            print('ey_j0 [{}]:'.format(print_i + 1), int_ey_j0[print_i])

        ey_j0 = np.sum(int_ey_j0 * self.hfc_j0, 0, np.complex)

        # Integral(0...inf) ()
#        int_ey_j1 = -mu_sig_2pi * (ay + ddz_az) * lam_2 *\
#            np.cos(2.*(local[1] + np.pi/2.)) / local[0]
        int_ey_j1 = -mu_sig_2pi * (ay + ddz_az) * lam_2 *\
            np.cos(2.*(local[1])) / local[0]
        ey_j1 = np.sum(int_ey_j1 * self.hfc_j1, 0, np.complex)
        if self.debug:
            print('ey_j1 [{}]:'.format(print_i + 1), int_ey_j1[print_i])

        int_ez_j1 = (1j * self.config.omega * az *
                     self.config.sigma_complex[rx_lay] +
                     (ddz_ay + d2dz2_az) / self.mu0) * lam_2

        if self.debug:
            print('(ddz_ay + d2dz2_az) [{}]:'.format(print_i + 1),
                  (ddz_ay + d2dz2_az)[print_i])
            print('int_ez_j1 [{}]:'.format(print_i + 1), int_ez_j1[print_i])
            print('hfc_j0 [{}]:'.format(print_i + 1), '{:.12e}'
                  .format(self.hfc_j0[print_i, 0]))
            print('hfc_j1 [{}]:'.format(print_i + 1), '{:.12e}'
                  .format(self.hfc_j1[print_i, 0]))
        ez_j1 = np.sum(int_ez_j1 * self.hfc_j1,
                       0, np.complex)
        if self.debug:
            print('ez_j1:', ez_j1)
            print('exh:', ex_j0 + ex_j1)
            print('eyh:', ey_j0 + ey_j1)

        # Hankel ready, except for a division by horizontal distance to tx

        # return fields
        e_field = np.zeros((3, self.lay_num[rx_lay]), dtype=np.complex)

        # attention: e_field[0] = e_field[1] and e_field[1] = -e_field[0]
        # due to convention of x-directed src
        # this simply replaces the rotation of the field
#        e_field[1] = np.sin(2. * (local[1] + np.pi/2.)) / (2. / mu_sig_2pi) *\
#            (ex_j0 + ex_j1) / local[0]
        e_field[1] = np.sin(2. * (local[1])) / (2. / mu_sig_2pi) *\
            (ex_j0 + ex_j1) / local[0]
        e_field[0] = -(ey_j0 + ey_j1) / local[0]
#        e_field[2] = -np.sin(local[1] + np.pi/2.) /\
#            (2. * np.pi) * ez_j1 / local[0]
        e_field[2] = -np.sin(local[1]) /\
            (2. * np.pi) * ez_j1 / local[0]
        if self.debug:
            print('jz:', e_field[2])
        # jz1D(i) = jz1D(i)/ (sigsite(i) + II*eps*2*pi*ftx1D)
        e_field[2] /= np.conjugate(self.config.sigma_complex[rx_lay])
        if self.debug:
            print('II*eps*2*pi*ftx1D', 1j * self.config.e0 * 2. *
                  np.pi * self.config.freq)
            print('sigsite(i)',
                  np.conjugate(self.config.sigma_complex[rx_lay]))
            print('ex:', e_field[0])
            print('ey:', e_field[1])
            print('ez:', e_field[2])

        # TODO implement B fields as well
        # B = rot(A)
        # B_x = d2/dy²(A_z) - d/dz(A_y)
        # B_y = - d2/dxdy(A_z)
        # B_z = d/dx(A_y)
        # b_field = np.zeros((3, self.lay_num[rx_lay]), dtype=np.complex)
        self.timer.tick('fields: {:2.3f} sec')
        return e_field




[docs]class hankelfc:
    def __init__(self):
        # filter coefficients for hankel transformation
        # coefficients by Anderson (1980)
        self.factors = {}
        self.factors['sin'] = [np.array([
                2.59526236e-7, 3.66544843e-7, 5.17830795e-7, 7.31340622e-7,
                1.03322805e-6, 1.45918500e-6, 2.06161065e-6, 2.91137793e-6,
                4.11357863e-6, 5.80876420e-6, 8.20798075e-6, 1.15895083e-5,
                1.63778560e-5, 2.31228459e-5, 3.26800649e-5, 4.61329334e-5,
                6.52101085e-5, 9.20390575e-5, 1.30122935e-4, 1.83620431e-4,
                2.59656626e-4, 3.66311982e-4, 5.18141184e-4, 7.30717340e-4,
                1.03392184e-3, 1.45742714e-3, 2.06292302e-3, 2.90599911e-3,
                4.11471902e-3, 5.79042763e-3, 8.20004722e-3, 1.15192930e-2,
                1.63039133e-2, 2.28257757e-2, 3.22249222e-2, 4.47864328e-2,
                6.27329625e-2, 8.57059100e-2, 1.17418314e-1, 1.53632655e-1,
                1.97717964e-1, 2.28849849e-1, 2.40311038e-1, 1.65409220e-1,
                2.84701476e-3, -2.88016057e-1, -3.69097406e-1, -2.50107514e-2,
                5.71811256e-1, -3.92261572e-1, 7.63280044e-2, 5.16233994e-2,
                -6.48012082e-2, 4.89047141e-2, -3.26936331e-2, 2.10539842e-2,
                -1.33862549e-2, 8.47124695e-3, -5.35123972e-3, 3.37796651e-3,
                -2.13174466e-3, 1.34513833e-3, -8.48749612e-4, 5.35531006e-4,
                -3.37898780e-4, 2.13200109e-4, -1.34520273e-4, 8.48765787e-5,
                -5.35535069e-5, 3.37899801e-5, -2.13200365e-5, 1.34520337e-5,
                -8.48765949e-6, 5.35535110e-6, -3.37899811e-6, 2.13200368e-6,
                -1.34520338e-6, 8.48765951e-7, -5.35535110e-7, 3.37899811e-7],
                np.float), 80, 40]

        self.factors['cos'] = [np.array([
                1.63740363e-7,  1.83719709e-7,  2.06136904e-7, 2.31289411e-7,
                2.59510987e-7, 2.91176117e-7, 3.26704977e-7, 3.66569013e-7,
                4.11297197e-7, 4.61483045e-7, 5.17792493e-7, 5.80972733e-7,
                6.51862128e-7, 7.31401337e-7, 8.20645798e-7, 9.20779729e-7,
                1.03313185e-6, 1.15919300e-6, 1.30063594e-6, 1.45933752e-6,
                1.63740363e-6, 1.83719709e-6, 2.06136904e-6, 2.31289411e-6,
                2.59510987e-6, 2.91176117e-6, 3.26704977e-6, 3.66569013e-6,
                4.11297197e-6, 4.61483045e-6, 5.17792493e-6, 5.80972733e-6,
                6.51862128e-6, 7.31401337e-6, 8.20645798e-6, 9.20779729e-6,
                1.03313185e-5, 1.15919300e-5, 1.30063594e-5, 1.45933752e-5,
                1.63740363e-5, 1.83719709e-5, 2.06136904e-5, 2.31289411e-5,
                2.59510987e-5, 2.91176117e-5, 3.26704977e-5, 3.66569013e-5,
                4.11297197e-5, 4.61483045e-5, 5.17792493e-5, 5.80972733e-5,
                6.51862128e-5, 7.31401337e-5, 8.20645798e-5, 9.20779729e-5,
                1.03313185e-4, 1.15919300e-4, 1.30063594e-4, 1.45933752e-4,
                1.63740363e-4, 1.83719709e-4, 2.06136904e-4, 2.31289411e-4,
                2.59510987e-4, 2.91176117e-4, 3.26704976e-4, 3.66569013e-4,
                4.11297197e-4, 4.61483045e-4, 5.17792493e-4, 5.80972733e-4,
                6.51862127e-4, 7.31401337e-4, 8.20645797e-4, 9.20779730e-4,
                1.03313185e-3, 1.15919300e-3, 1.30063593e-3, 1.45933753e-3,
                1.63740362e-3, 1.83719710e-3, 2.06136901e-3, 2.31289411e-3,
                2.59510977e-3, 2.91176115e-3, 3.26704948e-3, 3.66569003e-3,
                4.11297114e-3, 4.61483003e-3, 5.17792252e-3, 5.80972566e-3,
                6.51861416e-3, 7.31400728e-3, 8.20643673e-3, 9.20777603e-3,
                1.03312545e-2, 1.15918577e-2, 1.30061650e-2, 1.45931339e-2,
                1.63734419e-2, 1.83711757e-2, 2.06118614e-2, 2.31263461e-2,
                2.59454421e-2, 2.91092045e-2, 3.26529302e-2, 3.66298115e-2,
                4.10749753e-2, 4.60613861e-2, 5.16081994e-2, 5.78193646e-2,
                6.46507780e-2, 7.22544422e-2, 8.03873578e-2, 8.92661837e-2,
                9.80670729e-2, 1.07049506e-1, 1.13757572e-1, 1.18327217e-1,
                1.13965041e-1, 1.00497783e-1, 6.12958082e-2, -1.61234222e-4,
                -1.11788551e-1, -2.27536948e-1, -3.39004453e-1, -2.25128800e-1,
                8.98279919e-2, 5.12510388e-1, -1.31991937e-1, -3.35136479e-1,
                3.64868100e-1, -2.34039961e-1, 1.32085237e-1, -7.56739672e-2,
                4.52296662e-2, -2.78297002e-2, 1.73727753e-2, -1.09136894e-2,
                6.87397283e-3, -4.33413470e-3, 2.73388730e-3, -1.72477355e-3,
                1.08821012e-3, -6.86602007e-4, 4.33213523e-4, -2.73338487e-4,
                1.72464733e-4, -1.08817842e-4, 6.86594042e-5, -4.33211523e-5,
                2.73337984e-5, -1.72464607e-5, 1.08817810e-5, -6.86593962e-6,
                4.33211503e-6, -2.73337979e-6, 1.72464606e-6, -1.08817810e-6,
                6.86593961e-7, -4.33211503e-7, 2.73337979e-7, -1.72464606e-7],
                np.float), 164, 122]

        self.factors['j0'] = [np.array([
                2.89878288e-7, 3.64935144e-7, 4.59426126e-7, 5.78383226e-7,
                7.28141338e-7, 9.16675639e-7, 1.15402625e-6, 1.45283298e-6,
                1.82900834e-6, 2.30258511e-6, 2.89878286e-6, 3.64935148e-6,
                4.59426119e-6, 5.78383236e-6, 7.28141322e-6, 9.16675664e-6,
                1.15402621e-5, 1.45283305e-5, 1.82900824e-5, 2.30258527e-5,
                2.89878259e-5, 3.64935186e-5, 4.59426051e-5, 5.78383329e-5,
                7.28141144e-5, 9.16675882e-5, 1.15402573e-4, 1.45283354e-4,
                1.82900694e-4, 2.30258630e-4, 2.89877891e-4, 3.64935362e-4,
                4.59424960e-4, 5.78383437e-4, 7.28137738e-4, 9.16674828e-4,
                1.15401453e-3, 1.45282561e-3, 1.82896826e-3, 2.30254535e-3,
                2.89863979e-3, 3.64916703e-3, 4.59373308e-3, 5.78303238e-3,
                7.27941497e-3, 9.16340705e-3, 1.15325691e-2, 1.45145832e-2,
                1.82601199e-2, 2.29701042e-2, 2.88702619e-2, 3.62691810e-2,
                4.54794031e-2, 5.69408192e-2, 7.09873072e-2, 8.80995426e-2,
                1.08223889e-1, 1.31250483e-1, 1.55055715e-1, 1.76371506e-1,
                1.85627738e-1, 1.69778044e-1, 1.03405245e-1, -3.02583233e-2,
                -2.27574393e-1, -3.62173217e-1, -2.05500446e-1, 3.37394873e-1,
                3.17689897e-1, -5.13762160e-1, 3.09130264e-1, -1.26757592e-1,
                4.61967890e-2, -1.80968674e-2, 8.35426050e-3, -4.47368304e-3,
                2.61974783e-3, -1.60171357e-3, 9.97717882e-4, -6.26275815e-4,
                3.94338818e-4, -2.48606354e-4, 1.56808604e-4, -9.89266288e-5,
                6.24152398e-5, -3.93805393e-5, 2.48472358e-5, -1.56774945e-5,
                9.89181741e-6, -6.24131160e-6, 3.93800058e-6, -2.48471018e-6,
                1.56774609e-6, -9.89180896e-7, 6.24130948e-7, -3.93800005e-7,
                2.48471005e-7, -1.56774605e-7, 9.89180888e-8, -6.24130946e-8],
                np.float), 100, 60]

        self.factors['j1'] = [np.array([
                1.84909557e-13, 2.85321327e-13, 4.64471808e-13, 7.16694771e-13,
                1.16670043e-12, 1.80025587e-12, 2.93061898e-12, 4.52203829e-12,
                7.36138206e-12, 1.13588466e-11, 1.84909557e-11, 2.85321327e-11,
                4.64471808e-11, 7.16694771e-11, 1.16670043e-10, 1.80025587e-10,
                2.93061898e-10, 4.52203829e-10, 7.36138206e-10, 1.13588466e-9,
                1.84909557e-9, 2.85321326e-9, 4.64471806e-9, 7.16694765e-9,
                1.16670042e-8, 1.80025583e-8, 2.93061889e-8, 4.52203807e-8,
                7.36138149e-8, 1.13588452e-7, 1.84909521e-7, 2.85321237e-7,
                4.64471580e-7, 7.16694198e-7, 1.16669899e-6, 1.80025226e-6,
                2.93060990e-6, 4.52201549e-6, 7.36132477e-6, 1.13587027e-5,
                1.84905942e-5, 2.85312247e-5, 4.64449000e-5, 7.16637480e-5,
                1.16655653e-4, 1.79989440e-4, 2.92971106e-4, 4.51975783e-4,
                7.35565435e-4, 1.13444615e-3, 1.84548306e-3, 2.84414257e-3,
                4.62194743e-3, 7.10980590e-3, 1.15236911e-2, 1.76434485e-2,
                2.84076233e-2, 4.29770596e-2, 6.80332569e-2, 9.97845929e-2,
                1.51070544e-1, 2.03540581e-1, 2.71235377e-1, 2.76073871e-1,
                2.16691977e-1, -7.83723737e-2, -3.40675627e-1, -3.60693673e-1,
                5.13024526e-1, -5.94724729e-2, -1.95117123e-1, 1.99235600e-1,
                -1.38521553e-1, 8.79320859e-2, -5.50697146e-2, 3.45637848e-2,
                -2.17527180e-2, 1.37100291e-2, -8.64656417e-3, 5.45462758e-3,
                -3.44138864e-3, 2.17130686e-3, -1.36998628e-3, 8.64398952e-4,
                -5.45397874e-4, 3.44122545e-4, -2.17126585e-4, 1.36997597e-4,
                -8.64396364e-5, 5.45397224e-5, -3.44122382e-5, 2.17126544e-5,
                -1.36997587e-5, 8.64396338e-6, -5.45397218e-6, 3.44122380e-6,
                -2.17126543e-6, 1.36997587e-6, -8.64396337e-7, 5.45397218e-7],
                np.float), 100, 60]

[docs]    def getFactors(self, string):
        """ Returns the requested set of Hankel factors.

        Parameters
        ----------
        string: [str]
            Evaluates which Hankel factors the wavenumbers is calculated.
            Possible choices are **sin**, **cos**, **j0**, or **j1**.

        Returns
        -------
        factors: [np.ndarray]
            Hankel factors.
        """
        fac = self.factors[string][0]
        return np.reshape(fac, (-1, 1))


[docs]    def getWavenumbes(self, string):
        """ Calcualtes the wavenumbers for the requested set of Hankel factors.

        Parameters
        ----------
        string: [str]
            Evaluates for which Hankel factors the wavenumbers is calculated.
            Possible choices are **sin**, **cos**, **j0**, or **j1**.

        Returns
        -------
        wavenumbers: [np.ndarray]
            Normed wavenumber factors for evaluation of the Hankel integral.
            Divide by horizontal distance of the receiver to get
            horizontal wavenumber lambda = sqrt(k_x² + k_y²).
        """
        nc, nc0 = self.factors[string][1:]
        fac_n = np.arange(nc0 - nc, nc0)
        # 10 values per decade: 0.1 * np.log(10) = 0.23025850929940459
        # predefined by the usage of these Hankel factors
        lam_factor = np.exp(-fac_n * 0.1 * np.log(10))
        return lam_factor




[docs]class wer_201_2018():
    """
    Hankel factors after Werthmüller 2018 implemented from the empymod
    package after consultation with Dieter Werthmüller.
    Thank you very much!

    The filter coefficient are published in:

    Werthmüller, D., K. Key, and E. Slob, 2019, A tool for designing
    digital filters for the Hankel and Fourier transforms in potential,
    diffusive, and wavefield modeling: 84(2), F47-F56;
    DOI: 10.1190/geo2018-0069.1

    under the Apache 2.0 license.
    """
    def __init__(self):
        self.base = np.array([
            8.653980893285999343e-04, 9.170399868578506730e-04,
            9.717635708540675208e-04, 1.029752738345341345e-03,
            1.091202360259058363e-03, 1.156318936280037154e-03,
            1.225321288786770891e-03, 1.298441298197734088e-03,
            1.375924682198844014e-03, 1.458031821470676028e-03,
            1.545038634690233410e-03, 1.637237505747725754e-03,
            1.734938266294200121e-03, 1.838469236921894991e-03,
            1.948178330476121357e-03, 2.064434221206373505e-03,
            2.187627583685520637e-03, 2.318172405660454734e-03,
            2.456507379246002792e-03, 2.603097375137131825e-03,
            2.758435004793547123e-03, 2.923042275846299189e-03,
            3.097472346289414230e-03, 3.282311383351382318e-03,
            3.478180533293271509e-03, 3.685738008752825322e-03,
            3.905681300649099623e-03, 4.138749522080598965e-03,
            4.385725892093550113e-03, 4.647440367666977670e-03,
            4.924772432759196537e-03, 5.218654053788364042e-03,
            5.530072811478751842e-03, 5.860075219597365645e-03,
            6.209770241733286907e-03, 6.580333017937914017e-03,
            6.973008813749223544e-03, 7.389117204870794542e-03,
            7.830056511567909730e-03, 8.297308497682591086e-03,
            8.792443350058264107e-03, 9.317124955107483966e-03,
            9.873116490254248145e-03, 1.046228634904101083e-02,
            1.108661441981135046e-02, 1.174819873906770597e-02,
            1.244926254186268406e-02, 1.319216173291635694e-02,
            1.397939280356631266e-02, 1.481360122115480543e-02,
            1.569759031904567614e-02, 1.663433071714528685e-02,
            1.762697030458526201e-02, 1.867884481811322647e-02,
            1.979348905174003331e-02, 2.097464873531334692e-02,
            2.222629312193481060e-02, 2.355262832652090660e-02,
            2.495811146033087569e-02, 2.644746560896089893e-02,
            2.802569570413705746e-02, 2.969810534264444649e-02,
            3.147031460891126092e-02, 3.334827896114080786e-02,
            3.533830924445728605e-02, 3.744709289831891358e-02,
            3.968171642946591998e-02, 4.204968922592208086e-02,
            4.455896879207719985e-02, 4.721798748965116282e-02,
            5.003568087440296575e-02, 5.302151772380819111e-02,
            5.618553185661335353e-02, 5.953835585119460899e-02,
            6.309125677603129312e-02, 6.685617405236506106e-02,
            7.084575957628110043e-02, 7.507342023504076645e-02,
            7.955336296053971967e-02, 8.430064247129397115e-02,
            8.933121186338736919e-02, 9.466197622039211612e-02,
            1.003108494224146802e-01, 1.062968143451746283e-01,
            1.126399866514113390e-01, 1.193616823889895873e-01,
            1.264844896228644322e-01, 1.340323443416230609e-01,
            1.420306108936851552e-01, 1.505061672234652703e-01,
            1.594874951939309615e-01, 1.690047762990831426e-01,
            1.790899930879975566e-01, 1.897770366412597776e-01,
            2.011018204609656135e-01, 2.131024011570106513e-01,
            2.258191063352318062e-01, 2.392946701171655144e-01,
            2.535743767468323084e-01, 2.687062127671349665e-01,
            2.847410282772538936e-01, 3.017327078129410922e-01,
            3.197383514239506286e-01, 3.388184665571116749e-01,
            3.590371713898611872e-01, 3.804624102975323052e-01,
            4.031661821784713884e-01, 4.272247824042622599e-01,
            4.527190592081252185e-01, 4.797346853730769523e-01,
            5.083624461328500876e-01, 5.386985442530570767e-01,
            5.708449233178135573e-01, 6.049096103082166609e-01,
            6.410070786239048246e-01, 6.792586327676195523e-01,
            7.197928159854947161e-01, 7.627458422329327359e-01,
            8.082620539176789132e-01, 8.564944069583262376e-01,
            9.076049847882753374e-01, 9.617655430324436594e-01,
            1.019158086687097953e+00, 1.079975481742401877e+00,
            1.144422103303022853e+00, 1.212714522384784388e+00,
            1.285082233695329812e+00, 1.361768426844476521e+00,
            1.443030803575896748e+00, 1.529142443766406734e+00,
            1.620392723103028176e+00, 1.717088285521651159e+00,
            1.819554073675149652e+00, 1.928134420893808709e+00,
            2.043194208307565596e+00, 2.165120091018537973e+00,
            2.294321797444361266e+00, 2.431233506198735572e+00,
            2.576315305136151590e+00, 2.730054737463883274e+00,
            2.892968440116886253e+00, 3.065603879901345419e+00,
            3.248541193241110570e+00, 3.442395135709440002e+00,
            3.647817147897402634e+00, 3.865497544561224075e+00,
            4.096167834405143537e+00, 4.340603178295351583e+00,
            4.599624994165753655e+00, 4.874103717369282940e+00,
            5.164961725750846000e+00, 5.473176439271492555e+00,
            5.799783604600056819e+00, 6.145880775710010013e+00,
            6.512631002177978523e+00, 6.901266737578352739e+00,
            7.313093981108034214e+00, 7.749496666359123154e+00,
            8.211941311987910552e+00, 8.701981949908562441e+00,
            9.221265347572652260e+00, 9.771536541883744320e+00,
            1.035464470334362019e+01, 1.097254935013656407e+01,
            1.162732693303372145e+01, 1.232117781324618733e+01,
            1.305643365667540934e+01, 1.383556526940939513e+01,
            1.466119090079532228e+01, 1.553608504199116247e+01,
            1.646318774956322173e+01, 1.744561452546165370e+01,
            1.848666678657500739e+01, 1.958984295904654616e+01,
            2.075885023463468926e+01, 2.199761702862400270e+01,
            2.331030618115176267e+01, 2.470132894631230158e+01,
            2.617535981604930129e+01, 2.773735222865149197e+01,
            2.939255521463919862e+01, 3.114653103598043415e+01,
            3.300517387791185087e+01, 3.497472965617872376e+01,
            3.706181700625468523e+01, 3.927344952507589682e+01,
            4.161705934003131091e+01, 4.410052208441296528e+01,
            4.673218336325475519e+01, 4.952088679849771324e+01,
            5.247600374772711262e+01, 5.560746479634944706e+01,
            5.892579312903905020e+01, 6.244213989259677078e+01,
            6.616832166905808776e+01, 7.011686018497628936e+01,
            7.430102439032442874e+01, 7.873487504841911289e+01,
            8.343331198671111792e+01, 8.841212416722630962e+01,
            9.368804274491759543e+01])

        self.factor = np.array([1.0596741524693181])

        self.j0 = np.array([
            2.940900904253498815e+00, -1.601154970027019786e+01,
            3.574488144287594338e+01, -3.775710631592443178e+01,
            9.347313619702582344e+00, 1.903333998229986435e+01,
            -1.266160545445113073e+01, -1.274822633210828471e+01,
            1.499040669570122830e+01, 1.128114232815630835e+01,
            -3.141814347069891511e+01, 2.185520874118305557e+01,
            4.204688908817206361e+00, -2.039396651211594147e+01,
            1.703214350560853418e+01, -3.858035665251962953e+00,
            -5.664929771474184861e+00, 6.236013601339658763e+00,
            -8.349084962847823643e-01, -5.076648434675173682e+00,
            8.069437229646323928e+00, -7.693517618528387558e+00,
            5.264540454351635645e+00, -2.378232295562936471e+00,
            9.488986688091295696e-02, 1.211665432819921451e+00,
            -1.641788465968915700e+00, 1.505783472315168181e+00,
            -1.120376089133631847e+00, 7.202627618735454318e-01,
            -4.293308092527763353e-01, 2.880519253847271255e-01,
            -2.765909110132210857e-01, 3.540771325316399709e-01,
            -4.702415607316920432e-01, 5.886079250132733032e-01,
            -6.804407177384068639e-01, 7.365579045711867501e-01,
            -7.516232294769148448e-01, 7.332518369461620278e-01,
            -6.840940481215002089e-01, 6.145375558739786248e-01,
            -5.263752170486778459e-01, 4.305607160730071659e-01,
            -3.307504282674695872e-01, 2.429511351824290011e-01,
            -1.749591466871897039e-01, 1.456366850874822316e-01,
            -1.595894233786172844e-01, 2.280395161025021433e-01,
            -3.413711397379035062e-01, 4.950015142033588056e-01,
            -6.617826176259098414e-01, 8.243458750063681340e-01,
            -9.468449720632085009e-01, 1.012979648696065826e+00,
            -9.946084380621768029e-01, 8.932243609342348512e-01,
            -7.019325270091921753e-01, 4.480078578272302381e-01,
            -1.456381084707468188e-01, -1.604285443826692914e-01,
            4.506359421881006022e-01, -6.820827325803067165e-01,
            8.491728004462286705e-01, -9.252486609867097700e-01,
            9.260533367474167443e-01, -8.402031897556576645e-01,
            6.982570225067336045e-01, -4.946654104012083719e-01,
            2.669962789856030194e-01, -1.042528939201309117e-02,
            -2.319933928270803414e-01, 4.654858099944349514e-01,
            -6.436180173401860882e-01, 7.780252822887177011e-01,
            -8.272840865922600484e-01, 8.197748606729908794e-01,
            -7.271116816505861502e-01, 5.992292042110317629e-01,
            -4.191980233493379782e-01, 2.522483458861179417e-01,
            -8.121597742330896597e-02, -2.652177515646544220e-02,
            1.028351781199190462e-01, -8.958878867947789315e-02,
            4.230973855067972356e-02, 8.503909842995018009e-02,
            -2.142619566112575480e-01, 3.865561094837716705e-01,
            -5.104727910435372662e-01, 6.353554205789004872e-01,
            -6.678424785380696616e-01, 6.769052092946485910e-01,
            -5.740789051340543514e-01, 4.533865101372042683e-01,
            -2.311110970314779189e-01, 2.495118155831516429e-02,
            2.508326503987150513e-01, -4.617568849058834579e-01,
            7.064398492531979157e-01, -8.419497320020807862e-01,
            9.894625411708843910e-01, -1.001995584015555441e+00,
            1.027606495406535592e+00, -9.137586391106879979e-01,
            8.347545540345707726e-01, -6.273557157264747497e-01,
            4.895538883108097039e-01, -2.415916082478662963e-01,
            1.027651673270286170e-01, 1.284590129111473078e-01,
            -2.133464520148750654e-01, 3.796869867196227544e-01,
            -3.706104772018420923e-01, 4.433984947033918766e-01,
            -3.235750823461782666e-01, 2.994380356487793549e-01,
            -7.888021235143724552e-02, -1.910472056257344828e-02,
            3.043509756878240990e-01, -4.298489130677841108e-01,
            7.233655581626995401e-01, -8.161936207950235556e-01,
            1.054311731055406431e+00, -1.057859070622381603e+00,
            1.189505276805579825e+00, -1.071819355511486993e+00,
            1.077289848919564141e+00, -8.458743245226547636e-01,
            7.443908003078970603e-01, -4.461507052923350813e-01,
            2.868208498373531756e-01, 8.293917061440093941e-03,
            -1.688393814622326516e-01, 3.930003549460732160e-01,
            -5.148213607425790039e-01, 6.232961968619017412e-01,
            -6.962255871378753014e-01, 6.749680427277989780e-01,
            -7.157027353444623818e-01, 5.769543174180707945e-01,
            -6.151602424632486299e-01, 3.892025319337197864e-01,
            -4.506933666706669506e-01, 1.804687704243498336e-01,
            -2.727244303574414830e-01, 1.174346932607069939e-02,
            -1.137579568068424057e-01, -7.811421895993872488e-02,
            1.779393134675293781e-02, -8.675295089134033022e-02,
            1.335093001151206882e-01, -5.514694464669991220e-02,
            2.441624548660136784e-01, -5.518933795483266236e-02,
            3.328770195966135881e-01, -1.532145946078544430e-01,
            3.579812932040986606e-01, -3.542418291888540516e-01,
            3.138078445399646865e-01, -5.530414472417091165e-01,
            2.996207005996078809e-01, -5.735406549188309944e-01,
            4.429014477665748628e-01, -3.892397979507834505e-01,
            6.319796721730875921e-01, -3.224362675105876264e-01,
            5.280557016061210307e-01, -5.925152169592526885e-01,
            3.097933933610434454e-01, -6.161398121500974989e-01,
            5.824585099080735739e-01, -2.863603061506506120e-01,
            5.579069742591284964e-01, -5.790177379949956737e-01,
            1.778203303660013113e-01, -2.248159329174458654e-01,
            4.570279405020428731e-01, -2.082694991220853942e-01,
            -1.639463813834285966e-01, 1.219471051626438846e-01,
            1.315907246465166380e-01, -1.561922951483753763e-01,
            -9.000173966500184253e-02, 3.555651953426591794e-01,
            -4.594671107387718334e-01, 4.051183609553802301e-01,
            -2.826594312508529105e-01, 1.664628231342878961e-01,
            -8.573386548433219179e-02, 3.940897144775467459e-02,
            -1.632396319789397934e-02, 6.095399479649578345e-03,
            -2.034197210251703809e-03, 5.959585007671103435e-04,
            -1.489396688112877424e-04, 3.040429693056684047e-05,
            -4.735729642331119566e-06, 4.982902654694162416e-07,
            -2.645962918790746080e-08])

        self.j1 = np.array([
            -2.594301879688918743e-03, 2.339490069567079153e-02,
            -9.478827695764932559e-02, 2.269100107268227362e-01,
            -3.508900104631907935e-01, 3.515648778060092017e-01,
            -1.994483426338835574e-01, 9.293484158449249674e-03,
            8.048790331434139966e-02, -5.691508909482047296e-02,
            2.075411236619714023e-02, -5.275228907131672418e-02,
            1.348060780914397960e-01, -1.939017682982676627e-01,
            1.854125006516780250e-01, -1.238162114378456441e-01,
            5.435433909585837137e-02, -1.270327896980103649e-02,
            7.560629247467166685e-03, -2.713648547163816441e-02,
            5.383176198347366936e-02, -7.463014212375274070e-02,
            8.413254388281748986e-02, -8.280914671407160754e-02,
            7.393816085156304507e-02, -6.119942568117115594e-02,
            4.746907894866293082e-02, -3.450474036399159977e-02,
            2.313104032185092293e-02, -1.354138672902785445e-02,
            5.604638952874172256e-03, 9.486899997092870969e-04,
            -6.382314415042419746e-03, 1.091601370650388016e-02,
            -1.467479730415811347e-02, 1.771829574440562591e-02,
            -2.001990396213982823e-02, 2.152720536808908763e-02,
            -2.214634467574278301e-02, 2.181839780171816040e-02,
            -2.049006667874660528e-02, 1.819226618052163791e-02,
            -1.498058384418661862e-02, 1.101097898088004151e-02,
            -6.444381466006598655e-03, 1.527769500667217105e-03,
            3.533045890696502513e-03, -8.470577184056853060e-03,
            1.310891443998619434e-02, -1.722186749311952272e-02,
            2.071070403809925978e-02, -2.340849145682623311e-02,
            2.528895672008608583e-02, -2.620974028011485712e-02,
            2.617463680378217042e-02, -2.501974545161460978e-02,
            2.276381800709064221e-02, -1.923696679546721411e-02,
            1.454384146700743972e-02, -8.605818651281786635e-03,
            1.738844503682727928e-03, 5.947517515245405624e-03,
            -1.385885800081448037e-02, 2.171703574368676753e-02,
            -2.872814698074024550e-02, 3.461838232135941440e-02,
            -3.858941536214401807e-02, 4.060565074712448042e-02,
            -4.004001014668581715e-02, 3.725276070158690944e-02,
            -3.184536604257427045e-02, 2.462644816656397312e-02,
            -1.539955242663786951e-02, 5.437594699869644464e-03,
            5.315602443775078317e-03, -1.514798704965643165e-02,
            2.414409295479183482e-02, -3.032245442310742278e-02,
            3.416403682006976389e-02, -3.375211066545635158e-02,
            3.045425146826126819e-02, -2.272683240323554107e-02,
            1.317397219169818418e-02, -6.119848802195663844e-04,
            -1.115685958739305421e-02, 2.344848055710842955e-02,
            -3.169397030448774938e-02, 3.817520279763731567e-02,
            -3.809651169502087376e-02, 3.552394037620545952e-02,
            -2.568176960339346032e-02, 1.487169880055576841e-02,
            1.997965754252607837e-03, -1.644546122863936588e-02,
            3.480415781283187349e-02, -4.677537576184215284e-02,
            6.111820051573001178e-02, -6.590953690231306228e-02,
            7.332112878498593667e-02, -6.941405787722150500e-02,
            7.037058951810715168e-02, -5.921683716330301134e-02,
            5.655416878814193554e-02, -4.097804417398832194e-02,
            3.810136479256000241e-02, -2.058552251762190213e-02,
            2.012009960638341116e-02, -1.904932224648239053e-03,
            5.324133880430357950e-03, 1.357085636140308721e-02,
            -5.592398994521355186e-03, 2.589415408390925710e-02,
            -1.292224858788840886e-02, 3.561835458678683924e-02,
            -1.700336052804993919e-02, 4.302272543873187499e-02,
            -1.764501119714675936e-02, 4.776824187802861110e-02,
            -1.404967795338326469e-02, 4.909105531804618811e-02,
            -5.268363386320836297e-03, 4.641444115511134810e-02,
            9.124170345995139680e-03, 3.991380510079723526e-02,
            2.859680534219202416e-02, 3.073032173944831302e-02,
            5.151734601415858261e-02, 2.097520864952298614e-02,
            7.511832720419686638e-02, 1.354148686126329000e-02,
            9.576070647813632319e-02, 1.140272504589405489e-02,
            1.097360846564945647e-01, 1.641156037670641471e-02,
            1.142607074214286172e-01, 2.822722328175052836e-02,
            1.079741026261866604e-01, 4.397838549427537935e-02,
            9.072532008032478668e-02, 5.865331390992817306e-02,
            6.310580311949447185e-02, 6.592890500839264367e-02,
            2.624768245556352575e-02, 5.954092122676180737e-02,
            -1.789442088462365327e-02, 3.555984804371448149e-02,
            -6.551973841104229146e-02, -4.489823587807304991e-03,
            -1.089659607197719371e-01, -5.052377390460756346e-02,
            -1.345089168583019634e-01, -8.286532978746213862e-02,
            -1.229744228392625760e-01, -7.728334735138943368e-02,
            -5.831402820224085293e-02, -2.088719549713474385e-02,
            5.205792146829352207e-02, 6.258826423151815643e-02,
            1.537593434905694390e-01, 9.979165672991972824e-02,
            1.545936043232943868e-01, 1.442374184540378551e-02,
            1.426608350698001064e-02, -1.462978689171700042e-01,
            -1.285617304470880462e-01, -1.519560295563492092e-01,
            -4.700754607069132507e-02, 1.106161196544740571e-01,
            1.168039951766200457e-01, 2.366820009670577984e-01,
            -1.283956636561735531e-01, 1.406024618127853579e-02,
            -4.011626826391421763e-01, 2.656020926376266300e-01,
            -1.291178852844470371e-01, 5.190017993719785450e-01,
            -5.307617026829943851e-01, 2.388177316428383157e-01,
            -4.213777919843004205e-01, 7.425023205388556757e-01,
            -6.039491377476802203e-01, 2.966551251977549986e-01,
            -3.157763414193298090e-01, 5.842678377857475347e-01,
            -7.375386163194860289e-01, 6.321787190293964853e-01,
            -3.871768116388242809e-01, 1.635153404860406612e-01,
            -3.134030444480916111e-02, -2.007964312111037639e-02,
            2.747060309825222202e-02, -1.969027573928272892e-02,
            1.080160200622757964e-02, -4.917741573140644099e-03,
            1.900872502605262596e-03, -6.228037791451519409e-04,
            1.698280169898911708e-04, -3.718088395106743311e-05,
            6.139140918052498045e-06, -6.796809441105533029e-07,
            3.780807126974975489e-08])


if __name__ == '__main__':
    pass

# The End
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  Source code for comet.pyhed.hed.reference.homogeneous_fullspace

"""
Part of comet/pyhed/hed/reference
"""
# COMET - COupled Magnetic resonance Electrical resistivity Tomography
# Copyright (C) 2019  Nico Skibbe

# This program is free software: you can redistribute it and/or modify
# it under the terms of the GNU General Public License as published by
# the Free Software Foundation, either version 3 of the License, or
# (at your option) any later version.

# This program is distributed in the hope that it will be useful,
# but WITHOUT ANY WARRANTY; without even the implied warranty of
# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
# GNU General Public License for more details.

# You should have received a copy of the GNU General Public License
# along with this program. If not, see <https://www.gnu.org/licenses/>.

from comet.pyhed.misc import fixSingularity
import numpy as np


[docs]def hedx_magnetic(model, f, sigma, I, ds, drop_tol=1e-6):
    """
    Analytic calculation of the magnatic field for an electric dipole in x
    direction. Formula given in Ward and Hohmann (1988), page 174 number 2.41.
    Model in cartesian coordinates, as well as the output.
    Sigma != 0
    drop_tol to avoid singularities [1e-6]
    No grounding!
    """
    assert not np.isclose(sigma, 0.0), 'The function won\'t work for vakuum \
space. The formulations are not suited for the resistive case.'
    radius = np.sqrt(model[0]**2 + model[1]**2 + model[2]**2)
    model = fixSingularity(model, drop_tol=drop_tol, dipole_z=0.0)
    k = np.sqrt((0 + 1j) * 2 * np.pi * f * 4e-7 * np.pi * sigma)
    ikr = 1j * k * radius
    factor = ((I * ds) / (4 * np.pi * radius**2)) *\
             (ikr + 1) * np.exp(-ikr)
    hy = factor * (-model[2] / radius)
    hz = factor * (model[1] / radius)
    hx = np.zeros_like(hy, complex)
    return np.array((hx, hy, hz))



[docs]def hedx_electric(model, f, sigma, I, ds, drop_tol=1e-6):
    """
    Analytic calculation of the electric field for an electric dipole in x
    direction. Formula given in Ward and Hohmann (1988), page 173 number 2.40.
    Model in cartesian coordinates, as well as the output.
    Sigma != 0
    drop_tol to avoid singularities [1e-6]
    No grounding!
    """
    assert not np.isclose(sigma, 0), 'The function won\'t work for vakuum \
space. The formulations are not suited for the resistive case.'
    radius = np.sqrt(model[0]**2 + model[1]**2 + model[2]**2)
    radius = fixSingularity(radius, drop_tol=drop_tol)
    k = np.sqrt((0 + 1j) * 2 * np.pi * f * 4e-7 * np.pi * sigma)
    ikr = 1j * k * radius
    kkrr = (radius**2) * (k**2)
    factor = ((I * ds) / (4 * np.pi * sigma * radius**3)) * np.exp(-ikr)
    ex = factor * (((model[0] / radius)**2) * (-kkrr + 3 * ikr + 3) +
                   (kkrr - ikr - 1))
    ey = factor * (model[0] * model[1] / (radius**2)) * (-kkrr + 3 * ikr + 3)
    ez = factor * (model[0] * model[2] / (radius**2)) * (-kkrr + 3 * ikr + 3)
    return np.array((ex, ey, ez))

# The End
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  Source code for comet.pyhed.hed.reference.homogeneous_halfspace

"""
Part of comet/pyhed/hed/reference
"""
# COMET - COupled Magnetic resonance Electrical resistivity Tomography
# Copyright (C) 2019  Nico Skibbe

# This program is free software: you can redistribute it and/or modify
# it under the terms of the GNU General Public License as published by
# the Free Software Foundation, either version 3 of the License, or
# (at your option) any later version.

# This program is distributed in the hope that it will be useful,
# but WITHOUT ANY WARRANTY; without even the implied warranty of
# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
# GNU General Public License for more details.

# You should have received a copy of the GNU General Public License
# along with this program. If not, see <https://www.gnu.org/licenses/>.

import numpy as np
import scipy.special as scsp
import sys
from comet.pyhed.misc import KtoP


[docs]def hed_field(r, f, sigma, phi, I, ds, BorH='B'):
    ''' Semi analytic solution for electrical and magnetical fields at the
    surface of a homogeneous halfspace of conductivity sigma.
    '''
    phi *= -1  # temporary change
    k = np.sqrt((0 + 1j) * 2 * np.pi * f * 4e-7 * np.pi * sigma)
    u = k * r
    u2 = u / 2
    # phi += np.pi / 2

    # bessel factors
    I0 = scsp.iv(0, u2)  # first kind, order 0
    I1 = scsp.iv(1, u2)  # first kind, order 1
    K0 = scsp.kv(0, u2)  # second kind, order 0
    K1 = scsp.kv(1, u2)  # second kind, order 1

    # exponential term
    E = np.exp(-u)

    # coefficients for the magnetic field components
    co1 = I * ds * np.sin(phi) / (2 * np.pi * (r**2))
    co2 = I * ds * np.cos(phi) / (2 * np.pi * (r**2))

    # coefficients for the electric field components
    co3 = I * ds * np.sin(phi) / (2 * np.pi * sigma * (r ** 3))
    co4 = I * ds * np.cos(phi) / (2 * np.pi * sigma * (r ** 3))

    # electric field
    Er = 1 + (1 + u) * E
    Ef = 2 - (1 + u) * E
    Ez = -(u ** 2) * I1 * K1

    er = co4 * Er
    ef = co3 * Ef
    ez = co4 * Ez

    # magnetic field
    if BorH == 'B':
        borh = 1.  # A/m
    elif BorH == 'H':
        borh = 4 * np.pi * 100  # nT

    Hr = -(u2) * ((I1 * K0 - I0 * K1) - 3 * I1 * K1)
    Hf = I1 * K1
    Hz = (3 - (3 + 3 * u + (u ** 2)) * E) / (u ** 2)
    # -(u**2) im ersten Term laut Hohmann
    # Hz = (3 - (3 + 3 * u - (u ** 2)) * E) / (u ** 2)

    hr = borh * co1 * Hr
    hf = borh * co2 * Hf
    hz = borh * co1 * Hz

    return (hr, hf, hz), (er, ef, ez)  # , (I0, I1, K0, K1, u)



[docs]def hed_field_hohmann(model, f, sigma, I, ds, ftype='H', **kwargs):
    '''
    semi analytic solution for a magnetic field at the
    surface of a homogeneous halfspace of conductivity sigma
    ward hohmann formula: page 235-236 No 4.166, 4.171 and 4.173

    edit:
        E-term: grounding term only (4.159)
    '''
    # radial distance
    # model[1] *= -1
    polar = KtoP(model, drop_tol=kwargs.pop('drop_tol', 1e-6))
    k = np.sqrt(-1j * 2 * np.pi * f * 4e-7 * np.pi * sigma)
    u = 1j * k * polar[0]  # ikp
    u2 = u / 2

    # bessel factors
    I0 = scsp.iv(0, u2)  # first kind, order 0
    I1 = scsp.iv(1, u2)  # first kind, order 1
    K0 = scsp.kv(0, u2)  # second kind, order 0
    K1 = scsp.kv(1, u2)  # second kind, order 1

    # exponential term
    E = np.exp(-u)
    if ftype == 'E':
        # grounding term !

        Ex = (I * ds / (2 * np.pi * sigma * (polar[0]**3))) * \
             (-2 + (u + 1)*E - (3 * (model[0]**2) / (polar[0]**2)))
        Ey = (I * ds / (2 * np.pi * sigma * (polar[0]**3))) * \
             (1 + (u + 1)*E - (3 * (model[1]**2) / (polar[0]**2)))
#        Ex = -(I * ds / (2 * np.pi * sigma * (polar[0]**3))) * \
#             (-1 + (u + 1)*E + (model[1]**2 - 2 * model[0]**2) / (polar[0]**2))
#        Ey = (I * ds / (2 * np.pi * sigma * (polar[0]**6))) * \
#             (3 * model[0] * model[1])
        return np.array((Ex, Ey, np.zeros_like(Ey)),
                        np.complex128)

    Hx = ((I * ds * model[0] * model[1]) / (4 * np.pi * (polar[0]**4))) * \
         (u * (I0 * K1 - I1 * K0) - 8 * I1 * K1)

    Hy = ((-I * ds) / (4 * np.pi * (polar[0]**2))) * \
         (6 * I1 * K1 + u * (I1 * K0 - I0 * K1) + ((model[0]**2) /
          (polar[0]**2)) * (u * (I0 * K1 - I1 * K0) - 8 * I1 * K1))

    Hz = ((-I * ds * model[1]) / (2 * np.pi * (k**2) * (polar[0]**5))) * \
         (3 - (3 + 3 * u + (u**2)) * E)

    return np.array((Hx, Hy, Hz), np.complex128)



if __name__ == '__main__':
    hed_field(sys.argv[1:])
# THE END
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  Source code for comet.pyhed.loop.loop_bib

"""
Part of comet/pyhed/loop

This script contains the main class for the sources as well as several scripts
for the initialization of loop classes (build... ).
"""
# COMET - COupled Magnetic resonance Electrical resistivity Tomography
# Copyright (C) 2019  Nico Skibbe

# This program is free software: you can redistribute it and/or modify
# it under the terms of the GNU General Public License as published by
# the Free Software Foundation, either version 3 of the License, or
# (at your option) any later version.

# This program is distributed in the hope that it will be useful,
# but WITHOUT ANY WARRANTY; without even the implied warranty of
# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
# GNU General Public License for more details.

# You should have received a copy of the GNU General Public License
# along with this program. If not, see <https://www.gnu.org/licenses/>.

import os
import time

import numpy as np
import pygimli as pg

from pathlib import Path, PosixPath
from comet.pyhed.loop.loop_para import (loopCalculation, loopInterpolation,
                                        calcFieldMatrix_para)
from comet.pyhed import config as Config
from comet.pyhed import SecondaryConfig, log
from comet.pyhed.IO import getItem
from comet.pyhed.misc import (
    tetgen151, R3VtoNumpy, vec, createPolyBoxWithHalfspace,
    Timer, cleanUpTetgenFiles, setNearestMarkers,
    convertCoordinates, local_apps_bash, temporal_printoptions)


[docs]class Loop:
    """
    Class for the computation of arbitrary shaped polygon loops. Some functions
    automatically return this loopclass as result. It is recommended to use
    these (you may take a look at the example)

    Parameters
    ----------

    Input: string or raw loop class
        Filename of a prior saved loopfile (recommended). Alternatively the
        output of the function **computeLoopPositions** (not recommended).
        For the latter case plenty of convenience functions are found in
        the the *loop* submodule of *pyhed* starting with "build"....

    config: string or pyhed.config
        Defines the configuration file for the loop.

    Example
    -------

    >>> # example: import
    >>> loopclass = Loop('path/to/loopfile')
    >>> # example: create circular loop
    >>> loopclass = buildCircle(10, 12)  # 10 m radius, 12 dipoles
    """

    def __init__(self, Input, config=None, verbose=False):
        self.loopmesh = None
        self.loop_mesh_name = None

        self.field = None  # later Bfield of the loop

        self.field_on_nodes = None
        # field can either be calculated on Nodes
        # or cellmidpoints, None for undecided yet

        self.dipolemesh = None
        self.dipole_mesh_name = None

        self.d_field = None

        if isinstance(config, str):
            self.config = Config(config)  # config name
        elif config is None:
            self.config = Config()  # default config
        else:
            self.config = config  # config class

        self.verbose = verbose
        self.setMeshParameters()
        self.name = None
        self.cfg2_savename = None
        self.secondary_config = None

        if isinstance(Input, str):  # load loop file
            self.load(Input, config, verbose=self.verbose)
        else:  # direct input
            try:
                self.type = Input[4]
                self.grounded = Input[3]
                self.pos = np.array(Input[0])
                self.phi = np.array(Input[1])
                self.ds = np.array(Input[2])
                if self.type not in ('dipole', 'Dummy') and len(self.pos) > 1:
                    self._handleNonUniqueDipoles()
                self._setDistance()
            except:
                # I know it's a bare exception, however I only raise
                # another exception after that, so no harm done
                raise Exception('do not call Loop-Class directly. Please use'
                                ' the build-functions provided by the loop '
                                'sub package of pyhed.')

        # field matrices if calcualtion with matrix=True
        self.field_matrix = None
        self.field_matrix_sin = None
        self.field_matrix_cos = None

        # index of the loop (for later usage inside the kernel class)
        self.idx = 0

        # 2d
        self.secMOD = None
        self._para_mesh_2d = None
        self.has_boundary = False
        self.orig_cell_count_2d = None
        self.orig_cells = None
        self.valid_marker = None
        self.paramesh_sort = False  # is parameter only filled with unique vals
        self.anom_idx = None  # value indices if sorted=True

        self.para_limits_x = None
        self.para_limits_y = None
        self.para_limits_z = None
        self.preserved_edge_centers = None

        self.area = 0.0  # area of loop, if closed polygon
        self.turns = 1  # turns of loop, if closed polygon
        self.secondary = None

        # and at last a placeholder: this will turn into something else someday
        self.geometry = None

    def __str__(self):
        """ Readible representive of the class. """
        from comet.pyhed.misc import temporal_printoptions
        with temporal_printoptions(threshold=5):
            string = '### {} ###\n{}\npos:\n{} {}\nphi:\n{} {}\nds:\n{} {}'\
                .format(self.__class__.__name__.upper(),
                        'looptype: ' + str(self.type),
                        self.pos, np.shape(self.pos),
                        self.phi, np.shape(self.phi),
                        self.ds, np.shape(self.ds))
        return string

    def __repr__(self):
        """ Unambiguous representive of the class. used by other class __str__
        """
        if self.type.lower() == 'dummy':
            return 'dummy loop'

        mean = np.mean(self.pos, axis=0)
        if self.type.lower() == 'circle':
            end = ', radius: {:.1f} m'.format(
                np.linalg.norm(self.pos[0] - mean))
            coord = 'at ({:.1f}, {:.1f}, {:.1f})'.format(*mean)
        elif self.type.lower() == 'rectangle':
            range_ = np.max(self.pos, axis=0) - np.min(self.pos, axis=0)
            end = ', {:.1f} x {:.1f} m'.format(*range_[:2])
            coord = 'at ({:.1f}, {:.1f}, {:.1f})'.format(*mean)
        elif self.type.lower() == 'line':
            end = ', length: {:.1f} m'.format(np.sum(self.ds))
            coord = 'between ({:.1f}, {:.1f}, {:.1f})'.format(*self.pos[0])
            coord += ' and ({:.1f}, {:.1f}, {:.1f})'.format(*self.pos[-1])
        else:
            end = ''
            coord = 'at ({:.1f}, {:.1f}, {:.1f})'.format(*mean)
        return ('{} {}, {} dipoles {}{}'
                .format('open' if self.grounded else 'closed',
                        self.type, len(self.pos), coord,
                        end))

    @property
    def para_mesh_2d(self):
        return self.getParaMesh2D()

[docs]    def setPrimaryConfig(self, config):
        """ Sets the primary config which handles the resistivity distribution
        as well as the frequency of the primary field.
        For setting the 1D model directly see *setModel*.

        Parameters
        ----------
        config: path or comet.pyhed.config.Config instance
            Configuration class instance or file path.

        """
        if isinstance(config, str):
            self.config.load(config)
        else:
            self.config = config


[docs]    def setSecondaryConfig(self, secondary_config):
        """ Sets class attribute with secondary config or loads file.

        Parameters
        ----------
        secondary_config: string or pyhed.SecondaryConfig
            Seondary config class instance or file path.

        """
        # checking secondary configuration file
        if isinstance(secondary_config, str):
            self.loadSecondaryConfig(secondary_config)
        else:  # assuming valid sec config?
            print('setting secondary config...')
            self.secondary_config = secondary_config


[docs]    def setFrequency(self, frequency):
        """
        Sets the frequency, not angular frequency for the field calculation.
        """
        self.config.f = float(frequency)


[docs]    def setFType(self, ftype):
        assert ftype.lower() in ('h', 'e', 'b'),\
            'field type has to be "H", "B" or "E".'
        self.config.ftype = ftype.upper()


[docs]    def setModel(self, rho, d=None, thickness=True, resistivity=True):
        """
        Sets the synthetic 1D layered earth model for dipole calculation.

        Parameters
        ----------
        rho: float or array_like
            Resistivity/conductivity distribution for a layered earth.

        d: float or array_like or None [None]
            Thickness or layer depth. Empty (None, 0, or []) for halfspace.

        thickness: boolean [True]
            The parameter d is used as thickness (True, len(rho) - 1) or depth
            (False, len(rho)), respectively.

        resistivity: boolean [True]
            The parameter rho is used as Resistivity (True) or conductivity
            (False), respectively.

        """
        d = np.atleast_1d(d)
        if d.size == 0 or d[0] == 0 or d[0] is None:
            d = np.array([])
        rho = np.atleast_1d(rho)
        if thickness is False:
            d = np.diff(np.abs(d))
        if resistivity is False:
            rho = 1./rho
        assert_message = 'found {} thicknesses for {} layer'\
                         .format(len(d), len(rho))
        assert len(d) + 1 == len(rho), assert_message

        self.config.rho = rho
        self.config.d = d
        if self.secondary_config is not None:
            self.secondary_config.sigma_ground = \
                (1./np.atleast_1d(self.config.rho)).tolist()


    @property
    def model(self):
        model = np.append(self.config.rho, self.config.d)
        return model

[docs]    def setMeshParameters(self, refinement_para=1.,
                          max_area_factor=1.,
                          tetgen_quality=1.2):
        """
        Alters the Parameter responsible for the quality and size used during
        automatic mesh generation.

        Parameters
        ----------
        refinement_para: float [1]
            An increase of refinement_para decreases the size of the
            smallest cell at the dipoles and therefore incrreases the total
            number of refinement cells around the dipole.
            Omitts refinement if value is negative.

        max_area_factor: positive float [1]
           The max_area_para lineary affects the maximum volume of a cell.
           An increase of the parameter allows for greater cells and
           therefore decreases the total number of
           cells outside of the refined section of the mesh. Set to 0.5 for a
           fine mesh and anywhere near 2 for a coarse mesh. Highly affects the
           total number of nodes/cells in the mesh.

        tetgen_quality: float [1.2]
           The tetgen_quality parameter is directly piped to the corresponding
           tetgen call in the meshgeneration process. Decrease this parameter
           (e.g. to 1.12) to increase the homogeneity of the triangles. Be
           careful with this one, tetgen very easy starts to split cells in
           smaller and smaller pieces and therefore increase the total
           cellcount to very high values (millions and more).

        """
        self.refinement_para = 400. * refinement_para
        self.max_area_para = 0.004 * max_area_factor
        self.tetgen_quality = tetgen_quality


[docs]    def setParaMesh2D(self, para_mesh_2d, limits=None, append_boundary=False,
                      preserve_edges=False, anomaly=None, sort=True,
                      **kwargs):
        """ Sets 2D parameter mesh for secondary field calculation.

        Parameters
        ----------
        para_mesh_2d: string or pg.Mesh
            2D parameter mesh or path to mesh.

        limits: [float, float] or None
            Minimum and maximum values for y of the area where 2D parameters
            are to be transferred to the 3D FEM mesh. Default are the x
            extension of the 2D parameter mesh.

        append_boundary: boolean [ False ]
            Fills in an additional boundary with prolongated resistivity values
            around the transferred 2D values. This is useful as it reduces
            artifacts at the edge of the 2D domain oin the FEM mesh.

        anomaly: None or np.ndarray [ None ]
            Optionally. Alternatively use *setAnomalies*. Anomaly vector
            (conductivity vector) with values for each cell in the 2D
            parameter domain. Attention: conductivity is used, not
            resistivity!

        sort: boolean [ False ]
            Optionally. Alternatively use *setAnomalies*. If True, set the
            same marker for double values in anomaly vector.
            This is for blocky 2d structures, where only a few different
            regions are required. Use default False if dealing with smooth
            inversion results, for example in a structural coupling.

        kwargs to *appendTriangleBoundary*

        Calls *setAnomalies* of anomaly is given.
        Furthermore calls *updateFEMAnomaly* if FEMMesh has been set already.
        """
        log.info('setParaMesh2D: setting 2D paramter mesh: {}'
                 .format(para_mesh_2d))

        # string or copy: always copy of mesh, never a reference
        self._para_mesh_2d = pg.Mesh(para_mesh_2d)

        self.orig_cell_count_2d = self._para_mesh_2d.cellCount()
        log.debug('Original paramesh cell count (no boundary): {}'
                  .format(self.orig_cell_count_2d))

        if limits is not None:
            self.para_limits_y = limits
        else:
            val_min = np.min(self.pos[:, 1])
            val_max = np.max(self.pos[:, 1])
            val_thk = val_max - val_min
            self.para_limits_y = [val_min - 3 * val_thk,  # leave at 3 * !!
                                  val_max + 3 * val_thk]  # leave at 3 * !!

        log.info('Paramesh y limits: {}'.format(self.para_limits_y))

        self.para_limits_x = [self.para_mesh_2d.xmin(),
                              self.para_mesh_2d.xmax()]

        self.para_limits_z = [self.para_mesh_2d.ymin(),
                              self.para_mesh_2d.ymax()]

        self.preserved_edge_centers = None
        log.debug('preserve edges = {}'.format(preserve_edges))
        if preserve_edges:
            # UNTESTED preserve edges!
            topreserve = self.para_mesh_2d.boundaryMarkers() > 0
            if np.sum(topreserve) >= 0:
                # found marker > 0
                edge_ids = np.where(self.para_mesh_2d.boundaryMarkers() > 0)[0]
                self.preserved_edge_centers = []
                for edge_id in edge_ids:
                    # store edge center in order to find edge again later
                    self.preserved_edge_centers.append(
                        np.array(self.para_mesh_2d.boundaryCenters()[edge_id]))

        # append triangle boundary
        self.has_boundary = False
        # pg.show(self._para_mesh_2d)
        log.debug('append boundary = {}'.format(append_boundary))
        if append_boundary:
            # add new boundary with special cell markers to identify orig cells
            kwargs['marker'] = -42
            # self._para_mesh_2d_with_bounds
            self._para_mesh_2d = pg.meshtools.appendTriangleBoundary(
                self._para_mesh_2d, **kwargs)
            # pg.show(self._para_mesh_2d)
            cm = np.array(self._para_mesh_2d.cellMarkers())
            self.orig_cells = cm != -42
            self.has_boundary = True

            para_limits_x = [self.para_mesh_2d.xmin(),
                             self.para_mesh_2d.xmax()]
            log.debug('append boundary: increase x limits: {} -> {}'
                      .format(self.para_limits_x, para_limits_x))

            para_limits_z = [self.para_mesh_2d.ymin(),
                             self.para_mesh_2d.ymax()]
            log.debug('append boundary: increase z limits: {} -> {}'
                      .format(self.para_limits_z, para_limits_z))

            log.debug('new paramesh cell count (with boundary): {}'
                      .format(self.para_mesh_2d.cellCount()))

        # have secondary config
        if self.secondary_config is None:
            self.createDefaultSecondaryConfig()

        if anomaly is not None:
            # case 1/4: anomaly given, set paramesh attributes and marker
            self.setAnomalies(anomaly=anomaly, sort=sort)
            # sets self.secondary_config.sigma_paramesh

            if self.loopmesh is not None:
                # case 2/4: also have FE mesh, set FE attributes (anomalies)
                # and marker
                self.updateFEMAnomaly()

        else:
            # case 3/4: already got paramesh anomalies and got FE mesh,
            # also set FE mesh marker and anomlies
            if self.loopmesh is not None and\
                    self.secondary_config.sigma_paramesh != []:
                self.updateFEMAnomaly()


        # case 4/4: got neither anomalies nor nor FE mesh: call it a day

[docs]    def setDipoleMesh(self, mesh, savename='_default_dipole_mesh',
                      verbose=True):
        """ Sets the dipolemesh and saves it under savename.

        Parameters
        ----------
        mesh: string or mesh instance
            Pygimli mesh instance or file path to pygimli mesh.

        savename: string [ None ]
            Used savename for mesh, if mesh is already a mesh instance.

        verbose: boolean [ False ]
            Turn on verbose mode.
        """
        if isinstance(mesh, pg.Mesh):
            self.dipolemesh = mesh
            self.dipole_mesh_name = savename
            self.dipolemesh.save(self.dipole_mesh_name)

        elif isinstance(mesh, str):
            if not mesh.endswith('.bms'):
                if not os.path.exists(mesh + '.bms'):
                    mesh += '_dipole_mesh'

            if verbose:
                print('load dipole mesh "{}": '.format(mesh), end='',
                      flush=True)

            self.dipolemesh = pg.Mesh(mesh)

            if verbose:
                print(self.dipolemesh)

            self.dipole_mesh_name = mesh


[docs]    def setLoopMesh(self, mesh, savename=None):
        """ Sets the loopmesh.

        Parameters
        ----------
        mesh: string or mesh instance
            Pygimli mesh instance or file path to pygimli mesh.

        savename: string [ None ]
            Used savename for mesh, if mesh is already a mesh instance.
            Alternatively a default name is generated with
            *getDefaultLoopMeshBaseName*.
        """
        if isinstance(mesh, pg.Mesh):
            self.loopmesh = mesh

        elif isinstance(mesh, str):
            log.info('load loop mesh "{}"... '.format(mesh))
            self.loopmesh = pg.Mesh(mesh)
            savename = mesh

        elif isinstance(mesh, PosixPath):
            log.info('load loop mesh "{}"... '.format(mesh.as_posix()))
            self.loopmesh = pg.Mesh(mesh.as_posix())
            savename = mesh.as_posix()

        else:  # gets coordinate Points
            mesh = np.array(mesh, dtype=np.float64)
            self.loopmesh = pg.Mesh(3)
            shape_in = np.shape(mesh)
            if shape_in[0] == 3 and shape_in[1] != 3:
                mesh = mesh.T
            for pt in mesh:
                self.loopmesh.createNode(pg.Pos(pt[0], pt[1], pt[2]))

        self.setLoopMeshName(savename=savename)

        # reset field if new mesh
        # new mesh = other cell and node count (its not a perfect comparison
        # but it should do 99.9% of the time)
        # A thorough test is not possible.
        if self.field is not None:
            if self.field.shape[1] != self.loopmesh.nodeCount() and \
                    self.field.shape[1] != self.loopmesh.cellCount():
                self.field = None
        # Known issues: switching from .h5 mesh (custem) to .bms mesh (pygimli)
        # This test does not detect the difference, however the meshs will have
        # different sortings, which has to be corrected for the fields.
        # This, for example, is done in prepareSecondaryFieldCalculation

        log.debug('set loopmesh: {}'.format(self.loopmesh))


[docs]    def setParaMeshMarkerAndVals(self, anomaly=None, sort=True):
        """ Handle anomaly vector and marker of the 2d parameter mesh.

        Parameters
        ----------
        anomaly: array_like [ None ]
            Vector with conductivities in S/m. Expect one entry for each
            cell in parameter mesh. If not given, and sort is True an error
            is raised.

        sort: boolean [ False ]
            If True, set the same marker for double values in anomaly vector.
            This is for blocky 2d structures, where only a few different
            regions are required. Use default False if dealing with smooth
            inversion results, for example in a structural coupling.
        """
        raise DeprecationWarning('Use setParaMesh2D(..., anom=...) instead')
        if anomaly is None:
            if sort is True:
                raise Exception('Need anomaly vector for sort option.')
        else:
            self.paramesh_sort = False
            anomaly = self._checkAnomaly(anomaly)

        self._checkParaMesh()

        # reserve marker for air and background
        offset = len(self.secondary_config.sigma_ground) + 1

        if sort:
            self.paramesh_sort = True
            # set only marker for unique resistivity values
            # This way marker and resistivities are still matching!
            unique1, anom_idx, marks = np.unique(
                anomaly.round(decimals=4), return_inverse=True,
                return_index=True)

            self.anom_idx = anom_idx

            log.debug(f'unique old: {unique1}')
            unique = anomaly[self.anom_idx]
            log.debug(f'unique: {unique}')
            self.secondary_config.setAnomalies(unique)
            log.info('sort: ({} -> {} marker)'.format(
                     self.para_mesh_2d.cellCount(), len(unique)))
            log.info('sec config anomaly: {} ({})'.format(
                     unique, len(unique)))

        else:
            self.anom_idx = None
            # set one marker per entry in anomaly, no matter the value
            marks = np.arange(self.para_mesh_2d.cellCount())
            if anomaly is not None:
                # for calculation
                self.secondary_config.setAnomalies(anomaly)
                log.info('sec config anomaly: {} ({})'.format(
                         anomaly, len(anomaly)))

        # set marker for transfer to FEM Mesh and attributes for debug
        self.para_mesh_2d.setCellMarkers(marks + offset)
        log.debug('paramesh2d marker count after setParaMeshMarkerAndVals: {}'
                  .format(len(np.unique(self.para_mesh_2d.cellMarkers()))))


[docs]    def setAnomalies(self, anomaly, sort=True):
        """ Handle anomaly vector and marker of the 2d parameter mesh.

        Parameters
        ----------
        anomaly: array_like [ None ]
            Vector with conductivities in S/m. Expect one entry for each
            cell in parameter mesh.

        sort: boolean [ False ]
            If True, set the same marker for double values in anomaly vector.
            This is for blocky 2d structures, where only a few different
            regions are required. Use default False if dealing with smooth
            inversion results, for example in a structural coupling.
        """
        # import check
        self._checkParaMesh()

        # store optional input parameter
        self.paramesh_sort = sort

        # some more checks
        if anomaly is None:
            raise Exception('Need anomaly vector with length of paramesh '
                            'cell count.')

        if len(anomaly) != self.orig_cell_count_2d:
            raise Exception('Dimension mismatch between original paramesh '
                            '({} cells) and anomaly vector ({} values).'
                            .format(self.orig_cell_count_2d, len(anomaly)))

        # store raw values in sec config
        self.secondary_config.sigma_raw = np.array(anomaly).tolist()

        # prepare anomaly vector with respect to parameter mesh prolongation
        if self.has_boundary is False:
            anom = np.array(self.secondary_config.sigma_raw)

        else:
            anom = np.zeros(self.para_mesh_2d.cellCount())
            anom[self.orig_cells] = anomaly
            anom = pg.Vector(anom)
            # inplace prolongation needs reference
            # therefore explicit pg.Vector call is needed before giving anom
            # to prolongateEmptyCellsValues
            self.para_mesh_2d.prolongateEmptyCellsValues(anom)
            log.debug('setAnomalies: detect boundary around paramesh: '
                      'prolongate empty cells values.')
            with temporal_printoptions():
                log.debug('setAnomalies: prolonged anomaly: {} ({})'
                          .format(np.array(anom), len(anom)))

        # set cell attributes, this will help some cache stuff in the future
        self.para_mesh_2d.setCellAttributes(anom)

        # pygimli to numpy
        anom = np.array(anom)

        # reserve marker for air and background
        offset = len(self.secondary_config.sigma_ground) + 1

        # set one marker per entry in anomaly as all values are considered
        # unique, regardless of the actual value
        # Note: need continuous array with 0 being air, 1...n for n layers
        # of the background field and n+1...n+1+m for m anomalies.
        # theres no air here, however the marker is still reserved as are
        # the markers from 1...n hence *offset* has been introduced.
        if self.paramesh_sort:
            # sorted cells: anomaly vector has unique values
            # self.anom_idx -> from 2d mesh with bounds to unique vals
            # This way marker and resistivities are still matching!
            unique1, anom_idx, marks = np.unique(
                anom.round(decimals=4), return_inverse=True,
                return_index=True)

            self.anom_idx = anom_idx

            log.debug(f'unique old: {unique1}')
            unique = anom[self.anom_idx]
            log.debug(f'unique: {unique}')

            log.info('sort: ({} -> {} marker)'.format(
                     self.para_mesh_2d.cellCount(), len(unique)))

            # store in secondary config
            self.secondary_config.sigma_paramesh = unique.tolist()

        else:
            # just take all values as they are
            self.anom_idx = None
            marks = np.arange(self.para_mesh_2d.cellCount())

            # store in secondary config
            self.secondary_config.sigma_paramesh = anom.tolist()

        with temporal_printoptions():
            log.info('setAnomalies: sec config anomaly (paramesh): {} ({})'
                     .format(
                         np.array(self.secondary_config.sigma_paramesh),
                         len(self.secondary_config.sigma_paramesh)))

        # set marker for transfer to FEM Mesh and attributes for debug
        self.para_mesh_2d.setCellMarkers(marks + offset)
        log.debug('paramesh2d marker count after setAnomalies: {}'
                  .format(len(np.unique(self.para_mesh_2d.cellMarkers()))))


        # OPTIONALLY
        # [x] set anomalies in secondary config, raw + paramesh
        # add marker to FE mesh and sigma_anom

[docs]    def setFEMMesh_old(self, mesh, valid_marker=None, savename=None):
        """ Sets the FEM mesh as loopmesh and handles the domain markers.

        Parameters
        ----------
        mesh: string or mesh instance
            Pygimli mesh instance or file path to pygimli mesh.

        valid_marker: array_like [ None ]
            If None, checks which domains of the 2D mesh are actually
            transferred to the 3D FEM mesh.
            The markers are saved in the *valid_marker* attribute.
            If given, sets vector directly after some checks.

        savename: string [ None ]
            Useful if multiple loops are using the same mesh (saves diskspace).
            Ignored if *mesh* is a string already.

        """
        self._checkParaMesh()
        if isinstance(mesh, str):
            self.setLoopMesh(savename)
        else:
            self.setLoopMesh(mesh, savename=savename)

        self.setFEMMarker(valid_marker=valid_marker)


[docs]    def setFEMMesh(self, mesh, valid_marker=None, savename=None):
        """ Sets the FEM mesh as loopmesh and handles the domain markers.

        Parameters
        ----------
        mesh: string or mesh instance
            Pygimli mesh instance or file path to pygimli mesh.

        valid_marker: array_like [ None ]
            If None, checks which domains of the 2D mesh are actually
            transferred to the 3D FEM mesh.
            The markers are saved in the *valid_marker* attribute.
            If given, sets vector directly after some checks.

        savename: string [ None ]
            Useful if multiple loops are using the same mesh (saves diskspace).
            Ignored if *mesh* is a string already.

        Calls *_setFEMMarker* is paramesh has been set.
        Furthermore calls *updateFEMAnomaly* if anomaly has been set through
        either *setParamesh2D* or *setAnomaly*

        Produces error message if valid_marker array is given, but no paramesh
        is found
        """
        if isinstance(mesh, str):
            self.setLoopMesh(savename)
        else:
            self.setLoopMesh(mesh, savename=savename)

        if self._checkParaMesh(raise_it=False):
            # if paramesh
            self._setFEMMarker(valid_marker=valid_marker)

            if self.secondary_config.sigma_paramesh != []:
                # if paramesh + if anomaly set before
                self.updateFEMAnomaly(set_marker=False)

        else:
            # if neither paramesh nor anomaly
            if valid_marker is not None:
                log.error('setFEMMesh: got valid_marker array, however '
                          'cannot deal with it if no paramesh is set before. '
                          'Skip settin of FEMesh markers.')


    def _setFEMMarker(self, valid_marker=None):
        """ Sets and checks the domain marker of the 3D FEM mesh.

        Parameters
        ----------
        valid_marker: array_like [ None ]
            If None, checks which domains of the 2D mesh are actually
            transferred to the 3D FEM mesh.
            The markers are saved in the *valid_marker* attribute.
            If given, sets vector directly after some checks.
        """
        self._checkParaMesh()
        old_marker = np.array(self.loopmesh.cellMarkers())

        # domains in para mesh
        num_para = len(np.unique(self.para_mesh_2d.cellMarkers()))

        # domains in fem mesh - air - ground background
        num_ground = len(self.secondary_config.sigma_ground)
        num_marker = len(np.unique(self.loopmesh.cellMarkers())
                         ) - 1 - num_ground

        if valid_marker is not None:
            # which of the para domains are mapped to the FEM mesh
            if len(valid_marker) != num_para:
                raise Exception(
                    'Mismatch between para mesh domain count ({}) and len'
                    ' of given valid marker array ({}).'
                    .format(num_para, len(valid_marker)))

            num_marker2 = len(np.where(valid_marker)[0])
            if num_marker2 != num_marker:
                raise Exception('Mismatch between number of valid domains in'
                                ' given marker vector ({}) and number of '
                                'anomaly regions found in fem mesh ({}).'
                                .format(num_marker2, num_marker))
            else:
                # at this point we varified that given marker vector is valid.
                self.valid_marker = valid_marker

        else:
            # set marker for inner area and return not used marker
            not_set = setNearestMarkers(self.loopmesh, self.para_mesh_2d,
                                        self.para_limits_y,
                                        fill_air_ground=True)

            pmcc = len(self.para_mesh_2d.cellMarkers())
            log.info('setFEMMarker(): Tranferred {}/{} parameter mesh '
                     'markers to FE mesh.'
                     .format(pmcc - len(not_set), pmcc))

            if len(not_set) / pmcc >= 0.25 and pmcc > 100:
                log.warning(
                    'More than 25 % of the values in the parameter mesh will '
                    'not be transferred to the FE mesh. This either means '
                    'your parameter mesh is very dense, or your FE mesh is '
                    'too coarse.')

            if len(not_set) != 0:
                # searching for not used markers and performing index shift
                # reducing sigma_anom accordingly
                # index shift: -air, ground

                # VERY SLOW!!!!
                excl_ids = np.array(not_set) - 1 - num_ground

                valid = np.ones(num_para, dtype=bool)
                valid[excl_ids] = False

                self.valid_marker = valid

                new_marker = np.array(self.loopmesh.cellMarkers())
                for ind in np.sort(not_set)[::-1]:
                    new_marker[new_marker > ind] -= 1

                self.loopmesh.setCellMarkers(new_marker)

            else:
                self.valid_marker = np.ones(num_para, dtype=bool)

        # Quick check to due to errors in the past. This stays!
        import time
        timer_start = time.time()
        un = np.unique(self.loopmesh.cellMarkers())
        for mn in range(np.max(self.loopmesh.cellMarkers()) + 1):
            if mn not in un:
                raise Exception('Did not found cell with marker {}'
                                .format(mn))
        log.debug('_setMarker(): error test: {:.4f}'
                  .format(time.time() - timer_start))

        if not np.allclose(old_marker, np.array(self.loopmesh.cellMarkers())):
            h5path = Path(self.loop_mesh_name).with_suffix('.h5').as_posix()
            log.info('_setFEMMarker(): Marker changed, Export .h5 ({})'
                     .format(h5path))
            self.exportFenicsHDF5Mesh(h5path)

[docs]    def setFEMMarker_old(self, valid_marker=None):
        """ Sets and checks the domain marker of the 3D FEM mesh.

        Parameters
        ----------
        valid_marker: array_like [ None ]
            If None, checks which domains of the 2D mesh are actually
            transferred to the 3D FEM mesh.
            The markers are saved in the *valid_marker* attribute.
            If given, sets vector directly after some checks.
        """
        log.error('Old function has been used. Abort.')
        raise Exception('setFEMMarker_old should not be in use anymore.')
        self._checkParaMesh()

        # domains in para mesh
        num_para = len(np.unique(self.para_mesh_2d.cellMarkers()))

        # domains in fem mesh - air - ground background
        num_ground = len(self.secondary_config.sigma_ground)
        num_marker = len(np.unique(self.loopmesh.cellMarkers())
                         ) - 1 - num_ground

        if valid_marker is not None:
            # which of the para domains are mapped to the FEM mesh
            if len(valid_marker) != num_para:
                raise Exception(
                    'Mismatch between para mesh domain count ({}) and len'
                    ' of given valid marker array ({}).'
                    .format(num_para, len(valid_marker)))

            num_marker2 = len(np.where(valid_marker)[0])
            if num_marker2 != num_marker:
                raise Exception('Mismatch between number of valid domains in'
                                ' given marker vector ({}) and number of '
                                'anomaly regions found in fem mesh ({}).'
                                .format(num_marker2, num_marker))
            else:
                # at this point we varified that given marker vector is valid.
                self.valid_marker = valid_marker

        else:
            # set marker for inner area and return not used marker
            not_set = setNearestMarkers(self.loopmesh, self.para_mesh_2d,
                                        self.para_limits_y,
                                        fill_air_ground=True)

            pmcc = len(self.para_mesh_2d.cellMarkers())
            log.info('setFEMMarker(): Tranferred {}/{} parameter mesh '
                     'markers to FE mesh.'
                     .format(pmcc - len(not_set), pmcc))

            if pmcc - len(not_set) / pmcc >= 0.25 and pmcc > 100:
                log.warning(
                    'More than 25 % of the values in the parameter mesh will '
                    'not be transferred to the FE mesh. This either means '
                    'your parameter mesh is very dense, or your FE mesh is '
                    'too coarse.')

            if len(not_set) != 0:
                # searching for not used markers and performing index shift
                # reducing sigma_anom accordingly
                # index shift: -air, ground
                excl_ids = np.array(not_set) - 1 - num_ground

                valid = np.ones(num_para, dtype=bool)
                valid[excl_ids] = False

                self.valid_marker = valid

                new_marker = np.array(self.loopmesh.cellMarkers())
                for ind in np.sort(not_set)[::-1]:
                    new_marker[new_marker > ind] -= 1

                self.loopmesh.setCellMarkers(new_marker)

            else:
                self.valid_marker = np.ones(num_para, dtype=bool)

        un = np.unique(self.loopmesh.cellMarkers())

        # Quick check to due to errors in the past. This stays!
        for mn in range(np.max(self.loopmesh.cellMarkers()) + 1):
            if mn not in un:
                raise Exception('Did not found cell with marker {}'
                                .format(mn))


[docs]    def calculate(self, num_cpu=12, loop_mesh=None, dipole_mesh=None,
                  interpolate=False, savename=None, cell_center=False,
                  verbose=False, mode='auto', matrix=False, field_matrix=None,
                  max_node_count=None, **kwargs):
        """ Computation of the loop field with respect to the config.

        Parameters
        ----------
        num_cpu: integer [ 12 ]
            Maximum number of processes allowed for this task.

        loop_mesh: string or mesh instance [ None ]
            Optional. Possibility to give a user defined mesh for the
            calculation.

        dipole_mesh: string or mesh instance [ None ]
            Optional. Possibility to give a user defined mesh for the
            calculation (interpolate=True or matrix=True only).

        interpolate: boolean [ True ]
            The loop dipoles can either be calculated directly (False) or once
            on a seperated mesh (dipolemesh) and then interpolated to the
            loopmesh (True). If a dipoleFieldName is given, this field will be
            used for the interpolation.

        savename: string [ None ]
            Optional. If savename is not None, the loop will be saved under
            the name defined in savename.

        cell_center: boolean [ True ]
            A default the field of the loop will be calculated at the cell
            center of the mesh cells. This flag allows for calculation at the
            mesh nodes. Affects only the definition of the final loopmesh, the
            dipolemesh will always be calculated at the nodes for interpolation
            reasons.

        verbose: boolean [ False ]
            Turn on verbose mode.

        mode: string [ 'auto' ]
            Five posibilities: 'auto', 'config', 'te', 'tm', 'tetm'\n
            'auto': Automatic detection wether the loop is grounded or not.
            Grounded wires are calculated with te and tm mode (see HED).
            Non grounded wires are calculated with te mode only (sufficient).\n
            'config': the default config decides the mode the field is
            calculated in.\n
            'te', 'tm', 'tetm': Calculates the field in the choosen mode.

        matrix: boolean [ False ]
            Alternatively calculation approach. At first the field on a highly
            dense dipole mesh will be triggered. After that the field will
            be interpolated to the single dipole positions by the means of a
            matrix vector multiplication with a matrix containing appropriate
            weighting factors. This Approach takes longer than direct
            calculation in the first run, but the calculated matrix can be used
            for further calculations with different frequencies or resistivity
            models (as long as the loopmesh and dipolemesh remain the same).

        field_matrix: list or string [ None ]
            Interpolation matrices or file path if calculation with
            matrix=True. Will be calculated automatically if None.

        max_node_count: integer [ None ]
            As all points will be calculated at once, the computational effort
            scales lineary with the reciever count, the transmitter count and
            the used hankel factors. If the limits of the available memory is
            reached *max_node_count* can be used to define the maximum chunk
            of nodes to be computated at once. Other nodes will be computed
            afterwards.

        Keyword arguments
        -----------------

        Keyword arguments are redirected to loop.save and to define
        the *drop_tol* (float [ 1e-2 ]) in the cylindrical coordinate
        transformation to avoid instabilities around the source.
        """
        tick = Timer()

        # load/import dipole Mesh
        if dipole_mesh is not None:
            self.setDipoleMesh(dipole_mesh)

        # load/import loop Mesh
        if loop_mesh is not None:
            self.setLoopMesh(loop_mesh)

        # create loop mesh if still missing
        if self.loopmesh is None:
            log.info('No Loop Mesh given or found. Creating.')
            self.createLoopMesh(savename=savename)
            log.log(16, 'loopmesh: {!s}'.format(self.loopmesh))

        # transform coordinates, and remember to change them back again
        # only in case where loopmesh is manually set numpy array (custEM)
        transposed = False
        if not isinstance(self.loopmesh, pg.Mesh):
            if len(self.loopmesh) != 3 and len(self.loopmesh[0]) == 3:
                self.loopmesh = self.loopmesh.T
                transposed = True

        # one dipole only case
        if self.type == 'dipole':
            interpolate = False  # just one dipole: always calculate directly

        # decide wether tm, te or both
        if mode == 'auto':
            if self.grounded is False:
                log.info('detecting non-grounded loop, set mode to "te"')
                self.config.mode = 'te'
            elif self.grounded is True:
                log.info('detecting grounded loop, set mode to "tetm"')
                self.config.mode = 'tetm'
        elif mode == 'config':
            pass
        else:
            self.config.mode = mode

        # calculation on nodes or cell midpoints
        self.field_on_nodes = not cell_center  # historic

        log.log(16, 'cell center: {}'.format(cell_center))

        if matrix is True or interpolate is True:
            if self.dipolemesh is None:
                log.info('No Dipole Mesh given or found. Creating.')
                self.createDipoleMesh(savename=savename)
                log.log(16, 'dipolemesh: {}'.format(self.dipolemesh))

            # dipole calcualation
            log.info(f'Calculating dipole field of {self!r}')
            log.info(f'{self.config!r}')
            log.debug(f'{self.config!s}')
            self.calculateDipoleField(
                num_cpu=num_cpu,
                max_node_count=max_node_count,
                verbose=verbose,
                drop_tol=kwargs.get('drop_tol', 1e-2))

        if matrix is False:
            # case 1/3: interpolate
            # dipolemesh created out of loopmesh
            if interpolate is True:
                # interpolation
                self.field = loopInterpolation(self.d_field,
                                               self.dipole_mesh_name,
                                               self.loopmesh,
                                               (self.pos, self.phi, self.ds),
                                               verbose=verbose,
                                               cell_center=cell_center,
                                               num_cpu=num_cpu)

            # case 2/3: calculate directly
            elif interpolate is False:
                log.info(f'Calculating loop field of {self!r}')
                log.info(f'{self.config!r}')
                log.debug(f'{self.config!s}')
                self.field = loopCalculation(self.loopmesh,
                                             (self.pos, self.phi, self.ds),
                                             self.config.rho,
                                             self.config.d,
                                             self.config.f,
                                             self.config.current,
                                             self.config.mode,
                                             self.config.ftype,
                                             verbose=verbose,
                                             cell_center=cell_center,
                                             num_cpu=num_cpu,
                                             max_node_count=max_node_count,
                                             **kwargs)  # drop_tol
            if transposed is True:
                self.loopmesh = self.loopmesh.T
                self.field = self.field.T
        else:
            # case 3/3: calculation via matrix
            if self.field_matrix is None:
                if field_matrix is None:
                    self.calculateFieldMatrix(num_cpu=num_cpu,
                                              verbose=verbose)

                elif isinstance(field_matrix, (tuple, list)):
                    self.field_matrix = field_matrix[0]
                    self.field_matrix_sin = field_matrix[1]
                    self.field_matrix_cos = field_matrix[2]

                else:
                    self.loadFieldMatrix(field_matrix)

            self.calculateFieldFromMatrix(verbose=verbose)

        log.info('total field calculation time: {:2.2f} seconds'
                 .format(tick.time_total))
        if savename is not None:
            self.save(savename, kwargs.pop('config_savename', None))
        return self.field


[docs]    def calculateInterpolationMatrix(self, Pos):
        """ Calculates the interpolation matrix.

        If one wished the field can be interpolated to another mesh.
        The interpolation matrix from the loopmesh to an arbitrary set of
        coordinates is calculated with this function. This function is called
        to initialize and append the weights to the interpolation matrix.

        Note: The loop class does not hold a reference of the resulting matrix,
        instead gives it back to the caller.

        Parameters
        ----------
        Pos: np.ndarray or pg.core.PosVector
            Transmitter positions of shape (n, 3) with n positions. Values
            are expected to be floats (the conversion to a pg.PosVector
            will not check again).

        Returns
        -------
        mat: pg.core.SparseMapMatrix
            Sparse interpolation matrix with number of columns equal to the
            number of nodes in the loopmesh and number of rows equal to
            the number of input positions.
        """
        tick_sIM = time.time()
        log.log(16, 'Loop: Assembling InterpolationMatrix.')
        if not isinstance(Pos, pg.core.PosVector):
            Pos = pg.core.PosVector(Pos)

        interpolationMatrix = self.loopmesh.interpolationMatrix(Pos)

        log.log(13, '%2.2f sec' % (time.time() - tick_sIM))
        return interpolationMatrix


#    def calculateInterpolationMatrix_para(self, Pos, num_cpu=12):
#        """ Parallel version of *calculateInterpolationMatrix*.
#
#        Not working yet.
#        """
#        raise Exception('not working yet!')
#        tick_sIM = time.time()
#        if verbose:
#            print('Assembling InterpolationMatrix...', end='', flush=True)
#        if not isinstance(Pos, pg.core.PosVector):
#            Pos = pg.core.PosVector(Pos)
#        if verbose:
#            print(' {} to {} points'.format(self.loopmesh.nodeCount(),
#                  len(Pos)), end='', flush=True)
#        self.loopmesh.save('mesh_for_interpolation.bms')
#        interpolationMatrix = InterpolationMatrix_para(
#                'mesh_for_interpolation.bms',
#                Pos,
#                num_cpu=num_cpu,
#                in_node_count=self.loopmesh.nodeCount(),
#                verbose=True)
#        if verbose:
#            print(' %2.2f sec' %
#                  (time.time() - tick_sIM), flush=True)
#        return interpolationMatrix

[docs]    def calculateFieldMatrix(self, num_cpu=8, verbose=False):
        """
        If wished the calcualtion of the total loop field can be done by
        interpolation and superposition of one highly accurate dipole field
        to the different transmitter positions of the loop. This is done either
        done directly or via a vector matrix multiplication.

        This function is called to initialize and append the weights to the
        interpolation matrix from the *dipolemesh* to the *loopmesh* for all
        tx positions with respect to *pos*, *phi*, and *ds*.

        This function will be called if *calculate* is called with
        *matrix=True*.

        Parameters
        ----------
        num_cpu: integer [ 8 ]
            Define the maximum number of cores allowed for this operation.

        verbose: boolean [ False ]
            Turn on verbose mode.
        """
        if num_cpu == 1:
            outPos = R3VtoNumpy(self.loopmesh.positions())
            self.field_matrix = pg.core.SparseMapMatrix()
            self.field_matrix.resize(self.loopmesh.nodeCount(),
                                     self.dipolemesh.nodeCount())
            self.field_matrix_cos = pg.core.SparseMapMatrix()
            self.field_matrix_cos.resize(self.loopmesh.nodeCount(),
                                         self.dipolemesh.nodeCount())
            self.field_matrix_sin = pg.core.SparseMapMatrix()
            self.field_matrix_sin.resize(self.loopmesh.nodeCount(),
                                         self.dipolemesh.nodeCount())
            for i, p in enumerate(self.pos):
                actualPos = vec.translate(outPos, -p[0], -p[1], z=-p[2],
                                          copy=True)
                vec.rotate3(actualPos, -self.phi[i])
                new = self.dipolemesh.interpolationMatrix(
                        pg.core.PosVector(actualPos)) * self.ds[i]
                self.field_matrix += new
                self.field_matrix_sin += new * np.sin(-self.phi[i])
                self.field_matrix_cos += new * np.cos(-self.phi[i])
        else:
            self.field_matrix,\
                self.field_matrix_sin,\
                self.field_matrix_cos = \
                calcFieldMatrix_para(self.dipole_mesh_name,
                                     self.dipolemesh.nodeCount(),
                                     self.loopmesh,
                                     (self.pos, self.phi, self.ds),
                                     verbose=verbose,
                                     num_cpu=num_cpu)


[docs]    def calculateFieldFromMatrix(self):
        """
        Calculates the primary field on basis of the interpolation matrix
        and the dipole field.
        """
        if self.field_matrix is None:
            self.calculateFieldMatrix()

        self.field = vec.interpolateField_rotatedMatrix(
            self.d_field,
            base_mat=self.field_matrix,
            sin_mat=self.field_matrix_sin,
            cos_mat=self.field_matrix_cos)
        return self.field


[docs]    def calculateDipoleField(self, verbose=False, drop_tol=1e-2,
                             num_cpu=12, max_node_count=None):
        """ Calculates field on dipole mesh.

        Parameters
        ----------
        verbose: boolean [ False ]
            Turn on verbose mode.

        drop_tol: float [ 1e-2 ]
            Singularity fix. All horizontal distances between *drop_tol*
            and the transmitter dipole are placed between the first reciever
            outside the tolerance and the tolerance, maintaining the correct
            order and angle.

        num_cpu: integer [ 12 ]
            Maximum number of processes allowed for this task.

        max_node_count: integer [ None ]
            As all points will be calculated at once, the computational effort
            scales lineary with the reciever count, the transmitter count and
            the used hankel factors. If the limits of the available memory is
            reached *max_node_count* can be used to define the maximum chunk
            of nodes to be computated at once. Other nodes will be computed
            afterwards.
        """
        self.d_field = loopCalculation(self.dipolemesh,
                                       ([(0, 0, 0)], [0], [1]),  # x-HED
                                       self.config.rho,
                                       self.config.d,
                                       self.config.f,
                                       self.config.current,
                                       self.config.mode,
                                       self.config.ftype,
                                       verbose=verbose,
                                       cell_center=False,
                                       num_cpu=num_cpu,
                                       max_node_count=max_node_count,
                                       drop_tol=drop_tol)  # drop_tol


[docs]    def calcAndExportFieldsForFenics(self, export_vtk=False, num_cpu=32,
                                     **kwargs):
        """
        Calculates and export primary fields for fenics secondary field
        calculation.

        Parameters
        ----------
        kwargs: dict
            Keyword parameters are redirected to *calculate*.
        """
        import dolfin as df
        if self.secMOD is None:
            log.info('initializing custEM instance')
            self.initCustEM(init_primary_field_class=True)

        orig_ftype = '{}'.format(self.config.ftype)  # copy string is tricky

        magnetic = True
        electric = False
        if self.secondary_config.pf_EH_flag == 'E' or\
                kwargs.get('debug', False):
            electric = True

        log.debug('initialize mesh (vector function space) from custEM')
        self.secMOD.FE.FS.pf_p = 1
        V_cg = df.VectorFunctionSpace(self.secMOD.FE.FS.mesh, 'CG', 1)

        df_c = V_cg.tabulate_dof_coordinates().reshape(
            -1, 3)[0::3, :]

        pg_c = self.loopmesh.positions().array()
        pg_df, df_pg = convertCoordinates(pg_c, df_c)

        log.debug('primary calculation: coords: {}'.format(
            np.allclose(df_c, pg_c)))

        log.debug('primary calculation: check sorting: {}, {}'.format(
            np.allclose(df_c[df_pg], pg_c),
            np.allclose(df_c, pg_c[pg_df])))

        if not np.allclose(df_c[df_pg], pg_c) or\
                not np.allclose(df_c, pg_c[pg_df]):
            raise Exception('Something went wrong with the coordinate '
                            'transformation between dolfin and pygimli mesh. '
                            'please check input files.')

        self.setModel(self.secondary_config.sigma_ground,
                      d=None, resistivity=False)

        if magnetic:
            self.config.ftype = 'H'
            log.info('calculate magnetic primary fields')
            self.calculate(num_cpu=num_cpu, **kwargs)
            h_field = np.copy(self.field)
            self.exportVTK('hfield_debug.vtk')
        else:
            h_field = np.zeros_like(self.loopmesh.positions().array(),
                                    dtype=np.complex)

        self.secMOD.FE.FS.PF.pvd_flag = export_vtk

        h_field_fenics = h_field[:, pg_df].T
        assert np.shape(h_field_fenics)[1] == 3

        # setting H fields manually in preparation for export
        self.secMOD.FE.FS.PF.H_0 = [h_field_fenics]

        # calc E primary
        if electric:
            self.config.ftype = 'E'
            log.info('calculate electric primary fields')
            self.calculate(num_cpu=num_cpu, **kwargs)
            e_field = np.copy(self.field)
            self.exportVTK('efield_debug.vtk')
        else:
            e_field = np.zeros_like(self.loopmesh.positions().array(),
                                    dtype=np.complex)

        # setting E fields manually in preparation for export
        e_field_fenics = e_field[:, pg_df].T
        assert np.shape(h_field_fenics)[1] == 3

        self.secMOD.FE.FS.PF.E_0 = [e_field_fenics]

        # only one export
        self.secMOD.FE.FS.PF.n_tx = 1  # fixed to one transmitter right now
        self.secMOD.FE.FS.PF.export_primary_fields()

        # reset field type to whatever we were interested in to begin with
        self.config.ftype = orig_ftype

        if self.config.ftype == 'E':
            self.field = e_field

        elif self.config.ftype == 'H':
            self.field = h_field

        elif self.config.ftype == 'B':
            self.field = h_field * 4e-7 * np.pi

        else:
            self.field = None


[docs]    def calculateSecField(self, num_cpu=8, **kwargs):
        """ Calculates the secondary field using custEM.

        Calculates primary field as well if not found.\n
        Needs a FEM suited mesh as well as a parameter distribution provided
        by other functions of this class (See *createFEMMesh* and
        *prepareSecondaryFieldCalculation*).

        Parameters
        ----------
        num_cpu: integer [ 8 ]
            Maximum number of processes allowed for this task. The actual
            calculation will be done in an mpirun environment with the
            selected number of cores.

        kwargs: dict
            Keyword arguments are redirected to *local_apps*.
        """
        if self.secondary_config is None:
            raise Exception('No config for secondary field calculation has '
                            'been loaded.')

        log.info('Start secondary field calculation routine.')

        if not self._checkPrimaryFields():
            log.info('preparing primary fields...')
            self.calcAndExportFieldsForFenics(num_cpu=num_cpu)

        self.save(savename=self.name, save_mesh=False)

        success = local_apps_bash('secondaryFieldCalculation',
                                  self.name,
                                  str(num_cpu),
                                  **kwargs)

        if success != 0:
            raise Exception('Error in secondary field calculation.')
        else:
            log.info('load resulting fields: "{}"'
                     .format('{}_total.npy'.format(self.name)))
            self.field = np.load('{}_total.npy'.format(self.name))
            if '_s' in self.secondary_config.approach:
                self.secondary = np.load('{}_secondary.npy'.format(self.name))
            else:
                self.secondary = None
            if self.config.ftype.lower() == 'b':
                # custEM produces H fields.
                self.field *= 4e-7 * np.pi
                if self.secondary is not None:
                    self.secondary *= 4e-7 * np.pi


[docs]    def load(self, savename=None, config=None, config2=None,
             verbose=True, load_meshes=True, overwrite_dir=False):
        """ Load Loop from files.

        Parameters
        ----------
        savename: string [ None ]
            Basename of the lop class files. Other names are autogenerated
            using this basename.

        config: string [ None ]
            Tell the load function to explicitely load config from given path.
            Else the saved filepath in the main archive is used.

        config2: string [ None ]
            See *config*, but for secondary configuration.

        verbose: boolean [ True ]
            Turn on verbose mode.

        load_meshes: boolean [ True ]
            If originally saved, the meshes are loaded by default. However,
            this takes more time then the rest of the load function and can be
            ommitted if only the other parts are of interest.
        """
        self.verbose = verbose
        if savename is not None:
            self.name = savename
        if self.name is None:
            raise Exception('Need savename to load loop instance.')

        filename = os.path.split(savename)[1].split('.')[0]
        name = os.path.join(os.path.dirname(self.name), filename)
        log.info('load loop: {}'.format(os.path.abspath(name + '.npz')))

        with np.load(name + '.npz', allow_pickle=True) as archive:
            # load geometry
            if 'ltype' in archive:
                # new npz style
                log.debug('load geometry from same npz.')
                self.type = str(archive['ltype'])
                self.grounded = bool(archive['grounded'])
                self.pos = archive['pos']
                self.phi = archive['phi']
                self.ds = archive['ds']
                self._setDistance()

            else:
                # old npz style
                log.debug('load geometry from separate npz.')
                self._loadLoopGeometry(name + archive['save_geometry'].item())

            # attempt to load mesh
            if archive['save_mesh'].item() is not None:
                self.loop_mesh_name = archive['save_mesh'].item()
                if load_meshes:
                    if os.path.exists(self.loop_mesh_name):
                        self.setLoopMesh(self.loop_mesh_name)

                    else:
                        # RuntimeError from c++: ignore, warn, and continue
                        log.warning('Did not found loopmesh at "{}"'
                                    .format(self.loop_mesh_name))

            # attempt to load dipole mesh
            if archive['save_dipole_mesh'].item() is not None:
                self.dipole_mesh_name = archive['save_dipole_mesh'].item()
                if load_meshes:
                    if os.path.exists(self.dipole_mesh_name):
                        self.setDipoleMesh(self.dipole_mesh_name,
                                           verbose=verbose)
                    else:
                        # RuntimeError from c++: ignore, warn, and continue
                        log.warning('Did not found dipolemesh at "{}"'
                                    .format(self.loop_mesh_name))

            self.field = getItem(archive, 'save_field')
            self.d_field = getItem(archive, 'save_d_field')
            self.idx = getItem(archive, 'save_idx')
            self.area = getItem(archive, 'save_area', 0.)
            self.turns = getItem(archive, 'save_turns', 1)

            # config
            if config is None:
                config = archive['save_config'].item()
                if config == '.cfg':
                    config = name + config
            self.config.load(config)

            try:
                if config2 is None:
                    config2 = archive['save_config2'].item()
                    if config2 == '_sec.cfg':
                        config2 = name + config2

                if config2 is not None:
                    # given or created, either way, continue with import
                    # sets self.cfg2_savename
                    # loads self.secondary_config
                    if overwrite_dir:
                        from pathlib import Path
                        config2 = Path(
                            self.name).parent.joinpath(
                                Path(config2).name).as_posix()

                    self.loadSecondaryConfig(config2)

            except (KeyError, TypeError):
                # old versions of loop classes doesnt have secondary configs
                pass

            if os.path.exists('{}_secondary.npy'.format(self.name)):
                log.log(16, 'load secondary field.')
                self.secondary = np.load('{}_secondary.npy'.format(self.name))

        return True  # success


[docs]    def loadFieldMatrix(self, name, verbose=True):
        """
        Loads the three matrices needed for recalculation of the primary
        field from numpy archive. See saevFieldmatrix for detailed description.

        Parameters
        ----------
        name: string
            Path to file to be loaded.

        verbose: boolean [ True ]
            Turn on verbose mode.
        """
        # from comet.pyhed.misc import loadSparseMatrixFromNumpyArchive
        log.info('Loading fieldMatrices from "{}"'
                 .format(os.path.abspath(name)))
        # matrices = loadSparseMatrixFromNumpyArchive(name)
        # self.field_matrix = matrices[0]
        # self.field_matrix_sin = matrices[1]
        # self.field_matrix_cos = matrices[2]

        self.field_matrix = pg.core.SparseMapMatrix()
        self.field_matrix_sin = pg.core.SparseMapMatrix()
        self.field_matrix_cos = pg.core.SparseMapMatrix()
        self.field_matrix.load('{}_field_matrix.bmat'.format(name))
        self.field_matrix_sin.load('{}_field_matrix_sin.bmat'.format(name))
        self.field_matrix_cos.load('{}_field_matrix_cos.bmat'.format(name))


[docs]    def loadSecondaryConfig(self, savename=None):
        """ Imports previously saved secondary config.

        Parameters
        ----------
        savename: string [ None ]
            Used savename over *loop.sec_savename*. Throws Exception if both
            values are None. Replaces *loop.sec_savename*.
        """
        if savename is not None:
            self.cfg2_savename = savename
        if self.cfg2_savename is None:
            raise Exception('Need savename to load secondary configuration.')
        self.secondary_config = SecondaryConfig(name=self.cfg2_savename)


[docs]    def createLoopMesh(self, savename=None, exportVTK=False, airspace=False,
                       verbose=False, xmax=None, xmin=None,
                       ymax=None, ymin=None, zmin=None):
        """
        Builds the mesh where the loop will be calculated in.

        Parameter
        ---------
        savename: string [ None ]
            Saves the created mesh under savename, as long as savenmae is not
            none. If no basename is given, the dafaultname will be
            '_default_LoopMesh' + looptype + number of dipoles + '.bms'.

        exportVTK: boolean [ False ]
            Switch to export the resulting mesh to a vtk with the given
            savename.

        airspace: boolean [ False ]
            Enables airspace.

        verbose: boolean [ False ]
            Turn on berbose mode.
        """
        log.info('createLoopMesh()')
        if savename is None:
            loopbasename = self.getDefaultLoopMeshBaseName()
        else:
            loopbasename = savename
        self.loop_mesh_name = loopbasename + '.bms'

        # compute outer limits for loopmesh
        minx = np.min(self.pos.T[0]) - 3 * self._maxdistance
        maxx = np.max(self.pos.T[0]) + 3 * self._maxdistance
        miny = np.min(self.pos.T[1]) - 3 * self._maxdistance
        maxy = np.max(self.pos.T[1]) + 3 * self._maxdistance
        minz = np.min(self.pos.T[2]) - 3 * self._maxdistance

        if xmin is not None:
            minx = min(xmin, minx)

        if ymin is not None:
            miny = min(ymin, miny)

        if zmin is not None:
            minz = min(zmin, minz)

        if xmax is not None:
            maxx = max(xmax, maxx)

        if ymax is not None:
            maxy = max(ymax, maxy)

        if airspace:
            maxz = np.max(self.pos.T[2]) + 1 * self._maxdistance
        else:
            maxz = np.max(self.pos.T[2])

        log.debug('X, Y, Z: ({:.2f}, {:.2f}), ({:.2f}, {:.2f}), ({:.2f}, '
                  '{:.2f})'.format(minx, maxx, miny, maxy, minz, maxz))

        if len(self.pos) == 1:  # just one dipole
            # 10 * 10 unit cube around the dipole
            minx = -10. + self.pos[0][0]
            maxx = 10. + self.pos[0][0]
            miny = -10. + self.pos[0][1]
            maxy = 10. + self.pos[0][1]
            minz = -10. + self.pos[0][2]
            if airspace:
                maxz = 10. + self.pos[0][2]
            else:
                maxz = self.pos[0][2]
            self.ds = [1.0]
        # create loopmesh (nodes, faces), then apply tetgen
        # corner points for the halfspace fringe
        loopmesh = pg.Mesh(3)
        ob8 = loopmesh.createNode(minx, miny, 0)
        ob9 = loopmesh.createNode(maxx, miny, 0)
        ob10 = loopmesh.createNode(maxx, maxy, 0)
        ob11 = loopmesh.createNode(minx, maxy, 0)
        # halfspace face
        loopmesh.createQuadrangleFace(ob8, ob9, ob10, ob11)
        # lower outer boundary nodes, earthspace
        ob0 = loopmesh.createNode(minx, miny, minz)
        ob1 = loopmesh.createNode(maxx, miny, minz)
        ob2 = loopmesh.createNode(maxx, maxy, minz)
        ob3 = loopmesh.createNode(minx, maxy, minz)
        # earth side
        loopmesh.createQuadrangleFace(ob8, ob9, ob1, ob0)
        loopmesh.createQuadrangleFace(ob9, ob10, ob2, ob1)
        loopmesh.createQuadrangleFace(ob10, ob11, ob3, ob2)
        loopmesh.createQuadrangleFace(ob11, ob8, ob0, ob3)
        # earth bottom
        loopmesh.createQuadrangleFace(ob0, ob1, ob2, ob3)
        if maxz > 0:
            # upper outer boundary nodes, airspace
            ob4 = loopmesh.createNode(minx, miny, maxz)
            ob5 = loopmesh.createNode(maxx, miny, maxz)
            ob6 = loopmesh.createNode(maxx, maxy, maxz)
            ob7 = loopmesh.createNode(minx, maxy, maxz)
            # air side
            loopmesh.createQuadrangleFace(ob8, ob9, ob5, ob4)
            loopmesh.createQuadrangleFace(ob9, ob10, ob6, ob5)
            loopmesh.createQuadrangleFace(ob10, ob11, ob7, ob6)
            loopmesh.createQuadrangleFace(ob11, ob8, ob4, ob7)
            # air top
            loopmesh.createQuadrangleFace(ob4, ob5, ob6, ob7)

        # append refinement points
        for i, posi in enumerate(self.pos):
            # log.debug([posi[0], posi[1], posi[2] -
            #            self._mindistance / self.refinement_para * \
            # len(self.pos)])
            loopmesh.createNode(
                posi[0], posi[1], posi[2] -
                self._mindistance / self.refinement_para * len(self.pos))

        tet_maxArea = self._maxdistance**3 * self.max_area_para

        log.debug('using global loopmesh volume constraint: {:.3f} m³, '
                  '({:.3f} m)'.format(tet_maxArea, np.cbrt(tet_maxArea)))

        pg.meshtools.exportPLC(loopmesh, loopbasename + '.poly')
        loopmesh.exportVTK(loopbasename + '_poly.vtk')

        # tetgen call
        tetgen151(loopbasename, maxArea=tet_maxArea,
                  quality=self.tetgen_quality)

        try:
            self.loopmesh = pg.Mesh(loopbasename + '.1.vtk')
        except RuntimeError:  # c++ for file not found in this case
            self.loopmesh = pg.meshtools.readTetgen(loopbasename + '.1')

        self.loopmesh.save(self.loop_mesh_name)  # for kernel call (piping)
        log.info('loopmesh.save: {}'.format(self.loop_mesh_name))

        cleanUpTetgenFiles(loopbasename)
        return self.loopmesh


[docs]    def createDipoleMesh(self, quadratic=True,
                         savename='_default_dipole_mesh.bms', save=False,
                         verbose=False):
        """ Creates a suitable dipole mesh for calculation via a single dipole.

        Parameters
        ----------
        quadratic: boolean [ True ]
            If chosen, uses a quadratic (2nd order) mesh for dipole
            calculation.

        savename: string [ '_default_dipole_mesh.bms' ]
            Define output name.

        save: boolean [ True ]
            Additional save of dipole mesh under *savename*.

        verbose: boolean [ False ]
            Turn on verbose mode.
        """
        self.dipole_mesh_name = savename
        if self.dipole_mesh_name is None:
            self.dipole_mesh_name = '_default_dipole_mesh.bms'

        if self.loopmesh is None:
            self.createLoopMesh()

        if isinstance(self.loopmesh, pg.Mesh):
            lp = R3VtoNumpy(self.loopmesh.positions()).T
        else:
            lp = self.loopmesh

        if self.dipole_mesh_name[-4:] != '.bms':
            self.dipole_mesh_name += '.bms'
        # outer boundaries

        factor = np.sqrt(2.2)  # sqareroot of 2 would be enough
        difx = np.max(lp[0]) - np.min(lp[0])
        dify = np.max(lp[1]) - np.min(lp[1])
        loopDim = max((difx, dify)) * factor / 2
        maxDim = loopDim + self._maxdistance

        minz = np.min(lp[2])
        maxz = np.max(lp[2])

        reff = self._mindistance / self.refinement_para * len(self.pos)
        if minz > (-2 * reff):  # to make place for proper refinement points
            minz = -2 * reff
            if verbose:
                print('automatically set minz to %f' % (-2 * reff))
        # print(maxDim, minz, maxz)
        # create loopmesh (nodes, faces), then apply tetgen
        dipolemesh = pg.Mesh(3)
        # outer boundary nodes, bottom
        ob0 = dipolemesh.createNode(-maxDim, -maxDim, minz)
        ob1 = dipolemesh.createNode(maxDim, -maxDim, minz)
        ob2 = dipolemesh.createNode(maxDim, maxDim, minz)
        ob3 = dipolemesh.createNode(-maxDim, maxDim, minz)
        # outer boundary nodes, halfspace face
        ob8 = dipolemesh.createNode(-maxDim, -maxDim, 0)
        ob9 = dipolemesh.createNode(maxDim, -maxDim, 0)
        ob10 = dipolemesh.createNode(maxDim, maxDim, 0)
        ob11 = dipolemesh.createNode(-maxDim, maxDim, 0)
        # outer boundary nodes, top
        if maxz > 0:
            ob4 = dipolemesh.createNode(-maxDim, -maxDim, maxz)
            ob5 = dipolemesh.createNode(maxDim, -maxDim, maxz)
            ob6 = dipolemesh.createNode(maxDim, maxDim, maxz)
            ob7 = dipolemesh.createNode(-maxDim, maxDim, maxz)
            # air side
            dipolemesh.createQuadrangleFace(ob8, ob9, ob5, ob4)
            dipolemesh.createQuadrangleFace(ob9, ob10, ob6, ob5)
            dipolemesh.createQuadrangleFace(ob10, ob11, ob7, ob6)
            dipolemesh.createQuadrangleFace(ob11, ob8, ob4, ob7)
            # air top
            dipolemesh.createQuadrangleFace(ob4, ob5, ob6, ob7)
        # earth side
        dipolemesh.createQuadrangleFace(ob8, ob9, ob1, ob0)
        dipolemesh.createQuadrangleFace(ob9, ob10, ob2, ob1)
        dipolemesh.createQuadrangleFace(ob10, ob11, ob3, ob2)
        dipolemesh.createQuadrangleFace(ob11, ob8, ob0, ob3)
        # earth bottom
        dipolemesh.createQuadrangleFace(ob0, ob1, ob2, ob3)
        # halfspace face
        dipolemesh.createQuadrangleFace(ob8, ob9, ob10, ob11)

        maxArea = self._maxdistance**3 * self.max_area_para
        if quadratic:
            maxArea *= 8.0

        # self.dipolemesh = mesh
        dipolemesh.createNode(0., 0., self.pos[0][2] - reff)
        pg.meshtools.exportPLC(dipolemesh,
                               self.dipole_mesh_name.rstrip('.bms') + '.poly')

        # make tetgen mesh
        tetgen151(self.dipole_mesh_name.rstrip('.bms'), maxArea=maxArea,
                  quality=self.tetgen_quality, verbose=verbose)

        self.dipolemesh = pg.Mesh(self.dipole_mesh_name.rstrip('.bms') +
                                  '.1.vtk')
        if quadratic:
            self.dipolemesh = self.dipolemesh.createP2()

        os.remove(self.dipole_mesh_name.rstrip('.bms') + '.1.vtk')
        os.remove(self.dipole_mesh_name.rstrip('.bms') + '.poly')
        self.dipolemesh.save(self.dipole_mesh_name)  # for kernel call (piping)
        cleanUpTetgenFiles(self.dipole_mesh_name)
        return self.dipolemesh


[docs]    def createFEMMesh(self, para_mesh_2d=None,
                      savename=None, exportVTK=False, exportH5=True,
                      box_x=[None, None],
                      box_y=[None, None],
                      box_z=None,
                      box_cell_size=None,
                      source_poly=None,
                      source_setup='edges',
                      source_loops=None,
                      inner_area_cell_size=0.3,
                      outer_area_cell_size=10,
                      subsurface_cell_size=None,
                      poly_2d=None,
                      number_of_loops=None,
                      **kwargs):
        """
        Builds the FEM mesh for the secondary field computation.

        Needs at least on of the two possible parameter meshes in order to
        continue.

        Parameter
        ---------
        para_mesh_2d: string or pg.Mesh [ None ]
            Used to get the outer dimensions of the FEMMesh.

        savename: string [ None ]
            Define output save name of FEM mesh. Default name will be generated
            if None. If no savename is given, the dafaultname will be
            '_default_LoopMesh' + looptype + number of dipoles.

        exportVTK: boolean [ False ]
            Turn on optional vtk export.

        source_setup: string [ 'edges' ]
            Defines the way the sources are incorporated into the mesh. "nodes"
            simply insert the dipole positions (fallback), "edges" defines
            strait edges between the nodes (usually the best approach). "etra"
            can be used for a special setup where multiple loops are build in
            an elongated transmitter with inline receiver array. Raises an
            exception if source_setup differs from the three options.

        source_loops: list [ None ]
            If a list of loop classes is given, their tx representation after
            custEM is implemented in the mesh for custEM magnetic field
            calculations using automatic source detection.

        inner_area_cell_size: float [ 0.3 ]
            Maximum allowed area (m²) for all cell in the source plane within
            the source polygons (if closed loop). Very important for kernel
            calculation! See tutorial for custEM for further explanations.

        outer_area_cell_size: float [ 10 ]
            Maximum allowed area (m²) for all cells in the source plane outside
            the source polygons (or anywhere for not closed loop). See tutorial
            for custEM for further explanations.

        subsurface_cell_size: float [ None ]
            Maximum allowed volume (m³) for all cells within inner mesh box
            (not the tetrahedron boundary to 10 km). Optional.

        Kwargs
        ------
        limits: list of len 2 [ None ]
            Minimum and maximum y value, the anomalies should be set in the
            fem mesh. Uses the x limits of the 2D parameter mesh as default if
            *None*.

        Dependencies
        ------------
        custEM:
            Install via conda on Linux only. See install instructions of comet.

        """
        from custEM.meshgen.meshgen_tools import BlankWorld
        from custEM.meshgen.meshgen_utils import export_tetgen_poly_file
        # checking para mesh 2D
        if para_mesh_2d is not None:
            self.setParaMesh2D(para_mesh_2d, limits=kwargs.pop('limits', None))

        self._checkParaMesh()
        if self.secondary_config.sigma_paramesh == []:
            raise Exception(
                'createFEMMesh needs an anomaly vector to work. The '
                'anomalies are used to detect and distribute the markers in '
                'the FE mesh correctly. Please use setParaMesh2D or '
                'setAnomalies in order to set te anomaly vector before '
                'calling createFEMMesh.')

        # name + dir
        test_path = Path(savename)
        if test_path.parent != Path('.'):
            raise Exception(
                'Please enter only a filename as "savename" not a Path. If you'
                ' want to change the mesh directory please use the '
                'secondary_config (e.g. "createDefaultSecondaryConfig(m_dir='
                '...) or change the "secondary_config.m_dir" attribute '
                'directly.").')

        self.setLoopMeshName(savename)  # adds m_dir and _h5

        mesh_path = Path(self.loop_mesh_name)

        log.debug([mesh_path, mesh_path.parent])

        mesh_path.parent.mkdir(exist_ok=True, parents=True)
        # make new _h5 dir if needed

        # basename without suffix or path(string)
        mesh_name = mesh_path.stem

        # without suffix
        mesh_base = mesh_path.with_name(mesh_path.stem).as_posix()
        log.info('creating FEM mesh...')

        # compute outer limits for FEM mesh
        minx = box_x[0]
        if minx is None:
            minx = self.para_limits_x[0]

        maxx = box_x[1]
        if maxx is None:
            maxx = self.para_limits_x[1]

        miny = box_y[0]
        if miny is None:
            miny = self.para_limits_y[0]

        maxy = box_y[1]
        if maxy is None:
            maxy = self.para_limits_y[1]

        minz = box_z
        if minz is None:
            minz = self.para_limits_z[0]

        maxz = 0.5 * abs(minz)

        # inner poly and source
        # part 1: inner poly with refinement.
        log.info('inner mesh box x:, {}, {}'.format(minx, maxx))
        log.info('inner mesh box y:, {}, {}'.format(miny, maxy))
        log.info('inner mesh box z:, {}, {}'.format(minz, maxz))

        # quick check for overlapping polys
        intersect = False
        if poly_2d is not None:
            if poly_2d.xmax() >= maxx:
                intersect = True

            if poly_2d.xmin() <= minx:
                intersect = True

            if poly_2d.ymin() <= minz:
                intersect = True

            if poly_2d.ymax() >= 0:
                intersect = True

        if intersect:
            msg = 'Refinement Box and poly_2d are intersecting. '
            msg += 'Box(x, z) = [({:.2f}, {:.2f}), ({:.2f}, {:.2f})] '\
                .format(minx, maxx, minz, 0)
            msg += 'should be able to contain poly_2d(x, z(or y)) = '
            msg += '[({:.2f}, {:.2f}), ({:.2f}, {:.2f})]'\
                .format(poly_2d.xmin(), poly_2d.xmax(), poly_2d.ymin(),
                        poly_2d.ymax())
            raise Exception(msg)

        blank_world_kwargs = {}
        if subsurface_cell_size is not None:
            blank_world_kwargs['subsurface_cell_size'] = subsurface_cell_size

        poly = BlankWorld(name=mesh_name,
                          x_dim=[minx, maxx],
                          y_dim=[miny, maxy],
                          z_dim=[minz, maxz],
                          m_dir=self.secondary_config.m_dir,
                          inner_area_cell_size=inner_area_cell_size,
                          outer_area_cell_size=outer_area_cell_size,
                          **blank_world_kwargs)

        if source_poly is not None:
            if isinstance(source_poly, str):
                source_poly = pg.load(source_poly)

            add_lines = []
            marker_pos = []
            max_length = kwargs.pop('max_length', 0.5)
            for bound in source_poly.boundaries():
                line_start = bound.allNodes()[0].pos().array()
                line_end = bound.allNodes()[1].pos().array()
                dist = np.sqrt(np.sum((line_end - line_start)**2))
                number_segs = int((dist // max_length) + 1)
                line = np.column_stack(
                    [np.linspace(line_start[0], line_end[0], number_segs),
                     np.linspace(line_start[1], line_end[1], number_segs),
                     np.linspace(line_start[2], line_end[2], number_segs)])
                add_lines.append(line)
                marker_pos.extend([line_start, line_end])
                # add_lines.append([a.pos().array() for a in bound.allNodes()])

            if source_setup.lower() == 'loops':
                if source_loops is None:
                    raise Exception('Need source_loops when source_setup '
                                    'is set to "loops".')
                source_tx = []
                for loop in source_loops:
                    source_tx.append(loop.getCustEMLoopTx(max_length))
                print(source_tx)
                log.info('Add insert_loop_tx from given loop classes.')

            # poly.build_surface(insert_lines=add_lines, closed_path=False,
            #                    # line_marker=[88] * len(add_lines),
            #                    insert_loop_tx=source_tx)
            poly.build_surface(closed_path=False,
                               # line_marker=[88] * len(add_lines),
                               insert_loop_tx=source_tx)

            # now we want to append missing markers in the middle of the
            # polygons- This is somewhat experimental and works for rectangle
            # loops (doesn't matter how many) == good for etra or mixed etras

            # all_pos = np.array(add_lines).reshape(-1, 3)  # n, 2, 3 -> 2*n, 3

            all_pos = np.array(marker_pos).reshape(-1, 3)
            x_poss = np.sort(np.unique(all_pos[:, 0]))
            y_poss = np.sort(np.unique(all_pos[:, 1]))
            x_mids = (x_poss[:-1] + x_poss[1:]) / 2.
            y_mids = (y_poss[:-1] + y_poss[1:]) / 2.
            for xmid in x_mids:
                for ymid in y_mids:
                    log.debug('Add additional marker at ({:.3f}, {:.3f})'
                              .format(xmid, ymid))
                    poly.add_area_marker(poly.surface, [xmid, ymid, 0.0],
                                         face_size=inner_area_cell_size)
            # marker for outer cell size
            poly.add_area_marker(poly.surface,
                                 [minx + 0.1, miny + 0.1, 0.0],
                                 face_size=outer_area_cell_size)

            source_setup = 'skip'

        if source_setup.lower() == 'etra':
            if number_of_loops is None:
                raise Exception('Need "number_of_loops" when using '
                                'source_setup="etra".')

            ay = np.max(self.pos[:, 1]) - np.min(self.pos[:, 1])

            # new way
            buildEtraSourceDiscretization(poly, ay,
                                          x_left=np.min(self.pos[:, 0]),
                                          number_of_loops=number_of_loops)

        elif source_setup.lower() == 'edges':
            # closed polygon ?
            poly.build_surface(insert_loops=[self.pos],  # sources
                               closed_path=not self.grounded)

        elif source_setup.lower() == 'nodes':
            poly.build_surface(insert_points=self.pos)  # sources

        elif source_setup.lower() == 'skip':
            pass

        elif source_setup.lower() == 'custem':
            poly.build_surface(**kwargs)  # sources as defined using custem

        else:
            raise Exception('Source setup "{}", not in ["etra", "nodes", '
                            '"edges", "loops"].'.format(source_setup))

        dipole_box = [np.min(self.pos[:, 0]) - 5,
                      np.max(self.pos[:, 0]) + 5,
                      np.min(self.pos[:, 1]) - 5,
                      np.max(self.pos[:, 1]) + 5,
                      -4]
        log.debug('add_surface_anomaly: {}'
                  .format(np.array(dipole_box)))

        # add additional refinement box around dipoles only for the first 4
        # meter (from top dipoles +5 meter in x and y to a depth of 4 meter).

        poly.add_surface_anomaly(
            insert_paths=[
                np.array(((dipole_box[0], dipole_box[2], 0.0),
                          (dipole_box[0], dipole_box[3], 0.0),
                          (dipole_box[1], dipole_box[3], 0.0),
                          (dipole_box[1], dipole_box[2], 0.0)))],
            depths=[dipole_box[4]],
            cell_sizes=[inner_area_cell_size])  # 3d marker

        # add marker just inside the corner of the new box
        poly.add_area_marker(poly.surface, [dipole_box[0] + 0.1,
                                            dipole_box[2] + 0.1, 0.0],
                             face_size=inner_area_cell_size)  # 2d marker

        # add additional refinement box if requested
#        if refinement_box is not None:
#            poly.add_surface_anomaly(
#                insert_loops=[
#                    np.array(((refinement_box[0], refinement_box[2], 0.0),
#                              (refinement_box[0], refinement_box[3], 0.0),
#                              (refinement_box[1], refinement_box[3], 0.0),
#                              (refinement_box[1], refinement_box[2], 0.0)))],
#                depths=[refinement_box[4]],
#                cell_sizes=[box_cell_size])
#
#            # add marker just inside the corner of the new box
#            poly.add_area_marker(poly.surface, [refinement_box[0] + 0.1,
#                                                refinement_box[2] + 0.1, 0.0])

        log.debug('build_halfspace_mesh()')
        poly.build_halfspace_mesh()
        # there_is_always_a_bigger_world works with factors:
        # I calculate the minimum factor needed to get at least a 10km boundary
        xfactor = 10000. / np.minimum(np.abs(poly.Omega.xmin()),
                                      np.abs(poly.Omega.xmax()))
        yfactor = 10000. / np.minimum(np.abs(poly.Omega.ymin()),
                                      np.abs(poly.Omega.ymax()))
        # minz too small, would lead to insane bounds
        zfactor = 10000. / np.absolute(poly.Omega.zmin())
        poly.there_is_always_a_bigger_world(xfactor, yfactor, zfactor)

        poly.write_mesh_parameters()

        # SEMI TESTED preserve edges!
        if poly_2d:
            log.info('Add poly 2d to FEM mesh.')
            node_ids = []
            doublecheck = {}
            for bound in poly_2d.boundaries():
                node_ids.append(bound.ids())

            for id0, id1 in node_ids:
                n0 = poly_2d.node(id0)
                n1 = poly_2d.node(id1)
                if id0 not in doublecheck.keys():
                    n0x = n0.x()
                    n0y0 = miny + 0.5  # to stay inside refinement box
                    n0y1 = maxy - 0.5  # to stay inside refinement box
                    n0z = n0.y()
                    log.debug(
                        'create poly2d nodes: ({:.2f}, {:.2f}, {:.2f}), '
                        '({:.2f}, {:.2f}, {:.2f})'
                        .format(n0x, n0y0, n0z, n0x, n0y1, n0z))

                    doublecheck[id0] = [
                        poly.Omega.createNode([n0x, n0y0, n0z]),
                        poly.Omega.createNode([n0x, n0y1, n0z])]

                if id1 not in doublecheck.keys():
                    n1x = n1.x()
                    n1y0 = miny + 0.5  # to stay inside refinement box
                    n1y1 = maxy - 0.5  # to stay inside refinement box
                    n1z = n1.y()
                    log.debug(
                        'create poly2d nodes: ({:.2f}, {:.2f}, {:.2f}), '
                        '({:.2f}, {:.2f}, {:.2f})'
                        .format(n1x, n1y0, n1z, n1x, n1y1, n1z))
                    doublecheck[id1] = [
                        poly.Omega.createNode([n1x, n1y0, n1z]),
                        poly.Omega.createNode([n1x, n1y1, n1z])]

                poly.Omega.createQuadrangleFace(doublecheck[id0][0],
                                                doublecheck[id0][1],
                                                doublecheck[id1][1],
                                                doublecheck[id1][0])

        if self.preserved_edge_centers is not None:
            log.info('Add preserved edges from paramesh to FEM mesh.')
            edge_centers = np.array(self.para_mesh_2d.boundaryCenters())
            preserved_edges = []
            for center in self.preserved_edge_centers:
                preserved_edges.append(
                    np.where(np.sum(np.isclose(edge_centers, center),
                                    axis=1) == 3)[0])
            node_ids = []
            for edge_id in preserved_edges:
                node_ids.append(
                    self.para_mesh_2d.boundaries()[edge_id[0]].ids())

            doublecheck = {}
            for id0, id1 in node_ids:
                # build quadrangle faces in 3D with 2D edge extended as plane
                # in 3D using y-vector endpoints
                n0 = self.para_mesh_2d.node(id0)
                n1 = self.para_mesh_2d.node(id1)
                # print([n0.x(), miny, n0.y()], [n1.x(), miny, n1.y()])

                if id0 not in doublecheck.keys():
                    doublecheck[id0] = [
                        poly.Omega.createNode([n0.x(), miny + 0.1, n0.y()]),
                        poly.Omega.createNode([n0.x(), maxy - 0.1, n0.y()])]

                if id1 not in doublecheck.keys():
                    doublecheck[id1] = [
                        poly.Omega.createNode([n1.x(), miny + 0.1, n1.y()]),
                        poly.Omega.createNode([n1.x(), maxy - 0.1, n1.y()])]

                poly.Omega.createQuadrangleFace(doublecheck[id0][0],
                                                doublecheck[id0][1],
                                                doublecheck[id1][1],
                                                doublecheck[id1][0])

#            exportTetgenEdge(preserve_edges,
#                             mesh_path.with_suffix('.edge').as_posix())

        if exportVTK or log.getEffectiveLevel() <= 10:
            # .Omega == pyGIMLi poly object
            poly.Omega.exportBoundaryVTU(
                mesh_path.with_name('2Dsurface.vtu').as_posix())
            poly.Omega.exportVTK(
                mesh_path.with_name('exportpoly.vtk').as_posix())

        # end custEM here
        export_tetgen_poly_file(
            poly.Omega, mesh_path.with_suffix('.poly').as_posix())

        # poly.call_tetgen(tet_param='-kfpq1.4aA', export_vtk=True)

        # tetgen mesh
        success = tetgen151(mesh_base, maxArea='', quality=self.tetgen_quality)
        if success != 0:
            log.error('tetgen seems to have run into trouble.')
            log.error('used call: tetgen151("{}")'.format(mesh_base))
            if poly_2d:
                log.error(
                    'You tried to insert a poly_2d. You can check the input '
                    'file for tetgen under "{}" for poly intersections, '
                    'it may help to find the origin of the problem.'
                    .format(mesh_path.with_name('exportpoly.vtk').as_posix()))
            poly.Omega.exportVTK(
                mesh_path.with_name('exportpoly.vtk').as_posix())

        # import mesh
        log.info('import FEM mesh...')
        loopmesh = pg.meshtools.readTetgen(mesh_base + '.1')
        # set mesh
        self.setFEMMesh(loopmesh, valid_marker=None,
                        savename=self.loop_mesh_name)

        # clean up
        cleanUpTetgenFiles(mesh_base)
        # prepare saving
        Path(self.loop_mesh_name).parent.mkdir(exist_ok=True, parents=True)
        # export
        if exportVTK:
            self.loopmesh.exportVTK(mesh_path.with_suffix('.vtk').as_posix())

        log.info('Export .bms ({})'.format(self.loop_mesh_name))
        self.loopmesh.save(self.loop_mesh_name)  # for kernel call (piping)

        if exportH5:
            h5path = mesh_path.with_suffix('.h5').as_posix()
            log.info('Export .h5 ({})'.format(h5path))
            self.exportFenicsHDF5Mesh(h5path)

        # save secondary config for the purpose of slice generation and
        # calculation via custem
        self.secondary_config.save(mesh_path.with_suffix('.cfg').as_posix())

        return self.loopmesh


[docs]    def createSecondaryConfig(self, mod_name, mesh_name, m_dir='.', r_dir='.',
                              pf_name=None, p2=False,
                              approach='E_s', pf_EH_flag='E'):
        """ Initializes an instance of a secondary config for use of custEM.

        Parameters
        ----------
        mod_name: string
            Name of the mod instance (for saving and import in mpi environment)

        mesh_name: string
            Basename of mesh imported by the fenics functions (.h5). Mind
            the subfolder '/_h5' that will be added to the string.

        m_dir: string
            Path to mesh directory of custEM.

        r_dir: string
            Path to result directory of custEM.

        pf_name: string
            File name under which the primary field will be saved in the
            appropriate directory of custEM.
        """
        pf_name = pf_name or mod_name  # different folder, so no harm done

        self.secondary_config = SecondaryConfig(
            mod_name=mod_name, mesh_name=mesh_name, m_dir=m_dir,
            r_dir=r_dir, pf_name=pf_name, p2=p2, approach=approach,
            pf_EH_flag=pf_EH_flag,
            sigma_ground=1./np.atleast_1d(self.config.rho))

        self.loop_mesh_name = Path('{}/_h5/{}'.format(
            self.secondary_config.m_dir,
            self.secondary_config.mesh_name)).as_posix()


[docs]    def createDefaultSecondaryConfig(self, base=None, prefix='', suffix='',
                                     m_dir='.', r_dir='.'):
        """ Short cut to generate a secondary config with some default params.

        Parameters
        ----------
        prefix: string
            String to be added to the *getDefaultLoopMeshBaseName* string to
            define the automatic generated names for the default secondary
            config.

        suffix: string
            String to be added to the *getDefaultLoopMeshBaseName* string to
            define the automatic generated names for the default secondary
            config.
        """
        if base is None:
            if self.name is not None:
                base = Path(self.name).stem

            else:
                if self.loop_mesh_name is None:
                    base = self.getDefaultLoopMeshBaseName()[9:]

                else:
                    base = Path(self.loop_mesh_name).stem
        base = '{}{}{}'.format(prefix, base, suffix)
        mod_name = '{}'.format(base)
        mesh_name = 'mesh_{}'.format(base)
        self.createSecondaryConfig(mod_name, mesh_name, m_dir=m_dir,
                                   r_dir=r_dir)


[docs]    def getCustEMLoopTx(self, max_length):
        if self.type.lower() in ['rectangle', 'square']:
            from custEM.meshgen import meshgen_utils as mu

            xmin = np.min(self.pos[:, 0])
            xmax = np.max(self.pos[:, 0])
            ymin = np.min(self.pos[:, 1])
            ymax = np.max(self.pos[:, 1])

            nx = int(((xmax - xmin) // max_length) + 1)
            ny = int(((ymax - ymin) // max_length) + 1)

            loop_tx = mu.loop_r([xmin, ymin], [xmax, ymax],
                                nx=max(nx, 1), ny=max(ny, 1))

            # loop_tx = np.array([[xmin, ymin, 0],
            #                     [xmax, ymin, 0],
            #                     [xmax, ymax, 0],
            #                     [xmin, ymax, 0]])

        else:
            raise Exception('No recipy for automatic creation of custem tx '
                            'shape for loop-type "{}"'.format(self.type))

        return loop_tx


[docs]    def setLoopMeshName(self, savename=None):
        """ Sets loop mesh name or figures it out from sec config.
        """
        invalid_path = False

        if savename is None:
            savename = self.getDefaultLoopMeshBaseName()

        else:
            if self.secondary_config is not None:
                if '_h5' not in Path(savename).parts:
                    invalid_path = True
                    log.info('using basename of savename and use mesh '
                             'directory as defined in secondary config!')
                    savename = Path(savename).name

        if invalid_path:
            mesh_path = Path(
                self.secondary_config.m_dir
                ).joinpath('_h5').joinpath(savename).with_suffix('.bms')

        else:
            mesh_path = Path(savename)

        if self.secondary_config is not None:
            self.secondary_config.mesh_name = mesh_path.stem
        self.loop_mesh_name = mesh_path.as_posix()


[docs]    def getDefaultLoopMeshBaseName(self):
        """ Returns string with default base name of the loop mesh. """
        return '_default_LoopMesh_{}_{}'.format(self.type, len(self.ds))


[docs]    def getParaMesh2D(self):  # , with_bounds=False):
        # if with_bounds is False:
        return self._para_mesh_2d

        # else:
        #     return self._para_mesh_2d_with_bounds

[docs]    def save(self, savename=None, config_savename=None, config2_savename=None,
             save_mesh=True, save_field=True):
        """ Saves the loop class in files.

        Saves npz archive with loop itself.\n
        Saves config.\n
        Saves secondary config if initialized.\n
        Saves mesh if save_mesh=True.\n
        Saves field if save_field=True.

        Parameters
        ----------
        savename: string [ None ]
            File basename for saving loop class and its components.

        config_savename: string [ None ]
            Explicit savename for config. Automatically generated if None.

        config2_savename: string [ None ]
            Explicit savename for secondary config. Automatically generated
            if None.

        save_mesh: boolean [ True ]
            Saves mesh.

        save_field: boolean [ True ]
            Saves fields.
        """
        # geometry
        if savename is not None:
            self.name = savename

        if self.name.endswith('.npz'):
            self.name = self.name[:-4]

        if self.name is None:
            raise Exception('Need savename to save loop instance.')

        log.info(f'Save Loop: {self.name}')

        Path(self.name).parent.mkdir(exist_ok=True, parents=True)

        # loop mesh
        if self.loopmesh is not None:
            if isinstance(self.loopmesh, np.ndarray):
                self.setLoopMesh(self.loopmesh)
            if self.loop_mesh_name is None:
                self.loop_mesh_name = self.name + '_mesh.bms'
            if save_mesh is True:
                log.info(f'Save mesh: {self.loop_mesh_name}')
                self.loopmesh.save(self.loop_mesh_name)

        # dipole mesh
        if self.dipolemesh is not None:
            if self.dipole_mesh_name is None:
                self.dipole_mesh_name = self.name + '_dipole_mesh.bms'
            if save_mesh is True:
                log.info(f'Save Dipole mesh: {self.dipole_mesh_name}')
                self.dipolemesh.save(self.dipole_mesh_name)
        # config
        if config_savename is None:
            save_config = '.cfg'
            self.config.save(self.name + save_config)
        else:
            save_config = config_savename
            self.config.save(save_config)

        if self.secondary_config is not None:
            # secondary config
            if config2_savename is None:
                self.cfg2_savename = self.name + '_sec.cfg'

            else:
                self.cfg2_savename = config2_savename

            # refresh frequency, in case of total field calculation
            self.secondary_config.frequency = self.config.f
            self.saveSecondaryConfig()

            # test FE Mesh names are the same
            name1 = Path(self.loop_mesh_name).with_suffix('').absolute()
            name2 = Path('{}/_h5/{}'.format(
                self.secondary_config.m_dir,
                self.secondary_config.mesh_name)
                ).with_suffix('').absolute()

            if name1 != name2:
                # this might be intentional, so just a warning, moving on...
                log.warning('Loop mesh name ({}) and mesh name from '
                            'secondary config ({}) are different!'
                            .format(name1.as_posix(), name2.as_posix()))

        else:
            self.cfg2_savename = None

        # names + fields
        if save_field is False:
            savefield = None
        else:
            savefield = self.field

        absmesh = None
        if self.loop_mesh_name is not None:
            absmesh = os.path.abspath(self.loop_mesh_name)

        absdipole = None
        if self.dipole_mesh_name is not None:
            absdipole = os.path.abspath(self.dipole_mesh_name)

        np.savez(self.name + '.npz',
                 save_config=save_config,
                 save_config2=self.cfg2_savename,
                 save_field=savefield,
                 save_mesh=absmesh,
                 save_dipole_mesh=absdipole,
                 save_d_field=self.d_field,
                 save_idx=self.idx,
                 save_area=self.area,
                 save_turns=self.turns,
                 ltype=self.type,
                 grounded=self.grounded,
                 pos=self.pos,
                 phi=self.phi,
                 ds=self.ds)

        if self.secondary is not None:
            np.save('{}_secondary.npy'.format(self.name), self.secondary)


    def _dump2Temp(self):
        import tempfile as temp
        # create temporary filename
        loopFile = temp.NamedTemporaryFile(suffix='.npz', delete=False)
        savename = loopFile.name
        loopFile.close()

        cfgFile = temp.NamedTemporaryFile(suffix='.cfg', delete=False)
        configname = cfgFile.name
        cfgFile.close()

        self.save(savename=savename, config_savename=configname,
                  save_mesh=False, save_field=False)

        return (savename, configname)

[docs]    def saveLoopMesh(self, savename=None):
        """ Saves loopmesh using the given savename or an autogenerated name.

        Updates *self.loop_mesh_name* in case of changes.

        Parameters
        ----------
        savename:
            Export path name. Used over default name if given.
        """
        if self.loopmesh is None:
            raise Exception('No loopmesh to save. Abort.')
        if savename is None:
            if self.loop_mesh_name is None:
                self.loop_mesh_name =\
                    self.getDefaultLoopMeshBaseName() + '.bms'
        else:
            self.loop_mesh_name = savename

        Path(self.loop_mesh_name).parent.mkdir(exist_ok=True, parents=True)
        print('saving bms: "{}"'.format(self.loop_mesh_name))
        self.loopmesh.save(self.loop_mesh_name)


[docs]    def saveFieldMatrix(self, name, verbose=True):
        """
        Saves the three matrices needed for recalculation of the primary
        field.

        A compressed numpy archive is loaded and the matrices
        are build afterwards, therefore import time is ~20% higher compared to
        the pure pygimli way ( *.field_matrix.save('...')* ).
        However, because the single arrays (indices and values) are saved
        in one compressed file archive they need only one third space on the
        hard disk compared to saving three separate matrices using pygimli
        syntax.

        Parameters
        ----------
        name: string
            Path for file to be saved.

        verbose: boolean [ True ]
            Turn on verbose mode.
        """
        # from comet.pyhed.misc import loadSparseMatrixFromNumpyArchive
        if verbose:
            print('Saving fieldMatrices as "{}"'.format(os.path.abspath(name)))

        Path(name).parent.mkdir(exist_ok=True, parents=True)
        # exportSparseMatrixAsNumpyArchive(name,
        #                                  self.field_matrix,
        #                                  self.field_matrix_sin,
        #                                  self.field_matrix_cos)

        self.field_matrix.save('{}_field_matrix.bmat'.format(name))
        self.field_matrix_sin.save('{}_field_matrix_sin.bmat'.format(name))
        self.field_matrix_cos.save('{}_field_matrix_cos.bmat'.format(name))


[docs]    def saveSecondaryConfig(self, savename=None):
        """ Saves secondary config in ASCII file.

        Parameters
        ----------
        savename: string [ None ]
            Used savename over *loop.sec_savename*. Throws Exception if both
            values are None. Replaces *loop.sec_savename*.
        """
        if savename is not None:
            self.cfg2_savename = savename
        if self.cfg2_savename is None:
            raise Exception('Need savename to save secondary configuration.')
        self.secondary_config.save(self.cfg2_savename)


[docs]    def exportVTK(self, save_vtk, secondary=False, **kwargs):
        """ Exports the field in a vtk file.

        Uses the *loopmesh* to save *field* with default configurations in a
        vtk file.

        Parameters
        ----------
        save_vtk: string
            Filename of the resulting vtk file.

        kwargs: dict
            Keyword arguments are redirected to the function
            *pyhed.IO.savefieldvtk*.
        """
        if secondary and self.secondary is None:
            raise Exception('No secondary field found.')

        if save_vtk is None:
            save_vtk = self.loop_mesh_name[:-4] + '.vtk'

        if not secondary:
            if self.field is None:
                if self.loopmesh is None:
                    raise Exception('No field or mesh found.')
                self.loopmesh.exportVTK(save_vtk)

            else:
                from comet.pyhed.IO import savefieldvtk
                savefieldvtk(save_vtk, self.loopmesh, self.field,
                             itype='Mesh', **kwargs)

        else:
            from comet.pyhed.IO import savefieldvtk
            savefieldvtk(save_vtk, self.loopmesh, self.secondary,
                         itype='Mesh', **kwargs)


[docs]    def exportFenicsHDF5Mesh(self, save_h5, dipole_mesh=False, **kwargs):
        """
        Exports the mesh in a h5 file. Can save the loopmesh or the
        dipole mesh seperately.

        Need pygimli to work.

        Parameters
        ----------
        save_h5: string
            Filename of the resulting h5 mesh (hdf5 data container in fenics
            syntax).

        dipole_mesh: boolean [ False ]
            Save dipole mesh instead of loop mesh
            (Call this function twice if you want to save both meshes).

        kwargs: dict
            Keyword arguments are redirected to
            *pygimli.meshtools.exportFenicsHDF5Mesh*
        """
        if dipole_mesh is False:
            pg.meshtools.exportFenicsHDF5Mesh(self.loopmesh, save_h5,
                                              **kwargs)
        else:
            pg.meshtools.exportFenicsHDF5Mesh(self.dipolemesh, save_h5,
                                              **kwargs)


[docs]    def initCustEM(self, secondary_config=None, init_primary_field_class=True,
                   procs_per_proc=2):
        """ Initalizes instance of custEM mod class for FEM calculation.

        Parameters
        ----------
        secondary_config: string or pyhed.SecondaryConfig [ None ]
            Initialized secondary config class to be used for the mod instance
            or path to corresponding file containing the secondary config.
            Uses secondary_config over *loop.secondary_config*. Throws
            Exception if both values are None.

        init_primary_field_class: boolean [ True ]
            Additionally initializing the primary field class of the mod class
            instance (used for primary field export).
        """
        from custEM.core import MOD
        from custEM.fem.primary_fields import PrimaryField

        if secondary_config is not None:
            self.setSecondaryConfig(secondary_config)

        if self.secondary_config is None:
            raise Exception('No config for secondary field calculation has '
                            'been loaded.')

        self.secMOD = MOD(self.secondary_config.mod_name,  # mod_name
                          self.secondary_config.mesh_name,  # mesh_name
                          self.secondary_config.approach,  # custem approach
                          # kwargs are following
                          p=self.secondary_config.polynominal_order,
                          overwrite_results=
                              self.secondary_config.enable_overwrite,
                          m_dir=self.secondary_config.m_dir,
                          # directory where to find the meshs + '/_h5'
                          r_dir=self.secondary_config.r_dir,
                          mumps_debug=False,
                          debug_level=20,
                          profiler=False)

        sigma_ground = np.copy(self.secondary_config.sigma_ground).tolist() +\
            self.secondary_config.sigma_anom
        # sigma_0=np.copy(self.secondary_config.sigma_ground).tolist()
        sigma_0 = np.copy(self.secondary_config.sigma_ground).tolist() +\
            np.array(
                self.secondary_config.sigma_ground)\
                [np.array(self.secondary_config.layer_markers) - 1].tolist()

        self.secMOD.MP.update_model_parameters(
            f=self.config.f,
            sigma_ground=sigma_ground,
            sigma_0=sigma_0
            )

        if init_primary_field_class:
            log.info('initialize primary field class')
            self.secMOD.FS.PF = PrimaryField(
                self.secMOD.FS,
                self.secMOD.FE,
                self.secMOD.MP,
                pf_type='custom',
                pf_name=self.secondary_config.pf_name,
                s_type='loop_r')


[docs]    def updateFEMAnomaly(self, anomaly=None, set_marker=True,
                         set_attributes=False, vtk_name=None,
                         ground_marker=None, export_H5=False,
                         sort=True):
        """ Transfers resistivity anomalies from 2D para mesh in FEM mesh.

        Parameters
        ----------
        anomaly_vector: array_like [ None ]
            Array containing the resistivity anomalies of the 2D parameter
            mesh. If None, the secondary config is asked for a anomaly vector.
            (For setting the marker for exmaple).

        set_marker: boolean [ True ]
            Transfers the marker from the parameter mesh to the FEM mesh.
            This only has to be done once and can then switched off for
            performance.

        set_attribute: boolean [ False ]
            Sets the attribute in the FEM mesh for debugging purposes. The
            anomaly vector for calculation is stored in secondary_config.

        vtk_name: string [ None ]
            Optional vtk export with name = *vtk_name* if *vtk_name* is not
            None.

        ground_marker: array_like [None]
            Corresponding marker for each entry in the anomaly vector. Each
            marker corresponds to a layer number of the 1d primary field
            beginning at 1 for the first layer, counting upward (0 belongs
            to the air layer). None results in np.ones_like(anomaly_vector,
            dtype=int).
        """
        # input check, anomaly handling in paramesh
        self._checkParaMesh()
        assert self.loopmesh is not None, 'No FE mesh found.'

        # anomaly
        if anomaly is not None:
            # case 1/4: anomaly given: set anom (paramesh)
            self.setAnomalies(anomaly=anomaly, sort=sort)
            # sets self.secondary_config.sigma_paramesh
            set_sigma_anom = True

        # check FE mesh marker
        # IMPORTANT: setAnomalies needs to be called before _setFEMMarker
        # otherwise the marker in the paramesh are wrong and this function
        # will fail. this is one reason why _setFEMMarker is a underscore
        # function as this is not automatically detectable and caused more
        # than one headache.
        # handling marker and attributes of FEM Mesh
        if set_marker or self.valid_marker is None:
            self._setFEMMarker()

        log.debug('updateFEMAnomaly(): ({}/{}) used paramesh marker in FE mesh'
                  .format(np.sum(self.valid_marker), len(self.valid_marker)))

        if self.secondary_config.sigma_paramesh != []:
            # case 2/4: not given, look in secondary config
            anomaly = np.array(self.secondary_config.sigma_paramesh)
            log.debug('updateFEMAnomaly: no anomalies given, found '
                      'sigma_paramesh in secondary_config: {} ({})'
                      .format(anomaly, len(anomaly)))
            sigma_anom = np.array(anomaly)[self.valid_marker]
            log.info('updateFEMAnomaly: using valid_marker: sigma_anom: '
                     '{} ({})'
                     .format(sigma_anom, len(sigma_anom)))
            set_sigma_anom = True

        else:
            # cases 3 and 4 still not given and not found in secondary config
            # searching on for imported sigma_anom (e.g. from another run)
            # In this case the sigma:anom is not evaluated again.
            if self.secondary_config.sigma_anom != []:
                # case 3/4: sigma anom found in secondary config
                # e.g. imported from earlier

                # use only marker found in FE mesh (valid_marker)
                sigma_anom = self.secondary_config.sigma_anom
                log.info('updateFEMAnomaly: Found sigma_anom in '
                         'secondary config: {} ({})'
                         .format(sigma_anom, len(sigma_anom)))
                set_sigma_anom = False
                log.info('updateFEMAnomaly: sigma_anom will not be changed.')

            else:
                # case 4/4: no anomly, no 2D fields, problem -> abort
                raise Exception('updateFEMAnomaly: no anomaly vector '
                                'found or given, abort.')

        # last check to prevent old bug, leave it in
        assert len(sigma_anom) != 0

        # ground resistivities
        ground = np.atleast_1d(self.secondary_config.sigma_ground)

        if ground_marker is not None:
            ground_marker = np.array(ground_marker)[self.valid_marker]

        if set_attributes or log.getEffectiveLevel() <= 10:
            vals = np.array([1e-8], dtype=np.float)
            vals = np.concatenate([vals, ground])
            vals = np.concatenate([vals, sigma_anom])
            attr = vals[self.loopmesh.cellMarkers()]
            log.debug('loop_bib.setFEMAnomaly(..., set_attributes=True): '
                      'export res instead of sigma!')
            self.loopmesh.setCellAttributes(1./attr)

        if log.getEffectiveLevel() <= 10:
            # active debug mode
            if vtk_name is None:
                # take femmesh name and put vtk there
                vtk_name = self.secondary_config.m_dir + '/_h5/'
                vtk_name += self.secondary_config.mesh_name
                vtk_name += '_debug_FEMesh.vtk'

        if vtk_name is not None:
            Path(vtk_name).parent.mkdir(exist_ok=True, parents=True)
            self.loopmesh.exportVTK(vtk_name, pg.Vector(1./attr))

        # sets: self.secondary_config.sigma_anom = new_anoms
        # sets: self.secondary_config.layer_markers = ground_marker
        if set_sigma_anom:
            # cases 1 or 2: set anom (FE mesh)
            # in case 3: has been imported and will not be updated
            self.secondary_config.setAnomalies(sigma_anom,
                                               layer_markers=ground_marker)


[docs]    def updateFEMAnomaly_old(self, anomaly=None, set_marker=True,
                             set_attributes=False, vtk_name=None,
                             ground_marker=None, export_H5=False):
        """ Transfers resistivity anomalies from 2D para mesh in FEM mesh.

        Parameters
        ----------
        anomaly_vector: array_like [ None ]
            Array containing the resistivity anomalies of the 2D parameter
            mesh. If None, the secondary config is asked for a anomaly vector.
            (For setting the marker for exmaple).

        set_marker: boolean [ True ]
            Transfers the marker from the parameter mesh to the FEM mesh.
            This only has to be done once and can then switched off for
            performance.

        set_attribute: boolean [ False ]
            Sets the attribute in the FEM mesh for debugging purposes. The
            anomaly vector for calculation is stored in secondary_config.

        vtk_name: string [ None ]
            Optional vtk export with name = *vtk_name* if *vtk_name* is not
            None.

        ground_marker: array_like [None]
            Corresponding marker for each entry in the anomaly vector. Each
            marker corresponds to a layer number of the 1d primary field
            beginning at 1 for the first layer, counting upward (0 belongs
            to the air layer). None results in np.ones_like(anomaly_vector,
            dtype=int).
        """
        # input check, anomaly handling in paramesh
        self._checkParaMesh()
        assert self.loopmesh is not None, 'No FE mesh found.'

        # check FE mesh marker
        # handling marker and attributes of FEM Mesh
        if set_marker or self.valid_marker is None:
            self.setFEMMarker()

        log.debug('updateFEMAnomaly(): ({}/{}) used paramesh marker in FE mesh'
                  .format(np.sum(self.valid_marker), len(self.valid_marker)))

        # anomaly
        if anomaly is None:
            # case 1/2: not given, look in secondary config
            anomaly = np.array(self.secondary_config.sigma_anom)
            log.debug('updateFEMAnomaly found sigma anom: {} ({})'
                      .format(anomaly, len(anomaly)))
            # already checked for valid marker, use directly
            new_anoms = anomaly

        else:
            # case 1/2: anomaly given, check for consistency
            anomaly = self._checkAnomaly(anomaly)

            # use only marker found in FE mesh (valid_marker)
            new_anoms = np.array(anomaly)[self.valid_marker]

        log.debug('updateFEMAnomaly(): sigma_anom = {}'.format(len(new_anoms)))

        # last check to prevent old bug, leave it in
        assert len(anomaly) != 0

        # ground resistivities
        ground = np.atleast_1d(self.secondary_config.sigma_ground)

        if ground_marker is not None:
            ground_marker = np.array(ground_marker)[self.valid_marker]

        if set_attributes:
            vals = np.array([1e-8], dtype=np.float)
            vals = np.concatenate([vals, ground])
            vals = np.concatenate([vals, new_anoms])
            attr = vals[self.loopmesh.cellMarkers()]
            log.debug('loop_bib.setFEMAnomaly(..., set_attributes=True): '
                      'export res instead of sigma!')
            self.loopmesh.setCellAttributes(1./attr)

        if vtk_name is not None:
            Path(vtk_name).parent.mkdir(exist_ok=True, parents=True)
            self.loopmesh.exportVTK(vtk_name, pg.Vector(1./attr))

        log.info('updateFEMAnomaly(): {} anomalies.'.format(len(new_anoms)))

        # sets: self.secondary_config.sigma_anom = new_anoms
        # sets: self.secondary_config.layer_markers = ground_marker
        self.secondary_config.setAnomalies(new_anoms,
                                           layer_markers=ground_marker)
        log.debug('sec config sigma ground: {} ({})'
                  .format(self.secondary_config.sigma_ground,
                          len(self.secondary_config.sigma_ground)))
        log.debug('sec config sigma anom: {} ({})'
                  .format(np.array(self.secondary_config.sigma_anom),
                          len(self.secondary_config.sigma_anom)))


[docs]    def prepareSecondaryFieldCalculation(self,
                                         savename=None,
                                         secondary_config=None,
                                         fem_mesh=None,
                                         para_mesh_2d=None,
                                         set_marker=False,
                                         anomaly_vector=None,
                                         valid_marker=None,
                                         verbose=False,
                                         num_cpu=32,
                                         force_primary=False,
                                         export_vtk=False,
                                         mod_name=None,
                                         **kwargs):
        """
        Based on the given secondary config a MOD instance using the third
        party module custEM will be initialized. This includes the optional
        generation of a FEM suited mesh containing resistivity information
        from a 2D parameter mesh.

        Parameters
        ----------
        savename: string [ None ]
            Name under which loopclass and secondary config (+= '_sec.cfg')
            are to be saved. Needed for secondary approach.

        secondary_config: pyhed.SecondaryConfig or string [ None ]
            Filename of configuration file or initialized class instance of a
            secondary configuration. Optional if already given manually.

        fem_mesh: pg.Mesh or string [None]
            FEM suited mesh or filename, respectively. Optional. If not given
            a suited mesh will be generated if a valid para_mesh_2d is
            provided.

        para_mesh_2d: pg.Mesh or string [ None ]
            2D parameter mesh providing cell indices for the appending of
            resitivity information. Needed for automatic FEM mesh generation.
            Can be set manually beforehand.

        set_marker: boolean [ True ]
            Flag to decide if the fem mesh has got the needed marker for
            the resitivity distribution. Can be omitted if already done and
            saved (e.g. if same mesh is used again).

        anomaly_vector: np.ndarray [ None ]
            Conductivity values [S/m] of the parameter mesh to be used in the
            seocondary field approach. Uses given value over array found in
            secondary config. Raises Exception if neither found nor given.

        ground_marker: np.ndarray [ None ]
            Corresponding marker for each entry in the anomaly vector. Each
            marker corresponds to a layer number of the 1d primary field
            beginning at 1 for the first layer, counting upward (0 belongs
            to the air layer). None results in np.ones_like(anomaly_vector,
            dtype=int).

        verbose: boolean [ False ]
            Turn on verbose mode.

        num_cpu: integer [ 32 ]
            Maximum number of processes allowed for this task.

        force_primary: boolean [ False ]
            Force a recalculation of the primary field.

        mod_name: string or None [ None ]
            Overrides mod name. Useful if looping over many loops, as default
            name could be similar.

        magnetic: boolean [ True ]
            Prepares magnetic primary fields. If False only dummies are created
            to avoid error messages from custEM during import. Set to False if
            secondary electric approach is used for secondary field
            calculation.

        electric: boolean [ True ]
            Prepares electric primary fields. If False only dummies are created
            to avoid error messages from custEM during import. Set to False if
            secondary magnetic approach is used for secondary field
            calculation.

        Returns:
        --------

        tuple: (savename, sec_savename)
            Absolute file paths for the secondary approach.

        Usage:
        ------
        In order to prepare a secondary field calculation you need:

        - a secondary config (default is provided)
        - a conductivity vector (*)
        - a 2d parameter mesh matching the anomalies (*)
        - a marker_vector (*)

        *if not in secondary config or proviedd beforehand

        and optionally either

        - fem_mesh (without marker -> set_marker=True (default))

        or

        - fem_mesh (with marker -> set_marker=False)

        or

        - no fem_mesh (auto creation)
        """
        new_save = False  # additional saving required

        # setting optional secondary configuration
        if secondary_config is not None:
            self.setSecondaryConfig(secondary_config)

        pf_EH_flag = kwargs.pop('pf_EH_flag', None)
        if pf_EH_flag is not None:
            self.secondary_config.pf_EH_flag = pf_EH_flag

        approach = kwargs.pop('approach', None)
        if approach is not None:
            self.secondary_config.approach = approach

        # simple check to save time
        if '_t' in self.secondary_config.approach:
            raise Exception('Total field approaches are not yet supported.')

        # setting optional parameter mesh
        if para_mesh_2d is not None:
            self.setParaMesh2D(para_mesh_2d, anomaly=anomaly_vector,
                               sort=kwargs.pop('sort', True))
            new_save = True

        self._checkParaMesh()

        # setting optional FEM mesh
        if fem_mesh is not None:
            self.setFEMMesh(fem_mesh,
                            savename=self.secondary_config.mesh_name,
                            valid_marker=valid_marker)
            set_marker = False
            if valid_marker is None and self.valid_marker is None:
                new_save = True

        # if no mesh available or provided: create
        if self.loopmesh is None:
            self.createFEMMesh()
            set_marker = False
            new_save = True

        assert self.loopmesh is not None
        log.info('setting marker: {}'.format(set_marker))

        if set_marker is True:
            new_save = True

        log.info('need to save mesh again: {}'.format(new_save))

        self.updateFEMAnomaly(anomaly=anomaly_vector,
                              set_marker=set_marker)

        if self.secondary_config.sigma_anom is None:
            raise Exception('No anomaly vector found. Abort.')

        if not os.path.exists('{}/_h5/{}.h5'.format(
                self.secondary_config.m_dir,
                self.secondary_config.mesh_name)):
            new_save = True

        if new_save:
            # ...then the copy on harddrive needs updating...
            np.save('{}/_h5/fem_marker.npy'
                    .format(self.secondary_config.m_dir), self.valid_marker)
            # export pygimli version of FEM mesh with markers (.bms)
            self.saveLoopMesh('{}/_h5/{}.bms'.format(
                self.secondary_config.m_dir,
                self.secondary_config.mesh_name))

            # export vtk version of FEM mesh with markers (.vtk)
            vtk_name = '{}/_h5/{}.vtk'.format(
                self.secondary_config.m_dir,
                self.secondary_config.mesh_name)
            log.info('saving vtk: "{}"'.format(vtk_name))
            self.loopmesh.exportVTK(vtk_name)

            # export fenics version of FEM mesh with markers (.h5)
            h5_loop_name = self.loop_mesh_name[:-4] + '.h5'
            log.info('saving h5: "{}"'.format(os.path.abspath(h5_loop_name)))
            log.info('unique cell marker: {}'
                     .format(len(np.unique(self.loopmesh.cellMarkers()))))
            pg.meshtools.exportFenicsHDF5Mesh(self.loopmesh, h5_loop_name)

        # recalculation of primary fields required?
        found = self._checkPrimaryFields()
        calc = not found or force_primary
        log.info('primary field: found: {}, force: {}, calc: {}'
                 .format(found, force_primary, calc))

        if calc:
            self.calcAndExportFieldsForFenics(
                num_cpu=num_cpu, export_vtk=export_vtk,
                debug=kwargs.pop('debug', False), **kwargs)

        # updating name
        if mod_name is not None:
            self.secondary_config.mod_name = mod_name

        # save for secondary field calculation call in mpi environment
        if savename is None:
            savename = Path(self.secondary_config.r_dir).joinpath(
                self.secondary_config.mod_name + '_primary_loop').as_posix()

        self.save(os.path.abspath(savename),
                  save_mesh=False)  # is already saved


[docs]    def show(self, **kwargs):
        """
        Plots the Loopdiscretisation and the dipole directions and Length.
        For inspection of the loop-class and debugging purpose. Or for your
        curiosity.

        Parameters
        ----------
        kwargs: dict
            Keyword arguments are redirected to *pyhed.plot.plot_bib.showLoop*.
        """
        from comet.pyhed.plot.plot_bib import showLoop
        return showLoop(self.pos, self.phi, self.ds, **kwargs)


[docs]    def effectiveArea(self):
        """ Returns *self.area* * *self.turns* (0 for not closed loops). """
        return self.area * self.turns


    def _checkParaMesh(self, raise_it=True):
        if self.para_mesh_2d is None:
            if raise_it:
                raise Exception('Need parameter mesh in order to set anomaly '
                                'vector.')
            else:
                return False
        else:
            return True

    def _checkPrimaryFields(self):
        """ Check if primary fields already exists and returns True/False. """
        if self.secondary_config is None:
            return False

        # for total field approach, no primary fields are needed
        if '_t' in self.secondary_config.approach:
            return True

        pf_path = '{}/primary_fields/{}/{}'.format(
            self.secondary_config.r_dir,
            self.secondary_config.pf_type,
            self.secondary_config.pf_name)

        # extensive check for previously calculated fields
        for field in ['E', 'H']:
            for complexity in ['real', 'imag']:
                if not os.path.exists('{}_{}_0_{}_cg.h5'.format(
                        pf_path, field, complexity)):
                    return False
        return True

    def _handleNonUniqueDipoles(self):
        """
        Internally called function.
        Sort out double dipole positions and handle their phi and ds.
        """

        # new dtype looks like three floats in a row
        # so unique searches for a unique combination of floats, instead of
        # single unique floats
        posview = self.pos.ravel().view(
                np.dtype((np.void,
                          self.pos.dtype.itemsize*self.pos.shape[1])))
        _, unique_idx, inverse_idx, counts_idx = np.unique(posview,
                                                           return_index=True,
                                                           return_inverse=True,
                                                           return_counts=True)

        # found unique: now sort, filter and merge double pos
        sorted_idx = unique_idx.argsort()
        unique_sorted_idx = unique_idx[sorted_idx]
        new_pos = np.array(self.pos)[unique_sorted_idx]
        new_ds = np.array(self.ds)[unique_sorted_idx]
        new_phi = np.array(self.phi)[unique_sorted_idx]
        for i, count in enumerate(counts_idx[sorted_idx]):
            if count > 1:
                idx_i = np.where(inverse_idx == inverse_idx[i])
                new_ds[i] = np.sum(self.ds[idx_i])
                new_phi[i] = np.einsum('i,i->',
                                       self.ds[idx_i],
                                       self.phi[idx_i])/new_ds[i]
        orig_pos = len(self.pos)
        self.pos = new_pos
        self.phi = new_phi
        self.ds = new_ds
        log.debug('merge dipoles: {} -> {} dipoles'.format(
                  orig_pos, len(self.pos)))

    def _setDistance(self):
        """ Biggest and smallest distance between two dipoles of the loop. """
        if self.type not in ('dipole', 'Dummy') and len(self.pos) > 1:
            dislist = []
            for i in range(len(self.pos) - 1):
                # (n * (n - 1)) / 2 steps to calculate
                dislist.extend(-self.pos[i + 1:] + self.pos[i])
            dislist = np.array(dislist).T
            sqaredis = np.sqrt(np.sum(dislist**2, axis=0))
            self._maxdistance = np.max(sqaredis)
            self._mindistance = np.min(self.ds)

        else:
            self._maxdistance = 5
            self._mindistance = 0.2

    def _loadLoopGeometry(self, filename):
        """ Loads the basic geometry needed to initalise a loop class.

        Called by *loop.load* to load geometry from binary npz file archive.

        Parameters
        ----------

            filename: string
                Path to file destination.
        """
        DeprecationWarning(
            'This is an old loop class. Please save again and you can get rid '
            'of the *_geometry* file. Its now included in the main *.npz*.')
        archive = np.load(filename)
        self.type = str(archive['ltype'])
        self.grounded = bool(archive['grounded'])
        self.pos = archive['pos']
        self.phi = archive['phi']
        self.ds = archive['ds']
        self._setDistance()

    def _checkAnomaly(self, anomaly):
        """ Internal function to check anomaly vector.
        Accounts for triangle Boundaries around paramesh if set.
        """
        # shortcut to avoid if-else in other functions
        if anomaly is None:
            return anomaly

        log.debug('_checkAnomaly input anomaly: {} ({})'
                  .format(anomaly, len(anomaly)))

        # import check
        self._checkParaMesh()

        if len(anomaly) != self.orig_cell_count_2d:
            raise Exception('Dimension mismatch between original paramesh '
                            '({} cells) and anomaly vector ({} values).'
                            .format(self.orig_cell_count_2d, len(anomaly)))

        # prepare anomaly vector with respect to parameter mesh prolongation
        if self.has_boundary is False:
            anom = anomaly

        else:
            anom = np.zeros(self.para_mesh_2d.cellCount())
            anom[self.orig_cells] = anomaly
            anom = pg.Vector(anom)
            # inplace prolongation needs reference
            # therefore explicit pg.Vector call is needed before giving anom
            # to prolongateEmptyCellsValues
            self.para_mesh_2d.prolongateEmptyCellsValues(anom)
            log.debug('_checkAnomaly: detect boundary around paramesh: '
                      'prolongate empty cells values.')
            with temporal_printoptions():
                log.debug('_checkAnomaly prolonged anomaly: {} ({})'
                          .format(np.array(anom), len(anom)))

        self.para_mesh_2d.setCellAttributes(anom)

        # pygimli to numpy
        anom = np.array(anom)

        if self.paramesh_sort:
            # sorted cells: anomaly vector has unique values
            # self.anom_idx -> from 2d mesh with bounds to unique vals
            anom = anom[self.anom_idx]
            log.debug('_checkAnomaly: {} ({})'
                      .format(anom, len(anom)))

        # return one value per unique marker in FEM Mesh
        return anom


[docs]class Geometry:

    def __init__(self):
        self.poly = None



def _checkClockwise(points):
    """
    Polygon Area formula. Works for most closed polygons.
    (Not for figure-of-eight)

    Parameters
    ----------
    points: np.ndarray
        List or array of coordinates of a closed polygon to determine if the
        order is in clockwise or counterclockwise order.
    """
    points = np.asarray(points)
    x_1 = np.append(points[1:, 0], points[0, 0])
    y_1 = np.append(points[1:, 1], points[0, 1])
    area = np.sum((x_1 - points[:, 0]) * (points[:, 1] + y_1))
    if np.isclose(area, 0):
        print('Attribute "clockwise" could not be determined in this '
              'overlapping loop. Please check the directions of the dipoles.')
    return bool(np.sign(area) == 1)


def _3dlinspace(Point1, Point2, num):
    """ Internal function. Like linspace but for threedimensional points. """
    return np.array((np.linspace(Point1[0], Point2[0], num),
                     np.linspace(Point1[1], Point2[1], num),
                     np.linspace(Point1[2], Point2[2], num)),
                    np.float64).T


[docs]def computeLoopPositions(Coordinates, ltype='arbitrary',
                         middle=None,  # for circle only
                         grounded=True):
    """
    This function calculates the position of the dipoles in order to represent
    an arbitrary shaped loop with the given coordinates, the angle between its
    orientation and the x-direction and the dipole Length it represents.

    Parameters
    ----------
    Coordinates: np.ndarray
        Input list/array of points of shape: (n, 3) for n dipoles.

    ltype: string
        Defines the general type of the loop and therefore some internal
        attributes. Choices are:\n
            - 'rectangle' (also for square loops)
            - 'circle'
            - 'arbitrary' (for all other loops)

    middle: np.ndarray [ None ]
        Midpoint of the circular loop to calculate radius correct (and
        therefore the correct source coordinates).

    grounded: boolean [ True ]
        For non grounded wires there are dipole placed bewtween the last
        coordinate point and the first. This is ommitted for grounded wires.

    """
    if isinstance(Coordinates, (list, tuple)):
        Coordinates = np.array(Coordinates, np.float64)

    realltype = ltype
    if ltype not in ('circle', 'arbitrary', 'line'):
        # basically the same as any arbitrary loop
        ltype = 'arbitrary'

    if ltype == 'circle':
        coords_x = Coordinates.T[0] - middle[0]
        coords_y = Coordinates.T[1] - middle[1]
        Angles = np.arctan2(coords_y, coords_x)
        phis = np.zeros(len(Angles))
        Positions = np.zeros((len(Angles), 3), dtype=np.float64)
        radius = np.sqrt(coords_x[0]**2 + coords_y[0]**2)
        ds = np.zeros(len(Angles), dtype=np.float64)
        n = len(Angles)
        for i in range(n):
            phi_ii = Angles[(i + 1) % n]
            phi_i = Angles[i]
            if phi_i > phi_ii:
                phi_i += 2 * np.pi
            phis[i] = ((phi_i + phi_ii)/2.) % (np.pi*2)
            Positions[i] = np.array((radius * np.cos(phis[i]),
                                     radius * np.sin(phis[i]),
                                     middle[2]))
            ds[i] = radius * ((phi_ii - phi_i) % (2 * np.pi))
        phis = (phis + np.pi/2) % (2 * np.pi)
        Positions[:, 0] += middle[0]
        Positions[:, 1] += middle[1]
        return Positions, phis, ds, grounded, ltype

    if ltype in ['arbitrary', 'line']:
        Positions = []
        Directions = []
        DipoleLengths = []
        n = len(Coordinates)
        for i in range(n - grounded):
            cii = Coordinates[(i + 1) % n]
            ci = Coordinates[i]
            Positions.append((cii + ci) / 2)
            Directions.append(np.arctan2((cii[1] - ci[1]), (cii[0] - ci[0])))
            DipoleLengths.append(np.sqrt((cii[0] - ci[0])**2 +
                                         (cii[1] - ci[1])**2))
        Positions = np.array(Positions, dtype=np.float64)
        Directions = np.array(Directions, dtype=np.float64)
        DipoleLengths = np.array(DipoleLengths, dtype=np.float64)
        return Positions, Directions, DipoleLengths, grounded, realltype



[docs]def buildSquare(k=1, num_segs=12, P=(0, 0, 0),
                max_length=None, savename=None, dipole_clockwise=True,
                turns=1, **kwargs):
    """ Square loop around P with edge length k.

    Parameters
    ----------
    k: float [ 1 ]
        Length of one edge.

    num_segs: integer [ 12 ]
        Total number of segments to be used to discretize the Loop. Used
        internally to define the max_length of a dipole. Inferior usage
        compared max_length.

    max_length: float [ None ]
        Defines the minimum length of a dipole used for the discretization of
        the loop. Superior usage compared to num_segs.

    savename: string [ None ]
        Basename for the loop. Trigger to save the loop.

    dipole_clockwise: [ True ]
        Define the dipole to be ordered in a clockwise direction.

    turns: integer [ 1 ]
        Number of turns of a closed loop.

    kwargs: dict
        Keyword arguments are redirected to the loop class

    Returns
    -------
        pyhed.loop:
           Pyhed loop class instance.

    Example
    -------
    >>> from comet import pyhed as ph
    >>> l = ph.loop.buildSquare(k=3.25, max_length=0.24)
    >>> print(l)
    >>> print(l.config)
    >>> l.show()
    """
    loop = buildRectangle(((-k/2. + P[0], -k/2. + P[1], 0),
                           (k/2. + P[0], k/2. + P[1], 0)), num_segs=num_segs,
                          max_length=max_length,
                          savename=savename,
                          dipole_clockwise=dipole_clockwise,
                          **kwargs)

    loop.turns = turns
    loop.area = k**2
    return loop



[docs]def buildRectangle(points, num_segs=1, max_length=None, savename=None,
                   dipole_clockwise=None, turns=1, **kwargs):
    """ Creates a rectangular shaped loop and manages dipole discretization.

    Creates a rectangular loop out of four given corner points, with a given
    discretisation between the points. Per default the function returns the
    position of the dipoles, the angle between its orientation and the
    x-direction and the dipole Length it represents.

    Parameters
    ----------
    points: list
        List or Array containing 2D or 3D coordinates (however z-values
        ignored for now). In case of a rectangle two or four coords are needed.
        In case of two coordinates, the rectangle will have edges parallel to
        the coordinate axes.

    num_segs: integer [ 1 ]
        Total number of segments to be used to discretize the Loop. Used
        internally to define the max_length of a dipole. Inferior usage
        compared to max_length.

    max_length: float [ None ]
        Defines the minimum length of a dipole used for the discretization of
        the loop. Superior usage compared to num_segs.

    savename: string [ None ]
        Basename for the loop. Trigger to save the loop.

    dipole_clockwise: [ True ]
        Define the dipole to be ordered in a clockwise direction.

    turns: integer [ 1 ]
        Number of turns of a closed loop.

    kwargs: dict
        Keyword arguments are redirected to the loop class.

    Returns
    -------
        pyhed.loop:
           Pyhed loop class instance.

    Example
    -------
    >>> from comet import pyhed as ph
    >>> l = ph.loop.buildRectangle([[-5, -5], [5, 5]], max_length=0.64)
    >>> print(l)
    >>> print(l.config)
    >>> l.show()
    """
    if len(points) == 2:
        # assume corner points
        p1 = np.copy(points[0])
        p2 = np.copy(points[1])
        assert not np.isclose(p1[0] - p2[0], 0.0) and \
            not np.isclose(p1[1] - p2[1], 0.0), '"buildRectangle" needs two \
opposing corner points to work. Abort'
        points = np.ones((4, 3))
        points[0] = np.array((p1[0], p1[1], 0.0))
        points[1] = np.array((p2[0], p1[1], 0.0))
        points[2] = np.array((p2[0], p2[1], 0.0))
        points[3] = np.array((p1[0], p2[1], 0.0))

    loop = buildLoop(points, num_segs=num_segs, max_length=max_length,
                     savename=savename,
                     grounded=False, ltype='rectangle',
                     dipole_clockwise=dipole_clockwise,
                     **kwargs)

    loop.turns = turns
    loop.area = vec.areaFromPolyPoints(points)
    return loop



[docs]def buildLoop(Points, num_segs=1, max_length=None, savename=None,
              grounded=False, ltype=None, dipole_clockwise=None, turns=1,
              **kwargs):
    """ Creates an arbitrary shaped loop out of given coordinates.

    The returnes object is an initialized loop class.
    Most general function to build a loop and called by most of the other
    specialized functions after input preparation.

    Parameters
    ----------
    Points: list
        List or Array containing 2D or 3D coordinates of shape (n, 2 or 3) for
        n corner point of an arbitrary shaped polygon (z_vlaues will be set to
        0 or now).

    num_segs: integer [ 1 ]
        Total number of segments to be used to discretize the Loop. Used
        internally to define the max_length of a dipole. Inferior usage
        compared to max_length.

    max_length: float [ None ]
        Defines the minimum length of a dipole used for the discretization of
        the loop. Superior usage compared to num_segs.

    savename: string [ None ]
        Basename for the loop. Trigger to save the loop.

    grounded: boolean [ False ]
        Defines wether the loop is closed or not. Also defines which default
        field mode will be calculated, as 'tm' field of a closed loop is zero.

    dipole_clockwise: [ True ]
        Define the dipole to be ordered in a clockwise direction.

    turns: integer [ 1 ]
        Number of turns of a closed loop.

    kwargs: dict
        Keyword arguments are redirected to the loop class.

    Returns
    -------
        pyhed.loop:
           Pyhed loop class instance.

    Example
    -------
    >>> import pyhed as ph  # this works if pyhed is in your path.
    >>> points = [[-5, -5], [-10, 5], [2.3, 3.14], [7, -7]]
    >>> l = ph.loop.buildLoop(points, max_length=0.64)
    >>> print(l)
    >>> print(l.config)
    >>> l.show()
    """
    Points = np.array(Points)
    n = len(Points)

    if len(Points[0]) == 2:
        Points = np.column_stack([Points, np.zeros(4)])
    else:
        Points[:, 2] = 0.0

    if max_length is None:
        peri = vec.perimeterFromPolyPoints(Points, closed=not grounded)
        max_length = peri / (max(num_segs - 2, 1))
    if n == 1:
        print('build Dipole loop with direction=0 and length=1. To alter these\
 values use buildDipole directly instead of buildLoop.')
        return buildDipole(Points, length=1, angle=0)
    elif n == 2:
        return buildLine(Points[0], Points[1], num_segs=num_segs,
                         max_length=max_length, savename=savename,
                         grounded=True)
    if dipole_clockwise is not None:
        if not (_checkClockwise(Points) == dipole_clockwise):
            Points = np.concatenate((Points[np.newaxis, 0], Points[1:][::-1]))
    Coordinates = []
    for i in range(0, n - grounded):
        cii = Points[(i + 1) % n]
        ci = Points[i]
        if max_length is not None:
            diff = ci - cii
            num_segs = int((np.sqrt(diff[0]**2 + diff[1]**2 + diff[2]**2)) /
                           max_length) + 1
        if i == 0:
            Coordinates.extend(_3dlinspace(Points[0], Points[1], num_segs + 1))
        elif i == n - 1:
            Coordinates.extend(_3dlinspace(ci, cii, num_segs + 1)[1:-1])
        else:
            Coordinates.extend(_3dlinspace(ci, cii, num_segs + 1)[1:])
    if ltype is None:
        if grounded is True:
            ltype = 'line'
        else:
            ltype = 'arbitrary'
    loop = Loop(
            computeLoopPositions(Coordinates, ltype=ltype, grounded=grounded),
            **kwargs)

    if not grounded:
        loop.turns = turns
        loop.area = vec.areaFromPolyPoints(Coordinates)

    if savename is not None:
        loop.save(savename)
    return loop



[docs]def buildLine(Start, End, num_segs=0, max_length=None, savename=None,
              grounded=True, **kwargs):
    """
    Parameters
    ----------
    Start: list
        2D or 3D coordinate of start of the line
        (z value will be ignored for now).

    Start: list
        2D or 3D coordinate of end of the line
        (z value will be ignored for now).

    num_segs: integer [ 0 ]
        Total number of segments to be used to discretize the Loop. Used
        internally to define the max_length of a dipole. Inferior usage
        compared to max_length.

    max_length: float [ None ]
        Defines the minimum length of a dipole used for the discretization of
        the loop. Superior usage compared to num_segs.

    savename: string [ None ]
        Basename for the loop.

    dipole_clockwise: [ True ]
        Define the dipole to be ordered in a clockwise direction.

    turns: integer [ 1 ]
        Number of turns of a closed loop.

    kwargs: dict
        Keyword arguments are redirected to the loop class.

    Returns
    -------
    pyhed.loop:
       Pyhed loop class instance.

    Example
    -------
    >>> import pyhed as ph  # this works if pyhed is in your path.
    >>> l = ph.loop.buildLine([-3, -3], [4, 2], max_length=0.14)
    >>> print(l)
    >>> print(l.config)
    >>> l.show()
    """
    Coordinates = []

    Start = np.array(Start)
    if len(Start) == 2:
        Start = np.append(Start, 0.0)
    else:
        Start[2] = 0.0

    End = np.array(End)
    if len(End) == 2:
        End = np.append(End, 0.0)
    else:
        End[2] = 0.0

    if max_length is not None:
        diff = Start - End
        num_segs = int((np.sqrt(diff[0]**2 + diff[1]**2 + diff[2]**2)) /
                       max_length) + 1

    Coordinates.extend(_3dlinspace(Start, End, num_segs + 1))
    outl = Loop(computeLoopPositions(Coordinates, ltype='line',
                                     grounded=grounded),
                **kwargs)

    if savename is not None:
        outl.save(savename)

    return outl



[docs]def buildDipole(Pos, length=1, angle=0, **kwargs):
    """
    Parameters
    ----------
    Pos: list
        2D or 3D coordinate of the dipole.

    length: float [ 1 ]
        Dipole legth.

    angle: [ 0 ]
        Dipole direction positive clockwise from the x-aixs.

    kwargs: dict
        Keyword arguments are redirected to the loop class.

    Returns
    -------
        pyhed.loop:
            Pyhed loop class instance.

    Example
    -------
    >>> import pyhed as ph  # this works if pyhed is in your path.
    >>> l = ph.loop.buildDipole([-3, -3], length=1.3, angle=45)
    >>> print(l)
    >>> print(l.config)
    >>> l.show()
    """
    if len(Pos) == 2:
        Pos = np.append(Pos, 0.0)
    else:
        Pos = np.array(Pos)
        Pos[2] = 0.0

    return Loop([np.array((Pos,), dtype=float),
                 np.array((angle,), dtype=float),
                 np.array((length,), dtype=float),
                 True, 'dipole'], **kwargs)



[docs]def buildDummy(**kwargs):
    """ Creates an empty dummy loop class to gain access to certain
    functionalities.
    """
    return Loop(['Dummy', 'Dummy', 'Dummy',
                 True, 'Dummy'], **kwargs)



[docs]def buildCircle(r, num_segs=None, max_length=None, P=(0, 0, 0),
                dipole_clockwise=True, savename=None, turns=1, **kwargs):
    """
    this function builds a n-segmented coil in the x-y-plane around the
    point P = (X, Y, Z), with Radius r.
    The first point is at the hightest y value with x = X and therefore the
    point where the dipole is x-directed. Its the point were the field can
    calculated directly without rotation, but with translation.
    The rest of the coil is build clockwise.


    Parameters
    ----------
    r: float
        Radius of the loop.

    num_segs: integer [ None ]
        Total number of segments to be used to discretize the Loop. Used
        internally to define the max_length of a dipole. Inferior usage
        compared to max_length.

    max_length: float [ None ]
        Defines the minimum length of a dipole used for the discretization of
        the loop. Superior usage compared to num_segs.

    P: list or np.ndarray
         2D or 3D coordinate of the mid point of the loop.

    dipole_clockwise: [ True ]
        Define the dipole to be ordered in a clockwise direction.

    savename: string [ None ]
        Basename for the loop.

    turns: integer [ 1 ]
        Number of turns of a closed loop.

    Returns
    -------
        pyhed.loop:
           Pyhed loop class instance.

    Example
    -------
    >>> import pyhed as ph  # this works if pyhed is in your path.
    >>> l = ph.loop.buildCircle(10, 11)
    >>> print(l)
    >>> print(l.config)
    >>> l.show()
    """

    if len(P) == 2:
        P = np.append(P, 0.0)
    else:
        P = np.array(P)
        P[2] = 0.0

    if max_length is not None:
        circumference = r * np.pi * 2
        num_segs = int(circumference / max_length) + 1
        num_segs = max(num_segs, 8)

    x = []
    y = []
    for nr in range(num_segs):
        tau = 2 * np.pi * nr/num_segs
        x.append(P[0] + r * np.cos(tau))
        y.append(P[1] + r * np.sin(tau))

    drop_tol = kwargs.pop('drop_tol', 1e-14)

    z = np.ones(num_segs) * P[2]
    z[np.where(abs(z) < drop_tol)] = 0
    x = np.asarray(x)
    x[np.where(abs(x) < drop_tol)] = 0
    y = np.asarray(y)
    y[np.where(abs(y) < drop_tol)] = 0
    coords = np.array((x, y, z), np.float64).T

    loop = Loop(computeLoopPositions(coords, ltype='circle', middle=P,
                                     grounded=False),
                **kwargs)

    if not dipole_clockwise:
        loop.phi = (loop.phi + np.pi) % (2 * np.pi)

    if savename is not None:
        loop.save(savename)

    loop.turns = turns
    loop.area = (r**2) * np.pi
    return loop



[docs]def buildSpiral(r1, r2, sp_turns=2, sp_segs=36, max_length=None, P=(0, 0, 0),
                dipole_clockwise=True, savename=None, theta=90.0, **kwargs):
    """
    this function builds a spiral coil with sp_turns number of turns in the
    x-y-plane around the point P = (X, Y, Z), with inner radius r1 and outer
    radius r2. The angle theta defines the start of the spiral
    (theta = 0 -> East, theta = 90 -> North, etc.). The spiral is build
    clockwise from r1 to r2.


    Parameters
    ----------
    r1: float
        Inner radius of the spiral.

    r2: float
        Outer radius of the spiral.

    sp_turns: integer [ None ]
        Total number of spiral turns.

    sp_segs: integer [ None ]
        Total number of segments to be used to discretize the spiral.

    max_length: float [ None ]
        Defines the minimum length of a dipole used for the discretization of
        the loop.

    P: list or np.ndarray
         2D or 3D coordinate of the mid point of the loop.

    dipole_clockwise: [ True ]
        Define the dipole to be ordered in a clockwise direction.

    savename: string [ None ]
        Basename for the loop.

    theta: float, deg [ 90.0 ]
        Orientation of start-end-connection of the spiral in degrees.

    Returns
    -------
        pyhed.loop:
           Pyhed loop class instance.

    Example
    -------
    >>> import pyhed as ph  # this works if pyhed is in your path.
    >>> l = ph.loop.buildSpiral(1, 2, sp_turns=5)
    >>> print(l)
    >>> print(l.config)
    >>> l.show()
    """
    # 2D or 3D center point
    if len(P) == 2:
        P = np.append(P, 0.0)
    else:
        P = np.array(P)
        P[2] = 0.0

    # mean spiral radius
    R = (r1 + r2) / 2

    # vector of spiral angles
    phi = np.linspace(0, 2 * np.pi * sp_turns,
                      sp_segs * sp_turns + 1) + np.pi / 2 - np.deg2rad(theta)

    # dr increment
    dr = (r2 - r1) / phi.size

    # linearly increasing radius
    r = np.arange(r1, r2, dr)
    # corner points of spiral
    x = []
    y = []
    for n in range(len(r)):
        x.append(P[0] + r[n] * np.sin(phi[n]))
        y.append(P[1] + r[n] * np.cos(phi[n]))

    # copied form Nico (removing small numbers)
    drop_tol = kwargs.pop('drop_tol', 1e-14)
    z = np.ones(len(r)) * P[2]
    z[np.where(abs(z) < drop_tol)] = 0
    x = np.asarray(x)
    x[np.where(abs(x) < drop_tol)] = 0
    y = np.asarray(y)
    y[np.where(abs(y) < drop_tol)] = 0
    coords = np.array((x, y, z), np.float64).T

    # assemble loop as 'arbitrary' set of points
    loop = buildLoop(coords, num_segs=1, max_length=max_length,
                     savename=savename,
                     grounded=False, ltype='arbitrary',
                     dipole_clockwise=dipole_clockwise,
                     **kwargs)

    # there is effectively only 1 turn (check usage!)
    loop.turns = 1
    # average area of the loop (check usage!)
    loop.area = (R**2) * np.pi
    return loop



[docs]def buildFig8Circle(r, num_segs=None, max_length=None, P=(0, 0, 0),
                    savename=None, turns=1, **kwargs):
    """
    Build a figure-of-eight loop with circular loops around point
    P = (X, Y, Z), with Radius r.

    Parameters
    ----------
    r: float
        Radius of the loop.

    num_segs: integer [ None ]
        Total number of segments to be used to discretize the Loop. Used
        internally to define the max_length of a dipole. Inferior usage
        compared to max_length. In this case divided between the two circular
        loops.

    max_length: float [ None ]
        Defines the minimum length of a dipole used for the discretization of
        the loop. Superior usage compared to num_segs.

    P: array_like [ (0., 0., 0.) ]
         2D or coordinate of the mid point of the loop.

    savename: string [ None ]
        Basename for the loop.

    turns: integer [ 1 ]
        Number of turns of a closed loop.

    Returns
    -------
    pyhed.loop.Loop:
       Pyhed loop class instance.

    """
    if num_segs is None:
        n_segs2 = None
    else:
        n_segs2 = int(num_segs/2.)

    circ1 = buildCircle(r, num_segs=n_segs2, P=(P[0] - r, P[1], P[2]),
                        max_length=max_length, savename=None,
                        dipole_clockwise=True, **kwargs)
    circ2 = buildCircle(r, num_segs=n_segs2, P=(P[0] + r, P[1], P[2]),
                        max_length=max_length, savename=None,
                        dipole_clockwise=False, **kwargs)

    fig8 = mergeLoops([circ1, circ2], true_merge=True,
                      take_single_min_dis=True)
    fig8.turns = turns
    fig8.area = circ1.area + circ2.area
    return fig8



[docs]def buildFig8(points, num_segs=3, max_length=None, mid=0,
              dipole_clockwise=True, turns=1, **kwargs):
    """
    Builds a figure-of-eight Loop with respect to the given corner Points.
    This function is part of the pyhed.loops library and returns a
    'loop'-class object suitable to calculate electric and magnetic fields
    based on horizontal electric dipoles. Please always check the loop
    consistency with the buildin .show() command (see Example) before
    calculating with experimetal loop layouts.

    Parameters
    ----------
    num_segs: integer [ 12 ]
        Total number of segments to be used to discretize the Loop. Used
        internally to define the max_length of a dipole. Inferior usage
        compared to max_length.

    max_length: float [ None ]
        Defines the minimum length of a dipole used for the discretization of
        the loop. Superior usage compared to num_segs.

    points: array_like
        Points can be of shape (2, 3), two points with three coordinates
        (x, y, z) and the algorithm will build a loop with edges parallel to
        the coordiante axes.

        Although the point coordiantes are given with z values, the current
        implementation of COMET is not able to allow for any z-values other
        than zero, i appologize for the inconvenience. This flaw will be
        adressed as soon as COMET moves towards 2D resistivity structures.

    max_length: float or None (None)
        The discretisation between the cornerpoints of the loop can be sampled
        by any rate (m) you choose. Since the total number of points between
        the corner points of the loop has to be an integer, the real distance
        between the points will always be smaller or equal to max_length.

        Its highly recommended to use at least 10 dipoles
        between the different points, and therefore a total number of dipoles
        of >= 50 - 60. This leads to a natural max_length of 1/10 the smaller
        edge of the figure-of-eight loop.

    num_segs: integer (3)
        The number of segments between the corner points of the loop can also
        be given directly, but mention that the max_length value (not None)
        will have priority. Usually max_length will lead to more homogeneous
        distributions of dipoles between the corner and midpoints of a
        figure-of-eight loop.

    mid: integer (0)
        The middle connection depends on the value "mid". The default value
        (0) sets the middle lines parrallel to the y-axis. Other values are
        setting the line parrallel to the x axis, respectively.

    dipole_clockwise: boolean (True)
        The dipoles are orientated clockwise with respect to the first half of
        the loop or counterclockwise if this switch is set the False. The first
        half is considered to be the half connected to the upper left point
        of the loop boundary, so either the left or the upper loop depending on
        mid.

    Possible kwargs are: savename. Please see "buildLoop" for more
    details.

    Returns
    -------
        pyhed.loop:
           Pyhed loop class instance.

    Example
    -------
    >>> import pyhed as ph  # this works if pyhed is in your path.
    >>> l = ph.loop.buildSquare(k=3.25, max_length=0.14)
    Example
    -------
    >>> import pyhed as ph
    >>> p1 = (-1, 1, 0)
    >>> p2 = (1, -1, 0)
    >>> fig8 = ph.loop.buildfig8((p1, p2), max_length=0.1)
    >>> print(fig8)
    >>> print(fig8.config)
    >>> fig8.show()
    """
    if len(points) == 2:
        # assume corner points
        # np.copy to prevent: TypeError: 'tuple' object does not support item
        # assignment
        # TODO! allow for z-values different than zero
        # for the time being the resulting positions can be shifted manually
        p1 = np.copy(points[0])
        if len(p1) == 2:
            p1 = np.append(p1, 0)
        else:
            p1[2] = 0.

        p2 = np.copy(points[1])
        if len(p2) == 2:
            p2 = np.append(p2, 0)
        else:
            p2[2] = 0.
        area = vec.areaFromPolyPoints(points)

        assert not np.any(np.isclose(p1[0:2], p2[0:2])), '"buildFig8" needs\
two opposing corner points to work. Abort.'
        if mid == 0:
            cw = bool(p1[1] > p2[1])
            half = float(p1[0] + p2[0])/2.
            points = np.array((p1,
                               (half, p1[1], 0.),
                               (half, p2[1], 0.),
                               p2,
                               (p2[0], p1[1], 0.),
                               (half, p1[1], 0.),
                               (half, p2[1], 0.),
                               (p1[0], p2[1], 0.)))
        else:
            cw = bool(p1[0] < p2[0])
            half = float(p1[1] + p2[1])/2.
            points = np.array((p1,
                               (p2[0], p1[1], 0.),
                               (p2[0], half, 0.),
                               (p1[0], half, 0.),
                               (p1[0], p2[1], 0.),
                               p2,
                               (p2[0], half, 0.),
                               (p1[0], half, 0.)))
        if cw is not dipole_clockwise:
            # change the direction of the dipoles with
            # respect to "dipole_clockwise"
            points = np.concatenate((points[np.newaxis, 0], points[1:][::-1]))

    loop = buildLoop(points, num_segs=num_segs, max_length=max_length,
                     grounded=False, ltype='figure8', **kwargs)
    loop.turns = turns
    loop.area = area
    return loop



[docs]def buildEtraSourceDiscretization(poly, edgelength, max_length=0.251,
                                  x_left=None, n_segs=None, number_of_loops=8):
    """ Internal function.

    Implements an etra shaped source in the FEM mesh.
    Cannot use buildEdgeSourceDiscretization due to overlapping edges.
    """
    assert number_of_loops > 1, 'number of loops <= 1'

    offsets = number_of_loops + 2
    norm_off = (number_of_loops + 1)/2.

    offset = np.linspace(-norm_off/2 * edgelength,
                         norm_off/2 * edgelength,
                         offsets)
    if x_left is not None:
        offset -= (offset[0] - x_left)

    lines = []
    if n_segs is None:
        n_segs = int(edgelength // max_length)
        n_segs2 = int((edgelength / 2) // max_length)
    else:
        n_segs2 = int(n_segs / 2)

    y_pos = np.linspace(-edgelength * 0.5, edgelength * 0.5, n_segs)

    for xi, x_off in enumerate(offset):
        # y lines
        x_pos = np.ones_like(y_pos) * x_off
        pos = np.column_stack([x_pos, y_pos, np.zeros_like(x_pos)])
        lines.append(pos)

        if xi > 0:
            # x lines
            x_pos2 = np.linspace(offset[xi - 1], offset[xi], n_segs2)
            y_pos_up = np.ones_like(x_pos2) * 0.5 * edgelength
            y_pos_down = np.ones_like(x_pos2) * (-edgelength * 0.5)
            lines.append(np.column_stack([x_pos2, y_pos_up,
                                          np.zeros_like(x_pos2)]))
            lines.append(np.column_stack([x_pos2, y_pos_down,
                                          np.zeros_like(x_pos2)]))

    if isinstance(poly, pg.Mesh):
        # case 1/2: no custEM
        dim_poly = poly.dim()
        if dim_poly == 2:
            for j in range(len(lines)):
                nn = [poly.createNodeWithCheck([o[0], o[1]]) for
                      o in lines[j]]
                for k in range(len(lines[j]) - 1):
                    poly.createEdge(nn[k], nn[k + 1], marker=47)

        else:
            for j in range(len(lines)):
                nn = [poly.createNodeWithCheck([o[0], o[1], 0.0]) for
                      o in lines[j]]
                for k in range(len(lines[j]) - 1):
                    poly.createEdge(nn[k], nn[k + 1], marker=47)
    else:
        # case 2/2: no custEM
        poly.build_surface(insert_lines=[*lines],
                           line_marker=[47] * len(lines))



[docs]def buildEdgeSourceDiscretization(surface, pos, phi, ds, closed=True):
    """ Internal function.
    Used to implement every dipole in the FEM mesh using
    an appropriate edge that represents it.
    """
    pos = np.atleast_1d(pos)
    ds = np.atleast_1d(ds)
    phi = np.atleast_1d(phi)

    pos1 = pos + np.array([np.cos(phi)*ds/2,
                           np.sin(phi)*ds/2,
                           np.zeros(len(phi))]).T

    if not closed:
        # first point is different from last point
        # add first point explicitly
        pos_start = pos[0] - np.array([np.sin(phi[0])*ds[0]/2,
                                       np.cos(phi[0])*ds[0]/2,
                                       0.0]).T
        pos1 = np.append(pos_start, pos1)

    nodes = []
    for pi, posi in enumerate(pos1):
        nodes.append(surface.createNodeWithCheck(posi))

    for ni in range(len(nodes) - 1):
        surface.createEdge(nodes[ni], nodes[ni + 1], marker=47)

    if closed:
        surface.createEdge(nodes[-1], nodes[0], marker=47)



[docs]def buildPointSourceDiscretization(surface, pos):
    """ Internal function.
    Used to implement each source dipole as simple node in the FEM mesh.
    """
    pos = np.atleast_1d(pos)
    for pi in pos:
        surface.createNodeWithCheck(pi)



[docs]def buildEtraSurvey(edgelength, return_measurements=False,
                    origin=[0, 0], num_loops=8, max_length=None,
                    savenames=None, **kwargs):
    """ Special etra survey for NMR applications. """
    if num_loops <= 2:
        raise Exception('buildEtraSurvey: num_loops has to be > 2.')

    if savenames is not None:
        if not isinstance(savenames, str):
            raise Exception('"savenames" has to be string not {}.'
                            .format(type(savenames)))
        if '{}' not in savenames:
            savenames = savenames + '_{}'

    loops = []
    corner_x = np.linspace(-0.25 * num_loops * edgelength,
                           0.25 * num_loops * edgelength, num_loops + 1)
    c_idx_x = []
    c_idx_x.append([1, num_loops - 1])
    for i in range(num_loops - 1):
        c_idx_x.append([i, i + 2])

    if max_length is None:
        max_length = edgelength/25.

    for (ind_1, ind_2) in c_idx_x:
        loops.append(buildRectangle(
            [[corner_x[ind_1] + origin[0], -edgelength/2 + origin[1], 0],
             [corner_x[ind_2] + origin[0], edgelength/2 + origin[1], 0]],
            max_length=max_length,
            dipole_clockwise=kwargs.pop('dipole_clockwise', True), **kwargs))

    for lp, loop in enumerate(loops):
        if savenames:
            loop.name = savenames.format(lp)
        else:
            loop.name = f'loop_{lp}'

    if return_measurements:
        ret = (loops, np.array([np.zeros(num_loops, dtype=int),
                                np.arange(0, num_loops, dtype=int),
                                np.zeros(num_loops, dtype=int)]).T,)
    else:
        ret = loops

    return ret



[docs]def loadLoop(name, **kwargs):
    """ Imports loop from file archive. See *ph.loop.Loop.load* for details.
    """
    ll = buildDummy()
    ll.load(name, **kwargs)
    return ll



[docs]def loadLoops(name, num=8, load_meshes=False, cfg_name=None, cfg2_name=None,
              overwrite_dir=False):
    """ Loads n loops with name = ...{n}... """
    loops = []
    kwargs = {}
    kwargs['overwrite_dir'] = overwrite_dir
    kwargs['load_meshes'] = load_meshes
    for i in range(num):
        if cfg_name:
            kwargs['config'] = cfg_name.format(i)
        if cfg2_name:
            kwargs['config2'] = cfg2_name.format(i)
        loops.append(loadLoop(name.format(i), **kwargs))
    return loops



[docs]def dipolePosFromSimpleLoop(r, n, P=(0, 0, 0), drop_tol=1e-14):
    """ Convienience function to have fast access to circular loop coordinates.
    """
    Loop = buildCircle(r, n, P=P, drop_tol=drop_tol)
    posi = Loop.pos
    dipole_pos = np.array((posi[0], posi[1], posi[2]))
    return dipole_pos.T



[docs]def mergeLoops(*loops, true_merge=False, config=None):
    """ Merges given loops to one and optionally merges equal dipoles.

    Parameters
    ----------
    loops: loops-classes
        Loops to be merged.

    true_merge: boolean [True]
        Switch for a complete merge of all dipoles to with respect to
        their phi and dipole length. Attention this can be problematic when
        merging edge-to-edge loops (for mesh creation for example).
        If False only the dipole positions are merged not phi/ds (there
        replaced with dummy values).

    config: ph.config-instance or string [None]
        Sets config of merged loop either per index (cofig is taken from
        the corresponding loop) or give a new config. If None the config
        of the first loop is used instead.

    """
    if isinstance(loops[0], (list, tuple, np.ndarray)):
        loops = loops[0]
    pos = np.concatenate(([loop.pos for loop in loops]), axis=0)

    if config is None:
        config = loops[0].config
    elif isinstance(config, int):
        config = loops[config].config

    if true_merge:
        # case 1/2: fast merge of all dipoles, phi, and ds.
        phi = np.concatenate(([loop.phi for loop in loops]), axis=0)
        ds = np.concatenate(([loop.ds for loop in loops]), axis=0)
        merged = Loop((pos, phi, ds, False, 'arbitrary'))

    else:
        # case 2/2: fast merge of all dipoles, not phi/ds.
        # use this for mesh creation
        pos = pg.utils.unique_rows(pos)
        merged = Loop((pos,
                      np.ones(len(pos)),  # fake phi
                      np.ones(len(pos)),  # fake ds
                      False,  # grounded = False
                      'arbitrary'
                       ))
        # take min distance from single loops
        ds = np.concatenate(([loop.ds for loop in loops]))
        merged._mindistance = np.min(ds)

    return merged



[docs]def createSeparatedLoopMesh(*loops, dipole_mesh=False, **kwargs):
    """ Build a mesh suited for EM primary field calculation if using more than
    one loop.
    """
    # gather all dipoles for discretization of mesh
    if isinstance(loops[0], (list, tuple, np.ndarray)):
        loops = loops[0]
    pos = np.concatenate(([loop.pos for loop in loops]), axis=0)
    pos = pg.utils.unique_rows(pos)

    # dummy loop
    hlp = Loop((pos,
                np.ones(len(pos)),  # fake phi
                np.ones(len(pos)),  # fake ds
                False,  # grounded = False
                'arbitrary'
                ))

    hlp.setMeshParameters(refinement_para=kwargs.pop('refinement_para', 1.0),
                          max_area_factor=kwargs.pop('max_area_factor', 1.0),
                          tetgen_quality=kwargs.pop('tetgen_quality', 1.2))

    loop_mesh = hlp.createLoopMesh()

    if dipole_mesh:
        dipole_mesh = hlp.createDipoleMesh()
        return loop_mesh, dipole_mesh
    else:
        return loop_mesh



[docs]def createSeparatedFEMMesh(*loops, para_mesh_2d=None, **kwargs):
    """ Build a mesh suited for EM secondary field calculation if more than one
    loop is used.
    """
    # gather all dipoles for discretization of mesh
    hlp = mergeLoops(*loops)
    hlp.setMeshParameters(refinement_para=kwargs.pop('refinement_para', 1.0),
                          max_area_factor=kwargs.pop('max_area_factor', 1.0),
                          tetgen_quality=kwargs.pop('tetgen_quality', 1.2))

    loop_mesh = hlp.createFEMMesh(para_mesh_2d=para_mesh_2d, **kwargs)
    return loop_mesh



[docs]def createEtraMesh(loops, mesh2d, anomaly, savename=None, extend_x=0.,
                   extend_y=-0.3, extend_z=-0.5, max_volume=25.,
                   append_boundary=True, sort=True, return_loop=False):
    """ Creates a finite element mesh suited for ETRA surveys.
    """
    mesh2d = pg.Mesh(mesh2d)
    mesh_loop = mergeLoops(loops, true_merge=False)

    mesh_loop.setParaMesh2D(mesh2d, append_boundary=append_boundary,
                            anomaly=anomaly, sort=sort)

    mesh_loop.createFEMMesh(savename=savename,
                            extend_x=extend_x,
                            extend_y=extend_y,
                            extend_z=extend_z,
                            maxVolume=max_volume,
                            source_setup='etra')
    if return_loop:
        return mesh_loop

    else:
        return mesh_loop.loopmesh, mesh_loop.valid_marker



[docs]def buildEtraPoly(x_min, x_max, small, marker=0):
    assert int(x_max - x_min) % small == 0, 'No Etra fits in there.'

    poly = pg.Mesh(2)
    n = 0
    for x in np.arange(x_min, x_max + small/2, small/2):
        for yi, y in enumerate([-small/2, small/2]):
            poly.createNodeWithCheck([x, y])
            if yi == 1:
                # y directed bounds
                poly.createBoundary([n-1, n], marker=marker)
                if n >= 3:
                    # x directed bounds, upper
                    poly.createBoundary([n-2, n], marker=marker)
                    # -"- lower
                    poly.createBoundary([n-1, n-3], marker=marker)
            n += 1

    return poly



[docs]def createMultipleLoopMesh(
        loops, savename=None, source_setup='etra', triangle_quality=33.8,
        source_max_area=None, inner_area_volume=None, mid_area_volume=None,
        outer_area_volume=None, minx=None, maxx=None, miny=None, maxy=None,
        minz=None, air_refinement=False, source_poly=None):
    """
    Build a suited mesh for magnetic field calculation for NMR purpose.
    Sources are included in a way defined by **source_setup**.

    Parameters
    ----------

    loops: ph.loop.loop or array_like
        Input loops for which the mesh shall be created.

    savename: string [ None ]
        Savename for mesh (.bms will be added).

    source_setup: string [ 'etra' ]
        In case of multiple loops, the source_setup is important to define how
        the loops are included in the mesh. Default is 'etra' for NMR Etra
        setups. Alternatively 'edges' can be used to implement each dipole as
        edge with the dipole as midpoint, length as well as direction is
        defined by the dipole. This is not working for overlaping loops
        (e.g. Etras). For those a source_poly can be provided or 'nodes' is
        chosen to simply implement each dipole as node in the mesh.

    triangle_quality: float [ 34.0 ]
        The surface where the sources are implemented is meshed in 2D an then
        later inserted in the 3D mesh. This controls the triangle quality for
        this surface mesh.

    source_max_area:
        maximum area allowed in the 2D surface mesh (sources and 5 meter around
        the sources). Automatically defined if None (based on size of the area
        to ensure a minimum amount of trinagle cells). 2D surface mesh is
        exported if logger is set to debug level (10).

    inner_area_volume: float [ None ]
        The inner refinement volume is defined 5 meter around and below the
        sources. The maximum cell volume can be defined here. Automatically
        defined if None (based on size of the volume to ensure a minimum amount
        of cells).

    mid_area_volume: float [ None ]
        The median refinement volume is defined through minx, maxx, miny, maxy,
        and minz meter around and below the sources. The maximum cell volume
        can be defined here. Automatically defined if None (based on size of
        the volume to ensure a minimum amount of cells).

    outer_area_volume: float [ None ]
        The outer sides of the mesh (3 times miny, maxx, miny, maxy, minz) is
        to ensure interpolation of the field values are secured without the
        need for extrapolation. Usually the max cell volume is not contraint
        to minimize the computational effort.

    minx: float [ None ]
        Minimum x extention (in addition to the extend of the inner refinement
        area) of median refinement volume. If None this value is defined as
        maximum distance of two dipoles of the input loops.

    maxx: float [ None ]
        Maximum x extention (in addition to the extend of the inner refinement
        area) of median refinement volume. If None this value is defined as
        maximum distance of two dipoles of the input loops.

    miny: float [ None ]
        Minimum y extention (in addition to the extend of the inner refinement
        area) of median refinement volume. If None this value is defined as
        maximum distance of two dipoles of the input loops.

    maxy: float [ None ]
        Maximum y extention (in addition to the extend of the inner refinement
        area) of median refinement volume. If None this value is defined as
        maximum distance of two dipoles of the input loops.

    minz: float [ None ]
        Maximum z extention (in addition to the extend of the inner refinement
        area) of median refinement volume. If None this value is defined as
        maximum distance of two dipoles of the input loops. 1/3 of the value is
        used for maxz if air refinement is enabled.

    air_refinement: boolean [ False ]
        If true the airspace is meshed as well.

    source_poly: pg.Mesh or plc [None]
        For unusual or overlapping, non etra, sources a piecewise linear
        complex (plc) can be created using the pygimli mesh- and polytools.
        This is then used as source definition for the 2D source layer mesh.
        Any region markers with area constraints will be considered, no
        additional markers will be set.
    """
    # % input: a bunch of loops
    # Step 1: merge and define some input stuff
    loops = np.atleast_1d(loops)
    if len(loops) > 1:
        merged = mergeLoops(loops, true_merge=False)
    else:
        merged = loops[0]

    # create proper file path for saving stuff
    merged.setLoopMeshName(savename)
    mesh_path = Path(merged.loop_mesh_name)
    mesh_path.parent.mkdir(exist_ok=True, parents=True)
    log.debug([mesh_path.as_posix(), mesh_path.parent.as_posix()])
    # without suffix
    mesh_base = mesh_path.with_name(mesh_path.stem).as_posix()

    log.info('creating Loop mesh...')

    # % Step 2: limits
    # compute outer limits for FEM mesh
    if minx is None:
        minx = np.min(merged.pos.T[0]) - merged._maxdistance
    if maxx is None:
        maxx = np.max(merged.pos.T[0]) + merged._maxdistance
    if miny is None:
        miny = np.min(merged.pos.T[1]) - merged._maxdistance
    if maxy is None:
        maxy = np.max(merged.pos.T[1]) + merged._maxdistance
    if minz is None:
        minz = np.min(merged.pos.T[2]) - merged._maxdistance

    if air_refinement:
        maxz = 0.33 * abs(minz)
    else:
        maxz = 0.0

    if mid_area_volume is None:
        # want to have at least roughly 35000 cells in mid area:
        mid_area_volume = (maxx - minx) * (maxy - miny) * (maxz - minz) / 35000

    log.log(13, 'inner mesh x:, {}, {}'.format(minx, maxx))
    log.log(13, 'inner mesh y:, {}, {}'.format(miny, maxy))
    log.log(13, 'inner mesh z:, {}, {}'.format(minz, maxz))

    # % Step 4: implement sources
    if source_poly is None:
        source_poly = pg.Mesh(2)

        # case 1/3: etra loops are special as they have overlapping edges
        # which are not easy to implement
        if source_setup.lower() == 'etra':
            number_of_loops = len(loops)
            # number of segments a single edge is divided in
            ay = np.max(merged.pos[:, 1]) - np.min(merged.pos[:, 1])
            # overrides poly, cannot do this another way
            buildEtraSourceDiscretization(
                source_poly, ay, max_length=merged._mindistance,
                number_of_loops=number_of_loops)

        # case 2/3: source is inserted as edges, the dipoles are in the middle
        # of a edge with length if the dipole. Do not use for very corse dipole
        # discretizations.
        elif source_setup.lower() == 'edges':
            buildEdgeSourceDiscretization(
                source_poly, merged.pos, merged.phi,
                merged.ds, closed=not merged.grounded)

        # case 3/3: dipoles are added as dipoles. Just as nodes, thats it.
        elif source_setup.lower() == 'nodes':
            buildPointSourceDiscretization(source_poly, merged.pos)

        # no valid case: raise Exception
        else:
            raise Exception('Source setup "{}", not in ["etra", "nodes", '
                            '"edges"].'.format(source_setup))

    else:  # source poly is not None
        if isinstance(source_poly, str):
            source_poly = pg.load(source_poly)

    # adding outer boundary
    # 5 * 5 * 5 meter case around sources
    ibox_x = (source_poly.xmin() - 5, source_poly.xmax() + 5)
    ibox_y = (source_poly.ymin() - 5, source_poly.ymax() + 5)

    if inner_area_volume is None:
        # if not specified, try to get at least 15,000 cells in inner area
        inner_area_volume = (ibox_x[0] - ibox_x[1]) *\
            (ibox_y[0] - ibox_y[1]) *\
            5 / 15000

    bbox = pg.Mesh(2)
    bb0 = bbox.createNode([ibox_x[0], ibox_y[0]])
    bb1 = bbox.createNode([ibox_x[0], ibox_y[1]])
    bb2 = bbox.createNode([ibox_x[1], ibox_y[1]])
    bb3 = bbox.createNode([ibox_x[1], ibox_y[0]])

#    bbox.createQuadrangleFace(bb0, bb1, bb2, bb3)
    bbox.createEdge(bb0, bb1)
    bbox.createEdge(bb1, bb2)
    bbox.createEdge(bb2, bb3)
    bbox.createEdge(bb3, bb0)

    inner = pg.meshtools.polytools.mergePLC([bbox, source_poly])

    if source_max_area is None:
        source_max_area = (merged._mindistance ** 2) * 4

    log.info('Building 2d surface mesh with quality: {:.2f}, max Area: '
             '{:.2f} m².'.format(triangle_quality, source_max_area))

    interface_mesh2d = pg.meshtools.createMesh(
        inner, quality=triangle_quality, area=source_max_area)

    log.info('2d surface mesh: {}'.format(interface_mesh2d))

    if log.getEffectiveLevel() <= 10:
        interface_mesh2d.exportVTK('interface_mesh_2d.vtk')

    # now: cells in 2d are boundaiers in 3D, therefore we need to do this merge
    # manually
    interface_mesh = pg.Mesh(3)
    for cell in interface_mesh2d.cells():
        cids = []
        for node in cell.nodes():
            cids.append(interface_mesh.createNodeWithCheck(node.pos()))

        interface_mesh.createTriangleFace(*cids)

    pos_arr = interface_mesh.positions().array()

    b_left = np.isclose(pos_arr[:, 0], interface_mesh.xmin())
    b_right = np.isclose(pos_arr[:, 0], interface_mesh.xmax())
    b_upper = np.isclose(pos_arr[:, 1], interface_mesh.ymax())
    b_lower = np.isclose(pos_arr[:, 1], interface_mesh.ymin())

    interface_mesh.setDimension(3)
    # task: identify nodes at the boundary of the inner mesh to connect them
    # to the outer mesh

    # y positions of nodes at the left boundary of the inner mesh
    y_left = np.argsort(pos_arr[b_left][:, 1])
    midid_yleft = int(len(y_left)//2)
    id_left = np.where(b_left)[0][y_left]

    # y positions of nodes at the right boundary of the inner mesh
    y_right = np.argsort(pos_arr[b_right][:, 1])
    midid_yright = int(len(y_right)//2)
    id_right = np.where(b_right)[0][y_right]

    # x positions of nodes at the upper boundary of the inner mesh
    x_upper = np.argsort(pos_arr[b_upper][:, 0])
    midid_xupper = int(len(x_upper)//2)
    id_upper = np.where(b_upper)[0][x_upper]

    # x positions of nodes at the lower boundary of the inner mesh
    x_lower = np.argsort(pos_arr[b_lower][:, 0])
    midid_xlower = int(len(x_lower)//2)
    id_lower = np.where(b_lower)[0][x_lower]

    # sides, now we close the sides under the inner mesh connecting the nodes
    # from the boundary with the corners of the lower half of the innner mesh

    n4 = interface_mesh.createNodeWithCheck([ibox_x[0], ibox_y[0], -5.0])
    n5 = interface_mesh.createNodeWithCheck([ibox_x[0], ibox_y[1], -5.0])
    n6 = interface_mesh.createNodeWithCheck([ibox_x[1], ibox_y[1], -5.0])
    n7 = interface_mesh.createNodeWithCheck([ibox_x[1], ibox_y[0], -5.0])

    im_nodes = interface_mesh.nodes()

    # min_x, min_y: connect to b_left, b_lower
    for n in range(len(id_left[:midid_yleft])):
        node_id0 = id_left[n]
        node_id1 = id_left[n + 1]
        interface_mesh.createTriangleFace(
            n4, im_nodes[node_id0], im_nodes[node_id1])
    for n in range(len(id_lower[:midid_xlower])):
        node_id0 = id_lower[n]
        node_id1 = id_lower[n + 1]
        interface_mesh.createTriangleFace(
            n4, im_nodes[node_id0], im_nodes[node_id1])

    # min_x, max_y: connect to b_left, b_upper
    for n in range(len(id_left[midid_yleft:-1])):
        node_id0 = id_left[n + midid_yleft]
        node_id1 = id_left[n + 1 + midid_yleft]
        interface_mesh.createTriangleFace(
            n5, im_nodes[node_id0], im_nodes[node_id1])
    for n in range(len(id_upper[:midid_xupper])):
        node_id0 = id_upper[n]
        node_id1 = id_upper[n + 1]
        interface_mesh.createTriangleFace(
            n5, im_nodes[node_id0], im_nodes[node_id1])

    # max_x, max_y: connect to b_right, b_upper
    for n in range(len(id_right[midid_yright:-1])):
        node_id0 = id_right[n + midid_yright]
        node_id1 = id_right[n + 1 + midid_yright]
        interface_mesh.createTriangleFace(
            n6, im_nodes[node_id0], im_nodes[node_id1])
    for n in range(len(id_upper[midid_xupper:-1])):
        node_id0 = id_upper[n + midid_xupper]
        node_id1 = id_upper[n + 1 + midid_xupper]
        interface_mesh.createTriangleFace(
            n6, im_nodes[node_id0], im_nodes[node_id1])

    # max_x, min_y: connect to b_right, b_lower
    for n in range(len(id_right[:midid_yright])):
        node_id0 = id_right[n]
        node_id1 = id_right[n + 1]
        interface_mesh.createTriangleFace(
            n7, im_nodes[node_id0], im_nodes[node_id1])
    for n in range(len(id_lower[midid_xlower:-1])):
        node_id0 = id_lower[n + midid_xlower]
        node_id1 = id_lower[n + 1 + midid_xlower]
        interface_mesh.createTriangleFace(
            n7, im_nodes[node_id0], im_nodes[node_id1])

    interface_mesh.createTriangleFace(n4, n5, im_nodes[id_left[midid_yleft]])
    interface_mesh.createTriangleFace(n5, n6, im_nodes[id_upper[midid_xupper]])
    interface_mesh.createTriangleFace(n6, n7, im_nodes[id_right[midid_yright]])
    interface_mesh.createTriangleFace(n7, n4, im_nodes[id_lower[midid_xlower]])

    log.log(16, 'Add volume constraint marker (inner box): {} using {:.3f} m³'
            .format([np.mean(ibox_x), np.mean(ibox_y), -2.5],
                    inner_area_volume))

    interface_mesh.addRegionMarker([np.mean(ibox_x),
                                    np.mean(ibox_y),
                                    -2.5], 1, area=inner_area_volume)

    # bottom
    interface_mesh.createQuadrangleFace(n4, n5, n6, n7)

#    for bound in interface_mesh.boundaries():
#        bound.setMarker(1)
#    interface_mesh.exportBoundaryVTU('interface_mesh.vtu')
#    interface_mesh.exportVTK('interface_mesh.vtk')

    mid_poly = createPolyBoxWithHalfspace(
        minx, maxx, miny, maxy, minz, maxz, halfspace_at=0.0,
        without_halfspace=True, interface_marker=None)

    for bound in mid_poly.boundaries():
        ids = []
        for node in bound.nodes():
            ids.append(interface_mesh.createNodeWithCheck(node.pos()))
        interface_mesh.createQuadrangleFace(*ids)

#    for bound in interface_mesh.boundaries():
#        bound.setMarker(1)
#    interface_mesh.exportBoundaryVTU('mid_poly.vtu')
#    interface_mesh.exportVTK('mid_poly.vtk')

    nodes_mid_poly = mid_poly.nodes()[:4]
    nodes_mid = []
    for node in nodes_mid_poly:
        nodes_mid.append(interface_mesh.createNodeWithCheck(node.pos()))

    # sides
    #    print(nodes_mid[0].pos())  # minx, miny 0
    #    print(nodes_mid[1].pos())  # maxx, miny 3
    #    print(nodes_mid[2].pos())  # maxx, maxy 2
    #    print(nodes_mid[3].pos())  # minx, maxy 1

    mid_nodes = interface_mesh.nodes()

    # min_x, min_y: connect to b_left, b_lower
    for n in range(len(id_left[:midid_yleft])):
        node_id0 = id_left[n]
        node_id1 = id_left[n + 1]
        interface_mesh.createTriangleFace(
            nodes_mid[0], mid_nodes[node_id0], mid_nodes[node_id1])
    for n in range(len(id_lower[:midid_xlower])):
        node_id0 = id_lower[n]
        node_id1 = id_lower[n + 1]
        interface_mesh.createTriangleFace(
            nodes_mid[0], mid_nodes[node_id0], mid_nodes[node_id1])

    # min_x, max_y: connect to b_left, b_upper
    for n in range(len(id_left[midid_yleft:-1])):
        node_id0 = id_left[n + midid_yleft]
        node_id1 = id_left[n + 1 + midid_yleft]
        interface_mesh.createTriangleFace(
            nodes_mid[3], mid_nodes[node_id0], mid_nodes[node_id1])
    for n in range(len(id_upper[:midid_xupper])):
        node_id0 = id_upper[n]
        node_id1 = id_upper[n + 1]
        interface_mesh.createTriangleFace(
            nodes_mid[3], mid_nodes[node_id0], mid_nodes[node_id1])

    # max_x, max_y: connect to b_right, b_upper
    for n in range(len(id_right[midid_yright:-1])):
        node_id0 = id_right[n + midid_yright]
        node_id1 = id_right[n + 1 + midid_yright]
        interface_mesh.createTriangleFace(
            nodes_mid[2], mid_nodes[node_id0], mid_nodes[node_id1])
    for n in range(len(id_upper[midid_xupper:-1])):
        node_id0 = id_upper[n + midid_xupper]
        node_id1 = id_upper[n + 1 + midid_xupper]
        interface_mesh.createTriangleFace(
            nodes_mid[2], mid_nodes[node_id0], mid_nodes[node_id1])

    # max_x, min_y: connect to b_right, b_lower
    for n in range(len(id_right[:midid_yright])):
        node_id0 = id_right[n]
        node_id1 = id_right[n + 1]
        interface_mesh.createTriangleFace(
            nodes_mid[1], mid_nodes[node_id0], mid_nodes[node_id1])
    for n in range(len(id_lower[midid_xlower:-1])):
        node_id0 = id_lower[n + midid_xlower]
        node_id1 = id_lower[n + 1 + midid_xlower]
        interface_mesh.createTriangleFace(
            nodes_mid[1], mid_nodes[node_id0], mid_nodes[node_id1])

    # add missing triangles connecting the lower corners with the middle node
    # of the surface mesh.
    interface_mesh.createTriangleFace(nodes_mid[0], nodes_mid[3],
                                      im_nodes[id_left[midid_yleft]])
    interface_mesh.createTriangleFace(nodes_mid[3], nodes_mid[2],
                                      im_nodes[id_upper[midid_xupper]])
    interface_mesh.createTriangleFace(nodes_mid[2], nodes_mid[1],
                                      im_nodes[id_right[midid_yright]])
    interface_mesh.createTriangleFace(nodes_mid[1], nodes_mid[0],
                                      im_nodes[id_lower[midid_xlower]])

    if mid_area_volume:
        log.log(16, 'Add volume constraint marker (middle box, ground): {} '
                'using {:.3f} m³'
                .format([np.mean(ibox_x), np.mean(ibox_y), -5.5],
                        mid_area_volume))

        interface_mesh.addRegionMarker([np.mean(ibox_x),
                                        np.mean(ibox_y),
                                        -5.5], 1, area=mid_area_volume)

        if air_refinement:
            log.log(16, 'Add volume constraint marker (middle box, air): {} '
                    'using {:.3f} m³'
                    .format([np.mean(ibox_x), np.mean(ibox_y), 5.5],
                            mid_area_volume * 2))
            interface_mesh.addRegionMarker([np.mean(ibox_x),
                                            np.mean(ibox_y),
                                            5.5], 1, area=mid_area_volume * 2)

#    for bound in interface_mesh.boundaries():
#        bound.setMarker(1)
#    interface_mesh.exportBoundaryVTU('mid.vtu')
#    interface_mesh.exportVTK('mid.vtk')

    # outer boundary to make sure interpolation is possible extrapolation
    # if mesh is rotated/shifted
    minx_outer = np.min(merged.pos.T[0]) - 3 * merged._maxdistance
    maxx_outer = np.max(merged.pos.T[0]) + 3 * merged._maxdistance
    miny_outer = np.min(merged.pos.T[1]) - 3 * merged._maxdistance
    maxy_outer = np.max(merged.pos.T[1]) + 3 * merged._maxdistance
    minz_outer = np.min(merged.pos.T[2]) - 3 * merged._maxdistance

    outer_poly = createPolyBoxWithHalfspace(
        min(3 * minx, minx_outer),
        max(3 * maxx, maxx_outer),
        min(3 * miny, miny_outer),
        max(3 * maxy, maxy_outer),
        min(3 * minz, minz_outer),
        3 * maxz,
        halfspace_at=0.0, without_halfspace=True, interface_marker=None)

    nodes_outer_poly = outer_poly.nodes()[:4]
    nodes_outer = []
    nodes_mid_outer = []

    # merge outer poly in 3d mesh, boundariy per boundary
    for bound in outer_poly.boundaries():
        ids = []
        for node in bound.nodes():
            ids.append(interface_mesh.createNodeWithCheck(node.pos()))
        interface_mesh.createQuadrangleFace(*ids)

    # get 4 corner nodes in the earth/air inteface to connect them
    for node in nodes_outer_poly:
        nodes_outer.append(interface_mesh.createNodeWithCheck(node.pos()))

    # gather 4 corner nodes of the midle mesh
    for node in nodes_mid:
        nodes_mid_outer.append(interface_mesh.createNodeWithCheck(node.pos()))

    # finally connect middle mesh with outer mesh in the x-y-plane at z=0
    interface_mesh.createQuadrangleFace(nodes_outer[0], nodes_outer[1],
                                        nodes_mid_outer[1], nodes_mid_outer[0])
    interface_mesh.createQuadrangleFace(nodes_outer[1], nodes_outer[2],
                                        nodes_mid_outer[2], nodes_mid_outer[1])
    interface_mesh.createQuadrangleFace(nodes_outer[2], nodes_outer[3],
                                        nodes_mid_outer[3], nodes_mid_outer[2])
    interface_mesh.createQuadrangleFace(nodes_outer[3], nodes_outer[0],
                                        nodes_mid_outer[0], nodes_mid_outer[3])

    # add volume marker
    if outer_area_volume is not None:
        log.log(16, 'Add volume constraint marker (outer box, ground): {} '
                'using {:.3f} m³'
                .format([np.mean(ibox_x), np.mean(ibox_y), 2 * minz],
                        outer_area_volume))

        interface_mesh.addRegionMarker([np.mean(ibox_x),
                                        np.mean(ibox_y),
                                        2 * minz], 3,
                                       area=outer_area_volume)

    # add volume marker for air
    if air_refinement and outer_area_volume is not None:
        log.log(16, 'Add volume constraint marker (outer box, air): {} '
                'using {:.3f} m³'
                .format([np.mean(ibox_x), np.mean(ibox_y), 2./3 * minz],
                        outer_area_volume))
        interface_mesh.addRegionMarker([np.mean(ibox_x),
                                        np.mean(ibox_y),
                                        2./3 * minz], 3,
                                       area=outer_area_volume)

#    for bound in interface_mesh.boundaries():
#        bound.setMarker(1)
#    interface_mesh.exportBoundaryVTU('outer.vtu')
#    interface_mesh.exportVTK('outer.vtk')

    # % meshing, export plc first
    plcname = mesh_path.with_suffix('.poly')
    pg.meshtools.exportPLC(interface_mesh, plcname.as_posix())
    interface_mesh.exportVTK(
        mesh_path.with_name('{}.vtk'.format(mesh_path.stem)).as_posix())

    # tetgen call
    tetgen151(mesh_base, quality=merged.tetgen_quality)

    # import mesh
    log.info(f'load "{plcname}.1"...')
    try:
        loopmesh = pg.Mesh(plcname.with_suffix('.1.vtk').as_posix())
    except RuntimeError:  # c++ for file not found in this case
        loopmesh = pg.meshtools.readTetgen(
            plcname.with_suffix('.1').as_posix())

    # save mesh in pygimli syntax == .bms file
    log.info(loopmesh)
    loopmesh.save(mesh_path.as_posix())  # for kernel call (piping)
    log.info('loopmesh.save: {}'.format(mesh_path.as_posix()))

    # clean up residual files
    cleanUpTetgenFiles(mesh_path.as_posix())
    return loopmesh



[docs]def copyPrimaryFields(rdir1, rdir2):
    """
    For recalculation purpose it sometimes is uneccessary to calc the
    primary fields again. This function copies the primery fields from on
    custEM result dir (rdir1) to another (rdir2). names of the fields are not
    changed. Only the .h5 files are copied.
    """
    import shutil
    # copy previously calculated primary fields
    pf_path = Path(f'{rdir1}/primary_fields')
    pf_path2 = Path(f'{rdir2}/primary_fields')
    log.info('copyPrimaryFields: Copy primary fields from "{}" to "{}"'
             .format(rdir1, rdir2))

    found = 0
    for ni, file in enumerate(pf_path.glob('*/*.h5')):
        found += 1
        old_file = file
        new_file = pf_path2.joinpath(file.parents[0].name, file.name)
        new_file.parent.mkdir(exist_ok=True, parents=True)
        if new_file.exists():
            log.debug('found: {}'.format(new_file.as_posix()))
            pass
        else:
            log.debug('write: {}'.format(new_file.as_posix()))
            shutil.copy(old_file.as_posix(),
                        new_file.as_posix())

    if found == 0:
        raise Exception('No primary fields found in rdir1 : "{}"'
                        .format(rdir1))



[docs]def totalFieldCalculation(custem_config, num_cpu=16):
    success = local_apps_bash('totalFieldCalculation',
                              custem_config,
                              str(num_cpu))

    log.info('success: {}'.format(success))
    if success != 0:
        log.error('totalFieldCalculation aborted.')
        raise SystemExit()



[docs]def calcWithEmpymod(loop, use_bipole=False):
    from empymod import bipole
    import scipy
    loglvl = log.getEffectiveLevel() // 10
    verb = max((min(4 - loglvl, 4)), 0)

    kwargs = {'verb': verb}
    str_factor = 1

    if loop.config.ftype.lower() == 'h':
        kwargs['mrec'] = True
        str_factor *= -1  # definition
    elif loop.config.ftype.lower() == 'b':
        kwargs['mrec'] = True
        str_factor *= -1  # definition
        str_factor *= np.pi * 4e-7
    elif loop.config.ftype.lower() == 'e':
        kwargs['mrec'] = False

    if use_bipole:
        if loop.type != 'line':
            raise Exception(
                'use_bipole=True is only working for line sources.')
        kwargs['srcpts'] = len(loop.ds)

    outpos = loop.loopmesh.positions().array()
    field = np.zeros([3, len(outpos)], dtype=complex)
    pos_flipped = np.copy(outpos)
    pos_flipped[:, 2] *= -1

    if not use_bipole:
        z_value = -loop.pos[0, 2]
        if np.isclose(z_value, 0):
            z_value += 0.01
        src = [loop.pos[:, 0], loop.pos[:, 1],
               z_value,
               np.rad2deg(loop.phi),
               np.zeros(len(loop.pos))]
    else:
        direction = loop.pos[-1] - loop.pos[0]
        direction /= scipy.linalg.norm(direction)
        start = loop.pos[0] - (loop.ds[0]/2 * direction)
        end = loop.pos[-1] + (loop.ds[-1]/2 * direction)
        z_start = start[2]
        z_end = end[2]

        if np.isclose(z_start, 0):
            z_start += 0.01

        if np.isclose(z_end, 0):
            z_end += 0.01

        src = [start[0], end[0], start[1], end[1], z_start, z_end]

    depth = [0]
    depth.extend(np.cumsum(loop.config.d))

    res = [1e12, *loop.config.rho]
    freq = loop.config.f

    for ri, rpos in enumerate(pos_flipped):
        recx = [*rpos, 0, 0]
        recy = [*rpos, 90, 0]
        recz = [*rpos, 0, -90]
        argsx = [src, recx, depth, res, freq]
        argsy = [src, recy, depth, res, freq]
        argsz = [src, recz, depth, res, freq]
        if use_bipole:
            field[0, ri] = bipole(*argsx, **kwargs) * np.sum(loop.ds)
            field[1, ri] = bipole(*argsy, **kwargs) * np.sum(loop.ds)
            field[2, ri] = bipole(*argsz, **kwargs) * np.sum(loop.ds)
        else:
            field[0, ri] = np.sum(bipole(*argsx, **kwargs) * loop.ds)
            field[1, ri] = np.sum(bipole(*argsy, **kwargs) * loop.ds)
            field[2, ri] = np.sum(bipole(*argsz, **kwargs) * loop.ds)

    field *= str_factor
    return field


# The End
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  Source code for comet.pyhed.loop.loop_para

"""
Part of comet/pyhed/loop
"""
# COMET - COupled Magnetic resonance Electrical resistivity Tomography
# Copyright (C) 2019  Nico Skibbe

# This program is free software: you can redistribute it and/or modify
# it under the terms of the GNU General Public License as published by
# the Free Software Foundation, either version 3 of the License, or
# (at your option) any later version.

# This program is distributed in the hope that it will be useful,
# but WITHOUT ANY WARRANTY; without even the implied warranty of
# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
# GNU General Public License for more details.

# You should have received a copy of the GNU General Public License
# along with this program. If not, see <https://www.gnu.org/licenses/>.

import time
import sys
import queue

import multiprocessing as mpc
import numpy as np
import pygimli as pg

# need explicit import, because import pyhed is not possible inside of pyhed
from comet.pyhed.misc import vec
from comet.pyhed.hed import makeField, calcField
from comet.pyhed import log
from comet import pyhed as ph


def _SummationWorker_perDipole(queueIn, queueSum, queueEnd):
    Htes = queueIn.get()
    queueIn.task_done()
    Schleifen = True
    while Schleifen is True:
        try:
            Htes += queueIn.get(timeout=0.3)
            queueIn.task_done()

        except queue.Empty:
            time.sleep(1)

        if queueEnd.empty() is False and queueIn.empty() is True:
            queueSum.put(Htes, block=False)
            Schleifen = queueEnd.get()
            queueEnd.task_done()
            log.log(13, 'leave SumWorker')
            sys.stdout.flush()

    log.debug('SumWorker has left the building')
    sys.stdout.flush()
    return


def _SummationWorker(queueIn, queueSum, queueEnd, field_shape, verbose):
    looping = True
    summed_field = np.ones(field_shape, dtype=np.complex128)
    while looping is True:
        try:
            start_index, Htes = queueIn.get(timeout=0.3)
            summed_field[0, start_index:start_index + len(Htes[0])] = Htes[0]
            summed_field[1, start_index:start_index + len(Htes[0])] = Htes[1]
            summed_field[2, start_index:start_index + len(Htes[0])] = Htes[2]
            queueIn.task_done()

        except queue.Empty:
            time.sleep(1)

        if queueEnd.empty() is False and queueIn.empty() is True:
            queueSum.put(summed_field, block=False)
            looping = queueEnd.get()
            queueEnd.task_done()
            log.log(13, 'SumWorker: Fields are ready. Cleaning up.')
            sys.stdout.flush()

    log.debug('SumWorker has left the building.')
    sys.stdout.flush()
    return


def _InterpolationWorker(num, in_queue, out_queue, data,
                         srcMeshName, outPos, verbose):
    time_loadmesh = time.time()
    srcMesh = pg.Mesh(srcMeshName)
    if num == 0:
        log.log(13, 'time for meshimport ("%s"): %2.2f sec' %
                (srcMeshName, time.time() - time_loadmesh))
        sys.stdout.flush()

    while True:
        (pos, alpha, length) = in_queue.get()

        out = vec.translate(outPos, -pos[0], -pos[1], z=-pos[2], copy=True)
        vec.rotate3(out, -alpha)
        datarot = vec.rotate3(data, alpha, copy=True)
        Hte = vec.interpolateField(srcMesh, out.T, datarot, verbose=False)
        Hte *= length
        out_queue.put(Hte)
        in_queue.task_done()
        sys.stdout.flush()
        if in_queue.empty() is True:
            log.log(13, f'exit of Worker {num}')
            sys.stdout.flush()
            return


[docs]def loopInterpolation(dipoledata,
                      SrcMeshName,
                      OutMesh,
                      PosPhiDs,
                      verbose=False,
                      cell_center=False,
                      num_cpu=12):

    if isinstance(dipoledata, str):
        dipoledata = np.load(dipoledata)

    pos = PosPhiDs[0]
    phi = PosPhiDs[1]
    ds = PosPhiDs[2]

    if not isinstance(OutMesh, np.ndarray):
        if cell_center is False:
            OutCoords = vec.R3VtoNumpy(OutMesh.positions()).T
        elif cell_center is True:
            if OutMesh.cellCount() == 0:
                raise Exception(
                    'No Cells found in mesh: {!s}. '
                    'Maybe just coords and not a real mesh?'.format(OutMesh))

            OutCoords = vec.R3VtoNumpy(OutMesh.cell_centers()).T
    else:
        OutCoords = OutMesh

    N = len(pos)

    log.log(16, f'Get {N} dipoles... ')
    sys.stdout.flush()

    pos_queue = mpc.JoinableQueue()
    out_queue = mpc.JoinableQueue()
    Sum = mpc.Queue()
    end = mpc.JoinableQueue()
    nop = np.min([mpc.cpu_count(), N, num_cpu])

    log.info(f'Start interpolating in {nop} parallel processes.')
    sys.stdout.flush()

    processes = []
    for i in range(nop):
        worker = mpc.Process(target=_InterpolationWorker,
                             args=(i, pos_queue, out_queue,
                                   dipoledata,
                                   SrcMeshName,
                                   OutCoords,
                                   verbose,))
        worker.daemon = True
        processes.append(worker)
        worker.start()

    SumWorker = mpc.Process(target=_SummationWorker_perDipole,
                            args=(out_queue,
                                  Sum,
                                  end,))
    SumWorker.daemon = True
    SumWorker.start()

    for i in range(N):
        pos_queue.put([pos[i], phi[i], ds[i]])

    pos_queue.join()
    out_queue.join()
    end.put(False)
    for p in processes:
        if p.is_alive():
            p.terminate()
        p.join()
    Summe = Sum.get()  # final calculated field
    SumWorker.terminate()
    return Summe



[docs]def CalculationWorker_perDipole(num, in_queue, out_queue, rho, d, f, current,
                                mode, ftype, outPos, drop_tol):
    #    fc0, nc, nc0 = hankelfc(3)
    #    nu = np.arange(0, nc, 1, dtype=np.int) + 1
    #    n = nc0 - nc + nu
    #    q = 0.1 * np.log(10)
    #    hlp = np.exp(-(n - 1) * q)
    if ftype == 'E':
        fieldt = 'electric'
    else:
        fieldt = 'magnetic'
    log.log(13, 'Worker {} calculates {} Field in {} mode.'
            .format(num, fieldt, mode))
    sys.stdout.flush()

    while True:
        (pos, alpha, lenght) = in_queue.get()
        out = vec.translate(outPos, -pos[0], -pos[1], z=-pos[2], copy=True)
        vec.rotate3(out, -alpha)
        polar = vec.KtoP(out, drop_tol=drop_tol)  # koordinate transformation
        # u = hlp[:, np.newaxis] / polar[0]
        F = calcField(polar, rho, d, f, current*lenght,
                      ftype, mode)
        vec.rotate3(F, alpha)
        out_queue.put(F)
        in_queue.task_done()
        if in_queue.empty() is True:
            log.log(13, f'exit of Worker {num}')
            sys.stdout.flush()
            return



[docs]def CalculationWorker(num, index_start, pos_alpha_len, out_queue, end_queue,
                      rho, d, f, current, mode, ftype, outPos, verbose,
                      drop_tol, src_z, switch_hankel, log_level):
    from comet import pyhed as ph
    ph.log.setLevel(log_level)
    # ph.params.useKerryKeyHankel(switch_hankel)

    all_pos = pos_alpha_len[0]
    all_alpha = pos_alpha_len[1]
    all_len = pos_alpha_len[2]
    Field = np.zeros_like(outPos, dtype=np.complex128)
    num_d = len(all_pos)  # number of dipoles (sources)

    if sys.platform == 'linux' and num == 0 and log.getEffectiveLevel() <= 20:
        iterable = ph.misc.progressBar(range(num_d), 'calc dipoles: ')
    else:
        iterable = range(num_d)

    for i in iterable:
        Field += makeField(outPos, rho, d, f=f,
                           Ids=current*all_len[i],
                           pos=all_pos[i],
                           angle=all_alpha[i], mode=mode,
                           inputType='V', ftype=ftype,
                           drop_tol=drop_tol,
                           src_z=src_z)

    if num == 0:
        ph.log.info('Waiting for other processes to finish.')

    out_queue.put((index_start, Field))
    end_queue.get()
    end_queue.task_done()
    return



[docs]def loopCalculation(OutMesh,
                    PosPhiDs,
                    rho, d, f, current, mode, ftype,
                    verbose=False,
                    cell_center=False,
                    num_cpu=12,
                    max_node_count=None,
                    **kwargs):
    log.debug('loopCalculation kwargs: {}'.format(kwargs))
    if max_node_count is None:
        max_node_count = int(100000. / len(rho) / 2)
    pos = PosPhiDs[0]
    phi = PosPhiDs[1]
    ds = PosPhiDs[2]
    N = len(pos)

    log.log(16, f'Loop gets {N} dipoles')
    sys.stdout.flush()

    out_queue = mpc.JoinableQueue()
    Sum = mpc.Queue()
    end = mpc.JoinableQueue()
    end_worker = mpc.JoinableQueue()

    # ready to handle numpy array with coords, and meshes
    if not isinstance(OutMesh, pg.Mesh):
        OutCoords = OutMesh
    else:
        if cell_center is False:
            OutCoords = OutMesh.positions().array().T
        elif cell_center is True:
            if OutMesh.cellCount() == 0:
                raise Exception(
                    'No Cells found in mesh: {!s}. '
                    'Maybe just coords and not a real mesh?'.format(OutMesh))
            OutCoords = OutMesh.cell_centers().array().T
    nop = np.min([mpc.cpu_count(), num_cpu])

    num_nodes = len(OutCoords[0])
    nodes_per_proc = float(num_nodes)/float(nop)
    if nodes_per_proc > max_node_count:
        main_split = (nodes_per_proc // max_node_count) + 1
    else:
        main_split = 1

    OutCoords_main = np.array_split(OutCoords, main_split, axis=1)

    # complete_field = np.zeros_like(OutCoords, dtype=np.complex128)
    for main_i, main_arr in enumerate(OutCoords_main):
        if nop > 1:
            processes = []
            start_index = 0
            OutCoords_sub = np.array_split(main_arr, nop,
                                           axis=1)
            log.info(f'Start calculating in {nop} parallel processes.')

            if ftype == 'E':
                fieldt = 'electric'
            else:
                fieldt = 'magnetic'
            log.log(16,
                    'Calculating {} Field for {} pos in {} mode for {} layer.'
                    .format(fieldt, np.shape(main_arr)[1], mode, len(rho)))
            sys.stdout.flush()

            for i, sub_arr in enumerate(OutCoords_sub):
                end_worker.put(True)
                worker = mpc.Process(target=CalculationWorker,
                                     args=(i,
                                           start_index,
                                           PosPhiDs,
                                           out_queue,
                                           end_worker,
                                           rho,
                                           d,
                                           f,
                                           current,
                                           mode,
                                           ftype,
                                           sub_arr,
                                           verbose,
                                           kwargs.get('drop_tol', 1e-2),
                                           kwargs.get('src_z', -0.01),
                                           True,  # h.params.use_kk_hankel,
                                           log.getEffectiveLevel(),
                                           ),)

                worker.daemon = True
                processes.append(worker)
                worker.start()
                start_index += len(sub_arr[0])  # (3, n), want to get n

            SumWorker = mpc.Process(target=_SummationWorker,
                                    args=(out_queue,
                                          Sum,  # queue
                                          end,
                                          np.shape(main_arr),
                                          verbose,))
            SumWorker.daemon = True
            SumWorker.start()
            end_worker.join()  # waiting for worker
            out_queue.join()  # waiting for summation
            end.put(False)
            for p in processes:
                if p.is_alive():
                    p.terminate()

                p.join()
            Summe = Sum.get()

            if main_i == 0:
                complete_field = np.copy(Summe)
            else:
                complete_field = np.append(complete_field, Summe, axis=1)
            SumWorker.terminate()

        elif nop == 1:
            log.info('Calculate directly on main core.')
            sys.stdout.flush()

            Summe = makeField(main_arr, rho, d, f=f, Ids=current*ds[0],
                              pos=pos[0], angle=phi[0], mode=mode,
                              inputType='V', ftype=ftype,
                              drop_tol=kwargs.get('drop_tol', 1e-2))
            if N > 1:
                for i in range(N - 1):
                    Summe += makeField(main_arr, rho, d, f=f,
                                       Ids=current*ds[i + 1],
                                       pos=pos[i + 1],
                                       angle=phi[i + 1], mode=mode,
                                       inputType='V', ftype=ftype,
                                       drop_tol=kwargs.get('drop_tol', 1e-2))
            if main_i == 0:
                complete_field = np.copy(Summe)
            else:
                complete_field = np.append(complete_field, Summe, axis=1)

    return complete_field



[docs]def loopCalculation_perDipole(OutMesh,
                              PosPhiDs,
                              rho, d, f, current, mode, ftype,
                              cell_center=False,
                              num_cpu=12,
                              **kwargs):
    pos = PosPhiDs[0]
    phi = PosPhiDs[1]
    ds = PosPhiDs[2]
    N = len(pos)

    log.log(16, f'Loop gets {N} dipoles.')
    sys.stdout.flush()

    pos_queue = mpc.JoinableQueue()
    out_queue = mpc.JoinableQueue()
    Sum = mpc.Queue()
    end = mpc.JoinableQueue()

    # ready to handle numpy array with coords, and meshes
    if not isinstance(OutMesh, pg.Mesh):
        OutCoords = OutMesh
    else:
        if cell_center is False:
            OutCoords = vec.R3VtoNumpy(OutMesh.positions()).T
        elif cell_center is True:
            OutCoords = vec.R3VtoNumpy(OutMesh.cell_centers()).T

    nop = np.min([mpc.cpu_count(), N, num_cpu])
    if nop > 1:
        log.info(f'Start calculating in {nop} parallel processes.')
        sys.stdout.flush()

        processes = []

        for i in range(nop):
            worker = mpc.Process(target=CalculationWorker_perDipole,
                                 args=(i, pos_queue, out_queue,
                                       rho,
                                       d,
                                       f,
                                       current,
                                       mode,
                                       ftype,
                                       OutCoords,
                                       kwargs.get('drop_tol', 1e-2)))

            worker.daemon = True
            processes.append(worker)
            worker.start()

        SumWorker = mpc.Process(target=_SummationWorker_perDipole,
                                args=(out_queue,
                                      Sum,
                                      end,))
        SumWorker.daemon = True
        SumWorker.start()

        for i in range(N):
            pos_queue.put([pos[i], phi[i], ds[i]])

        pos_queue.join()
        out_queue.join()
        end.put(False)
        for p in processes:
            if p.is_alive():
                p.terminate()
            p.join()
        Summe = Sum.get()
        SumWorker.terminate()
    elif nop == 1:
        log.info('Calculate directly on main core.')
        sys.stdout.flush()
        Summe = makeField(OutCoords, rho, d, f=f, Ids=current*ds[0],
                          pos=pos[0], angle=phi[0], mode=mode,
                          inputType='V', ftype=ftype,
                          drop_tol=kwargs.get('drop_tol', 1e-2))
        if N > 1:
            for i in range(N - 1):
                Summe += makeField(OutCoords, rho, d, f=f,
                                   Ids=current*ds[i + 1],
                                   pos=pos[i + 1],
                                   angle=phi[i + 1], mode=mode,
                                   inputType='V', ftype=ftype,
                                   drop_tol=kwargs.get('drop_tol', 1e-2))

    return Summe



def _MatrixWorker(num, pos_phi_d, index, out_queue,
                  dipoleMeshName, lMeshPos, verbose):
    time_loadmesh = time.time()
    dipoleMesh = pg.Mesh(dipoleMeshName)
    lNodeCount = len(lMeshPos)
    dNodeCount = dipoleMesh.nodeCount()
    if num == 0:
        log.log(13, 'time for meshimport ({}): {:.2f} sec'
                .format(dipoleMeshName, time.time() - time_loadmesh))
        sys.stdout.flush()

    mat = pg.core.SparseMapMatrix(r=lNodeCount, c=dNodeCount)
    mat_sin = pg.core.SparseMapMatrix(r=lNodeCount, c=dNodeCount)
    mat_cos = pg.core.SparseMapMatrix(r=lNodeCount, c=dNodeCount)
    for i in range(len(pos_phi_d[0])):
        pos = pos_phi_d[0][i]
        alpha = pos_phi_d[1][i]
        length = pos_phi_d[2][i]

        actualPos = vec.translate(lMeshPos, -pos[0], -pos[1], z=-pos[2],
                                  copy=True)
        vec.rotate3(actualPos, -alpha)
        basic_mat = dipoleMesh.interpolationMatrix(
            pg.core.PosVector(actualPos)) * length
        mat += basic_mat
        mat_sin += basic_mat * np.sin(-alpha)
        mat_cos += basic_mat * np.cos(-alpha)
        basic_mat.clear()
    out_queue.put([vec.getRSparseValues(mat, getInCRS=False),
                   vec.getRSparseValues(mat_sin, getInCRS=False),
                   vec.getRSparseValues(mat_cos, getInCRS=False),
                   index])
    mat.clear()
    mat_sin.clear()
    mat_cos.clear()
    log.log(13, f'exit of Worker {num}')
    sys.stdout.flush()
    return


[docs]def calcFieldMatrix_para(dipoleMeshName,
                         dipoleNodeCount,
                         loop_mesh,
                         PosPhiDs,
                         verbose=False,
                         num_cpu=12):

    N = len(PosPhiDs[0])

    log.log(16, f'Get {N} dipoles... ')
    sys.stdout.flush()

    out_queue = mpc.Queue()
    nop = np.min([mpc.cpu_count(), N, num_cpu])
    lMeshPos = vec.R3VtoNumpy(loop_mesh.positions())
    splitted = np.array_split(lMeshPos, nop, axis=0)
    lnodeCount = loop_mesh.nodeCount()

    log.info(f'Start calculating matrices in {nop} parallel processes.')
    sys.stdout.flush()

    processes = []
    index_split = 0
    for i in range(nop):
        worker = mpc.Process(target=_MatrixWorker,
                             args=(i,
                                   PosPhiDs,
                                   index_split,
                                   out_queue,
                                   dipoleMeshName,
                                   splitted[i],
                                   verbose,))
        index_split += len(splitted[i])
        worker.daemon = True
        processes.append(worker)
        worker.start()

    tick_assemble = time.time()
    number = 0

    rows = []
    rows_sin = []
    rows_cos = []
    cols = []
    cols_sin = []
    cols_cos = []
    all_vals = []
    all_sins = []
    all_coss = []
    while number < nop:
        try:
            tick22 = time.time()
            m1, m2, m3, split = out_queue.get()

        except queue.Empty:
            time.sleep(2.0)
            continue

        log.log(13, 'Assembling {:02d}/{:02d}: '.format(number + 1, nop))
        sys.stdout.flush()
        tick22 = time.time()

        rows.extend(np.array(m1[0]) + split)
        cols.extend(m1[1])
        all_vals.extend(m1[2])

        rows_sin.extend(np.array(m2[0]) + split)
        cols_sin.extend(m2[1])
        all_sins.extend(m2[2])

        rows_cos.extend(np.array(m3[0]) + split)
        cols_cos.extend(m3[1])
        all_coss.extend(m3[2])

        number += 1
        tack22 = time.time() - tick22
        log.log(13, '{:2.2f} sec'.format(tack22))
        sys.stdout.flush()

    log.debug('Building up matrix 1/3 ... ')
    sys.stdout.flush()
    fieldMatrix = pg.core.SparseMapMatrix(pg.core.IndexArray(np.array(rows)),
                                          pg.core.IndexArray(np.array(cols)),
                                          pg.Vector(all_vals))
    log.debug('done.')
    sys.stdout.flush()
    fieldMatrix.setRows(lnodeCount)
    fieldMatrix.setCols(dipoleNodeCount)
    log.debug('Building up matrix 2/3 ... ')
    sys.stdout.flush()
    fieldMatrix_sin = pg.core.SparseMapMatrix(
        pg.core.IndexArray(np.array(rows_sin)),
        pg.core.IndexArray(np.array(cols_sin)),
        pg.Vector(all_sins))

    log.debug('done.')
    sys.stdout.flush()
    fieldMatrix_sin.setRows(lnodeCount)
    fieldMatrix_sin.setCols(dipoleNodeCount)
    log.debug('Building up matrix 3/3 ... ')
    sys.stdout.flush()
    fieldMatrix_cos = pg.core.SparseMapMatrix(
        pg.core.IndexArray(np.array(rows_cos)),
        pg.core.IndexArray(np.array(cols_cos)),
        pg.Vector(all_coss))
    log.debug('done.')
    sys.stdout.flush()
    fieldMatrix_cos.setRows(lnodeCount)
    fieldMatrix_cos.setCols(dipoleNodeCount)
    for p in processes:
        if p.is_alive():
            p.terminate()
        p.join()
    log.info('Calculation and Assembling of fieldMatrix: {:.2f} seconds.'
             .format(time.time() - tick_assemble))
    sys.stdout.flush()
    return fieldMatrix, fieldMatrix_sin, fieldMatrix_cos


# The End
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  Source code for comet.pyhed.misc.console_call

"""
Part of comet/pyhed/misc
"""
# COMET - COupled Magnetic resonance Electrical resistivity Tomography
# Copyright (C) 2019  Nico Skibbe

# This program is free software: you can redistribute it and/or modify
# it under the terms of the GNU General Public License as published by
# the Free Software Foundation, either version 3 of the License, or
# (at your option) any later version.

# This program is distributed in the hope that it will be useful,
# but WITHOUT ANY WARRANTY; without even the implied warranty of
# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
# GNU General Public License for more details.

# You should have received a copy of the GNU General Public License
# along with this program. If not, see <https://www.gnu.org/licenses/>.

import os
import signal
import time
import traceback
from pathlib import Path


[docs]def embeddedMPIRun(scriptname, *scriptargs, **kwargs):
    """
    Parameters
    ----------
    scriptargs:
        All given arguments will be piped to the mpirun. Kwargs has to be given
        in two arguments.

    kwargs:
        Only for use in this function, kwargs are not piped to the
        embeddedMPIRun.

    kwargs
    ------
    python_to_call: string ['python' or 'python3']
        Programname to be called with mpirun.

    number_of_processes: int [12]
        Number of processes for mpirun.
    """
    from subprocess import Popen
    import sys
    from comet.pyhed import log

    if sys.version_info[:2] < (3, 0):
        default_pcall = 'python'
    else:
        default_pcall = 'python3'

    pcall = kwargs.pop('python_to_call', default_pcall)
    nop = str(kwargs.pop('number_of_processes', 12))
    timeout = kwargs.pop('mpi_timeout', 259200)  # 72 h

    # tocall = ['mpirun', '-n', nop, pcall, scriptname]
    tocall = ['mpirun', '-n', nop, '--bind-to', 'none', pcall, scriptname]

    if nop == 1:
        log.info('#' * 80)
        log.info('Only one process: Avoiding mpirun.')
        log.info('#' * 80)
        tocall = [pcall, scriptname]

    tocall.extend(scriptargs)
    log.info('calling {}, args: ({}), kwargs: ({})'
             .format(scriptname, scriptargs, kwargs))
    p = Popen(tocall, stdout=sys.stdout, stderr=sys.stdout)
    timed_out = False
    try:
        start_waiting = time.time()
        while p.poll() is None:
            time.sleep(0.5)
            if time.time() - start_waiting >= timeout:
                timed_out = True
                raise Exception('embeddedMPIRun: timeout after {} s'
                                .format(timeout))

        log.debug('debug: p.poll: {}'.format(p.poll()))
    except:
        # I know it's a bare except... handling mpiruns from within python
        # is not exactly easy. Find me another solution and the next comment
        # line is yours to fill.
        traceback.print_exc(file=sys.stdout)
        log.critical('detected Error: shutting down mpi processes...')
        p.send_signal(signal.SIGINT)

    finally:
        log.debug('debug: waiting for process to end')
        p.wait()
        log.debug('debug: left mpi environment')
        returncode = p.returncode
        log.debug('debug: return code: {}'.format(returncode))
        if timed_out is True:
            return -1

        # !TODO!:remove hack
        log.debug('processes {}successfully ended with returncode: {}'.format(
                  '' if returncode == 0 else 'un', returncode))
        log.debug('#' * 80)
        log.debug('#' * 80)
        log.debug('#' * 37 + ' HACK ' + '#' * 37)
        log.debug('#' * 80)
        log.debug('#' * 80)
        returncode = 0  # this is the hack!
        # end hack

        return returncode



[docs]def embeddedMPIRun_bash(scriptname, *scriptargs, **kwargs):
    """
    Parameters
    ----------
    scriptargs:
        All given arguments will be piped to the mpirun. Kwargs has to be given
        in two arguments.

    kwargs:
        Only for use in this function, kwargs are not piped to the
        embeddedMPIRun.

    kwargs
    ------
    python_to_call: string ['python' or 'python3']
        Programname to be called with mpirun.

    number_of_processes: int [12]
        Number of processes for mpirun.
    """
    from subprocess import Popen
    import sys
    from comet.pyhed import log

    tocall = ['bash', scriptname]
    tocall.append(scriptname[:-3] + '.py')
    tocall.extend(scriptargs)

    log.info('calling {}, args: ({}), kwargs: ({})'
             .format(scriptname, scriptargs, kwargs))
    p = Popen(tocall, stdout=sys.stdout, stderr=sys.stdout)

    timeout = kwargs.pop('mpi_timeout', 259200)  # 72 h
    timed_out = False
    try:
        start_waiting = time.time()
        while p.poll() is None:
            time.sleep(0.5)
            if time.time() - start_waiting >= timeout:
                timed_out = True
                raise Exception('embeddedMPIRun: timeout after {} s'
                                .format(timeout))

        log.debug('debug: p.poll: {}'.format(p.poll()))
    except:
        # I know it's a bare except... handling mpiruns from within python
        # is not exactly easy. Find me another solution and the next comment
        # line is yours to fill.
        traceback.print_exc(file=sys.stdout)
        log.critical('detected Error: shutting down mpi processes...')
        p.send_signal(signal.SIGINT)

    finally:
        log.debug('debug: waiting for process to end')
        p.wait()
        log.debug('debug: left mpi environment')
        returncode = p.returncode
        log.debug('debug: return code: {}'.format(returncode))
        if timed_out is True:
            return -1

        # !TODO!:remove hack
        log.debug('processes {}successfully ended with returncode: {}'.format(
                  '' if returncode == 0 else 'un', returncode))
        return returncode



[docs]def local_apps(name, *args, **kwargs):
    """
    Finds local apps in the comet/pyhed/apps directory by name and call an
    embeddedMPIRun and returns the subprocess.call.
    """
    from comet import pyhed as ph
    local_dir = kwargs.pop('local_dir', None)
    if local_dir is None:
        local_dir = os.path.abspath(ph.__file__.split('__init__.py')[0])
        local_dir += '/apps'
    if not name[-3:] == '.py':
        name += '.py'

    app_name = os.path.join(local_dir, name)

    if name == 'app_test.py':
        args = ['I\'m here', ', no really I am.']

    if os.path.exists(app_name):
        r_code = embeddedMPIRun(app_name, *args, **kwargs)
        if r_code == -1:
            print('retry after time out.')
            r_code = embeddedMPIRun(app_name, *args, **kwargs)
        return r_code
    else:
        raise Exception('No local app found for name: "{}"'.format(app_name))



[docs]def local_apps_bash(name, *args, **kwargs):
    """
    Finds local apps in the comet/pyhed/apps directory by name and call an
    embeddedMPIRun and returns the subprocess.call.
    """
    from comet import pyhed as ph
    local_dir = kwargs.pop('local_dir', None)
    if local_dir is None:
        local_dir = os.path.abspath(ph.__file__.split('__init__.py')[0])
        local_dir += '/apps'
    if not name[-3:] == '.sh':
        name += '.sh'

    app_name = os.path.join(local_dir, name)
    if os.path.exists(app_name):
        r_code = embeddedMPIRun_bash(app_name, *args, **kwargs)
        if r_code == -1:
            print('Timed out.')
            r_code = embeddedMPIRun_bash(app_name, *args, **kwargs)
        return r_code
    else:
        raise Exception('No local app found for name: "{}"'.format(app_name))



[docs]def tetgen151(meshname, maxArea='', quality=1.2,
              path=None, verbose=False, paraString=None,
              preserve_facets=False, addparams='', suppress_tetgen_files=False,
              vtk_out=True):
    """TetGen
    A Quality Tetrahedral Mesh Generator and 3D Delaunay Triangulator
    Version 1.5
    May 31, 2014

    Copyright (C) 2002 - 2014

    What Can TetGen Do?

      TetGen generates Delaunay tetrahedralizations, constrained
      Delaunay tetrahedralizations, and quality tetrahedral meshes.

    Command Line Syntax:

      Below is the basic command line syntax of TetGen with a list of short
      descriptions. Underscores indicate that numbers may optionally
      follow certain switches.  Do not leave any space between a switch
      and its numeric parameter.  'input_file' contains input data
      depending on the switches you supplied which may be a   piecewise
      linear complex or a list of nodes.  File formats and detailed
      description of command line switches are found in user's manual.

      tetgen [-pYrq_Aa_miO_S_T_XMwcdzfenvgkJBNEFICQVh] input_file
        -p  Tetrahedralizes a piecewise linear complex (PLC).
        -Y  Preserves the input surface mesh (does not modify it).
        -r  Reconstructs a previously generated mesh.
        -q  Refines mesh (to improve mesh quality).
        -R  Mesh coarsening (to reduce the mesh elements).
        -A  Assigns attributes to tetrahedra in different regions.
        -a  Applies a maximum tetrahedron volume constraint.
        -m  Applies a mesh sizing function.
        -i  Inserts a list of additional points.
        -O  Specifies the level of mesh optimization.
        -S  Specifies maximum number of added points.
        -T  Sets a tolerance for coplanar test (default 1e-8).
        -X  Suppresses use of exact arithmetic.
        -M  No merge of coplanar facets or very close vertices.
        -w  Generates weighted Delaunay (regular) triangulation.
        -c  Retains the convex hull of the PLC.
        -d  Detects self-intersections of facets of the PLC.
        -z  Numbers all output items starting from zero.
        -f  Outputs all faces to .face file.
        -e  Outputs all edges to .edge file.
        -n  Outputs tetrahedra neighbors to .neigh file.
        -v  Outputs Voronoi diagram to files.
        -g  Outputs mesh to .mesh file for viewing by Medit.
        -k  Outputs mesh to .vtk file for viewing by Paraview.
        -J  No jettison of unused vertices from output .node file.
        -B  Suppresses output of boundary information.
        -N  Suppresses output of .node file.
        -E  Suppresses output of .ele file.
        -F  Suppresses output of .face and .edge file.
        -I  Suppresses mesh iteration numbers.
        -C  Checks the consistency of the final mesh.
        -Q  Quiet:  No terminal output except errors.
        -V  Verbose:  Detailed information, more terminal output.
        -h  Help:  A brief instruction for using TetGen.

        -o2 quadratic mesh

    Examples of How to Use TetGen:

      'tetgen object' reads vertices from object.node, and writes their
      Delaunay tetrahedralization to object.1.node, object.1.ele
      (tetrahedra), and object.1.face (convex hull faces).

      'tetgen -p object' reads a PLC from object.poly or object.smesh (and
      possibly object.node) and writes its constrained Delaunay
      tetrahedralization to object.1.node, object.1.ele, object.1.face,
      (boundary faces) and object.1.edge (boundary edges).

      'tetgen -pq1.414a.1 object' reads a PLC from object.poly or
      object.smesh (and possibly object.node), generates a mesh whose
      tetrahedra have radius-edge ratio smaller than 1.414 and have volume
      of 0.1 or less, (and writes the mesh to object.1.node, object.1.ele,
      object.1.face, and object.1.edge... not anymore)

    """
    from comet.pyhed.IO import searchforTetgen
    import pathlib

    if path is None:
        tetpath = searchforTetgen()
        if tetpath is not None:
            tetpath = pathlib.Path(tetpath)

    tetgenToCall = None
    standard = ' -pzQA'

    if tetpath is None:
        tetgenToCall = 'tetgen'

    else:
        for tet in ['tetgen151.exe', 'tetgen151', 'tetgen.exe', 'tetgen']:
            if tetpath.joinpath(tet).exists():
                tetgenToCall = tetpath.joinpath(tet).as_posix()
                break

    if tetgenToCall is None:
        raise Exception('no tetgen found under given path: "{}"'
                        .format(tetpath.as_posix()))

    if suppress_tetgen_files:
        standard += 'NEF'
    else:
        standard += 'f'

    params = standard + 'q%1.2f' % (quality)
    if preserve_facets is True:
        params += 'Y'

    if maxArea == '':
        params += 'a'
    else:
        params += 'a%f' % (maxArea)

    if verbose:
        params += 'VV'

    if vtk_out:
        params += 'k'

    # optimization: default: (2/7: -o 2/7)
    # 2: [0:10]
    # 7: [0:7]
    # eff: edge/face flipping
    # vs: vertex smoothing
    # vid: vertex insertion/deletion
    # .../0: NO OPTIMIZATION
    # .../1: eff
    # .../2: vs
    # .../3: vs + eff
    # .../4: vid
    # .../5: vid + eff
    # .../6: vid + vs
    # .../7: vid + vs + eff

    params += addparams

    poly = Path(meshname).absolute().relative_to(Path.cwd()).as_posix()
    print('calling: "{}"\n  {}.poly {}'.format(tetgenToCall, poly, params))
    params += ' '

    ret = os.system(tetgenToCall + params + poly + '.poly')
#    if verbose is True:
    print('tetgen is finished: {}'.format(ret == 0))
    return ret



if __name__ == '__main__':
    pass
# The End
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  Source code for comet.pyhed.misc.load_save

"""
Part of comet/pyhed/misc
"""
# COMET - COupled Magnetic resonance Electrical resistivity Tomography
# Copyright (C) 2019  Nico Skibbe

# This program is free software: you can redistribute it and/or modify
# it under the terms of the GNU General Public License as published by
# the Free Software Foundation, either version 3 of the License, or
# (at your option) any later version.

# This program is distributed in the hope that it will be useful,
# but WITHOUT ANY WARRANTY; without even the implied warranty of
# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
# GNU General Public License for more details.

# You should have received a copy of the GNU General Public License
# along with this program. If not, see <https://www.gnu.org/licenses/>.

import numpy as np
from . vec import getRSparseValues
from . timer import Timer


[docs]def exportSparseMatrixAsNumpyArchive(name, *sparseMats):
    tt = Timer()
    if name[-4:] != '.npz':
        name += '.npz'

    mats = []
    n_rows = []
    n_cols = []
    n_mats = 0
    for mat in sparseMats:
        n_mats += 1
        mats.append(np.column_stack(getRSparseValues(mat, getInCRS=False)))
        n_rows.append(mat.nRows())
        n_cols.append(mat.nCols())

    np.savez_compressed(name,
                        *mats,
                        n_rows=n_rows,
                        n_cols=n_cols,
                        n_mats=n_mats)
    tt.tick('total time: {1:2.2f} sec')



[docs]def loadSparseMatrixFromNumpyArchive(name, csr=True, verbose=True):
    import pygimli as pg
    if verbose:
        tt = Timer()
    if name[-4:] != '.npz':
        name += '.npz'

    npz = np.load(name)

    for i in range(npz['n_mats']):
        name = 'arr_{}'.format(i)
        sparseMatrix = pg.core.SparseMapMatrix(
            pg.core.IndexArray(npz[name][:, 0]),
                               pg.core.IndexArray(npz[name][:, 1]),
                               npz[name][:, 2])
        if verbose:
            tt.tick('build sparse matrix: {:2.2f} sec')
        sparseMatrix.setCols(int(npz['n_cols'][i]))
        sparseMatrix.setRows(int(npz['n_rows'][i]))

        if csr:
            sparseMatrix = pg.core.SparseMatrix(sparseMatrix)
            if verbose:
                tt.tick('transform to CRS: {:2.2f} sec')

        if i == 0:
            if npz['n_mats'] == 1:
                matrix = sparseMatrix
            else:
                matrix = [sparseMatrix]
        else:
            matrix.append(sparseMatrix)
    if verbose:
        tt.tick('total time: {1:2.2f} sec')
    return matrix



[docs]def dump2Json(json_name=None, **kwargs):
    """ Dumps all keyword-value combinations given in kwargs into a json
    file.
    Supported variable types can by found here:

    https://docs.python.org/3/library/json.html
    """
    import json
    from comet.pyhed import log
    from pathlib import Path

    if json_name is None:
        import tempfile as temp
        json_file = temp.NamedTemporaryFile(suffix='.json', delete=False)
        json_name = json_file.name
        json_file.close()

    path = Path(json_name)
    path.parent.mkdir(exist_ok=True, parents=True)

    with open(path.as_posix(), 'w') as out:
        towrite = json.dumps(kwargs, indent=4)
        log.info('Write json file: "{}"'
                 .format(path.absolute().as_posix()))
        out.write(towrite)

    return json_name



[docs]def json2Dict(name):
    """ Reads a json file from disk and converts it to python dictionary.
    """
    import json

    with open(name, 'r') as cfg:
        rawjson = cfg.read()
        outdict = json.loads(rawjson)
    return outdict


# The End
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  Source code for comet.pyhed.misc.matrixWrapper

"""
Part of comet/pyhed/misc
"""
# COMET - COupled Magnetic resonance Electrical resistivity Tomography
# Copyright (C) 2019  Nico Skibbe

# This program is free software: you can redistribute it and/or modify
# it under the terms of the GNU General Public License as published by
# the Free Software Foundation, either version 3 of the License, or
# (at your option) any later version.

# This program is distributed in the hope that it will be useful,
# but WITHOUT ANY WARRANTY; without even the implied warranty of
# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
# GNU General Public License for more details.

# You should have received a copy of the GNU General Public License
# along with this program. If not, see <https://www.gnu.org/licenses/>.

import pygimli as pg
import numpy as np


[docs]class RealNumpyMatrix(pg.core.MatrixBase):
    """
    Matrix Wrapper for for ndarrays, providing syntax for pygimli c++ core
    algorithms. Holds reference to a real matrix, providing the correct
    multiplication algorithms for the pygimli inversion process.
    """
    def __init__(self, mat, copy=False):
        super().__init__()

        self.ndim = 2

        # print('real Matrix')
        if isinstance(mat, str):
            self.M = np.load(mat)
        else:
            if copy is True:
                self.M = np.copy(mat)
            else:
                self.M = mat

    def __repr__(self):
        return self.M.__repr__()

[docs]    def rows(self):
        return np.shape(self.M)[0]


[docs]    def cols(self):
        return np.shape(self.M)[1]


[docs]    def save(self, name):
        np.save(name, self.M)


[docs]    def mult(self, vector):
        return self.M.dot(vector)


[docs]    def transMult(self, vector):
        return np.dot(vector, self.M)




[docs]def ComplexNumpyMatrix(mat, copy=False):
    return RealNumpyMatrix(np.row_stack([mat.real, mat.imag]), copy=copy)



[docs]def NumpyMatrix(mat, copy=False):
    """
    Matrix Wrapper for for ndarrays, providing syntax for pygimli c++ core
    algorithms (rows, cols, mult, transMult, save(numpy)).
    """
    if isinstance(mat, str):
        mat = np.load(mat)

    if isinstance(mat[0][0], complex):
        return ComplexNumpyMatrix(mat, copy=copy)
    else:
        return RealNumpyMatrix(mat, copy=copy)

# The End
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  Source code for comet.pyhed.misc.mesh_tools

"""
Part of comet/pyhed/misc
"""
# COMET - COupled Magnetic resonance Electrical resistivity Tomography
# Copyright (C) 2019  Nico Skibbe

# This program is free software: you can redistribute it and/or modify
# it under the terms of the GNU General Public License as published by
# the Free Software Foundation, either version 3 of the License, or
# (at your option) any later version.

# This program is distributed in the hope that it will be useful,
# but WITHOUT ANY WARRANTY; without even the implied warranty of
# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
# GNU General Public License for more details.

# You should have received a copy of the GNU General Public License
# along with this program. If not, see <https://www.gnu.org/licenses/>.

import pygimli as pg
import numpy as np


def __createH2(inmesh):
    """ Creates a H2 refined mesh. """
    inmesh_cp = pg.Mesh(inmesh)
    outmesh = inmesh_cp.createH2()
    outmesh.createNeighbourInfos()
    return outmesh


def __intergrationMat(mesh1, mesh2, order=1):
    """ Creates an integration matrix for H2 refined meshs. """
    if mesh1.cellCount() > mesh2.cellCount():
        coarse = mesh2
        fine = mesh1
    else:
        coarse = mesh1
        fine = mesh2

    mat = pg.core.SparseMapMatrix(r=coarse.cellCount(), c=fine.cellCount())

    for cell in fine.cells():
        cid = coarse.findCell(cell.center()).id()
        mat.addVal(cid, cell.id(), 1./4**order)

    return mat


def __intergrationMatMixed(mesh1, mesh2):
    """ Creates an integration matrix for H2 refined meshs. """
    if mesh1.cellCount() > mesh2.cellCount():
        coarse = mesh2
        fine = mesh1
    else:
        coarse = mesh1
        fine = mesh2

    mat = pg.core.SparseMapMatrix(r=coarse.cellCount(), c=fine.cellCount())

    cids = {}
    for cell in fine.cells():
        # for each fine cell find corresponding coarse cell
        coarse_id = coarse.findCell(cell.center()).id()
        cidsofar = cids.get(coarse_id, [])
        cidsofar.append(cell.id())
        # save ids of fine cell for each coarse cell
        cids[coarse_id] = cidsofar

    for ccid in range(coarse.cellCount()):
        # get all ids of fine cells in coarse cell
        fine_ids = cids[ccid]
        # how many?
        factor = len(fine_ids)
        for fcid in fine_ids:
            # add entry in integration mat, that will sum up to 1 in the end
            # 1 is original cell, 4 for H1, 16 for H2...
            mat.addVal(ccid, fcid, 1./factor)

    return mat


[docs]def createH2(inmesh, order=1, integration_mat=False):
    """ Creates a H-2**N refined mesh with order N and Integration matrix. """
    mesh = pg.Mesh(inmesh)
    for i in range(order):
        mesh = __createH2(mesh)

    if integration_mat:
        mat = __intergrationMat(inmesh, mesh, order=order)
        return (mesh, mat)
    else:
        return mesh



[docs]def sameGeometry(mesh1, mesh2, atol=1e-8, rtol=1e-5):
    # first some short cuts to safe calculation time
    # same memory: reference
    if mesh1 is mesh2:
        return True

    if mesh1.nodeCount() != mesh2.nodeCount():
        return False

    if mesh1.cellCount() != mesh2.cellCount():
        return False

    # extensive testing
    if not np.allclose(np.array(mesh1.positions()),
                       np.array(mesh2.positions()),
                       atol=atol, rtol=rtol):
        return False

    cells1 = np.array([np.array(cell1.ids()) for cell1 in mesh1.cells()])
    cells2 = np.array([np.array(cell2.ids()) for cell2 in mesh2.cells()])
    if not np.array_equiv(cells1, cells2):
        return False

    # further assuming same nodes and cells results in same boundaries
    # and neglecting markers:
    return True


[docs]def createConstraintMesh(mesh):
    """
    Creates a refined mesh, where every triangle is divided in three
    triangles, with the midpoint of the original cells as new node.
    This is only done for each boundary that has a right and a left cell
    (no boundary edges) and is usefull for displaing the boundary constraints
    of the original mesh.

    Example:
    --------

    >>> import pygimli as pg
    >>> import numpy as np
    >>> mesh = pg.load('invmesh.bms')
    >>> cw = np.load('constraints.npy')
    >>> cmesh = createConstraintMesh(mesh)
    >>> pg.show(cmesh, data=cw[np.array(cmesh.cellMarkers(), dtype=int)])

    """
    # need left, right cell info
    mesh.createNeighbourInfos()

    # output mesh
    cmesh = pg.Mesh(mesh.dim())

    # do for all bounds: build left cell to midpoint, same for right if any
    i = 0
    for bound in mesh.boundaries():
        # right, if not mesh boundary
        right_cell = bound.rightCell()
        if right_cell is not None:
            n0 = cmesh.createNodeWithCheck(bound.node(0).pos())
            n1 = cmesh.createNodeWithCheck(bound.node(1).pos())
            # only then there is a constraint defined
            # left
            n2 = cmesh.createNodeWithCheck(bound.leftCell().center())
            # right
            n3 = cmesh.createNodeWithCheck(right_cell.center())
            cmesh.createTriangle(n0, n1, n2, i)
            cmesh.createTriangle(n0, n1, n3, i)
            i += 1

    # finish mesh
    cmesh.createNeighbourInfos()

    return cmesh

# The End




          

      

      

    

  

  
    
    comet.pyhed.misc.mpi_tools
    

    

    
 
  

    
      
          
            
  Source code for comet.pyhed.misc.mpi_tools

"""
Part of comet/pyhed/misc
"""
# COMET - COupled Magnetic resonance Electrical resistivity Tomography
# Copyright (C) 2019  Nico Skibbe

# This program is free software: you can redistribute it and/or modify
# it under the terms of the GNU General Public License as published by
# the Free Software Foundation, either version 3 of the License, or
# (at your option) any later version.

# This program is distributed in the hope that it will be useful,
# but WITHOUT ANY WARRANTY; without even the implied warranty of
# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
# GNU General Public License for more details.

# You should have received a copy of the GNU General Public License
# along with this program. If not, see <https://www.gnu.org/licenses/>.

import numpy as np
import sys
import traceback
from contextlib import contextmanager
from comet.pyhed import log


try:
    from mpi4py import MPI as mpi

except ImportError:
    pass

[docs]@contextmanager
def abortIfError():
    try:
        yield
    except:
        try:
            log.critical('MPI process {} tries to raise traceback.'
                         .format(mpi.COMM_WORLD.Get_rank()))
            traceback.print_exc(file=sys.stdout)
            sys.stdout.flush()
        finally:
            log.critical('MPI process {} about to exit due to critical error.'
                         .format(mpi.COMM_WORLD.Get_rank()))
            mpi.COMM_WORLD.Abort(1)


[docs]def importCustemResults(name, ntx=1):
    target_f = [df.Function(self.FS.V) for t in range(n_tx)]
#
    f = df.HDF5File(self.MP.mpi_cs, f_name, "r")

    f.read(target_f[ti], "data/vector_%d" % ti)




[docs]def saveFenicsField(savename_base, loop, secondary=False,
                    htr=None, hti=None, hsr=None, hsi=None):
    """
    Save fenics fields from loppclass object in mpirun environment in
    gimli single core sorting for later use in single core tasks.

    savename total field :

    - savename_base + '_total.npy'

    if secondary is True:

        savename secondary field:

        - savename_base + '_secondary.npy'

    Saved variables are:

    - loop.secMOD.PP.H_t_r_cg,
    - loop.secMOD.PP.H_t_i_cg,
    - loop.secMOD.PP.H_s_r_cg,
    - loop.secMOD.PP.H_s_i_cg
    """
    from mpi4py import MPI
    import pygimli as pg
    from comet.pyhed.misc import convertCoordinates
    import dolfin as df

    com = MPI.COMM_WORLD

    if loop.secMOD.FS.p == 2:
        fs = df.VectorFunctionSpace(loop.secMOD.FS.mesh, 'CG', 1)

        ht_real_cg = df.interpolate(loop.secMOD.PP.H_t_r_cg, fs)
        hr_v = ht_real_cg.vector()
        ht_imag_cg = df.interpolate(loop.secMOD.PP.H_t_i_cg, fs)
        hi_v = ht_imag_cg.vector()

    else:
        # h total fields
        if hasattr(loop.secMOD.PP, 'H_t_r_cg'):
            if isinstance(loop.secMOD.PP.H_t_r_cg, list):
                hr_v = loop.secMOD.PP.H_t_r_cg[0].vector()
                hi_v = loop.secMOD.PP.H_t_i_cg[0].vector()
            else:
                hr_v = loop.secMOD.PP.H_t_r_cg.vector()
                hi_v = loop.secMOD.PP.H_t_i_cg.vector()

        else:
            # no anomalies: export primary fields
            if isinstance(loop.secMOD.PP.H_0_r_cg, list):
                hr_v = loop.secMOD.PP.H_0_r_cg[0].vector()
                hi_v = loop.secMOD.PP.H_0_i_cg[0].vector()
            else:
                hr_v = loop.secMOD.FS.PF.H_0_r_cg.vector()
                hi_v = loop.secMOD.FS.PF.H_0_i_cg.vector()

    # local distribution of global indices
    r = hr_v.local_range()

    # gather fields automatically
    tot_real = hr_v.gather_on_zero().reshape(-1, 3)
    tot_imag = hi_v.gather_on_zero().reshape(-1, 3)

    if secondary is True:
        if loop.secMOD.FS.p == 2:
            if hasattr(loop.secMOD.PP, 'H_s_r'):
                hs_real_cg = df.interpolate(loop.secMOD.PP.H_s_r, fs)
                hr_vs = hs_real_cg.vector()
                hs_imag_cg = df.interpolate(loop.secMOD.PP.H_s_i, fs)
                hi_vs = hs_imag_cg.vector()
                sec_real = hr_vs.gather_on_zero().reshape(-1, 3)
                sec_imag = hi_vs.gather_on_zero().reshape(-1, 3)
            else:
                secondary = False

        else:
            if hasattr(loop.secMOD.PP, 'H_s_r_cg'):
                if isinstance(loop.secMOD.PP.H_s_r_cg, list):
                    hr_vs = loop.secMOD.PP.H_s_r_cg[0].vector()
                    hi_vs = loop.secMOD.PP.H_s_i_cg[0].vector()
                else:
                    hr_vs = loop.secMOD.PP.H_s_r_cg.vector()
                    hi_vs = loop.secMOD.PP.H_s_i_cg.vector()
                sec_real = hr_vs.gather_on_zero().reshape(-1, 3)
                sec_imag = hi_vs.gather_on_zero().reshape(-1, 3)
            else:
                secondary = False

    # get distributed coords, fenics order
    if loop.secMOD.FE.FS.p != 1:
        V_cg = df.VectorFunctionSpace(loop.secMOD.FE.FS.mesh, 'CG', 1)
    else:
        V_cg = loop.secMOD.FE.FS.V_cg

    coords_para = V_cg.tabulate_dof_coordinates().reshape(
        -1, 3)[0::3, :]

    # gather coords [ndarray, ndarray, ndarray], unsorted
    coords_single = com.gather(coords_para, root=0)
    # gather corresponding indices
    ids_single = com.gather(r, root=0)

    # %% continue only with one process
    if com.Get_rank() == 0:
        # gather coords in fenics, internally fenics sorted
        df_c = np.zeros_like(tot_real).ravel()
        for i, ids in enumerate(ids_single):  # one run per process
            df_c[ids[0]:ids[1]] = coords_single[i].ravel()
        df_c = df_c.reshape(-1, 3)

        # coords from gimli
        gimliMesh = pg.Mesh('{}/_h5/{}.bms'.format(
                            loop.secondary_config.m_dir,
                            loop.secondary_config.mesh_name))
        pg_c = gimliMesh.positions().array()

        # calculation for resorting
        log.debug('converted mesh')
        pg_df, df_pg = convertCoordinates(pg_c, df_c)

        # save numpy vec in gimli sorting, p1
        totname = '{}_total.npy'.format(savename_base)
        gimli_field_t = (tot_real + 1j * tot_imag)[df_pg].T
        np.save(totname, gimli_field_t)

        if secondary is True:
            secname = '{}_secondary.npy'.format(savename_base)
            gimli_field_s = (sec_real + 1j * sec_imag)[df_pg].T
            np.save(secname, gimli_field_s)
            log.info('Save secondary field: "{}"'.format(secname))

        # optional vtk export
        loop.loopmesh = gimliMesh
        loop.field = gimli_field_t
        loop.exportVTK('{}_total_pg_df.vtk'.format(savename_base))

        if secondary is True:
            loop.field = gimli_field_s
            loop.exportVTK('{}_secondary_pg_df.vtk'.format(savename_base))


# The End

# to try stackoverflow magic

# !/usr/bin/env python
# from mpi4py import MPI
# import numpy
# import sys
# import os

# rank = MPI.COMM_WORLD.Get_rank()
# new_comm = MPI.COMM_WORLD.Split(color=rank, key=rank)
# print(new_comm.Get_rank())

# cwd=os.getcwd()
# os.mkdir(str(rank))
# directory=os.path.join(cwd,str(rank))
# print(rank,directory)
# os.chdir(directory)
#
#
# new_comm.Spawn("SOME_MPI_EXECUTABLE_HERE",
#                   args=[""],
#                            maxprocs=4)
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  Source code for comet.pyhed.misc.para_lib

"""
Part of comet/pyhed/misc
"""
# COMET - COupled Magnetic resonance Electrical resistivity Tomography
# Copyright (C) 2019  Nico Skibbe

# This program is free software: you can redistribute it and/or modify
# it under the terms of the GNU General Public License as published by
# the Free Software Foundation, either version 3 of the License, or
# (at your option) any later version.

# This program is distributed in the hope that it will be useful,
# but WITHOUT ANY WARRANTY; without even the implied warranty of
# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
# GNU General Public License for more details.

# You should have received a copy of the GNU General Public License
# along with this program. If not, see <https://www.gnu.org/licenses/>.

import time
import sys

import queue  # python 3+ version

import multiprocessing as mpc
import numpy as np
import pygimli as pg
from . vec import (getRSparseValues, R3VtoNumpy)


def _MatrixWorker(num, index, out_queue,
                  mesh_name, out_pos, verbose):
    time_loadmesh = time.time()
    mesh = pg.load(mesh_name)
    if verbose is True:
        print('time for meshimport ("%s"): %2.2f sec' %
              (mesh_name, time.time() - time_loadmesh), flush=True)
    print(out_pos.shape)
    print(len(pg.core.PosVector(out_pos)))
    mat = mesh.interpolationMatrix(pg.core.PosVector(out_pos))
    print('worker: {}: done'.format(num))
    print(mat.nCols())
    print(mat.nRows())
    print(mat.nVals())
    out_queue.put([getRSparseValues(mat, getInCRS=False),
                   index])
    print('worker: {}: pushed'.format(num))
    mat.clear()
    if verbose is True:
        print('exit of Worker %d' % (num))
    sys.stdout.flush()
    return


[docs]def InterpolationMatrix_para(mesh_name, out_coords, maxCPUCount=12,
                             in_node_count=None, verbose=True):
    """ Multiprocessing over outcoords. """
    if in_node_count is None:
        in_node_count = pg.Mesh(mesh_name).nodeCount()
    out_queue = mpc.Queue()
    number_of_processes = np.min([mpc.cpu_count(), maxCPUCount])
    if isinstance(out_coords, pg.Mesh):
        out_coords = R3VtoNumpy(out_coords.positions())
    elif isinstance(out_coords, pg.core.PosVector):
        out_coords = R3VtoNumpy(out_coords)
    print(out_coords.shape)
    splitted = np.array_split(out_coords, number_of_processes, axis=0)
    out_node_count = len(out_coords)

    if verbose is True:
        print(' start calculating matrices in %d parallel processes.' %
              (number_of_processes), flush=True)
    processes = []
    index_split = 0
    for i in range(number_of_processes):
        print(splitted[i].shape, index_split)
        worker = mpc.Process(target=_MatrixWorker,
                             args=(i,
                                   index_split,
                                   out_queue,
                                   mesh_name,
                                   splitted[i],
                                   verbose,))
        index_split += len(splitted[i])
        worker.daemon = True
        processes.append(worker)
        worker.start()

    tick_assemble = time.time()
    number = 0

    rows = []
    cols = []
    vals = []
    while number < number_of_processes:
        try:
            tick22 = time.time()
            mat, split_index = out_queue.get()

        except queue.Empty:
            time.sleep(2.0)
            continue

        if verbose:
            print('Assembling {:02d}/{:02d}: '.format(number + 1,
                                                      number_of_processes),
                  end='')
        tick22 = time.time()

        rows.extend(np.array(mat[0]) + split_index)
        cols.extend(mat[1])
        vals.extend(mat[2])

        number += 1
        tack22 = time.time() - tick22
        if verbose:
            print('{:2.2f} sec'.format(tack22))

    print('Building up matrix with {} entries...'
          .format(len(vals)))
    interpolation_matrix = pg.core.SparseMapMatrix(rows, cols, vals)
    print(interpolation_matrix.nVals())
    interpolation_matrix.setRows(out_node_count)
    interpolation_matrix.setCols(in_node_count)

    for p in processes:
        if p.is_alive():
            p.terminate()
        p.join()
    if verbose is True:
        print('Calculation and Assembling of field_matrix: {:2.2f} seconds.'
              .format(time.time() - tick_assemble))
    return interpolation_matrix

# The End
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  Source code for comet.pyhed.misc.poly_tools

"""
Part of comet/pyhed/misc
"""
# COMET - COupled Magnetic resonance Electrical resistivity Tomography
# Copyright (C) 2019  Nico Skibbe

# This program is free software: you can redistribute it and/or modify
# it under the terms of the GNU General Public License as published by
# the Free Software Foundation, either version 3 of the License, or
# (at your option) any later version.

# This program is distributed in the hope that it will be useful,
# but WITHOUT ANY WARRANTY; without even the implied warranty of
# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
# GNU General Public License for more details.

# You should have received a copy of the GNU General Public License
# along with this program. If not, see <https://www.gnu.org/licenses/>.

import os


[docs]def createPolyBoxWithHalfspace(minx, maxx, miny, maxy, minz, maxz,
                               halfspace_at=0.0,
                               without_halfspace=False,
                               interface_marker=None):
    """ Creates a simple poly file for further mesh build processes.

    Imports pygimli.

    Parameters
    ----------

    minx: float
        Minimum x dimension.

    maxx: float
        Maximum x dimension.

    miny: float
        Minimum y dimension.

    maxy: float
        Maximum y dimension.

    minz: float
        Minimum z dimension.

    maxz: float
        Maximum z dimension.

    halfspace_at: float
        Z value where the halfspace is considered. Additionally to the corner
        points of the simple halfspace box, a separation of the z edges will
        be at *halfspace_at*.

    without_halfspace: booleam [ False ]
        An face that closes the 4 edge points at *halfspace_at* is inserted.
        This can be ommitted if creating but a tetrahedron boundary around
        another polygon.

    interface_marker: integer [ None ]
        Optional marker for the interface face, for later identification.

    Returns
    -------

        pg.Mesh
            Closed polygon mesh with or without face at the halfspace
            interface. Note that the first four nodes in the polygon correspond
            to the four edge nodes at the halfspace interface, for manual
            connection to other polygons.
    """
    import pygimli as pg

    if minz > halfspace_at:
        halfspace_at = minz
        print('set halfspace_at to minz: {}'.format(minz))

    elif maxz < halfspace_at:
        halfspace_at = maxz
        print('set halfspace_at to maxz: {}'.format(maxz))

    poly = pg.Mesh(3)
    ob8 = poly.createNode(minx, miny, halfspace_at)
    ob9 = poly.createNode(maxx, miny, halfspace_at)
    ob10 = poly.createNode(maxx, maxy, halfspace_at)
    ob11 = poly.createNode(minx, maxy, halfspace_at)
    # halfspace face

    if without_halfspace is False:
        # air ground interface
        if interface_marker is not None:
            poly.createQuadrangleFace(ob8, ob9, ob10, ob11,
                                      marker=interface_marker)
        else:
            poly.createQuadrangleFace(ob8, ob9, ob10, ob11)

    if minz < halfspace_at:
        # lower outer boundary nodes, earthspace
        ob0 = poly.createNode(minx, miny, minz)
        ob1 = poly.createNode(maxx, miny, minz)
        ob2 = poly.createNode(maxx, maxy, minz)
        ob3 = poly.createNode(minx, maxy, minz)
        # earth side
        poly.createQuadrangleFace(ob8, ob9, ob1, ob0)
        poly.createQuadrangleFace(ob9, ob10, ob2, ob1)
        poly.createQuadrangleFace(ob10, ob11, ob3, ob2)
        poly.createQuadrangleFace(ob11, ob8, ob0, ob3)
        # earth bottom
        poly.createQuadrangleFace(ob0, ob1, ob2, ob3)

    if maxz > halfspace_at:
        # upper outer boundary nodes, airspace
        ob4 = poly.createNode(minx, miny, maxz)
        ob5 = poly.createNode(maxx, miny, maxz)
        ob6 = poly.createNode(maxx, maxy, maxz)
        ob7 = poly.createNode(minx, maxy, maxz)
        # air side
        poly.createQuadrangleFace(ob8, ob9, ob5, ob4)
        poly.createQuadrangleFace(ob9, ob10, ob6, ob5)
        poly.createQuadrangleFace(ob10, ob11, ob7, ob6)
        poly.createQuadrangleFace(ob11, ob8, ob4, ob7)
        # air top
        poly.createQuadrangleFace(ob4, ob5, ob6, ob7)
    return poly



[docs]def cleanUpTetgenFiles(basename):
    """ Removes temporary tetgen files.

    Parameters
    ----------

    basename: string
        File path. All files with that basename and one of the following
        endings will be removed ('.poly', '.ele', '.node' '.face' '.edge').
    """
    if basename[-4:] == '.bms':
        basename = basename[:-4]
    for extension in ['.1.ele', '.1.edge', '.1.node', '.1.face', '.poly']:
        if os.path.exists(basename + extension):
            os.remove(basename + extension)


if __name__ == '__main__':
    pass

# The End
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  Source code for comet.pyhed.misc.test_class

"""
Part of comet/pyhed/misc
"""
# COMET - COupled Magnetic resonance Electrical resistivity Tomography
# Copyright (C) 2019  Nico Skibbe

# This program is free software: you can redistribute it and/or modify
# it under the terms of the GNU General Public License as published by
# the Free Software Foundation, either version 3 of the License, or
# (at your option) any later version.

# This program is distributed in the hope that it will be useful,
# but WITHOUT ANY WARRANTY; without even the implied warranty of
# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
# GNU General Public License for more details.

# You should have received a copy of the GNU General Public License
# along with this program. If not, see <https://www.gnu.org/licenses/>.

[docs]class BaseTest():
    def __init__(self, name):
        self.name = name
        self.result = None

[docs]    def test(self):
        try:
            self.result = self.testing_function()
        except AssertionError:
            self.result = False


[docs]    def testing_function(self):
        return True



# The End
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  Source code for comet.pyhed.misc.timer

# -*- coding: utf-8 -*-
"""
Part of comet/pyhed/misc
"""
# COMET - COupled Magnetic resonance Electrical resistivity Tomography
# Copyright (C) 2019  Nico Skibbe

# This program is free software: you can redistribute it and/or modify
# it under the terms of the GNU General Public License as published by
# the Free Software Foundation, either version 3 of the License, or
# (at your option) any later version.

# This program is distributed in the hope that it will be useful,
# but WITHOUT ANY WARRANTY; without even the implied warranty of
# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
# GNU General Public License for more details.

# You should have received a copy of the GNU General Public License
# along with this program. If not, see <https://www.gnu.org/licenses/>.

import time
import datetime
import numpy as np


[docs]class Timer():
    def __init__(self, verbose=True, timestamps=True, timefactor=1.0):
        self._start_time = time.time()
        self.actual_time = self._start_time
        self.history = []
        self.timestamps = []

        self.setTimestamps(timestamps)
        self.setVerbose(verbose)
        self.setTimeFactor(timefactor)

[docs]    def update(self):
        self.actual_time = time.time()


    @property
    def time_last(self):
        ret = (time.time() - self.actual_time) * self.time_factor
        return ret

    @property
    def time_total(self):
        ret = (time.time() - self._start_time) * self.time_factor
        return ret

[docs]    def getMessage(self, msg, ts=None):
        NOW = datetime.datetime.utcnow().strftime(self.strftime)
        if ts is None:
            ts = self.flag_ts

        if ts:
            actual_msg = '[{}] '.format(NOW)
        else:
            actual_msg = ''

        if isinstance(msg, str):
            actual_msg += '[{}]'.format(
                msg.format(self.time_last, self.time_total))
        else:  # e.g. a class object with __str__
            actual_msg += '[{}]'.format(msg)
        return actual_msg, NOW


[docs]    def noHist(self, msg, update=True, ts=None):
        msg, _ = self.getMessage(msg, ts=ts)
        print(msg)
        if update:
            self.update()


[docs]    def silent(self, msg, update=True, ts=None):
        actual_msg, now = self.getMessage(msg, ts=ts)
        self.history.append(actual_msg)
        self.timestamps.append(now)
        if update:
            self.update()


[docs]    def tick(self, msg, update=True, ts=None, **printkwargs):
        self.silent(msg, update=update, ts=ts)
        if self.verbose:
            print(self.history[-1], **printkwargs)


[docs]    def printHistory(self):
        for msg in self.history:
            print(msg)


[docs]    def setVerbose(self, verbose):
        self.verbose = verbose


[docs]    def setTimeFactor(self, factor):
        self.time_factor = factor


[docs]    def setTimestamps(self, bool_timestamps, strftime="%Y-%m-%d %H:%M:%S"):
        self.strftime = strftime
        self.flag_ts = bool_timestamps


[docs]    def exportLog(self, savename):
        np.save(savename, np.array(self.history))


[docs]    def importLog(self, savename):
        a = np.load(savename)
        self.history = (a.tolist())




[docs]class NoneTimer():
    def __init__(self, verbose=True):
        """
        Timer if no Timer is wanted.
        (The methods are used in the code anyway and need a valid target.)
        """
        pass

[docs]    def update(self):
        pass


[docs]    def getMessage(self, msg):
        pass


[docs]    def noHist(self, msg):
        pass


[docs]    def silent(self, msg):
        pass


[docs]    def tick(self, msg, **kwargs):
        pass


[docs]    def printHistory(self):
        print('No timer initialized.')


[docs]    def setVerbose(self, verbose):
        pass


[docs]    def setTimeFactor(self, factor):
        pass


[docs]    def exportLog(self, savename):
        pass


[docs]    def importLog(self, savename):
        pass




if __name__ == '__main__':
    tick = Timer(timestamps=True)
    tick.tick('Hallo')
# The End
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  Source code for comet.pyhed.misc.toolbox

"""
Part of comet/pyhed/misc
"""
# COMET - COupled Magnetic resonance Electrical resistivity Tomography
# Copyright (C) 2019  Nico Skibbe

# This program is free software: you can redistribute it and/or modify
# it under the terms of the GNU General Public License as published by
# the Free Software Foundation, either version 3 of the License, or
# (at your option) any later version.

# This program is distributed in the hope that it will be useful,
# but WITHOUT ANY WARRANTY; without even the implied warranty of
# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
# GNU General Public License for more details.

# You should have received a copy of the GNU General Public License
# along with this program. If not, see <https://www.gnu.org/licenses/>.

import sys
import numpy as np
import inspect
from contextlib import contextmanager


[docs]@contextmanager
def temporal_printoptions(threshold=5, **kwargs):
    """ Temporal overrides the printoptions of numpy arrays. """
    _printoptions = np.get_printoptions()
    np.set_printoptions(threshold=threshold, **kwargs)

    yield

    np.set_printoptions(**_printoptions)



[docs]@contextmanager
def plt_ioff():
    """ Temporal overrides the interactive mode of matplotlib. """
    import matplotlib.pyplot as plt
    was_inter = plt.isinteractive()
    plt.ioff()

    yield

    if was_inter:
        plt.ion()
    else:
        plt.ioff()



[docs]@contextmanager
def plt_ion():
    """ Temporal overrides the interactive mode of matplotlib. """
    import matplotlib.pyplot as plt
    was_inter = plt.isinteractive()
    plt.ion()

    yield

    if was_inter:
        plt.ion()
    else:
        plt.ioff()



[docs]class NamespaceError(Exception):
    """ Named Error for try except clauses."""
    def __init__(self, value):
        self.value = value

    def __str__(self):
        return repr(self.value)



[docs]def insert(array1, array2, breaking_point_float=0, right=True):
    """ Utility function to insert points between two arrays. Depricated."""
    if array2 == []:
        stitchedArray = array1[np.nonzero(array1 != breaking_point_float)]
    elif right is True and array2 != []:
        stitchedArray = np.append(np.append(array1[np.nonzero(array1 <
                                  breaking_point_float)], array2),
                                  array1[np.nonzero(array1 >
                                         breaking_point_float)])
    elif right is False and array2 != []:
        stitchedArray = np.append(np.append(array1[np.nonzero(array1 >
                                  breaking_point_float)], array2),
                                  array1[np.nonzero(array1 <
                                         breaking_point_float)])
    return stitchedArray



[docs]def refine(array, start='0', end='-1', insert=1,
           log=False,
           zerovalue=False,
           invert=False):
    """ Utility function to refine array. Depricated. """
    if invert is True:
        array = array[::-1]

    def __work(array, insert):
        if array == []:
            return []
        refined_list = []
        for i in range(len(array)):
            refined_list.append(array[i])
            if i + 1 < len(array):
                refined_list.extend(np.linspace(array[i],
                                                array[i + 1],
                                                2 + insert)[1:-1])
        return np.asarray(refined_list)

    array = np.asarray(array)
    if start == '0':
        start = array[0]
    if end == '-1':
        end = array[-1]
    to_refine = array[np.all([(array >= start), (array <= end)], axis=0)]
    if not zerovalue:
        zerovalue = min(abs(to_refine)) / 100.
    if log is False:
        refined_list = __work(to_refine, insert)
    elif log is True:
        refined_list_plus = []
        refined_list_minus = []
        to_refine_plus = np.log(to_refine[np.nonzero(to_refine > 0)])
        to_refine_minus = np.log(-1 * to_refine[
            np.nonzero(to_refine < 0)][::-1])
        if 0 in to_refine or (to_refine_minus != [] and to_refine_minus != []):
            to_refine_minus = np.append(np.log(zerovalue), to_refine_minus)
            to_refine_plus = np.append(np.log(zerovalue), to_refine_plus)

        if len(to_refine_plus) == 1:
            if 0 in to_refine:
                to_refine_plus = []
            else:
                if start <= 0 and end >= 0:
                    to_refine_plus = np.append(np.log(zerovalue),
                                               to_refine_plus)

        if len(to_refine_minus) == 1:
            if 0 in to_refine:
                to_refine_minus = []
            else:
                if start <= 0 and end >= 0:
                    to_refine_minus = np.append(np.log(zerovalue),
                                                to_refine_minus)

        plus = __work(to_refine_plus, insert)
        print(plus)
        refined_list_plus = np.exp(plus[np.nonzero(plus != 0)])
        minus = __work(to_refine_minus, insert)
        print(minus)
        refined_list_minus = -1 * np.exp(minus[np.nonzero(minus != 0)][::-1])

        if 0 in to_refine:
            to_refine_plus = np.append(np.zeros(1), to_refine_plus)
        refined_list = np.append(refined_list_minus, refined_list_plus)
        print(refined_list)

    array_to_return = np.append(np.append(array[np.nonzero(array < start)],
                                refined_list),
                                array[np.nonzero(array > end)])
    if invert is True:
        return array_to_return[::-1]
    return array_to_return



[docs]def setdebugging(Bool, local=True):
    """ Temporal function used to control debug mode. Do not use. """
    # for debugging only
    if local is True:
        # target = caller namespace
        global debugging
        debugging = {'debugging': Bool}
        return debugging
    else:
        # target = module namespace where setdebugging is defined
        stack = inspect.stack()[0]
        if 'debugging' not in stack[0].f_globals:
            raise NamespaceError(
                'cannot define global variable from outer namespace')
        debugging = stack[0].f_globals['debugging']
        debugging['debugging'] = Bool
        # print(stack[1].split('src')[1], debugging)
        # print('debugging' in inspect.stack()[0][0].f_globals)
        return debugging



[docs]def printv(string, *args):
    '''
    for maintenance and debugging
    '''
    callerframerecord = inspect.stack()[1]
    # print(callerframerecord)
    frame = callerframerecord[0]  # frame/namespace des callers
    caller_globals = frame.f_globals  # globals des Callers
    debugging_value = caller_globals['debugging']['debugging']
    # print('printv: %s' % (debugging_value))

    if debugging_value is True:
        # print(inspect.stack()[:][1])
        # if inspect.stack()[0][1] != inspect.stack()[1][1]:
        #     origin = '\.: '
        # else:
        origin = callerframerecord[1].split('\\')[-1] + ': '
        info = inspect.getframeinfo(frame)
        # mit info.lineno bekommt man die zeilennummer,
        # in der die funktion ausgeführt wird
        if not args:
            print(origin + str(info.lineno) + ' ', string)
        else:
            if type(args[0]) != np.float64:
                try:
                    print(origin + str(info.lineno), string + '\t',
                          args[0].shape)
                except AttributeError:
                    print(origin + str(info.lineno), string + '\t',
                          str(args[0]) + '\t', str(type(args[0])))
            else:
                print(origin + str(info.lineno), string + '\t',
                      str(args[0]) + '\tnp.float')
    else:
        return



[docs]def project1DModel(thk, para, out):
    """
    projects a simple synthetic layered model to a given discretisation.
    The discretisation "disOut" has to be a vector for the corners of the
    desired discretisation. Therefore the output will be a vector with
    len(outDis) - 1 elements. "parameter" must have one entry more than
    thickness.

    >>> thk = [2.375]
    >>> resistivity = [100, 5]
    >>> disOut = np.linspace(0, -4.5, 10)
    >>> model = project1DModel(thk, resistivity, disOut)
    >>> print(model)  # 100 * 0.75 + 5 * 0.25 = 76.25
    [ 100.   100.   100.   100.    76.25    5.     5.     5.     5. ]
    """
    para = np.array(para, np.float)
    out = np.array(abs(out))
    model = np.ones_like(out[1:], np.float)
    akkthk = np.cumsum(thk)
    if len(para) == 1:
        model *= para
        # short cut
        # simple homegeneous halfspace, return, done
        return model

    # input model geometry in layer depths, z positiv downwards
    inl = [0]
    inl.extend(akkthk)

    # now for each inl of the desired output geometry...
#    print('inl depths', inl)
#    print('values', para)
    for i, n_1 in enumerate(out[1:]):
        n_0 = out[i]
        # n_0 = out[i]
        # n_1 = out[i + 1]
        # current cell between n_0 and n_1
        a = np.where(inl >= n_1)[0]  # input inl under current cell
        b = np.where(inl <= n_0)[0]  # input inl above current cell
        # input inl in between n_0 and n_1
        d = np.where((inl < n_1) & (inl > n_0))[0]

        if len(a) == 0:  # no inl under n_1, only halfspace

            if b[-1] != len(thk):
                tk = n_1 - n_0
                hlp = n_0
                model[i] = 0.
                # append para from each layer complete between n_0 and n_1
                for d_i in d:
                    ratio = (inl[d_i] - hlp) / tk
                    model[i] += ratio * para[d_i - 1]
                    hlp = inl[d_i]

                # append potion of last (infinite) layer
                ratio = (n_1 - inl[len(thk)]) / tk
                model[i] += ratio * para[-1]
                continue
            else:
                model[i:] = para[-1]
                # reached homogeneous halfspace, return, done
                return model

        c = a[0] - b[-1]
#        print('c', c, para[b[-1]])
        if c == 1:  #
            model[i] = para[b[-1]]
        else:
            # found out inl bigger than multiple entries in input thk
            # calc weight and sum up
            for n in range(c - 1):
                inner_barrier = inl[b[-1] + n + 1]
                if n == 0:
                    model[i] = 0
                    weighting = (inner_barrier - n_0) / (n_1 - n_0)
                    value = para[n + b[-1]]
#                    print('w1', weighting, value)
                    # w1 = weighting
                    # w2 = 0.0
                else:
                    weighting = (inner_barrier - inl[b[-1] + n]) /\
                                 (n_1 - n_0)
                    value = para[n + b[-1]]
#                    print('w2', weighting, value)
                    # w2 += weighting

                model[i] += weighting * value
            weighting = (n_1 - inl[b[-1] + c - 1]) / (n_1 - n_0)
            # w3 = weighting
            value = para[c - 1 + b[-1]]
#            print('w3', weighting, value)
#            print(w1+w2+w3)
            model[i] += weighting * value
#            print(model[i])
    return model



[docs]def convertCoordinates(gimli, dolfin):
    """ Find sorting between two coordinate arrays if same points.
    input: arr1, arr2: two coordinate lists of same shape (n, 3)
    which contains the same coordinates but in a diffrent order.
    output: arr1_arr2, arr2_arr1: index arrays which converts coordinates
    from input1 to input2 and from input2 to input1.
    """
    def indexAndSorting(c_):
        posview = c_.ravel().view(
            np.dtype((np.void, c_.dtype.itemsize*c_.shape[1])))
        _, unique_idx = np.unique(posview, return_index=True)
        return unique_idx, unique_idx.argsort()

    # check
    shape_pg = np.shape(gimli)
    shape_df = np.shape(dolfin)
    if shape_pg != shape_df:
        raise Exception('Dimension mismatch between gimli and dolfin mesh: '
                        '{} != {}'.format(shape_pg, shape_df))

    # calc
    pg_idx, pg_sort = indexAndSorting(gimli)
    df_idx, df_sort = indexAndSorting(dolfin)
    return pg_idx[df_sort], df_idx[pg_sort]



[docs]def floatString(value, frmt='2.2f', replace='_'):
    """ Converts a Float to a string for filenames etc. """
    return ('{:%s}' % (frmt)).format(value).replace(".", replace)



[docs]def setNearestMarkers_old(outmesh, inmesh, marker_air=0, marker_half=1,
                          fill_air_ground=False):
    """ Set marker from one mesh to another.
    Returns list with ommitted marker.
    """
    import time
    tick = time.time()
    for i, cell in enumerate(outmesh.cells()):
        cellc = cell.center()
        incell = inmesh.findCell(cellc, extensive=False)
        if incell:
            if cellc.z() >= 0:
                cell.setMarker(marker_air)
            else:
                cell.setMarker(incell.marker())
        else:
            if fill_air_ground is True:
                if cellc.z() >= 0:
                    cell.setMarker(marker_air)
                elif cellc.z() < 0:
                    cell.setMarker(marker_half)

    # extensive test is neccessary to prevent fenics from busting
    tack = time.time() - tick
    not_set = []
    for m in range(np.max(inmesh.cellMarkers()) + 1):
        cs = outmesh.findCellByMarker(m)
        if len(cs) == 0:
            not_set.append(m)
#            nFEM = 'FEM_mesh_markerException.vtk'
#            nPARA = 'para_mesh_3d_markerException.vtk'
#            try:
#                outmesh.exportVTK(nFEM)
#                inmesh.exportVTK(nPARA)
#            finally:
#                raise Exception(
#                    'Not all marker of 3D parameter mesh could be '
#                    'transferred to the FEM mesh. Stopped at marker '
#                    '{}. Both meshs has been exported as VTK for '
#                    'debugging purposes. ("{}", "{}")'
#                    .format(m, os.path.abspath(nFEM),
#                            os.path.abspath(nPARA)))
    print('setNearestMarkers', tack, time.time() - tick)
    return not_set



[docs]def setNearestMarkers(outmesh, inmesh, y_lim, marker_air=0, marker_half=1,
                      fill_air_ground=False, air_interface=0.0):
    """ Set marker from 2d mesh + limits in y to 3d mesh.
    Returns list with ommitted marker or empty list.
    Optinally fills air and groundspace outside the 2d mesh with marker.
    """
    from comet import log
    cellmarkers = np.array(outmesh.cellMarkers())  # original markers
    coords = outmesh.cellCenters().array()  # (n, 3)
    cell_ids = np.arange(len(cellmarkers))  # marker id in outmesh

    air = coords[:, 2] >= air_interface
    ground = np.logical_not(air)

    inx = np.logical_and(coords[:, 0] >= inmesh.xmin(),
                         coords[:, 0] <= inmesh.xmax())
    # outx = np.logical_not(inx)

    iny = np.logical_and(coords[:, 1] >= np.min(y_lim),
                         coords[:, 1] <= np.max(y_lim))
    # outy = np.logical_not(iny)

    inz = np.logical_and(coords[:, 2] >= inmesh.ymin(),
                         coords[:, 2] <= inmesh.ymax())
    # outz = np.logical_not(inx)

    inside = np.logical_and(np.logical_and(inx, iny), inz)
    outside = np.logical_not(inside)
    # cell indices inside y range and inmesh dimensions -> marker

    if fill_air_ground:
        # air
        cellmarkers[air] = marker_air
        # ground outside of y range and 2d mesh
        cellmarkers[np.logical_and(ground, outside)] = marker_half

    anom_ids = np.logical_and(ground, inside)
    anom_cell_ids = cell_ids[anom_ids]

    # cells in ground inside y range and parameter mesh
    import time
    time_start = time.time()
    for cid, coord in enumerate(coords[np.logical_and(ground, inside)]):
        incell = inmesh.findCell([coord[0], coord[2]], extensive=False)
        if incell is None:
            log.critical('No cell found for coord: [{}, {}]'.format(coord[0],
                                                                    coord[2]))
            import matplotlib.pyplot as plt
            import pygimli as pg
            fig, ax = plt.subplots(1, 1)
            pg.show(inmesh, markers=True, ax=ax)
            plt.plot(coord[0], coord[2], 'x',
                     label='not found ({:.2f}, {:.2f})'.format(coord[0],
                                                               coord[2]))
            plt.show()
            raise Exception('Something is wrong with your 2D parameter mesh!')

        # translate local enumerate id to global cell id of outmesh
        cellmarkers[anom_cell_ids[cid]] = incell.marker()
    log.debug('setNearestMarkers() main loop: {:.4f} sec'
              .format(time.time() - time_start))

    # set new marker
    outmesh.setCellMarkers(cellmarkers)

    # test if all marker are transferred and return omitted marker
    not_set = []
    un = np.unique(cellmarkers)
    time_start = time.time()
    for m in np.unique(inmesh.cellMarkers()):
        if m not in un:
            not_set.append(m)
    log.debug('setNearestMarkers() gather not set: {:.4f} sec'
              .format(time.time() - time_start))

    return not_set



[docs]def getAllValuesByReference(mat, refarray):
    """ Gets all values from input hdf5 data set found in given reference array
    of the same dataset.

    Example:
    --------

    >>> import h5py
    >>> from comet import pyhed as ph
    >>> mat = h5py.File('input.mrsd')
    >>> # get pulse moments from mrsd file
    >>> pulse_mat = mat['proclog']['Q']['q']
    >>> pulses = ph.misc.getAllValuesByReference(mat, pulse_mat)
    array([ 0.11261871,  0.15802349,  0.1729516 ,  0.24440305,  0.27615926,
    ...     0.39153588,  0.45558559,  0.64535046,  0.77051771,  1.08620425,
    ...     1.32817318,  1.85991744,  2.32437798,  3.22896476,  4.11364457,
    ...     5.66420968,  7.33714431, 10.01091275, 13.18643762, 17.83750801])
    """
    import h5py
    if isinstance(refarray, h5py.Reference):
        outarr = mat[h5py.h5r.get_name(refarray, mat.id)]
    else:
        outarr = np.zeros(len(refarray), dtype=object)
        out = []
        for idx in range(len(outarr)):
            out.append(mat[h5py.h5r.get_name(refarray[()][idx, 0], mat.id)])

        if isinstance(out[0], h5py.Group):
            outarr = out
        else:
            outarr = np.ones(len(out), dtype=out[0].dtype)
            for it, item in enumerate(out):
                outarr[it] = item[0, 0]
    return outarr



[docs]def progressBar(it, prefix="", file=sys.stdout):
    """ Iterable progress bar.
    Usage

    exchange:

    >>> for i in range(12):

    with:

    >>> for i in progressBar(range(12), 'some describing string: '):
    """
    # Thanks to "eusoubrasileiro" from stackoverflow
    # for sharing the basic idea of this implementation under
    # https://stackoverflow.com/questions/3160699/python-progress-bar
    # this is a modified version
    size = 80
    size_counter = int(np.ceil(np.log10(len(it))))
    size = size - len(prefix)
    size -= int(size_counter * 2 + 4)

    count = len(it)

    def show(j):
        x = int(size * j / count)
        string_ = '{}[{}{}] {%s}/{%s}\r' % (':>{}d'.format(size_counter),
                                            ':>{}d'.format(size_counter))
        string = string_.format(prefix, "#" * x, "." * (size - x), j, count)
        file.write(string)
        file.flush()

    show(0)
    for i, item in enumerate(it):
        yield item
        show(i + 1)
    file.write("\n")
    file.flush()


# THE END
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  Source code for comet.pyhed.misc.vec

"""
Part of comet/pyhed/misc
"""
# COMET - COupled Magnetic resonance Electrical resistivity Tomography
# Copyright (C) 2019  Nico Skibbe

# This program is free software: you can redistribute it and/or modify
# it under the terms of the GNU General Public License as published by
# the Free Software Foundation, either version 3 of the License, or
# (at your option) any later version.

# This program is distributed in the hope that it will be useful,
# but WITHOUT ANY WARRANTY; without even the implied warranty of
# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
# GNU General Public License for more details.

# You should have received a copy of the GNU General Public License
# along with this program. If not, see <https://www.gnu.org/licenses/>.

import numpy as np
import scipy
import time
import pygimli as pg


[docs]def fixSingularity(model, drop_tol=1e-2, dipole_z=0.0):
    """
    Points in zero get values of drop_tol.
    Points on drop_tol get Values of up to 20% the value to the first point out
    of the drop_tol.
    If all points are in the drop_tol a warning is printed.
    """
    from comet.pyhed import log
    if drop_tol is None or np.isclose(drop_tol, 0., atol=1e-15):
        # no drop_tol
        return model
    if drop_tol < 0.0:
        drop_tol *= -1
    index = model[0] <= drop_tol
    if np.alltrue(np.logical_not(index)):
        # all points outside drop_tol
        return model

    factor = model[0, index] / drop_tol
    index2 = np.where(model[0] > drop_tol)
    if len(index2[0]) == 0:
        log.warning('No Values outside the drop_tol. Shift points within '
                    f'{drop_tol} m distance away from dipole.')
        Min = drop_tol * 2
    else:
        Min = np.min(model[0, index2])
    twentyPerc = 0.2 * (Min - drop_tol)
    model[0, index] = (factor * twentyPerc) + drop_tol
    # fixed by drop_tol
    return model



[docs]def Ca2Cy(cartesian, dtype=np.float64, drop_tol=1e-2, dipole_z=0.0):
    """ Convert cartesian coords to cylindrical coords.

    Parameters
    ----------
        cartesian: np.ndarray
            Coordinate vector of for N positions of shape (3, N).

        dtype: np.dtype or str
            Optional choice of output data type.

        drop_tol:
            Tolerance in m to avoid zeros in horizontal distances (singlularity
            removal). All values for the resulting horizontal distance below
            the drop_tol are redistributed between drop_tol and 20% of the
            distance to the first point outside droptol. Raises Exception if
            no point lies outside of drop_tol. drop_tol=None disables the
            singularity removal (default).

    Returns
    -------
        cylindrical: np.ndarray
            Coordinate Vector in cylindrical cordinates (radius, phi, z) in
            given datra type or input data type and with or without
            singularities removed.
    """
    cylindrical = np.array((np.sqrt(cartesian[0]**2 + cartesian[1]**2),  # r
                            np.arctan2(cartesian[1], cartesian[0]),      # phi
                            cartesian[2]),                               # z
                           dtype=cartesian.dtype if dtype is None else dtype)

    cylindrical = fixSingularity(cylindrical, drop_tol=drop_tol,
                                 dipole_z=dipole_z)
    return cylindrical



[docs]def KtoP(cartesian, dtype=np.float64, drop_tol=1e-2):
    '''
    # status: depricated, use Ca2Cy instead
    '''
    return Ca2Cy(cartesian, dtype=dtype, drop_tol=drop_tol)



[docs]def KtoP_all(cartesian, dtype=np.float64, drop_tol=1e-2):
    '''
    # r = np.sqrt(model[0]**2 + model[1]**2)
    # phi = np.arctan2(model[1], model[0])
    # z = np.copy(model[2])
    '''
    polar = np.array((np.sqrt(cartesian[:, 0]**2 + cartesian[:, 1]**2),  # r
                      np.arctan2(cartesian[:, 1], cartesian[:, 0]),      # phi
                      cartesian[:, 2]),                                  # z
                     dtype=cartesian.dtype if dtype is None else dtype)
    polar[0] = fixSingularity(polar[0], drop_tol=drop_tol)
    return polar



[docs]def Cy2Ca(cylindrical, dtype=None):
    """ Convert cartesian coords to cylindrical coords.

    Parameters
    ----------
        cylindrical: np.ndarray
            Coordinate vector of for N positions of shape (3, N).

        dtype: np.dtype or str
            Optional choice of output data type.

    Returns
    -------
        cartesian: np.ndarray
            Coordinate Vector in cartesian cordinates (x, y, z) in
            given datra type or input data type.
    """
    cartesian = np.array((cylindrical[0] * np.cos(cylindrical[1]),  # x
                          cylindrical[0] * np.sin(cylindrical[1]),  # y
                          cylindrical[2]),                          # z
                         dtype=cylindrical.dtype if dtype is None else dtype)
    return cartesian



[docs]def PtoK(cylindrical, dtype=np.float64):
    '''
    # status: depricated use Cy2Ca instead
    '''
    return Cy2Ca(cylindrical, dtype=dtype)



[docs]def Ca2CyField(cartesian, field, dtype=None):
    ''' Conversion of 3d vector field from cylindrical coords in cartesian.

    # cartesian = cartesian coordinate system (x, y, z)
    # x = field[x] * cos(phi) - field[y] * sin(phi)
    # y = - field[x] * sin(Phi) + field[y] * cos(phi)
    # z = field[z]
    # output:
    # field_cylindrical = data in cylindrical coordinates (r, phi, z)

    Parameters
    ----------
        cartesian: np.ndarray
            Coordinate vector of for N positions of shape (3, N).

        field: np.ndarray
            Field vector of for N positions of shape (3, N).

        dtype: np.dtype or str
            Optional choice of output data type.

    Returns
    -------
        field: np.ndarray
            Field vector in cylindrical cordinates (x, y, z) in
            given datra type or input data type.
    '''
    cyl = Ca2Cy(cartesian)
    cosphi = np.cos(cyl[1])
    sinphi = np.sin(cyl[1])
    field_cyl = np.array((field[0] * cosphi + field[1] * sinphi,
                          -field[0] * sinphi + field[1] * cosphi,
                          field[2]
                          ), dtype=field.dtype if dtype is None else dtype)
    return field_cyl



[docs]def Cy2CaField(cylindrical, field, dtype=None):
    ''' Conversion of 3d vector field from cartesian coords in cylindrical.

    # polar = polar coordinate system
    # x = field[r] * cos(phi) - field[phi] * sin(phi)
    # y = field[r] * sin(phi) + field[phi] * cos(phi)
    # z = field[z]
    # output:
    # field_cartesian = data in zylindrical coordinates


    Parameters
    ----------
        cylindrical: np.ndarray
            Coordinate vector of for N positions of shape (3, N).

        field: np.ndarray
            Field vector of for N positions of shape (3, N).

        dtype: np.dtype or str
            Optional choice of output data type.

    Returns
    -------
        cartesian field: np.ndarray
            Field vector in cartesian cordinates (x, y, z) in
            given datra type or input data type.
    '''
    Xcomp = np.cos(cylindrical[1])
    Ycomp = np.sin(cylindrical[1])
    field_cartesian = np.array((field[0] * Xcomp - field[1] * Ycomp,
                                field[0] * Ycomp + field[1] * Xcomp,
                                field[2]),
                               dtype=field.dtype if dtype is None else dtype)
    return field_cartesian



[docs]def KtoP_field(cartesian, field, dtype=np.float64):
    '''
    # status: depricated, please use Ca2CyField instead.
    '''
    return Ca2CyField(cartesian, field, dtype=dtype)



[docs]def PtoK_field(cylindrical, field, dtype=np.float64):
    '''
    # status: depricated, please use Cy2CaField instead.
    '''
    return Cy2CaField(cylindrical, field, dtype=dtype)



[docs]def GridtoVector(*args, **kwargs):
    '''
    # transform the matlab grid to a python vector with the correct shape
    # can take vector field data with x, y, z coordinates or simple one
    # dimansional vectors
    # 2D is not implemented yet

    parameters
    ----------

    order: ['F']
        order = 'F' -> Fortran style = x varies fastest, instead of z

    comp: [3]
        number of components

    # status: implemented
    '''
    order = kwargs.pop('order', 'F')
    comp = kwargs.pop('comp', 3)
    if comp == 3:
        if len(args) == 1:
            grid_x = args[0][0]
            grid_y = args[0][1]
            grid_z = args[0][2]
        elif len(args) == 3:
            grid_x = args[0]
            grid_y = args[1]
            grid_z = args[2]
        vector = np.array((np.ravel(grid_x, order=order),
                           np.ravel(grid_y, order=order),
                           np.ravel(grid_z, order=order)))
    elif comp == 1:
        vector = np.ravel(args[0], order=order)
    return vector



[docs]def VectortoGrid(vector, shape, order='F', swap=False):
    '''
    see 'GridtoVector'
    x == VectortoGrid(GridtoVector(x), x.shape) is True

    # status: implemented
    '''
    dx = shape[0]
    dy = shape[1]
    dz = shape[2]
    grid_x = vector[0].reshape(dx, dy, dz, order=order)
    grid_y = vector[1].reshape(dx, dy, dz, order=order)
    grid_z = vector[2].reshape(dx, dy, dz, order=order)
    if swap is True:
        grid_x = np.swapaxes(grid_x, 0, 1)
        grid_y = np.swapaxes(grid_y, 0, 1)
        grid_z = np.swapaxes(grid_z, 0, 1)
    return np.array((grid_x, grid_y, grid_z))



[docs]def translate(Vec, x, y, z=0, copy=False):
    '''
    Translate a given three dimensional vector and returns either a view of it
    or a new object.

    # status: implemented
    '''
    if isinstance(Vec, pg.core.PosVector):
        Vec = R3VtoNumpy(Vec)
    transposed = False
    if len(Vec) != 3 and len(Vec[0]) == 3:
        transposed = True
        Vec = Vec.T
    # print('transposed: {}'.format(transposed))
    # print(np.shape(Vec))
    if copy is True:
        totrans = Vec.copy()
        if x != 0:
            totrans[0] += np.float(x)
        if y != 0:
            totrans[1] += np.float(y)
        if z != 0:
            totrans[2] += np.float(z)
        if transposed is True:
            return totrans.T
        return totrans

    if x != 0:
        Vec[0] += np.float(x)
    if y != 0:
        Vec[1] += np.float(y)
    if z != 0:
        Vec[2] += np.float(z)
    if transposed is True:
        return Vec.T
    return Vec



[docs]def translate_all(Vec, coords):
    '''
    Vec: Dim: num_points, 3
    coords: Dim = num_dipoles, 3

    output: Dim: num_dipoles, num_points, 3
    '''
    totrans = Vec.copy()
    totrans = totrans.T[np.newaxis, :, :]
    totrans = np.repeat(totrans, np.shape(coords)[0], axis=0)
    totrans += coords[:, :, np.newaxis]
    return np.swapaxes(totrans, 1, 2)  # dim: len_coords, num_points, 3



[docs]def translateToDipole(Vec, Dipole, copy=False):
    return translate(Vec, -Dipole[0], -Dipole[1], copy=copy)



[docs]def rotate3(Vec, alpha, axis='z', copy=False):
    ''' Rotates 3 dimensional arrays around a given axis with angle alpha. '''
    # case 1/2: pygimli
    if isinstance(Vec, pg.core.PosVector):
        if axis == 'z':
            for i in range(len(Vec)):
                Vec[i].rotateZ(alpha)
        if axis == 'x':
            for i in range(len(Vec)):
                Vec[i].rotateX(alpha)
        if axis == 'y':
            for i in range(len(Vec)):
                Vec[i].rotateY(alpha)
        return Vec
    # case 2/2: numpy
    transposed = False
    if len(Vec) == 3 and len(Vec[0]) != 3:
        transposed = True
        Vec = Vec.T

    if axis == 'z':
        Rotationmatrix = np.array(([np.cos(-alpha), -np.sin(-alpha), 0],
                                   [np.sin(-alpha), np.cos(-alpha), 0],
                                   [0, 0, 1]), dtype=np.float64)
    elif axis == 'x':
        Rotationmatrix = np.array(([1, 0, 0],
                                   [0, np.cos(-alpha), -np.sin(-alpha)],
                                   [0, np.sin(-alpha), np.cos(-alpha)]),
                                  dtype=np.float64)
    elif axis == 'y':
        Rotationmatrix = np.array(([np.cos(-alpha), 0, np.sin(-alpha)],
                                   [0, 1, 0],
                                   [-np.sin(-alpha), 0, np.cos(-alpha)]),
                                  dtype=np.float64)
    if copy is True:
        torotate = Vec.copy()
        for i in range(len(torotate)):
            torotate[i] = torotate[i].dot(Rotationmatrix)
        if transposed is True:
            return torotate.T
        return torotate
    for i in range(len(Vec)):
        Vec[i] = Vec[i].dot(Rotationmatrix)
    if transposed is True:
        return Vec.T
    return Vec



[docs]def rotate3_all(Vec, alpha, axis='z', copy=False):
    '''
    'ijk,k...i->k...j'
    ... = number of points, broadcasted dimension
    i = 3 (3 coords per point)
    j = 3 (3 coords per point)
    k = number of different dipoles, number of alphas
    '''
    RotMat = np.zeros((3, 3, len(alpha)), np.float64)

    if axis == 'z':
        a, b = 0, 1
        c = 2
    elif axis == 'x':
        a, b, = 1, 2
        c = 0
    elif axis == 'y':
        a, b = 2, 0
        c = 1

    RotMat[[a, b], [a, b], :] = np.cos(alpha)
    RotMat[b, a, :] = np.sin(-alpha)
    RotMat[a, b, :] = -RotMat[b, a, :]
    RotMat[c, c, :] += 1.

    # matrix multiplication for the rotation matrix and the coordinate points
    if copy is True:
        torotate = Vec.copy()

        torotate = np.einsum('ijk,k...i->k...j', RotMat, torotate)
        return torotate
    Vec = np.einsum('ijk,k...i->k...j', RotMat, Vec)
    return Vec



[docs]def R3VtoNumpy(R3Vector, **kwargs):
    ''' Creates a numpy vector from a pygimli R3Vector. '''
    Array = np.array((np.array(pg.x(R3Vector)),
                     np.array(pg.y(R3Vector)),
                     np.array(pg.z(R3Vector))), **kwargs)
    return Array.T  # shape = (3, len(R3Vector)), order='c'



[docs]def regular_slice(dim1, dim2, direction, value):
    '''
    out: regular pygimli 2D-mesh object with given discretisation and
    orientation with respect to a 3D coordinate system.

    for now there are only x-, y- and z-orientated slices possible

    # status: implemented
    '''
    vec1 = np.linspace(dim1[0], dim1[1], dim1[2])
    vec2 = np.linspace(dim2[0], dim2[1], dim2[2])
    Slice = pg.createMesh2D(pg.Vector(vec1),
                            pg.Vector(vec2))
    Slice.translate(pg.RVector3(0, 0, value))

    if direction == 'x':
        Slice.swapCoordinates(0, 1)
        Slice.swapCoordinates(0, 2)
        # output (const value, x, y)
    elif direction == 'y':
        Slice.swapCoordinates(1, 2)
        # output (x, const value, y)
    return Slice



[docs]def regular_sliceFrom3DMesh(mesh, discretisation1, discretisation2,
                            direction, value):
    '''
    Cut a slice with regular grid discretisation from an arbitrary shaped
    irregular mesh. Used for plotting purposes with matplotlib.

    input: mesh
           x discretisation
           y discreatisation
           normal direction of the slice
           value for position of the slice on the normal axis

    # status: implemented
    '''
    Pos = mesh.positions()

    if direction == 'x':
        dim1 = (np.min(pg.y(Pos)), np.max(pg.y(Pos)), discretisation1)
        dim2 = (np.min(pg.z(Pos)), np.max(pg.z(Pos)), discretisation2)

    if direction == 'y':
        dim1 = (np.min(pg.x(Pos)), np.max(pg.x(Pos)), discretisation1)
        dim2 = (np.min(pg.z(Pos)), np.max(pg.z(Pos)), discretisation2)

    if direction == 'z':
        dim1 = (np.min(pg.x(Pos)), np.max(pg.x(Pos)), discretisation1)
        dim2 = (np.min(pg.y(Pos)), np.max(pg.y(Pos)), discretisation2)

    return regular_slice(dim1, dim2, direction, value)



[docs]def interpolateField_Matrix(Field, InterpolationMatrix, verbose=False):
    '''
    # status: implemented
    '''
    from comet.pyhed import log
    tick = time.time()
    NewField = np.zeros((Field.shape[0], InterpolationMatrix.rows()),
                        dtype=np.complex128)
    for j in range(np.shape(Field)[0]):  # 0...3: x, y, z
        data_real = InterpolationMatrix * pg.Vector(Field[j].real)
        data_imag = InterpolationMatrix * pg.Vector(Field[j].imag)
        NewField[j] = np.array(data_real) + 1j * np.array(data_imag)
    log.debug(
        '{:.2f} seconds for interpolation ({} * {} to {} * {} complex values)'
        .format(time.time() - tick, Field.shape[0], Field.shape[1],
                NewField.shape[0], NewField.shape[1]))
    return NewField



[docs]def interpolateField_rotatedMatrix(Field, base_mat=None, sin_mat=None,
                                   cos_mat=None):
    '''
    # status: in testing
    '''
    from comet.pyhed import log
    tickiF_rM = time.time()
    if len(Field) != 3:
        if len(Field[0]) != 3:
            raise Exception('Abort. Wrong field shape ({})'
                            .format(Field.shape))
        else:
            Field = Field.T

    NewField = np.zeros((len(Field), base_mat.rows()),
                        dtype=np.complex128)
    fXreal = Field[0].real
    fYreal = Field[1].real
    fXimag = Field[0].imag
    fYimag = Field[1].imag

    xreal = cos_mat * fXreal + sin_mat * fYreal
    ximag = cos_mat * fXimag + sin_mat * fYimag

    NewField[0] = np.array(xreal) + 1j * np.array(ximag)

    yreal = sin_mat * (-fXreal) + cos_mat * fYreal
    yimag = sin_mat * (-fXimag) + cos_mat * fYimag

    NewField[1] = np.array(yreal) + 1j * np.array(yimag)

    zreal = base_mat * Field[2].real
    zimag = base_mat * Field[2].imag

    NewField[2] = np.array(zreal) + 1j * np.array(zimag)

    if log.getEffectiveLevel() <= 10:  # debug
        print('%.03f seconds for interpolation \
(%d * %d to %d * %d complex values)' %
              (time.time() - tickiF_rM, Field.shape[0], Field.shape[1],
               NewField.shape[0], NewField.shape[1]))
    return NewField



[docs]def interpolateField(Mesh, positions, Field, interpolationMatrix=None,
                     verbose=False):
    '''
    simple case: (meshInput, meshOutput, fieldFromInputMesh) ready

    # status: implemented
    '''
    if interpolationMatrix is None:
        # six seperate calcualtions !
        if isinstance(positions, pg.Mesh):
            positions = positions.positions()
        if not isinstance(positions, pg.core.PosVector):
            positions = pg.core.PosVector(positions)
        # type positions = pg.core.PosVector, regardless of input type
        interpolationMatrix = Mesh.interpolationMatrix(positions)
    NewField = interpolateField_Matrix(Field, interpolationMatrix,
                                       verbose=verbose)
    return NewField



[docs]def interpolateVector(Mesh, Slice, Vector, verbose=False):
    '''
    Interpolates a given vectorfield(Vector) based on the given Mesh to a
    second mesh or slice. The field can either be real or complex.

    # status: implemented
    '''
    tick = time.time()
    NewVector = np.zeros((1, len(Slice.positions())), dtype=type(Vector[0]))
    data_real = pg.Vector()
    data_imag = pg.Vector()
    add = ''
    if type(Vector[0]) == np.complex128:
        add = 'complex '
        pg.interpolate(srcMesh=Mesh, inVec=Vector.real,
                       destPos=Slice.positions(), outVec=data_real)
        pg.interpolate(srcMesh=Mesh, inVec=Vector.imag,
                       destPos=Slice.positions(), outVec=data_imag)
        NewVector = np.asarray(data_real, dtype=np.complex128) + \
            1j * np.asarray(data_imag, dtype=np.complex128)
    else:
        pg.interpolate(srcMesh=Mesh, inVec=Vector,
                       destPos=Slice.positions(), outVec=data_real)
        NewVector = np.asarray(data_real)
    if verbose is True:
        print('%.03f seconds for interpolation (%d to %d %svalues)' %
              (time.time() - tick, len(Vector), len(Slice.positions()), add))
    return NewVector



[docs]def pointDataToCellData_np(mesh, field, mixed=False, weight=True):
    """
    Interpolates vector- or skalarfield data defined on the nodes of the given
    mesh to its cell midpoints. For now it has to be either a uniform mesh with
    field (3d, complex or real) or scalar (1d, complex or real) datasets or a
    mixed mesh with a simple real scalar data set (takes more time).

    Parameters
    ----------

    mesh: pg.Mesh
        For now the algorithm takes only pygimli meshes.

    field: array of shape (n) or (n, 3) or pg.Vector
        Data set with n = number of nodes in the mesh.

    mixed: bool [False]
        Flag to determine if the mesh is either of mixed (True) shape (cells
        can consist of variable number of nodes) or uniform (False).

    weight: bool [True]
        The cell data can be calculated as simple average of the surrounding
        node values (False) or additionally weighted by their inverse distance
        from the nodes (True).

    Output
    ------

    newfield: array of shape (c) or (3, c)
        Data set with c = number of cells in the mesh.
    """

    def pointDataToCellData_vector(mesh, field, weight=True):
        TYPE = type(field[0, 0])

        tick = time.time()
        result = np.array(mesh.cellCount())
        np_pos = R3VtoNumpy(mesh.positions())
        np_cc = R3VtoNumpy(mesh.cellCenters())
        nodespercell = len(mesh.cell(0).nodes())
        idMat = np.zeros((nodespercell, len(np_cc)), dtype=int)
        DisMat = np.zeros((nodespercell, mesh.cellCount()))
        FieldMat = np.zeros((3, nodespercell, mesh.cellCount()), dtype=TYPE)
        for ic, c in enumerate(mesh.cells()):
            for iN, n in enumerate(c.nodes()):
                idMat[iN, ic] = n.id()
        for i in range(0, nodespercell):
            DisMat[i, :] = np.sqrt(np.sum((np_pos[idMat[i]] - np_cc)**2, 1))
            FieldMat[:, i, :] = field[:, idMat[i]]
        weight = DisMat / np.sum(DisMat, 0)
        result = np.sum(FieldMat * weight, 1)
        print('pointDataToCellData %0.2f sec' % (time.time() - tick))
        return result

    def pointDataToCellData_scalar(mesh, field, weight=True):
        TYPE = type(field[0])

        tick = time.time()
        result = np.array(mesh.cellCount())
        np_pos = R3VtoNumpy(mesh.positions())
        np_cc = R3VtoNumpy(mesh.cellCenters())
        nodespercell = len(mesh.cell(0).nodes())
        idMat = np.zeros((nodespercell, len(np_cc)), dtype=int)
        DisMat = np.zeros((nodespercell, mesh.cellCount()))
        FieldMat = np.zeros((nodespercell, mesh.cellCount()), dtype=TYPE)
        for ic, c in enumerate(mesh.cells()):
            for iN, n in enumerate(c.nodes()):
                idMat[iN, ic] = n.id()
        for i in range(0, nodespercell):
            DisMat[i, :] = np.sqrt(np.sum((np_pos[idMat[i]] - np_cc)**2, 1))
            FieldMat[i, :] = field[idMat[i]]
        weight = DisMat / np.sum(DisMat, 0)
        result = np.sum(FieldMat * weight, 0)
        print('pointDataToCellData %0.2f sec' % (time.time() - tick))
        return result

    def pointDataToCellData_mixed(mesh, field, weight=True):

        tick = time.time()
        result = pg.Vector(mesh.cellCount())
        for ic, c in enumerate(mesh.cells()):
            nodes = [n.id() for n in c.nodes()]
            w = pg.Vector(len(nodes), 1.0)
            if weight is True:  # simple weighting (inverse distance)
                cc = c.center()
                for i in range(len(nodes)):
                    w[i] = 1 / mesh.node(nodes[i]).pos().distance(cc)
            result[ic] = pg.sum(field[nodes] * w) / pg.sum(w)
        print('pointDataToCellData %0.2f sec' % (time.time() - tick))
        return np.array(result)

    if mixed is True:
        return pointDataToCellData_mixed(mesh, field, weight=weight)
    DIM = np.shape(field)[0]
    if DIM > 3:
        if isinstance(field, pg.Vector):
            field = np.array(field)
        return pointDataToCellData_scalar(mesh, field)
    elif DIM == 3:
        return pointDataToCellData_vector(mesh, field)



[docs]def getRSparseValues(sparseMapMatrix, indices=True, getInCRS=False):
    '''
    Get CRS Arrays (Row Index, Column Start_End, Values)
    from SparseMatrix (CRS format).
    '''
    if isinstance(sparseMapMatrix, pg.core.SparseMapMatrix):
        mat = pg.core.SparseMatrix(sparseMapMatrix)
    else:
        mat = sparseMapMatrix
    vals = np.array(mat.vecVals())
    if indices is True:
        rows = mat.vecRowIdx()
        cols = mat.vecColPtr()
        if getInCRS:
            return list(rows), list(cols), vals
        else:
            rr, cc = convertCRStoMap(list(rows), list(cols))
            return rr, cc, vals
    else:
        return vals



[docs]def getIndicesFromConstraintMatrix(mat):
    import tempfile as temp

    with temp.NamedTemporaryFile(delete=True) as temp:
        mat.save(temp.name)
        indices = np.array(np.genfromtxt(temp.name, usecols=1), dtype=int)

    id1 = indices[::2]
    id2 = indices[1::2]
    return (id1, id2)



[docs]def getConstraints(inv):
    cmap = inv.fop().constraints()
    node0, node1 = getIndicesFromConstraintMatrix(cmap)
    vals = inv.cWeight().array()
    return (node0, node1, vals)



[docs]def convertCRStoMap(rowIdx, colPtr):
    ''' Converts CRS indices to map indices. '''
    ii = []
    jj = []
    for i in range(len(colPtr) - 1):
        for j in range(colPtr[i], colPtr[i + 1]):
            ii.append(i)
            jj.append(rowIdx[j])
    return ii, jj



[docs]def fillCRS(crsMat, rowIdx, colPtr, vals):
    ''' Fill CRS format SparseMatrix with values. Very Slow. '''
    if not isinstance(vals, pg.Vector):
        vals = pg.Vector(vals)
    for i in range(crsMat.rows()):
        for j in range(colPtr[i], colPtr[i + 1]):
            crsMat.addVal(i, rowIdx[j], vals[j])
    return crsMat



[docs]def uniqueAndSum(indices, to_sum, return_index=False, verbose=False):
    """Summs double values found by indices in a various number of arrays.

    Returns the sorted unique elements of a column_stacked array of indices.
    Another column_stacked array is returned with values at the unique
    indices, while values at double indices are properly summed.

    Parameters
    ----------
    ar : array_like
        Input array. This will be flattened if it is not already 1-D.
    to_sum : array_like
        Input array to be summed over axis 0. Other exsisting axes will be
        broadcasted remain untouched.
    return_index : bool, optional
        If True, also return the indices of `ar` (along the specified axis,
        if provided, or in the flattened array) that result in the unique
        array.

    Returns
    -------
    unique : ndarray
        The sorted unique values.
    summed_array : ndarray
        The summed array, whereas all values for a specific index is the sum
        over all corresponding nonunique values.
    unique_indices : ndarray, optional
        The indices of the first occurrences of the unique values in the
        original array. Only provided if `return_index` is True.

    Example
    -------
    >>> import numpy as np
    >>> from comet.pyhed.misc.vec import uniqueAndSum
    >>> idx1 = np.array([0, 0, 1, 1, 2, 2])
    >>> idx2 = np.array([0, 0, 1, 2, 3, 3])
    >>> # indices at positions 0 and 1 and at positions 5 and 6 are not unique
    >>> to_sort = np.column_stack((idx1, idx2))
    >>> # its possible to stack more than two array
    >>> # you need for example 3 array to find unique node positions in a mesh
    >>> values = np.arange(0.1, 0.7, 0.1)
    >>> print(values)
    [ 0.1  0.2  0.3  0.4  0.5  0.6]
    >>> # some values to be summed together (for example attributes of nodes)
    >>> unique_idx, summed_vals = uniqueAndSum(to_sort, values)
    >>> print(unique_idx)
    [[0 0]
     [1 1]
     [1 2]
     [2 3]]
    >>> print(summed_vals)
    [ 0.3  0.3  0.4  1.1]
    >>> # [0.1 + 0.2, 03., 0.4, 0.5 + 0.6]
    """
    flag_mult = len(indices) != indices.size
    if verbose:
        print('Get {} indices for sorting'.format(np.shape(indices)))
    if flag_mult:
        ar = indices.ravel().view(
            np.dtype((np.void,
                      indices.dtype.itemsize * indices.shape[1]))).flatten()
    else:
        ar = np.asanyarray(indices).flatten()

    to_sum = np.asanyarray(to_sum)

    if ar.size == 0:
        ret = (ar,)
        ret += (to_sum)
        if return_index:
            ret += (np.empty(0, np.bool),)
        return ret
    if verbose:
        print('Performing argsort...')
    perm = ar.argsort(kind='mergesort')
    aux = ar[perm]
    flag = np.concatenate(([True], aux[1:] != aux[:-1]))
    if flag_mult:
        ret = (indices[perm[flag]],)

    else:
        ret = (aux[flag],)  # unique indices
    if verbose:
        print('Identified {} unique indices'.format(np.shape(ret)))
    if verbose:
        print('Performing reduceat...')
    summed = np.add.reduceat(to_sum[perm], np.nonzero(flag)[0])

    ret += (summed,)  # summed values

    if return_index:
            ret += (perm[flag],)  # optional: indices

    return ret



[docs]def perimeterFromPolyPoints(points, circle_radius=None, closed=True):
    """ Get perimeter of a polygon. """
    if circle_radius is not None:
        perimeter = np.pi * circle_radius * 2.0
    else:
        p2 = np.row_stack((points[1:], points[0]))
        perimeter = np.sum(np.sqrt((p2[:, 0] - points[:, 0])**2 +
                                   (p2[:, 1] - points[:, 1])**2))
        if not closed:
            perimeter -= np.sqrt((points[-1, 0] - points[0, 0])**2 +
                                 (points[-1, 1] - points[0, 1])**2)
    return perimeter



[docs]def areaFromPolyPoints(points):
    """ Get perimeter of a polygon. """
    points = np.asarray(points)
    if len(points) == 1:
        # assuming dipole
        return 0.0
    if len(points) == 2:
        # assuming unrotated rectangle
        return (np.diff(points[:, 0]) * np.diff(points[:, 1]))[0]
    # n polygon area formula, not for figure of eight
    p2 = np.row_stack((points[1:], points[0]))
    raw = np.sum(points[:, 0] * p2[:, 1]) - np.sum(points[:, 1] * p2[:, 0])
    area = np.abs(raw/2.0)
    return area



[docs]def sumBetweenIndices(array, indices, use_thickness=False, axis=0):
    """
    Split array at given axis and indices and sum up the parts.
    If use_thickness is True, the difference of the absolute values are used,
    usfull for array representing a depth for example.
    """
    if axis != 0:  # swap, so that axis = 0 is to be reduced
        array = np.swapaxes(array, 0, axis)

    new_array = []
    if use_thickness:
        new_array.append(array[0])
        array = np.diff(array, axis=0)

    for i in range(0, len(indices) - 1):
        new_array.append(np.sum(array[indices[i]:indices[i + 1]], axis=0))
    if use_thickness:
        return np.cumsum(np.array(new_array), axis=0)

    new_array = np.array(new_array)

    if axis != 0:  # swap back
        new_array = np.swapaxes(new_array, 0, axis)
    return new_array



[docs]def cumsumDepth(a, min_thk=0.5):
    """
    Summs part of a array, until all layers have a given minimum thickness.
    only use on array with increasing thickness.
    """
    thk = np.diff(np.abs(a))
    indices = [0]
    new_val = 0.0
    for i in range(len(thk)):
        new_val += thk[i]
        if i == len(thk) - 1:
            indices[-1] = i + 1  # last layer to small, append to second last
        elif new_val > min_thk:
            new_val = 0.0
            indices.append(i + 1)
            if i <= len(a) - 1:
                if thk[i + 1] >= min_thk:
                    indices.extend(np.arange(i + 2, len(a), 1))
                    break
        else:
            continue
    return indices, sumBetweenIndices(a, indices, use_thickness=True)



[docs]def sinhspace(start, stop, num_step):
    """ Like linspace but using a hyperbolic sine function. """
    off = start
    start2 = 0
    end2 = stop - start
    vec = np.sinh(np.linspace(
        np.arcsinh(start2), np.arcsinh(end2), num_step))
    final = vec + off
    return final



[docs]def sinhZVolumeFunction(z, z_range=[0, -100], area_range=[0.1, 100]):
    """ Maps values from z per z_range to area_range using a sinh
    function instead of linear interpolation.
    Values outside z_range are assigned the limits of area_range.

    Example
    -------

    >>> import numpy as np
    >>> import matplotlib.pyplot as plt
    >>> area = []
    >>> zrange = np.linspace(30, -130, 160)
    >>> for z in zrange:
    >>>     area.append(sinhZVolumeFunction([z]))
    >>> fig, ax = plt.subplots(1, 1)
    >>> ax.plot(zrange, area)
    """
    if z_range[0] < z_range[1]:
        z_range = np.array(z_range)[::-1]
        area_range = np.array(area_range)[::-1]

    inverse = False
    if area_range[0] > area_range[1]:
        inverse = True

    if z >= z_range[0]:
        area = area_range[0]

    elif z <= z_range[1]:
        area = area_range[1]

    else:
        z_width = z_range[1] - z_range[0]
        z_perc = (z - z_range[0]) / z_width

        trans_max = np.arcsinh(np.abs(area_range[1] - area_range[0]))
        if inverse:
            area = np.sinh((1 - z_perc) * trans_max) + area_range[1]
        else:
            area = np.sinh(z_perc * trans_max) + area_range[0]

    return area



[docs]def linspace2D(Point1, Point2, num):
    """ Internal function. Like linspace but for twodimensional points. """
    return np.array((np.linspace(Point1[0], Point2[0], num),
                     np.linspace(Point1[1], Point2[1], num)),
                    np.float64).T



[docs]def linspace3D(Point1, Point2, num):
    """ Internal function. Like linspace but for threedimensional points. """
    return np.array((np.linspace(Point1[0], Point2[0], num),
                     np.linspace(Point1[1], Point2[1], num),
                     np.linspace(Point1[2], Point2[2], num)),
                    np.float64).T



[docs]def rotationMatrix(axis, theta):
    """
    Return the rotation matrix associated with counterclockwise rotation about
    the given axis (3, n) by theta radians (n,). Supports broadcasting along
    second axis of input **axis**.

    Outputs:
    --------

    Array with rotation matrices of shape (3, 3, n) or (3, 3) if n==1.
    """
    # norm axis, otherwise the rotation warps the vector
    axis = np.array(axis)
    assert axis.shape[0] == 3, '{} != {}'.format(axis.shape, '(3, 3, ...)')
    if axis.shape == (3,):
        axis = axis[:, np.newaxis]
        theta = np.atleast_1d(theta)
    normed = scipy.linalg.norm(axis, axis=0)
    coaxial = np.isclose(normed, 0)
    noco = np.logical_not(coaxial)

    # mats for coaxial edge case
    rotmats = np.eye(3)
    if len(axis.shape) == 2:
        rotmats = np.tile(rotmats[:, :, np.newaxis], (1, 1, axis.shape[1]))

    if not np.all(coaxial):
        # calc real rotation matrices where needed
        axis_normed = axis[:, noco] / normed[noco]

        a = np.cos(theta[noco] / 2.0)
        b, c, d = -axis_normed * np.sin(theta[noco] / 2.0)
        aa = a * a
        bb = b * b
        cc = c * c
        dd = d * d
        bc, ad, ac, ab, bd, cd = b * c, a * d, a * c, a * b, b * d, c * d
        rm_noco = np.array([[aa + bb - cc - dd, 2 * (bc + ad), 2 * (bd - ac)],
                            [2 * (bc - ad), aa + cc - bb - dd, 2 * (cd + ab)],
                            [2 * (bd + ac), 2 * (cd - ab), aa + dd - bb - cc]])
        # exchange dummy rot matrices with real ones where needed
        rotmats[:, :, noco] = rm_noco
    return np.squeeze(rotmats)



[docs]def angle(ax1, ax2):
    """
    Returns angle between two arbitrary vectors of shape (3, ...).
    Allows broadcasting.
    """
    if len(np.shape(ax1)) == 2:
        a1n = ax1 / scipy.linalg.norm(ax1, axis=-1)[:, np.newaxis]
        a2n = ax2 / scipy.linalg.norm(ax2, axis=-1)[:, np.newaxis]

    else:
        a1n = ax1 / scipy.linalg.norm(ax1)
        a2n = ax2 / scipy.linalg.norm(ax2)

    dot = np.einsum('ij, ij->i',
                    np.atleast_2d(a1n),
                    np.atleast_2d(a2n))
    rot_angle = np.arccos(np.clip(dot, -1.0, 1.0))
    return rot_angle


# u = A(:)/norm(A);
# % a and b must be column vectors
#             v = B(:)/norm(B);                   % of equal length
#             N = length(u);
#             S = reflection( eye(N), v+u );      % S*u = -v, S*v = -u
#             R = reflection( S, v );             % v = R*u
# function v = reflection(u, n ) % Reflection of u on hyperplane n.
# % u can be a matrix. u and v must have the same number of rows.
# v = u - 2 * n * (n'*u) / (n'*n);
# end

[docs]def rotFromAtoB(vec, ax1, ax2):
    """
    Rotates input vector **vec** from one direction **ax1** (x, y, z) to
    another direction **ax2** (x, y, z).
    """

    if len(np.shape(ax1)) == 2:
        a1n = ax1 / scipy.linalg.norm(ax1, axis=-1)[:, np.newaxis]
        a2n = ax2 / scipy.linalg.norm(ax2, axis=-1)[:, np.newaxis]

    else:
        a1n = ax1 / scipy.linalg.norm(ax1)
        a2n = ax2 / scipy.linalg.norm(ax2)

    assert ax1.shape == ax2.shape, '{} != {}'.format(ax1.shape, ax2.shape)
    rax = np.cross(a1n, a2n)
    rang = angle(a1n, a2n)
    rotmats = rotationMatrix(rax.T, -rang)

    if rotmats.shape == (3, 3):
        rotated_vec = np.dot(vec, rotmats)
    else:
        rotated_vec = np.squeeze(np.einsum('ki,ijk->kj',
                                           vec,
                                           rotmats))
    return rotated_vec



# THE END
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  Source code for comet.pyhed.plot.plotHankel

"""
Part of comet/pyhed/plot
"""
# COMET - COupled Magnetic resonance Electrical resistivity Tomography
# Copyright (C) 2019  Nico Skibbe

# This program is free software: you can redistribute it and/or modify
# it under the terms of the GNU General Public License as published by
# the Free Software Foundation, either version 3 of the License, or
# (at your option) any later version.

# This program is distributed in the hope that it will be useful,
# but WITHOUT ANY WARRANTY; without even the implied warranty of
# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
# GNU General Public License for more details.

# You should have received a copy of the GNU General Public License
# along with this program. If not, see <https://www.gnu.org/licenses/>.

from comet.pyhed.hed import hankelfc
import matplotlib.pyplot as plt
import numpy as np


[docs]def plotHankel(order):
    h = hankelfc(order)
    q = 0.1 * np.log(10)
    u = np.exp(-((h[2] - h[1] + np.arange(0, h[1], 1, dtype=np.int) + 1) - 1) *
               q)
    label = ['sin', 'cos', 'J0', 'J1']
    plt.semilogx(u, h[0][::-1], '.--', label=label[order - 1])
    plt.legend()



[docs]def plotKey(order):
    # kong_61_2007, kong_241_2007
    # key_101_2009 key_201_2009 key_401_2009
    # key_81_CosSin_2009 key_241_CosSin_2009 key_601_CosSin_2009
    from empymod.filters import key_401_2009 as kk_filter

    h = kk_filter()
    u = h.base
    label = ['kk J0', 'kk J1']
    if order == 1:
        to_plot = h.j0
    else:
        to_plot = h.j1
    plt.semilogx(u, to_plot, '.--', label=label[order - 1])
    plt.legend()



if __name__ == '__main__':
#    fig, ax = plt.subplots(2, 1)
    # plotHankel(1)
    # plotHankel(2)

    plotHankel(3)
    plotKey(1)
    plt.ylim(-.5, .5)

    plt.figure()
    plotHankel(4)
    plotKey(2)
    plt.ylim(-.5, .5)

# The End
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  Source code for comet.pyhed.plot.plot_bib

"""
Part of comet/pyhed/plot
"""
# COMET - COupled Magnetic resonance Electrical resistivity Tomography
# Copyright (C) 2019  Nico Skibbe

# This program is free software: you can redistribute it and/or modify
# it under the terms of the GNU General Public License as published by
# the Free Software Foundation, either version 3 of the License, or
# (at your option) any later version.

# This program is distributed in the hope that it will be useful,
# but WITHOUT ANY WARRANTY; without even the implied warranty of
# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
# GNU General Public License for more details.

# You should have received a copy of the GNU General Public License
# along with this program. If not, see <https://www.gnu.org/licenses/>.

import pygimli as pg
# from comet.pyhed.misc import vec
from comet.pyhed.misc import plt_ioff
from comet.pyhed import log
import inspect
import numpy as np
import matplotlib.pyplot as plt
import matplotlib.patches as mpatches
from pathlib import Path


[docs]def cmap_phase():
    from matplotlib import colors
    white = '#ffffff'
    black = '#444444'
    red = '#ff0000'
    blue = '#0000ff'
#    anglemap = colors.ListedColormap(
#        [black, blue, white, red, black], N=721)
    anglemap = colors.LinearSegmentedColormap.from_list(
        'anglemap',
        [black, blue, white, red, black], N=721)
    return anglemap



[docs]def quantile(data, perc=0.99, add_rel=0.1, add_abs=0.0):
    """ Returns the the data point that lies over a given percentage (50 %) of
    a data set and returns value (+ 10%).

    Parameters
    ----------
    data:
        Dataset for which the value is to be searched.

    perc: float [ 0.5 ]
        Percentage [0...1] defining he search for a parameter.
        Searches for the value in the dataset that lies above *perc* of the
        other data.

    add_rel: float [ 0.1 ]
        Relative value added to the result of the search.

    add_abs: float [ 0.0 ]
        Absolute value added to the result of the search.

    For very small values in data, add_rel should be replaced by add_abs (and
    an appropriate value) or set 0.

    For add_rel = 0.0 and add_abs = 0.0, the returned value will always be part
    of the given dataset.

    Hint for colorbars: usually a median(data, perc=...) with perc = 0.95 for
    small data sets and perc = 0.99 for large data sets will result in nice
    colorbar settings as it effectively removes spikes.
    """
    quant = np.quantile(data, perc)
    quant = quant * (1.0 + add_rel) + add_abs
    return quant



[docs]def amp(field):
    """ Amplitude of a complex field.
    Internally used.
    """
    log.warning('Deprication Warning. Function "amp" should not be used '
                'anymore. I have to remove this.')
    XX = field[0].real**2 + field[0].imag**2
    YY = field[1].real**2 + field[1].imag**2
    ZZ = field[2].real**2 + field[2].imag**2
    return np.sqrt(XX + YY + ZZ)



[docs]def printv(string, *args):
    """
    print function for maintenance and debugging
    """
    callerframerecord = inspect.stack()[1]
    # print(callerframerecord)
    frame = callerframerecord[0]  # frame/namespace des callers
    caller_globals = frame.f_globals  # globals des Callers
    debugging_value = caller_globals['debugging']['debugging']
    # print('printv: %s' % (debugging_value))

    if debugging_value is True:
        # print(inspect.stack()[:][1])
        # if inspect.stack()[0][1] != inspect.stack()[1][1]:
        #     origin = '\.: '
        # else:
        origin = callerframerecord[1].split('\\')[-1] + ': '
        info = inspect.getframeinfo(frame)
        # mit info.lineno bekommt man die zeilennummer,
        # in der die funktion ausgeführt wird
        if not args:
            print(origin + str(info.lineno) + ' ', string)
        else:
            if type(args[0]) != np.float64:
                try:
                    print(origin + str(info.lineno), string + '\t',
                          args[0].shape)
                except AttributeError:
                    print(origin + str(info.lineno), string + '\t',
                          str(args[0]) + '\t', str(type(args[0])))
            else:
                print(origin + str(info.lineno), string + '\t',
                      str(args[0]) + '\tnp.float')
    else:
        return



[docs]def returnFigureAndAx(ax, *args, **kwargs):
    """ Returns figure and ax of given ax or creates subplots.
    Not used inside pyhed.
    """
    if ax is None:
        return plt.subplots(*args, **kwargs)
    else:
        return ax.figure, ax



[docs]def pickleFig(savename, fig):
    import pickle
    with open(savename, 'wb') as fileout:
        pickle.dump(fig, fileout)



[docs]def loadPickledFig(savename):
    import pickle
    with open(savename, 'rb') as filein:
        fig = pickle.load(filein)
    return fig



[docs]def setAxSize(ax, size):
    for item in ([ax.title, ax.xaxis.label,
                 ax.yaxis.label] + ax.get_xticklabels() +
                 ax.get_yticklabels()):
        item.set_fontsize(size)



[docs]def addPatch(ax, cbar_ax=None, offset_left=28.5, offset_top=1, distance=1,
             color='lightgray', lw=0, z_order=0):
    from pylab import Rectangle
    axis = ax.axis()
    if cbar_ax is not None:
        x1, y1, width, height = cbar_ax.bbox.bounds
    # offset_left = width
    # Rectangle input:
    # (x, y), width, height, **kwargs
    rec = Rectangle((axis[0] - offset_left, axis[2] + distance),
                    (axis[1] - axis[0]) + offset_left + distance + 0.5,
                    (axis[3] - axis[2]) - 2 * distance - offset_top,
                    fill=True,
                    color=color,
                    lw=lw)
    rec = ax.add_patch(rec)
    rec.set_zorder(z_order)
    rec.set_clip_on(False)
    return rec



[docs]def showLoop(pos, phi, ds, referenzpunkte=None, ax=None, color=None, **kwargs):
    """ Plots a loop as set of dipoles on a given axis.
    Used by *show* method of loop class.
    """
    if ax is None:
        fig, ax = plt.subplots(1, 1)
    for i in range(len(phi)):
        if color is not None:
            ax.scatter(pos[i][0], pos[i][1], color=color)
        else:
            ax.scatter(pos[i][0], pos[i][1])
        ax.arrow(pos[i][0],
                 pos[i][1],
                 np.cos(phi[i]) * ds[i]/2.5,
                 np.sin(phi[i]) * ds[i]/2.5,
                 head_width=ds[i]/25., head_length=ds[i]/25., fc='k', ec='k')
        if referenzpunkte is not None:
            ax.scatter(referenzpunkte[i][0],
                       referenzpunkte[i][1], color='red')

    bbox = np.max(np.abs(pos))*0.1

    xlim = kwargs.pop('xlim', None)
    if xlim is None:
        minx = np.min(pos[:, 0]) - bbox
        maxx = np.max(pos[:, 0]) + bbox
        if np.isclose(minx, maxx):
            minx -= 1
            maxx += 1
        xlim = [minx, maxx]
    ax.set_xlim(xlim)

    ylim = kwargs.pop('ylim', None)
    if ylim is None:
        miny = np.min(pos[:, 1]) - bbox
        maxy = np.max(pos[:, 1]) + bbox
        if np.isclose(miny, maxy):
            miny -= 1
            maxy += 1
        ylim = [miny, maxy]
    ax.set_ylim(ylim)

    ax.grid(True)
    ax.set_aspect('equal')
    # plt.show()
    pg.checkAndFixLocaleDecimal_point()
    return ax



[docs]def showLoopLayout(*loops, ax=None, **kwargs):
    """ Shows multiple loops at once on a given axis.
    """
    fig, ax = returnFigureAndAx(ax, 1, 1)
    if isinstance(loops[0], (list, tuple)):
        loops = loops[0]
    color = iter(plt.cm.rainbow(np.linspace(0, 1, len(loops))))
    num_loops = len(loops)
    label = kwargs.pop('label', 'loop {}')
    if isinstance(label, str):
        if '{}' not in label:
            label_master = label + ' {}'
        else:
            label_master = label + ''
        label = []
        for i in range(num_loops):
            label.append(label_master.format(i))

    elif isinstance(label, (tuple, list, np.ndarray)):
        if len(label) != num_loops:
            raise Exception(
                'Error in showLoopLayout: either give one label per loop or a'
                ' single string containing {} or not (it will be appended' +
                ' otherwise). Got {} for {} loops.'.format(label, num_loops))
    min_x = []
    max_x = []
    min_y = []
    max_y = []
    patches = []
    for idx, loop in enumerate(loops):
        c = next(color)
        ax = loop.show(ax=ax, color=c, **kwargs)
        cur_x_lim = ax.get_xlim()
        cur_y_lim = ax.get_ylim()
        min_x.append(cur_x_lim[0])
        max_x.append(cur_x_lim[1])
        min_y.append(cur_y_lim[0])
        max_y.append(cur_y_lim[1])
        patches.append(
            mpatches.Patch(color=c, label=label[idx]))
    ax.set_xlim(np.min(min_x), np.max(max_x))
    ax.set_ylim(np.min(min_y), np.max(max_y))
    plt.legend(handles=patches, bbox_to_anchor=(0., 1.02, 1., .102), loc=3,
               ncol=int(len(loops)/2), mode="expand", borderaxespad=0.)

    return ax



[docs]def drawMeshLines(ax, mesh, color='white', linewidth=0.5, marker=None,
                  **kwargs):
    """ Draw all mesh boundaries in given ax.
    """
    if marker is not None:
        marker = np.atleast_1d(marker)
    for bound in mesh.boundaries():
        if marker is None or bound.marker() in marker:
            a = np.row_stack([bound.nodes()[0].pos().array(),
                              bound.nodes()[1].pos().array()])
            ax.plot(a[:, 0], a[:, 1], color=color, linewidth=linewidth,
                    **kwargs)



[docs]def getCMapAndLim(toplot, phase=False, misfit=False, perc=0.99,
                  minimum=False, lut=None):
    """ Chooses colorbar limits and appropriate colobar based on input.
    lut: If lut is not None it must be an integer giving the number of entries
    desired in the lookup table, and name must be a standard mpl colormap name.
    """
    toplot = np.array(toplot)
    if phase:
        cmap = cmap_phase()
        clim = [-np.pi, np.pi]

    elif misfit:
        cmap = plt.get_cmap('bwr', lut=lut)
        clim = [-4, 4]

    else:

        absmax = np.quantile(toplot, perc)
        absmin = np.quantile(-toplot, perc)
        bothabs = np.max([np.abs(absmax), np.abs(absmin)])

        if np.any(toplot < 0):
            cmap = plt.get_cmap('bwr', lut=lut)
            absmin = -bothabs
            absmax = bothabs

        else:
            cmap = plt.get_cmap('bwr', lut=lut)

            if not minimum:
                absmin = 0

        clim = [absmin, absmax]
        log.debug('getCMapAndLim(): min/max data: {}/{}, clim: {}/{}'
                  .format(np.min(toplot), np.max(toplot), *clim))

    return cmap, clim



[docs]def drawFid(ax, fid, clim=None, clab=None, draw='data',
            to_plot='real', cmap=None, cbar=True, gated=True, title=None):
    """Plot any data (or response, error, misfit) cube nicely.

    if response is True:
        response vector from fid taken and used for plotting misfit.
    """
    if to_plot.lower() not in ('abs', 'real', 'imag', 'phase', 'rot'):
        raise Exception('to_plot is limited to "real", "imag", "abs" or "rot" '
                        '"phase" got {}'.format(to_plot))

    to_plot = to_plot.lower()

    allowed = ('data', 'response', 'misfit', 'error')
    if draw.lower() not in allowed:
        raise Exception('draw is limited to {}, '
                        ' got {}'.format(allowed, draw))

    draw = draw.lower()

    if gated:
        data = fid.getComplexData()
        error = fid.error_gated
        timevec = fid.gates
    else:
        data = fid.data_raw
        error = fid.error_raw
        timevec = fid.times

    if data is None:
        raise Exception(f'No data to plot in fid: {fid!r}, gated={gated}')

    if draw in ('response', 'misfit'):
        response = fid.response
        if response is None:
            raise Exception('No response vector found in fid.')
        gated = True

    if to_plot in ['real', 'rot']:
        func = np.real

    elif to_plot == 'imag':
        func = np.imag

    elif to_plot == 'abs':
        func = np.abs

    elif to_plot == 'phase':
        func = np.angle

    if draw == 'misfit':

        if np.iscomplexobj(error):
            error = func(error)

        if to_plot != 'rot':
            toplot = (func(data) - func(response)) / error
        else:
            toplot = (func(data) - np.abs(response)) / error
        # MMP: not good for rotated Amplitudes
        # fixed: to_plot == 'rot'

    elif draw == 'data':
        if to_plot == 'phase':
            toplot = func(data)
        else:
            toplot = func(data) * 1e9  # V -> nV

    elif draw == 'error':
        if to_plot == 'phase':
            toplot = func(error)
        else:
            toplot = func(error) * 1e9  # V -> nV

    elif draw == 'response':
        if to_plot == 'phase':
            toplot = func(response)
        else:
            toplot = func(response) * 1e9  # V -> nV

    if cmap is None or clim is None:
        cmap_auto, clim_auto = getCMapAndLim(
            toplot, phase=to_plot == 'phase',
            misfit=draw == 'misfit')

    if cmap is None:
        cmap = cmap_auto

    if clim is None:
        clim = clim_auto
        if cmap == 'bwr':
            # middle = white = 0
            cmax = np.max(np.abs(clim))
            clim = [-cmax, cmax]

    xt = np.linspace(0, len(timevec) - 1, 6)
    xtl = []
    for ixt in xt:
        xtl.append('{:d}'.format(int(np.round(timevec[int(ixt)] * 1000.))))
    # qt = range(0, len(fid.pulses), 5)  # including last value
    qt = np.linspace(0, len(fid.pulses) - 1, 5, dtype=int)
    qtl = [str(qi) for qi in np.round(fid.pulses[qt] * 10.) / 10.]
    # plot
    mat = toplot.reshape((len(fid.pulses),
                          len(timevec)))

    im = ax.imshow(mat, interpolation='nearest', aspect='auto',
                   cmap=cmap)

    im.set_clim(clim)
    ax.set_xticks(xt)
    ax.set_xticklabels(xtl)
    ax.set_yticks(qt)
    ax.set_yticklabels(qtl)
    ax.set_xlabel('time (ms)')
    ax.set_ylabel('pulse moment (As)')

    if title is not None:
        ax.set_title(title)

    if cbar:
        cb = plt.colorbar(im, ax=ax, orientation='horizontal')
        if clab is not None:
            cb.ax.set_title(clab)

        return im, cb

#    if draw == 'misfit':
#        figh, axh = plt.subplots()
#        axh.hist(toplot.flatten(), bins=33, density=True)
#        axh.set_xlim((-5, 5))
#        figh.savefig('histogram.pdf', bbox_inches='tight')
#        plt.close(figh)

    return im



[docs]def showEtraData(survey, to_plot='real', draw='data', savename='auto',
                 rdir='.', praefix='', size=12, patch=True, clim=None,
                 perc=0.995, cmap='auto', pdf=True, png=False):
    """ Plot function to create and save data and misfit plots of etra data.

    Parameters
    ----------
    datas: array_like
        Array containing the measured data in nV. Expect one dimensional array
        of concatenated datas. First dimension defines the different recievers.
        If array is real, expect first half to contain the real component and
        second half to contain the imaginary data.

    gates: array_like
        Midpoints of the used time gates for plotting in s.

    pulses: array_like
        Used pulse moments for plotting in As.

    errors: array_like [ None ]
        Assumed errors of the datas for plotting of misfit. Same shape as data.

    draw: string [ 'data' ]
        This function can plot 'data', 'response' or 'misfit'. The last two
        only if fid are eqipped with proper response vector. See setResponse()
        of Survey class or setResponse() of Fid class for information about
        setting response vectors.

    to_plot: string [ 'real' ]
        Decides weather real or imaginary part of the data is plotted.
        Alternatively 'abs' can be used to plot absolute values.

    savename: string [ 'auto' ]
        If on auto, the savename is generated out of the other given
        parameters. If other than 'auto', the given savename is used to save
        the resulting figures. If on 'auto', see *rdir* and *praefix* for
        additional information.

    rdir: string ['.']
        If *savename*=='auto', rdir defines the directory the results are saved
        in. This is ignored if savename is not 'auto'.

    praefix: string [ '' ]
        If *savename*=='auto', praefix can be used to distinguish different
        data sets in the same *rdir*. This is ignored if savename is  not
        'auto'.

    size: integer [ 17 ]
        Fontsize for the exported figure ticks and labels.

    patch: boolean [ True ]
        As the coincident measurement and the other seven get different
        colorbars (see *clim*), a grey patch is optionally used as background
        for the first data plot. This switch can be used to omit this patch.

    clim: list or list of lists [ None ]
        The colorbar limits of the plots can be fixed. Except a list of min and
        maximum value for misfit and two of those lists for the data plot,
        whereas the first min and max is used fot the coincident measurement,
        and the second for the other seven measurements.

    perc: float [ 0.999 ]
        Percentage to autodefine the colorbar values. The defaults sets the
        maximum value to the value that is greater than 99.9 % of the data.

    """
    if isinstance(rdir, str):
        rdir = Path(rdir)

    to_plot = to_plot.lower()
    if to_plot not in ('abs', 'real', 'imag', 'phase'):
        raise Exception('to_plot is limited to "real", "imag", or "abs", '
                        '"phase" got {}'.format(to_plot))

    draw = draw.lower()
    if draw not in ('data', 'response', 'misfit'):
        raise Exception('draw is limited to "data", "response", or "misfit", '
                        ' got {}'.format(draw))

    if draw.lower() == 'misfit' or to_plot.lower() == 'phase':
        patch = False

    log.info(f'plot etra {draw}, {to_plot}')

    with plt_ioff():
        fig, ax_all = plt.subplots(2, 4, figsize=(16, 9))
        fig.subplots_adjust(
            left=0.12, bottom=None, right=None, top=None, wspace=0.1,
            hspace=0.125)

        # limits first (coincident measurement)
        if to_plot == 'real':
            func = np.real
        elif to_plot == 'imag':
            func = np.imag
        elif to_plot == 'abs':
            func = np.abs
        elif to_plot == 'phase':
            func = np.angle

        # determine style and limits for colorbars
        if draw == 'data':
            hlp1 = np.ones(0, dtype=complex)
            for dat in survey.data:
                hlp1 = np.append(hlp1, dat.flatten())
            hlp1 = func(hlp1 * 1e9)

            hlp2 = np.ones(0, dtype=complex)
            for dat in survey.data[1:]:
                hlp2 = np.append(hlp2, dat.flatten())
            hlp2 = func(hlp2 * 1e9)

        elif draw == 'response':
            hlp1 = np.ones(0, dtype=complex)
            for dat in survey.response:
                hlp1 = np.append(hlp1, dat.flatten())
            hlp1 = func(hlp1 * 1e9)

            hlp2 = np.ones(0, dtype=complex)
            for dat in survey.response[1:]:
                hlp2 = np.append(hlp2, dat.flatten())
            hlp2 = func(hlp2 * 1e9)

        elif draw == 'misfit':
            hlp1 = None
            hlp2 = None
            # misfit has fixed colorbar and range, no data needed for eval

        if to_plot == 'phase':
            unit = ' (rad)'

        elif draw == 'misfit':
            unit = ''

        else:
            unit = ' (nV)'

        cbar_label = f'{draw}, {to_plot}{unit}'

        cmap_auto, clim1 = getCMapAndLim(hlp1,
                                         misfit=draw == 'misfit',
                                         phase=to_plot == 'phase',
                                         perc=perc)

        cmap_auto, clim2 = getCMapAndLim(hlp2,
                                         misfit=draw == 'misfit',
                                         phase=to_plot == 'phase',
                                         perc=perc)
        if cmap == 'auto':
            cmap = cmap_auto

        onecbar = False
        if clim is not None:
            # force colorbar manually -> one colorbar to rule them all
            if isinstance(clim[0], (list, tuple, np.ndarray)):
                clim1 = clim[0]
                clim2 = clim[1]
                onecbar = False
            else:
                clim1 = clim
                clim2 = clim
                onecbar = True
                patch = False

        bb0 = ax_all[0, 0].figbox.bounds
        bb1 = ax_all[1, 0].figbox.bounds

        if draw == 'misfit' or to_plot == 'phase' or onecbar:
            cba0 = fig.add_axes([0.05, bb1[1], 0.02, bb0[1] - bb1[1] + bb1[3]])
            cba1 = None
        else:
            cba0 = fig.add_axes([0.05, bb0[1], 0.02, bb0[3]])
            cba1 = fig.add_axes([0.05, bb1[1], 0.02, bb0[3]])

        for i, ax in enumerate(ax_all.flatten()):

            im = drawFid(ax, survey.fids[i], draw=draw,
                         cmap=cmap,
                         clim=clim1 if i == 0 else clim2,
                         to_plot=to_plot,
                         cbar=False)

            if i == 0:
                ax.set_title('Tx/Rx (coincident)')
                im0 = im
            else:
                ax.set_title('Rx {}'.format(i))

            if draw in ('data', 'response') and i == 1:
                im1 = im

            if i not in (0, 4):
                ax.set_ylabel('')
                ax.set_yticks([])

            if i < 4:
                ax.set_xlabel('')
                ax.set_xticks([])

            setAxSize(ax, size)

        cb0 = plt.colorbar(im0, cax=cba0, orientation='vertical')
        cb0.set_label(cbar_label, rotation=90, size=size)
        cba0.yaxis.set_ticks_position('left')
        cba0.yaxis.set_label_position('left')
        cba0.tick_params(labelsize=size)

        if cba1 is not None:
            cb1 = plt.colorbar(im1, cax=cba1, orientation='vertical')
            cb1.set_label(cbar_label, rotation=90, size=size)
            cba1.yaxis.set_ticks_position('left')
            cba1.yaxis.set_label_position('left')
            cba1.tick_params(labelsize=size)

        if patch:
            addPatch(ax_all[0, 0], cbar_ax=cba0)

        if savename == 'auto':
            name = rdir.joinpath(f'{praefix}{draw}_{to_plot}')
        else:
            name = Path(savename)

        if png:
            log.info('saving png: {}'.format(name.as_posix()))
            fig.savefig(
                name.with_suffix('.png').as_posix(), bbox_inches='tight',
                facecolor='none', edgecolor='none')
        if pdf:
            log.info('saving pdf: {}'.format(name.with_suffix('.pdf')
                                             .as_posix()))
            fig.savefig(
                name.with_suffix('.pdf').as_posix(), bbox_inches='tight',
                facecolor='none', edgecolor='none')

        plt.close(fig)



[docs]def drawCWeight(ax, mesh, cweight, lmin=0, lmax=0.8, cmin=0.2, cmax=1,
                min_plot=0.02, color='black', cell_indices=None):
    """ Draws the given cweights defined for given mesh on given ax.

    Parameters
    ----------

    ax: plt.ax
        Ax to plot constraint weights in.

    mesh: pg.Mesh
        Mesh object where the constraints are defined in.

    cweight: np.ndarray
        Constraint values to be plotted.

    lmin: float [ 0 ]
        Minimum linewidth for maximum cweight defined via **cmax**.
        Note that by default high constraint values are plotted with thinner
        lines.

    lmin: float [ 0.8 ]
        Maximum linewidth for minimum cweight defined via **cmin**.

    cmin: float [ 0 ]
        Minimum constraint weight to plot. All values smaller than cmin are
        plotted with the same linewidth as cmin.

    cmax: float [ 1 ]
        Maximum constraint weight to plot. All values greater than cmax are
        plotted with the same linewidth as cmax.

    min_plot: float [ 0.02 ]
        Minimum linewidth to plot to avoid large pdfs.

    color: string [ 'black' ]
        Color of lines.

    cell_indices [ None ]

    f(cweight) -> linewidth:
        (cmin, cmax) -> (lmax, lmin) if cmin < cweight < cmax

    Returns:
    --------

    None

    """
    from matplotlib.collections import LineCollection
    mesh.createNeighbourInfos()

    lines = []
    linewidths = []

    bi = 0
    if cell_indices is None:
        # case 1/2: no node indices means we try plotting in implicit order of
        # boundaries in mesh
        boundary_ids = np.arange(len(cweight))

        bi = 0
        for bound in mesh.boundaries():
            if bound.rightCell() is not None:
                pos0 = np.array(bound.node(0).pos())[:2].tolist()
                pos1 = np.array(bound.node(1).pos())[:2].tolist()
                linew = (1 - (cweight[bi] - cmin) / (cmax - cmin)) *\
                    (lmax - lmin) + lmin
                linew = np.max([np.min([linew, lmax]), lmin])

                if linew >= min_plot:
                    lines.append([pos0, pos1])
                    linewidths.append(linew)
                bi += 1

    else:
        # case 2/2: node indices are given, which means we plot each entry of
        # cweight between the nodes with the ids given in node_indices.
        assert len(cweight) == len(cell_indices[0])
        assert len(cweight) == len(cell_indices[1])
        cells = mesh.cells()
        boundary_ids = []
        for ci in range(len(cweight)):
            cell0 = cells[cell_indices[0][ci]]
            cell1 = cells[cell_indices[1][ci]]
            try:
                boundary_ids.append(
                    np.intersect1d([cell0.boundary(0).id(),
                                    cell0.boundary(1).id(),
                                    cell0.boundary(2).id()],
                                   [cell1.boundary(0).id(),
                                    cell1.boundary(1).id(),
                                    cell1.boundary(2).id()]
                                   )[0])
            except IndexError as ie:
                log.error([[cell0.boundary(0).id(),
                            cell0.boundary(1).id(),
                            cell0.boundary(2).id()],
                           [cell1.boundary(0).id(),
                            cell1.boundary(1).id(),
                            cell1.boundary(2).id()]])
                raise ie

        boundaries = mesh.boundaries()

        for ci, bi in enumerate(boundary_ids):
            bound = boundaries[bi]
            if bound.rightCell() is not None:
                pos0 = np.array(bound.node(0).pos())[:2].tolist()
                pos1 = np.array(bound.node(1).pos())[:2].tolist()
                linew = (1 - (cweight[ci] - cmin) / (cmax - cmin)) *\
                    (lmax - lmin) + lmin
                linew = np.max([np.min([linew, lmax]), lmin])

                if linew >= min_plot:
                    lines.append([pos0, pos1])
                    linewidths.append(linew)

    ax.add_collection(
        LineCollection(lines, linewidths=linewidths,
                       color=color))



[docs]def markCbar(cbar, pos, text=None, color='white', linewidth=0.5, size=None,
             text_y_pos=1.35, cbar_horizontal=True, **kwargs):
    """ Marks a given colorbar of a plot at a specific position and optionally
    displaysa describing text. Useful to remind on a synthetic background or
    focus the view on a specific range.

    Parameters
    ----------
    cbar : matplotlib colorbar
        Colorbar to mark.
    pos : float
        Marker position in values of the colorbar (data values).
    text : string, optional
        Text to display. The default is None.
    color : string, optional
        Color used for the marker. The string is redirected to matplotlib.
        The default is 'white'.
    linewidth : float, optional
        Thickness of the marker line. The default is 0.5.
    size : integer, optional
        Size of the Text. If None the size of the ticklabel of the cbar
        axis is used. If no label is found the size is set to 9.
        The default is None.
    text_y_pos : flat, optional
        Vertical Offset for the displayed text. (or horizontal offset for
        vertical colorbars, see next argument). The default is 1.35.
    cbar_horizontal : boolean, optional
        Flag for a horizontal colorbar. The default is True.

    **kwargs : dictionary
        Redirected to the text function. Filled with default values for
        'horizontalalignment' ('center') and 'verticalalignment' ('center').

    Returns
    -------
    None.

    """
    # get labelsize from cbar
    if size is None:
        if cbar_horizontal:
            cl = cbar.ax.xaxis.get_ticklabels()
        else:
            cl = cbar.ax.yaxis.get_ticklabels()

        if len(cl) > 0:
            size = cl[0].get_size()

        else:
            size = 9  # default size, no label found

    # transform data -> [0, 1]
    inv = cbar.ax.transData
    # transform [0, 1] -> cbar trans axes (plot object)
    trans = cbar.ax.transAxes.inverted()

    kwargs.setdefault('horizontalalignment', 'center')
    kwargs.setdefault('verticalalignment', 'center')

    clim = cbar.mappable.get_clim()
    # horizontal line
    cbar.ax.plot([pos, pos], [clim[0], clim[1]], '-', color=color,
                 linewidth=linewidth)

    if text is not None:
        if cbar_horizontal:
            x_trans = trans.transform(inv.transform((pos, pos)))[0]
            y_trans = text_y_pos
        else:
            y_trans = trans.transform(inv.transform((pos, pos)))[0]
            x_trans = text_y_pos

        cbar.ax.text(x_trans, y_trans, text, transform=cbar.ax.transAxes,
                     size=size, **kwargs)



[docs]def setOuterLabelOnly(ax, xlabel='X (m)', ylabel='Z (m)'):
    """
    Removes all ticks from the given axes and labels exept the outer left
    and lower axes which are labeled using the the given labels.
    This is a convenience function for multi ax plots, where the subplots have
    the same outer dimension.
    """
    if len(ax.shape) != 2:
        log.waring(
            'setOuterLabelOnly: Warning expected 2D ax object. '
            'Add dimension, however this function does not know if given '
            'object was a column or row. Fix this by giving a 2D Axes.')
        ax = np.atleast_2d(ax)

    for xi in range(ax.shape[0]):
        for yi in range(ax.shape[1]):
            if yi == 0:
                ax[xi, yi].set_ylabel(ylabel)
            else:
                ax[xi, yi].yaxis.set_ticks([])
                ax[xi, yi].set_ylabel('')

            if xi == ax.shape[0] - 1:
                ax[xi, yi].set_xlabel(xlabel)
            else:
                ax[xi, yi].xaxis.set_ticks([])
                ax[xi, yi].set_xlabel('')


# The End
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  Source code for comet.snmr.misc

"""
Module comet/snmr/misc
"""
# COMET - COupled Magnetic resonance Electrical resistivity Tomography
# Copyright (C) 2019  Nico Skibbe

# This program is free software: you can redistribute it and/or modify
# it under the terms of the GNU General Public License as published by
# the Free Software Foundation, either version 3 of the License, or
# (at your option) any later version.

# This program is distributed in the hope that it will be useful,
# but WITHOUT ANY WARRANTY; without even the implied warranty of
# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
# GNU General Public License for more details.

# You should have received a copy of the GNU General Public License
# along with this program. If not, see <https://www.gnu.org/licenses/>.

from . IO_pdf import (exportKernelPDF, exportColorBarPDF, robustPDFSave,
                      returnFigure, closeAxis)

from . plotting_tools import setAxSize, setCBarSize, grayCBarPalette
from . plot_routines import drawSoundingCurve

from . misc import (rms, rotData, getDataPhase, meanAbs, modelKozenyGodefroy,
                    etraSourceDiscretization)

from . fromMRSMatlab import (make_x_vec, make_z_vec)

[docs]class Constants():
    @property
    def gamma(self):
        return 0.267518e9  # gamma = 2pi * gymagnetic ratio of protons

[docs]    def calcCurieFactor(self, temperature):
        """

        """
        import numpy as np
        # append factor of Curie formula to the integral
        # calculate Curie formula M0
        mass_H = 1.00794  # [g/mol]
        mass_O = 15.9994  # [g/mol]
        # unflexible, not further altered
        # dichte_20Grad = 998.20  # [kg/m³]
        density_10degree = 999.70  # [kg/m³]  # HACK fixed for 10 °C
        Avogadro = 6.002140857e23  # [mol^-1]
        Boltzmann = 1.38064852e-23  # [J/K]
        Planck = 6.62606957e-34 / (2. * np.pi)  # [Js]
        # Curie formula
        # number of spins per unit volume [1/m³] (2 per hydrogen atom)[1]
        N = 2. * density_10degree * 1000. / (2. * mass_H + mass_O) * Avogadro
        # print(N)  # check 6.65e28
        curie = N * self.gamma**2 * Planck**2 / \
            (4. * Boltzmann * temperature)
        # factor check 3.27e-3
        # print('curie factor %0.2e' % (factor))
        return curie




constants = Constants()
# The End
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  Source code for comet.snmr.kernel.kernel_bib

"""
Part of comet/snmr/kernel

This file contents parts of the MRSmatlab Kernel function part
"""
# COMET - COupled Magnetic resonance Electrical resistivity Tomography
# Copyright (C) 2019  Nico Skibbe

# This program is free software: you can redistribute it and/or modify
# it under the terms of the GNU General Public License as published by
# the Free Software Foundation, either version 3 of the License, or
# (at your option) any later version.

# This program is distributed in the hope that it will be useful,
# but WITHOUT ANY WARRANTY; without even the implied warranty of
# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
# GNU General Public License for more details.

# You should have received a copy of the GNU General Public License
# along with this program. If not, see <https://www.gnu.org/licenses/>.

import time
import os
import sys
import queue

import numpy as np
import pygimli as pg

from comet.pyhed import misc as cm
from comet.pyhed import log
from comet.pyhed.IO import checkDirectory, getItem, savefieldvtk
from comet.pyhed.loop import buildLoop, loadLoop, Loop
from comet.pyhed.plot import (showLoopLayout, setAxSize, cmap_phase, quantile,
                              getCMapAndLim)
from comet.pyhed.misc import sinhspace, progressBar

from comet.snmr.survey import Survey
from comet.snmr import misc

from pathlib import Path

import matplotlib.pyplot as plt


[docs]class Kernel(object):
    """
    Basic class to solve the NMR kernel computation.

    Parameters
    ----------

    name: string [ None ]
        If kernel is loaded from file.

    survey: survey class instance [ None ]
        Calls *setSurvey* to define underlaying survey class.
        Holds important attributes like pulse moments and the loops for
        tx and rx.

    tx: integer [ 0 ]
        Transmitter index in corresponding survey.

    rx: integer [ 0 ]
        Receiver index in corresponding survey.

    fid: interger [ 0 ]
        Sounding index in corresponding survey.

    dimension: integer [1]
        Defines the kernel integration.

    Example
    -------

    >>> from comet.snmr import kernel as k
    >>> from comet.snmr import survey
    >>> site = survey.Survey()
    >>> kernel = k.kernel(site)
    >>> kernel.calculate()
    >>> kernel.save('savename')
    >>> kernel.show()

    """
    def __init__(self, survey=None, fid=0, dimension=1, name=None):

        # attributes setted from initial call
        # -----------------------------------

        # except for *name*
        # load(name) is called after init of other attributes

        # backup for pulse moments if not fid is prepared
        # mainly for plotting after loading a kernel class from harddisk
        self._pulses_backup = None

        # survey class
        self.survey = None
        # index of corresponding sounding in survey class
        self.fid_index = None
        self.setSurvey(survey, fid=fid)

        # 1D, 2D, or 3D
        self.dimension = dimension

        # attribute init for overview
        # ---------------------------

        # interpolation matrix from loop mesh to kernel mesh
        self.interpolationMatrix = None

        # b field copies (sometimes comes in handy)
        self.txBfield = None
        self.rxBfield = None

        # integrated kernel matrix: shape (pulses, cells)
        self.K = None

        # z discretization for dim = 1
        self.kernelMesh1D = None
        self.min_thk = None
        self._zvec = None
        self._zvec_reduced = None

        # y discretization for dim = 2
        self.yvec = None
        self.kernelMesh2D = None

        # for intergration
        self.kernelMeshCellVolume = None
        self.kernelMeshCellCenter = None

        # only used in debug mode
        self.K_part1 = None
        self.K_part2 = None
        self.K_part3 = None
        self.debug = False

        # elliptical decomposition
        self.txalpha = None
        self.txbeta = None
        self.txzeta = None
        self.txperpend = None

        self.rxalpha = None
        self.rxbeta = None
        self.rxzeta = None
        self.rxperpend = None

        # separate loopmesh for both loops
        self.seploopmesh = None
        self.slm_name = None
        self.seploopmesh_dipole = None
        self.slm_dipole_name = None

        self.num_cpu = 12

        # internal h refinement of kernelmesh
        self.h_order = 0
        self.h_mat = None

        # rotation angle and magnitude of magnetization after pulses
        self.theta = None
        self.magnetization = None

        # full 3D mesh for kernel (method: getMagnetizationMesh)
        self.mag_mesh = None  # used only for magnetization calc and display

        if name is not None:
            self.load(name)

[docs]    def release_memory(self):
        """ Calling this function is releasing some attributes that are using a
        fairly big amount of memory.

        Sets the following attributes back to None:

        - The interpolation matrix between the loop meshes and the kernel mesh
        *interpolationMatrix*

        - local copies of the magnetic fields (fields in tx and rx are not
        effected)
        *txBfield*, *rxBfield*

        - the 3D kernel mesh cell center and volumes
        *kernelMeshCellVolume*, *kernelMeshCellCenter*

        - the elliptical decomposition of the tx and rx bfields
        *txalpha*, *txbeta*, *txzeta*, *txperpend*, *rxalpha*, *rxbeta*,
        *rxzeta*, *rxperpend*

        Note: a recalculation of the kernel will take about the same amount of
        time as the first call, as all cached variables are gone, however apart
        from a recalculation, the other purposes of the kernel class (export,
        figures, inversion(without recalculation)) are not effected.

        Another note: If you want to use this method only for saving disk space
        in case you save the kernel class, then you might consider the *light*
        flag of the *.save* method instead.
        """
        self.interpolationMatrix = None

        self.txBfield = None
        self.rxBfield = None

        self.kernelMeshCellVolume = None
        self.kernelMeshCellCenter = None

        self.txalpha = None
        self.txbeta = None
        self.txzeta = None
        self.txperpend = None

        self.rxalpha = None
        self.rxbeta = None
        self.rxzeta = None
        self.rxperpend = None


    def __str__(self):
        str_ = f'survey: {self.survey!r}\n'\
               f'fid: {self.fid!r}\n'\
               f'earth: {self.survey.earth!r}\n'\
               f'Tx: {self.tx!r}\n'\

        if self.tx is not None:
            str_ += f'{self.tx.config!r}\n'\

        if self.coincident:
            str_ += 'Rx: coincident\n'
        else:
            str_ += 'Rx: {0.rx!r}\n'\
                    '{0.rx.config!r}\n'.format(self)

        str_ += 'dimension: {0.dimension}'.format(self)

        if self.dimension == 1:
            if self.K is not None:
                str_ += '\nKernel Matrix pulse Moments: {0[0]} \nKernel \
Matrix layers: {0[1]}'.format(np.shape(self.K))

            else:
                str_ += r'\nKernel Matrix not calculated yet.'

        return str_

    def __repr__(self):
        str_ = 'kernel: {0.dimension}D, {1}'.format(
            self, 'coincident' if self.coincident else 'separated')
        return str_

    @property
    def larmor(self):
        """ Larmor frequency [Hz] from earth defined in survey."""
        larmor = self.survey.earth.larmor
        return larmor

    @property
    def magnetization_magnitude(self):
        magmag = self.fid.curie * misc.constants.gamma *\
            (self.survey.earth.magnitude**2)
        return magmag

    @property
    def tx_area(self):
        """ Area of the transmitter loop."""
        try:
            area = self.tx.area
        except AttributeError:
            # no tx as of yet
            area = None
        return area

    @property
    def rx_area(self):
        """ Area of the receiver loop."""
        try:
            area = self.rx.area
        except AttributeError:
            # no rx as of yet
            area = None
        return area

    @property
    def tx(self):
        """ Reference to transmitter class instance in survey."""
        if self.tx_index is None:
            tx = None
        else:
            try:
                tx = self.survey.loops[self.tx_index]
            except IndexError:
                # no tx as of yet
                tx = None
        return tx

    @property
    def rx(self):
        """ Reference to receiver class instance in survey."""
        if self.rx_index is None:
            rx = None
        else:
            try:
                rx = self.survey.loops[self.rx_index]
            except IndexError:
                # no rx as of yet
                rx = None
        return rx

    @property
    def tx_index(self):
        try:
            index = self.fid.tx_index
        except AttributeError:
            # no fid as of yet
            index = None
        return index

    @property
    def rx_index(self):
        try:
            index = self.fid.rx_index
        except AttributeError:
            # no fid as of yet
            index = None
        return index

    @property
    def coincident(self):
        coi = self.tx_index == self.rx_index
        return coi

    @property
    def fid(self):
        """ Reference to sounding (FID) class instance in survey."""
        try:
            fid = self.survey.fids[self.fid_index]
        except IndexError:
            # no fid as of yet
            fid = None
        return fid

    @property
    def zvec(self):
        """ z discretisation """
        zvec = self.getZVector(reduced=True)
        return zvec

    @zvec.setter
    def zvec(self, vector):
        """ Convinience setter. For other *min_thk* use *setZVec*. """
        if self.min_thk is None:
            self.min_thk = 0.5
        self.setZVector(vector, min_thk=self.min_thk)

    @property
    def pulses(self):
        """ Reference to pulse moments from sounding (FID)."""
        try:
            pm_vec = self.fid.pulses
            if self._pulses_backup is not None:
                self._pulses_backup = None

        except AttributeError:
            # no fid as of yet
            pm_vec = self._pulses_backup
            if pm_vec is not None:
                log.debug('kernel.pulses: from backup')
        return pm_vec

[docs]    def setPulsesDirectly(self, pulses):
        """ Set pulse moment vector manually if not supported by survey + fid.
        (This is called when loading a kernel from the harddisk, mainly for
        plotting reasons). For all calculation purposes a survey and fid class
        is recommended.
        """
        if pulses is not None:
            self._pulses_backup = np.array(pulses)


    def _updatePulses(self, disable_warning=False):
        """ Overrides the pulse moment vector of the kernel class with pulses
        found in fid.
        (Usually only called after setting a survey class in a loaded kernel.)
        Internal function, do not call from outside.
        If you are not sure if the kernel class has pulses, check the *.fid*
        or *.pulses*, otherwise load a kernel from harddisk or provide a survey
        class via *setSurvey*.
        If you change the pulses in the *fid*, the kernel recognizes them as
        changed without calling this function (which is the way the user
        controls the used pulse moments).
        """
        if not disable_warning and self._pulses_backup is not None and not \
                np.allclose(self._pulses_backup, self.pulses):
            log.warning(
                'Overriding pulse moments ({}) with new pulse moment vector '
                'from fid ({}).'.format(self._pulses_backup,
                                        self.pulses))

        self._checkPulses()
        # fid holds pulse, setting backup back to None to avoid interaction
        # (self._pulses_backup is only used after loading kernel from harddisk
        # without fid class instance provided)
        self._pulses_backup = None

    @property
    def shape(self):
        if self.dimension == 1:
            m_dim = len(self.zvec) - 1
        else:
            if self.kernelMesh2D is not None:
                m_dim = self.kernelMesh2D.cellCount()
            else:
                m_dim = 0

        if self.pulses is None:
            npulses = 0
        else:
            npulses = len(self.pulses)

        # so (0, 0) indicates: no pulses, no mesh
        return (npulses, m_dim)

    @property
    def updatable(self):
        up = self.rx is not None and self.tx is not None
        up = up and self.pulses is not None
        return up

[docs]    def setDebug(self, debug: bool):
        self.debug = debug


[docs]    def setSurvey(self, survey, fid=0):
        """ Sets survey class containing necessary information for the kernel.

        Parameters
        ----------
        survey: comet.snmr.survey.Survey or None
            Sets given survey class instance or create empty class instance.

        fid: integer [ 0 ]
            Index of corresponding sounding in the survey.
        """
        if survey is None:
            self.survey = Survey()
        else:
            self.survey = survey

        self.fid_index = fid

        if self.fid is not None:
            self._updatePulses()


[docs]    def setTx(self, tx, **kwargs):
        """ Sets initialized loop or pipe arg and kwargs to *loadLoop*. """
        if isinstance(tx, str):
            self.tx = loadLoop(tx, **kwargs)
        else:
            self.tx = tx


[docs]    def setRx(self, rx, **kwargs):
        """ Sets initialized loop or pipe arg and kwargs to *loadLoop*. """
        if isinstance(rx, str):
            self.rx = loadLoop(rx, **kwargs)
        else:
            self.rx = rx


[docs]    def setModel(self, *args, **kwargs):
        """ Pipes args and kwargs to *self.tx.setModel*. Same for rx."""
        self.tx.setModel(*args, **kwargs)
        if self.rx is not None:
            self.rx.setModel(*args, **kwargs)


    def _checkSrc(self):
        if self.tx is None:
            raise Exception('No transmitter found.')

        elif self.tx.type == 'Dummy':
            raise Exception('Only dummy transmitter found.')

        if self.rx is None:
            raise Exception('No receiver found.')

        elif self.rx.type == 'Dummy':
            raise Exception('Only dummy receiver found.')

    def _checkPulses(self):
        if self.fid is None:
            raise Exception(
                f'No sounding ({self.fid_index}) found in {self.survey}')

        if self.pulses is None:
            raise Exception(
                f'No pulses found in {self.fid}')

[docs]    def createZVector(self, numz, minz, min_thk=0.5):
        """
        Creates a sinus hyperbolicus shaped Z discretisation in numz
        steps between 0 and minz.
        """
        vector = np.sinh(
            np.linspace(0.0, np.arcsinh(-np.abs(minz)), numz + 1))
        self.min_thk = min_thk
        self.setZVector(vector, min_thk=self.min_thk)


[docs]    def getZVector(self, reduced=True):
        if reduced is True:
            return self._zvec_reduced
        else:
            return self._zvec


[docs]    def setZVector(self, vector, min_thk=0.5):
        """ Defines the attribute zvec.

        Sets the given vector as z discretization. Attention: the value for
        min_thk defines the minimum thickness of the discretization used in the
        end. For all thicknesses in vector smaller than min_thk, the Kernel is
        integrated to match the min_thk. For calulation of the kernel function
        the original given vector is used.

        Parameters
        ----------
        vector: array_like
            Z discretization in m to be used for the kernel calculation. If a
            new vector is to be created, please also take a look at the method
            *createZVector*.

        min_thk: float
            Minimum thickness te kernel and zvec is integrated if returned.
            This leads to higher accuracy in the vicinity of the loop.

        """
        if self.dimension != 1:
            log.warning('Setting zvec for kernel of Dim = {} is useless.'
                        .format(self.dimension))

        self._zvec = np.array(vector)
        self.min_thk = min_thk

        if self._zvec is not None:
            a, b = cm.vec.cumsumDepth(self._zvec,
                                      min_thk=self.min_thk)
            self.z_index, self._zvec_reduced = a, b
        else:
            self.z_index = None
            self._zvec_reduced = None


[docs]    def setYVector(self, vector):
        if self.dimension != 2:
            log.warning('Setting yvec for kernel of Dim = {} is useless.'
                        .format(self.dimension))

        self.yvec = np.array(vector)


[docs]    def getSliceCoords(self):
        """
        Returns input coordinates for custEM Slice interpolation of magnetic
        fields to the kernel slices.
        """
        slice_coords = self.kernelMeshCellCenter.T.reshape(
            (len(self.yvec) - 1), -1, 3)

        slice_list = []
        for subslice in slice_coords:
            slice_list.append(subslice)

        return slice_list


[docs]    def getKernel(self, reduced=True):
        if self.K is None:
            kern = None
        else:
            if self.dimension == 1 and reduced:
                kern = cm.vec.sumBetweenIndices(self.K, self.z_index, axis=1)
            else:
                kern = self.K
        return kern


[docs]    def createSeperatedLoopMesh(self, name='SepLoopMesh', dipole=True,
                                exportVTK=False,
                                refinement_para=1.0,
                                max_area_factor=1.0):
        """
        Creates a mesh that contains the receiver and the transmitter loop.
        """
        # tx and rx needed
        self._checkSrc()

        checkDirectory(name, filename=True)
        if self.coincident:
            pos = self.tx.pos
        else:
            pos = np.concatenate((self.tx.pos, self.rx.pos), axis=0)

        pos = pg.utils.unique_rows(pos)
        hlp = Loop((pos,
                    np.ones(len(pos)),  # fake phi
                    np.ones(len(pos)),  # fake ds
                    False,  # grounded
                    'arbitrary'
                    ))
        hlp.setMeshParameters(refinement_para=refinement_para,
                              max_area_factor=max_area_factor)
        self.seploopmesh = pg.Mesh(hlp.createLoopMesh(savename=name))
        if exportVTK is True:
            self.seploopmesh.exportVTK('sepLoop.vtk')

        self.slm_name = (hlp.loop_mesh_name + '.')[:-1]  # copy string

        if dipole is True:
            self.seploopmesh_dipole = \
                pg.Mesh(hlp.createDipoleMesh(savename=name))
            self.slm_dipole_name = (hlp.dipole_mesh_name + '.')[:-1]
            if exportVTK is True:
                self.seploopmesh_dipole.exportVTK('sepDipole.vtk')


[docs]    def create1DKernelMesh(self,
                           max_length=0.1,
                           area=100.,
                           quality=32,
                           zvec=None,
                           size_factor=2.5,
                           z_factor=2.5,
                           export_xyplane=None,
                           max_dipoles=2000,
                           calc_3D_stats=True,
                           xmin=None,
                           xmax=None,
                           ymin=None,
                           ymax=None):
        """
        In order to integrate the kernel to a 1D structure without
        interpolation errors, a special mesh consisting of triangular zylinders
        has to be defined.

        Parameters
        ----------

        max_length: float [ 0.1 ]
            Defines the smallest edge length for the discretisation of the loop
            . In order to get admirable kernel results a value of 0.1 meters
            should be the maximum.

        area: float [ 100. ]
            Defines the maximum Area a triangle in the loop slice can have.

        quality: float [ 32. ]
            Defines the smallest angle inside a triangle. Be careful with
            values above 35.

        zvec: array_like [ None ]
            Usualy the zvec is defined automatically, this flag gives the user
            the optional possibility to give a zvec from outside the funktion.

        size_factor: float [ 2.5 ]
            Extension of the kernel mesh (and therefore integration volume)
            in the x and y direction. Should be at least 2 times the loop
            diameter or shortest edge length. This value defines the multipier.

        z_factor: float [ 2.5 ]
            Maximum depth of the Kernel. Should be at least 2 times the loop
            diameter or shortest edge length. This value defines the multipier.

        export_xyplane: string [ None ]
            Filename for the resulting kernel mesh plane in 2D can be
            exported for debugging or simply to check the mesh (vtk).

        max_dipoles: interger [ 2000 ]
            Fallback for high node density loops. This sets an overall maximum
            for the number of dipoles used for the loop discretization.
            However this only comes into account in rare cases.
        """
        # input checks
        self._checkSrc()

        if self.tx.type == 'Dummy':
            raise Exception('need proper Loop for creating a KernelMesh.')

        # compute outer limits for loopmesh
        max_length = max(max(sum(self.tx.ds), sum(self.rx.ds)) / max_dipoles,
                         max_length)

        log.debug(f'create1DKernelMesh: wire discretization: {max_length} m')

        txhlp = buildLoop(self.tx.pos, max_length=max_length)

        if not self.coincident:
            rxhlp = buildLoop(self.rx.pos, max_length=max_length)
            pos = np.concatenate((txhlp.pos, rxhlp.pos), axis=0)
            pos = pg.utils.unique_rows(pos)
            maxdis = min(txhlp._maxdistance, rxhlp._maxdistance)

        else:
            pos = txhlp.pos
            maxdis = txhlp._maxdistance

        minx = np.min(pos[:, 0]) - size_factor * maxdis
        maxx = np.max(pos[:, 0]) + size_factor * maxdis
        miny = np.min(pos[:, 1]) - size_factor * maxdis
        maxy = np.max(pos[:, 1]) + size_factor * maxdis

        minz = np.min(self.tx.pos[:, 2]) - z_factor * maxdis

        if xmin is not None:
            minx = min(minx, xmin)

        if xmax is not None:
            maxx = max(maxx, xmax)

        if ymin is not None:
            miny = min(miny, ymin)

        if ymax is not None:
            maxy = max(maxy, ymax)

        if len(pos) == 1:  # just one dipole
            # 10 * 10 unit cube around the dipole
            minx = -10. + pos[0][0]
            maxx = 10. + pos[0][0]
            miny = -10. + pos[0][1]
            maxy = 10. + pos[0][1]
            minz = -10. + pos[0][2]

        area2D = (maxx - minx) * (maxy - miny)
        cell_aprox = int(area2D // area)

        if cell_aprox > 100000:
            log.warning(
                'this will be a faily big 1D kernel mesh, you may consider '
                'using another value for area in *create1DKernelMesh*. This '
                'mesh will have roughly {} cells + source discretization.'
                .format(cell_aprox))

        log.debug('cells due to area parameter: at least {} / {} ~ {} cells.'
                  .format(area2D, area, cell_aprox))

        if zvec is None:
            # create new
            if self.zvec is None:
                if self.pulses is None:
                    numZ = 80
                else:
                    numZ = len(self.pulses) * 4
                self.createZVector(numZ, minz)
        else:
            # set given
            self.setZVector(zvec)

        # build kernel mesh: outer mesh
        kernelpoly = pg.Mesh(2)
        ob0 = kernelpoly.createNode(minx, miny, 0)
        ob1 = kernelpoly.createNode(maxx, miny, 0)
        ob2 = kernelpoly.createNode(maxx, maxy, 0)
        ob3 = kernelpoly.createNode(minx, maxy, 0)
        kernelpoly.createEdge(ob0, ob1)
        kernelpoly.createEdge(ob1, ob2)
        kernelpoly.createEdge(ob2, ob3)
        kernelpoly.createEdge(ob3, ob0)

        # build kernel mesh: sources
        for position in pos:
            kernelpoly.createNode(position)

        # build kernel mesh: create triangle mesh
        kernelmesh = pg.meshtools.createMesh(
            kernelpoly, quality=quality, area=area,
            smooth=[2, 1])

        if export_xyplane is not None:
            kernelmesh.exportVTK(export_xyplane)

        self.set1DKernelMesh(kernelmesh, calc_3D_stats=calc_3D_stats)


[docs]    def set1DKernelMesh(self, mesh, calc_3D_stats=True):
        """ Sets the 1D kernel mesh.

        Parameters
        ----------
        mesh: stirng or pygimli.Mesh
            Filename or mesh instance of a 2D mesh in the x-y plane.

        Need
        ----
        z discretization:
            Can be setted via *createZVector*, *setZVector* or
            direct use of *create1DKernelMesh*. However the needed information
            to do that may not be available on the fly, therefore no default
            z vector is created.
        """
        # optionally load mesh
        if isinstance(mesh, str):
            mesh = pg.Mesh(mesh)

        assert mesh.dim() == 2, f'need 2D Mesh, got {mesh.dim()}D Mesh'

        if self.zvec is None:
            raise Exception('Need z vector. Please use eiterh createZVector or'
                            ' setZVector method.')

        self.kernelMesh1D = mesh

        self._evalKernelMesh(mesh, calc_3D_stats=calc_3D_stats)


    def _evalKernelMesh(self, mesh, calc_3D_stats=True):
        """ Internal function to evalualte the kernel mesh cell center and
        volume.
        Midpoints of the virtual cells (virtual because there is no actual
        3D Mesh)
        """
        # midpoints of the virtual cells (virtual because
        # there is no actual 3D Mesh)
        if self.dimension == 1:
            if calc_3D_stats:
                zmid = (self._zvec[:-1] + self._zvec[1:]) / 2.
                zheight = -(self._zvec[1:] - self._zvec[:-1])
                cc = np.array(mesh.cellCenters())
                self.kernelMeshCellCenter = np.tile(cc, [len(zmid), 1]).T
                self.kernelMeshCellCenter[2] = \
                    np.repeat(zmid, mesh.cellCount())

                ca = np.array(mesh.cellSizes())
                self.kernelMeshCellVolume = \
                    np.tile(ca, len(zheight)) * \
                    np.repeat(zheight, mesh.cellCount())

            self.interpolationMatrix = None

        elif self.dimension == 2:
            if self.yvec is None or len(self.yvec) == 0:
                raise Exception('Cannot calculate cell centers without y vec.')
            if calc_3D_stats:
                # midpoints of the virtual cells (virtual because
                # there is no actual 3D Mesh)
                ymid = (self.yvec[:-1] + self.yvec[1:]) / 2
                # lengths of the cells
                ylength = np.abs(self.yvec[1:] - self.yvec[:-1])
                kernelCellCenter2D = np.array(mesh.cellCenters())

                if np.allclose(kernelCellCenter2D[:, 2], 0):
                    kernelCellCenter2D = np.column_stack(
                        (kernelCellCenter2D[:, 0],
                         kernelCellCenter2D[:, 2],
                         kernelCellCenter2D[:, 1]))

                self.kernelMeshCellCenter = np.tile(kernelCellCenter2D,
                                                    [len(ymid), 1]).T
                self.kernelMeshCellCenter[1] = np.repeat(
                    ymid, mesh.cellCount())
                kernelCellAreas2D = np.array(mesh.cellSizes())
                self.kernelMeshCellVolume = np.tile(
                    kernelCellAreas2D, len(ylength)) * \
                    np.repeat(ylength, mesh.cellCount())

            self.interpolationMatrix = None

        else:
            # not needed for 0D and 3D
            pass

[docs]    def create2DKernelMesh(self, area=15., quality=34, yvec=None, x_factor=5,
                           z_factor=2, savename=None, export_xzplane=None,
                           calc_3D_stats=True, order=0):
        """
        Similary to the mesh in the 1D case a special mesh consisting of
        triangluar zylinders is generated. The Zylinders are pointing in the y
        direction to allow a perfect integration to the x-z plane.

        Parameters
        ----------

        area: float [15.]
            Affects the maximum area a triangle in the 2D slice is allowed to
            have. Higher Values lead to bigger cells.

        quality: float [34]
            Defines the smallest angle inside a triangle. Be careful with
            values above 34.5. Higher values = more cells.

        yvec: ndarray, list [None]
            Usualy the y vector is defined automatically, this flag gives the
            user the optional possibility to give a YVec from outside the
            function.

        x_factor: float [2]
            Extension of the kernel mesh (and therefore integration volume)
            in the x direction. Should be at least 2 times the loop
            diameter or shortest edge length. This value defines the multipier.

        z_factor: float [2]
            Extension of the kernel mesh (and therefore integration volume)
            in the z direction. Should be at least 2 times the loop
            diameter or shortest edge length. This value defines the multipier.

        savename: string [None]
            If a savename is given, the resulting 2D Mesh is saved in the .bms
            format for later use.

        export_xyplane: string [ None ]
            Filename for the resulting kernel mesh plane in 2D can be
            exported for debugging or simply to check the mesh (vtk).

        """
        # compute inner limits for kernelmesh
        self._evalOuterDims()

        kernelpoly = pg.meshtools.createWorld(
            (self.minx, float(self.minz)),
            (self.maxx, float(self.maxz)))

        log.info('create2DKernelMesh: discretisation inner mesh: {:0.4f} m²'
                 .format(self.min_dis**2))

        innermesh = pg.meshtools.createMesh(
            kernelpoly,
            quality=quality,
            area=self.min_dis**2,
            smooth=[2, 1])

        # ax, cbar = pg.viewer.showMesh(innermesh,
        #                               innermesh.cellMarkers(),
        #                               cMap='summer',
        #                               label='region marker')

        # inner is ready
        innermesh.setCellMarkers(np.ones(innermesh.cellCount(), dtype=int))

        endSizeX = self.max_dis * x_factor
        endSizeZ = self.max_dis * z_factor
        log.debug(f'Append boundary: {endSizeX} x {endSizeZ}')
        log.info(f'create2DKernelMesh: discretisation \
                 outer mesh: {area:0.2f} m²')


        kernelmesh = pg.meshtools.appendTriangleBoundary(
                         innermesh,
                         xbound=(endSizeX - self.max_dis) / 2,
                         ybound=endSizeZ,
                         marker=2,
                         area=area,
                         quality=quality,
                         smooth=True,
                         isSubSurface=True,
                         addNodes=5)

        # print(innermesh)
        # print(kernelmesh)

        # ax, cbar = pg.viewer.showMesh(kernelmesh,
        #                               kernelmesh.cellMarkers(),
        #                               cMap='summer',
        #                               label='region marker')

        if savename is not None:
            checkDirectory(savename, filename=True)
            kernelmesh.save(savename + '.bms')
            print(f'2DKernelmesh saved as {savename}.bms')

        if export_xzplane is not None:
            checkDirectory(export_xzplane, filename=True)
            kernelmesh.exportVTK(export_xzplane + '.vtk')
            log.info(f'2DKernelmesh exported as {export_xzplane}.vtk')

        if yvec is None:
            self.createYVec()
        else:
            self.yvec = np.array(yvec)

        self.set2DKernelMesh(kernelmesh, calc_3D_stats=calc_3D_stats,
                             order=order)


    def _evalOuterDims(self):
        """ Internal function. Calculates the outer dims of the mesh. """
        self._checkSrc()

        if self.coincident:
            pos = self.tx.pos
            self.min_dis = self.tx._mindistance
            self.max_dis = self.tx._maxdistance

        else:
            pos = np.concatenate((self.tx.pos, self.rx.pos), axis=0)
            self.min_dis = np.min([self.tx._mindistance,
                                   self.rx._mindistance])
            self.max_dis = np.min([self.tx._maxdistance,
                                   self.rx._maxdistance])

        self.minz = np.min([-self.min_dis, -0.5])
        self.minx = np.min(pos[:, 0]) + self.minz
        self.maxx = np.max(pos[:, 0]) - self.minz
        self.miny = np.min(pos[:, 1]) + self.minz
        self.maxy = np.max(pos[:, 1]) - self.minz
        self.maxz = 0.

        if self.tx.type == 'line' or self.rx.type == 'line':
            self.minx = np.min([self.minx, self.miny])
            self.miny = np.min([self.minx, self.miny])
            self.maxx = np.max([self.maxx, self.maxy])
            self.maxy = np.max([self.maxx, self.maxy])

        if len(pos) == 1:  # just one dipole
            self.minx = -5. + pos[0][0]
            self.maxx = 5. + pos[0][0]
            self.miny = -5. + pos[0][1]
            self.maxy = 5. + pos[0][1]
            self.minz = -1. + pos[0][2]

[docs]    def create1DInterpolationSlices(self):
        coords = create1DInterpolationSlices(self)
        return coords


[docs]    def create2DInterpolationSlices(self):
        coords = create2DInterpolationSlices(self)
        return coords


[docs]    def createYVec(self, max_length=0.2, max_num=300, y_factor=2.,
                   calc_3D_stats=True):
        """ Creates the y vector discretization for the 2D kernel mesh.

        The y vector represents the y values of the 3D Kernel mesh before
        the integration to 2D.

        Parameters
        ----------
        max_length: float [ 0.2 ]
            Maximum distance between two slices inbetween the source dipoles.

        max_num: integer [ 300 ]
            Maximum number of slices. Overrides
            max_length if they conflict.

        y_factor: float [ 2. ]
            Extension of the kernel mesh (and therefore integration volume)
            in the y direction. Should be at least 2 times the loop
            diameter or shortest edge length. This value defines the multipier.
        """
        # hyperbolic sine
        self._evalOuterDims()
        pos = self.tx.pos
        if not self.coincident:
            pos = np.concatenate((pos, self.rx.pos), axis=0)

        midYVec = np.arange(self.miny, self.maxy, max_length)

        if len(midYVec) > max_num//3:
            midYVec = np.linspace(self.miny, self.maxy, max_num//3)

        leftYVec = sinhspace(self.miny,
                             self.miny - self.max_dis * y_factor,
                             len(midYVec))[::-1]

        rightYVec = sinhspace(self.maxy,
                              self.maxy + self.max_dis * y_factor,
                              len(midYVec))

        self.setYVector(np.unique(
            np.concatenate([leftYVec, midYVec, rightYVec])))

        if self.kernelMesh2D is not None and calc_3D_stats:
            # new y vec triggers new evaluation of kernelmesh
            self.set2DKernelMesh(self.kernelMesh2D, yvec=None,
                                 order=self.h_order,
                                 integration_mat=self.h_mat,
                                 calc_3D_stats=True)


[docs]    def set2DKernelMesh(self, inmesh, yvec=None, order=0,
                        integration_mat=None, calc_3D_stats=True):
        """ kwargs to createYVec if YVec is None """
        log.info('set2DKernelMesh: {!s}, order={}'.format(inmesh, order))
        self.kernelMesh2D = pg.Mesh(inmesh)
        self.h_order = order
        if self.h_order > 0:
            # for i in range(self.h_order):
            if integration_mat is None:
                # case 1/2: create h refinement and calc int mat
                kernelmesh, self.h_mat = cm.createH2(self.kernelMesh2D,
                                                     order=self.h_order,
                                                     integration_mat=True)
            else:
                # case 2/2: set integration mat from outside
                kernelmesh = cm.createH2(self.kernelMesh2D,
                                         order=self.h_order,
                                         integration_mat=False)
                self.h_mat = integration_mat

        else:
            kernelmesh = pg.Mesh(self.kernelMesh2D)

        self.interpolationMatrix = None

        # for interpolation purposes of magnetic fields
        self.slice_positions = kernelmesh.cellCenters()

        # y-vector: 2D -> 3D
        kernelmesh.setDimension(3)
        kernelmesh.rotate(pg.RVector3(np.pi/2., 0, 0))  # x, y --> x, z
        # validation test for rotation
        # kernelmesh.exportVTK('Kernel2D_XZSlice.vtk')
        if yvec is not None:
            self.setYVector(yvec)

        elif self.yvec is None:
            self.createYVec()

        else:
            # midpoints of the virtual cells (virtual because there is no actual
            # 3D Mesh)
            self._evalKernelMesh(kernelmesh, calc_3D_stats=calc_3D_stats)


    def _checkInterpolation(self, slices=False):
        """Internal function to evalate if interpolation can be done.
        To prevent cpp error messages after very long calculation time.
        """
        if self.dimension not in (1, 2):
            # shortcut
            return

        if slices:
            if self.dimension == 1:
                # case 1.1: slice interpolation for 1D
                if self.kernelMesh1D is None:
                    raise Exception(
                        'Check Interpolation: No kernel mesh found.')
                if self.zvec is None:
                    raise Exception(
                        'Check Interpolation: No z vector found.')
                kern_minx = self.kernelMesh1D.xmin()
                kern_maxx = self.kernelMesh1D.xmax()
                kern_miny = self.kernelMesh1D.ymin()
                kern_maxy = self.kernelMesh1D.ymax()
                kern_minz = np.min(self.getZVector(reduced=False))
                kern_maxz = np.max(self.getZVector(reduced=False))

            elif self.dimension == 2:
                # case 1.2: slice interpolation for 2D
                if self.kernelMesh2D is None:
                    raise Exception(
                        'Check Interpolation: No kernel mesh found.')
                if self.yvec is None:
                    raise Exception(
                        'Check Interpolation: No y vector found.')
                kern_cc = np.array(self.kernelMesh2D.cellCenters()).T
                kern_minx = np.min(kern_cc[0])
                kern_maxx = np.max(kern_cc[0])
                mid_y = self.yvec[1:] - self.yvec[:-1]
                kern_miny = np.min(mid_y)
                kern_maxy = np.max(mid_y)
                kern_minz = np.min(kern_cc[2])  # self.kernelMesh2D.zmin()
                kern_maxz = np.max(kern_cc[2])  # self.kernelMesh2D.zmax()

        else:

            if self.dimension == 1:
                # case 2.1: direct interpolation for 1D
                if self.kernelMeshCellCenter is None:
                    if self.kernelMesh1D is not None:
                        self._evalKernelMesh()
                    else:
                        raise Exception(
                            'Check Interpolation: No kernel mesh found.')

            elif self.dimension == 2:
                # case 2.2: direct interpolation for 2D
                if self.kernelMeshCellCenter is None:
                    if self.kernelMesh2D is not None:
                        self._evalKernelMesh()
                    else:
                        raise Exception(
                            'Check Interpolation: No kernel mesh found.')

            # case 2: direct interpolation for 1D/2D
            coords_k = self.kernelMeshCellCenter
            kern_minx = np.min(coords_k[0])
            kern_maxx = np.max(coords_k[0])
            kern_miny = np.min(coords_k[1])
            kern_maxy = np.max(coords_k[1])
            kern_minz = np.min(coords_k[2])
            kern_maxz = np.max(coords_k[2])

        # all cases: loop discretization
        coords_l = None

        if self.seploopmesh is not None:
            coords_l = np.array(self.seploopmesh.positions()).T

        elif self.rx is not None and self.rx is not None:
            if self.tx.loopmesh is not None:
                coords_l = np.array(self.tx.loopmesh.positions()).T
                if self.rx.loopmesh is not None:
                    coords_l = \
                        np.concatenate((np.array(
                                           self.tx.loopmesh.positions()),
                                        np.array(
                                           self.tx.loopmesh.positions())),
                                       axis=0).T

        else:
            pass

        if coords_l is None:
            raise Exception('Check Interpolation: No src mesh found.')

        k1 = np.array([-kern_minx, kern_maxx,
                       -kern_miny, kern_maxy,
                       -kern_minz, kern_maxz])

        l1 = np.array([-np.min(coords_l[0]), np.max(coords_l[0]),
                       -np.min(coords_l[1]), np.max(coords_l[1]),
                       -np.min(coords_l[2]), np.max(coords_l[2])])

        out = k1 > l1
        raiseit = False
        if np.any(out):
            print(np.allclose(k1[out], l1[out]))
            if not np.allclose(k1[out], l1[out]):
                raiseit = True

        if raiseit:
            raise Exception('Kernelmesh is greater than loopmesh, '
                            'interpolation of Bfield will fail. '
                            'Change one of the meshes')

[docs]    def calcInterpolationMatrix(self):  # , num_cpu=8):
        self._checkInterpolation()

#        self.interpolationMatrix = \
#            calcInterpolationMatrix_para(self.tx.loopmesh,
#                                         self.kernelMeshCellCenter.T,
#                                         num_cpu=num_cpu)
        # unparallelized
        self.interpolationMatrix = \
            self.tx.calculateInterpolationMatrix(
                self.kernelMeshCellCenter.T)


[docs]    def BFieldCalculation(self, loop_mesh=None, dipole_mesh=None,
                          interpolate=False,
                          just_loop_fields=False, recalc_loop_fields=False,
                          recalc_primary=False,
                          num_cpu=12, **kwargs):
        """
        Calculates the Bfield for the kernel function for tx and rx.

        internal call of `loop.calculate()` including decision if cell based or
        node based Bfield is needed.
        All optional parameters are piped to the `loop.calculate()` call.
        Based on the desired dimension of the kernel a specialised mesh may be
        automatically generated for the calculation.

        Part 1/3 of the kernel calculation. Called automatically if
        `kernel.calculate` is called.
        """
        self._checkSrc()

        if recalc_primary and self.dimension == 2:
            if self.tx.secondary is None:
                raise Exception('No secondary field found on tx: {!r}'
                                .format(self.tx))
            if self.rx is not None:
                if self.rx.secondary is None:
                    raise Exception('No secondary field found on rx: {!r}'
                                    .format(self.rx))

        if isinstance(loop_mesh, str):
            loop_mesh = pg.Mesh(loop_mesh)

        # no loomesh given, search in tx (and rx)
        if loop_mesh is None:

            loop_mesh = self.tx.loopmesh  # ok take tx mesh
            log.debug(f'BFieldCalculation: found loopmesh: '
                      f'{self.tx.loop_mesh_name}')
            if loop_mesh is not None:  # if found
                if not self.coincident:  # check for rx too
                    same_mesh = False
                    if self.rx.loopmesh is self.tx.loopmesh:
                        same_mesh = True
                    else:
                        if self.rx.loopmesh.nodeCount() ==\
                                self.tx.loopmesh.nodeCount():
                            if np.allclose(
                                    self.rx.loopmesh.positions().array(),
                                    self.tx.loopmesh.positions().array()):
                                same_mesh = True
                    log.debug(
                        f'BFieldCalculation: compare to rx mesh: {same_mesh}')
                    if not same_mesh:  # same ?
                        loop_mesh = None  # no = new mesh will be generated

        log.debug('BFieldCalculation: loop_mesh: {}'.format(loop_mesh))

        cell_center = self.dimension in (0, 3)
        str_ = 'cell centers.' if cell_center else 'nodes.'

        # override transmitter loop config with larmor frequency of M field.
        self.tx.config.f = self.larmor

        # case 1: seperated loop
        if not self.coincident:
            self.rx.config.f = self.larmor
            # case 1.1: calc new
            if loop_mesh is None or (dipole_mesh is None and interpolate):
                if self.seploopmesh is None:
                    self.createSeperatedLoopMesh(dipole=interpolate)
            else:  # case 1.2: use given meshs (for example for roll along)
                self.seploopmesh = loop_mesh
                if interpolate:
                    self.seploopmesh_dipole = dipole_mesh

            if self.seploopmesh is not self.tx.loopmesh:
                log.debug(f'BFieldCalculation: set new mesh to tx: '
                          f'{self.slm_name}')
                self.tx.setLoopMesh(self.seploopmesh, savename=self.slm_name)
            if self.seploopmesh is not self.rx.loopmesh:
                log.debug(f'BFieldCalculation: set new mesh to rx: '
                          f'{self.slm_name}')
                self.rx.setLoopMesh(self.seploopmesh, savename=self.slm_name)

            if self.seploopmesh_dipole is not None:
                if self.seploopmesh_dipole is not self.tx.dipolemesh:
                    log.debug(f'BFieldCalculation: set newdipole  mesh to tx: '
                              f'{self.slm_dipole_name}')
                    self.tx.setDipoleMesh(self.seploopmesh_dipole,
                                          savename=self.slm_dipole_name)

                if self.seploopmesh_dipole is not self.rx.dipolemesh:
                    log.debug(f'BFieldCalculation: set new dipole mesh to rx: '
                              f'{self.slm_dipole_name}')
                    self.rx.setDipoleMesh(self.seploopmesh_dipole,
                                          savename=self.slm_dipole_name)

            if self.tx.field is None or recalc_loop_fields:
                log.info('Calculating magnetic field of tx for {}D-kernel on '
                         '{} ...'.format(self.dimension, str_))
                # shared loops doesnt need to be calced again
                self.tx.calculate(loop_mesh=self.seploopmesh,
                                  dipole_mesh=self.seploopmesh_dipole,
                                  interpolate=interpolate,
                                  cell_center=cell_center,
                                  num_cpu=num_cpu,
                                  **kwargs)

            if self.rx.field is None or recalc_loop_fields:
                log.info('Calculating magnetic field of rx for {}D-kernel on '
                         '{} ...'.format(self.dimension, str_))
                self.rx.calculate(loop_mesh=self.seploopmesh,
                                  dipole_mesh=self.seploopmesh_dipole,
                                  interpolate=interpolate,
                                  cell_center=cell_center,
                                  num_cpu=num_cpu,
                                  **kwargs)

        # case 2: coincident
        else:
            if loop_mesh is not None:
                if loop_mesh is not self.tx.loopmesh:
                    log.debug(f'BFieldCalculation: set new mesh to tx: '
                              f'{self.slm_name}')
                    self.tx.setLoopMesh(loop_mesh, savename=self.slm_name)
            if dipole_mesh is not None:
                if dipole_mesh is not self.tx.dipolemesh:
                    log.debug(f'BFieldCalculation: set new dipole mesh to '
                              f'tx: {self.slm_dipole_name}')
                    self.tx.setDipoleMesh(dipole_mesh,
                                          savename=self.slm_dipole_name)

            if self.tx.field is None or recalc_loop_fields:
                log.info('Calculating magnetic field of tx for {}D-kernel on '
                         '{} ...'.format(self.dimension, str_))
                self.tx.calculate(loop_mesh=loop_mesh, dipole_mesh=dipole_mesh,
                                  interpolate=interpolate,
                                  cell_center=cell_center,
                                  num_cpu=num_cpu,
                                  **kwargs)
        # tx.field -> self.txField (interpolation or directly)
        if just_loop_fields is False:
            self.interpolateBFieldToKernel(recalc_primary=recalc_primary,
                                           num_cpu=num_cpu)


[docs]    def interpolateBFieldToKernel(self, recalc_prim_on_kernel=False,
                                  recalc_primary=False,
                                  num_cpu=32,
                                  calc_3D_stats=True):
        ''' Takes the rx Bfield and interpolates it to the kernel mesh. '''
        if recalc_prim_on_kernel:
            raise Exception('to be integrated')

        if self.dimension in (1, 2):
            if self.kernelMeshCellCenter is None:
                if self.dimension == 1:
                    if self.kernelMesh1D is None:
                        log.log(16, 'Creating new kernel mesh.')
                        self.create1DKernelMesh(calc_3D_stats=calc_3D_stats)
                    else:
                        if calc_3D_stats:
                            self._evalKernelMesh(self.kernelMesh1D)
                elif self.dimension == 2:
                    if self.kernelMesh2D is None:
                        log.log(16, 'Creating new kernel mesh.')
                        self.create2DKernelMesh(calc_3D_stats=calc_3D_stats)
                    else:
                        if calc_3D_stats:
                            self._evalKernelMesh(self.kernelMesh2D)
            ticklI = time.time()
            log.log(16, 'Start interpolation of Bfield for '
                    '{}D-kernel calculation ({} points)...'
                    .format(self.dimension, len(self.kernelMeshCellVolume)))

            if self.interpolationMatrix is None:
                self.calcInterpolationMatrix()  # num_cpu=num_cpu)

            if recalc_primary:
                tx_mesh = self.tx.loopmesh
                tx_mesh_name = self.tx.loop_mesh_name
                tx_total = np.copy(self.tx.field)
                self.txBfield = cm.interpolateField_Matrix(
                    self.tx.secondary,
                    self.interpolationMatrix)

                log.log(13, 'calculating primary field on kernel mesh '
                        'directly.')
                self.tx.setLoopMesh(self.kernelMeshCellCenter.T)
                self.tx.config.ftype = 'B'
                self.tx.calculate(num_cpu=num_cpu)
                self.tx_primary = self.tx.field
                self.txBfield += self.tx_primary

                self.tx.field = np.copy(tx_total)  # reset old tx field
                self.tx.setLoopMesh(tx_mesh, savename=tx_mesh_name)

                if not self.coincident:
                    rx_mesh = self.rx.loopmesh
                    rx_mesh_name = self.rx.loop_mesh_name
                    rx_total = np.copy(self.rx.field)
                    self.rxBfield = cm.interpolateField_Matrix(
                        self.rx.secondary,
                        self.interpolationMatrix)

                    log.log(13, 'calculating primary field on '
                            'kernel mesh directly.')
                    self.rx.setLoopMesh(self.kernelMeshCellCenter.T)
                    self.rx.config.ftype = 'B'
                    self.rx.calculate(num_cpu=num_cpu)
                    self.rx_primary = np.copy(self.rx.field)
                    self.rxBfield += self.rx_primary

                    self.rx.field = rx_total
                    self.rx.setLoopMesh(rx_mesh, savename=rx_mesh_name)

            else:
                mat_rows = self.interpolationMatrix.rows()
                mat_cols = self.interpolationMatrix.cols()

                if mat_cols != self.tx.field.shape[1]:
                    raise Exception(
                        'interpolateBFieldToKernel(): Dimension mismatch '
                        'between interpolation matrix ({} x {}) and tx field '
                        'shape ({})'
                        .format(mat_cols, mat_rows, self.tx.field.shape))

                if mat_rows != len(self.kernelMeshCellVolume):
                    raise Exception(
                        'interpolateBFieldToKernel(): Dimension mismatch '
                        'between interpolation matrix ({} x {}) and kernel '
                        'mesh cell count in 3D ({})'
                        .format(mat_cols, mat_rows,
                                len(self.kernelMeshCellVolume)))

                self.txBfield = cm.interpolateField_Matrix(
                    self.tx.field,
                    self.interpolationMatrix)
                if not self.coincident:
                    if mat_cols != self.rx.field.shape[1]:
                        raise Exception(
                            'interpolateBFieldToKernel(): Dimension mismatch '
                            'between interpolation matrix ({} x {}) and rx '
                            'field shape ({})'
                            .format(mat_cols, mat_rows, self.rx.field.shape))

                    self.rxBfield = cm.interpolateField_Matrix(
                        self.rx.field,
                        self.interpolationMatrix)
                log.log(16, 'B field interpolation in {:.2f} sec'
                        .format(time.time() - ticklI))
        else:
            self.txBfield = self.tx.field
            if not self.coincident:
                self.rxBfield = self.rx.field


[docs]    def ellipticalDecomposition(self):
        """
        Computes the counter and corotating parts of the given magnetic fields
        with respect to a given earth magnetic field.

        Parameters
        ----------

        Bfield: complex field [3, n] or string
            Optional. Possibility to insert a pre calculated field.
        Inclination: float
            Inclination of the earth magnetic field at the loop site in rad
            [0... 2pi]
        Declination: float
            Declination of the magnetic field at the loop site in rad
            [0... 2pi]
        B: np.array of shape (3, n)
            Magnetic field of the loop

        Second part of the kernel calculation.

        - mainly from Weichman et al. (2000)
        """
        if self.txBfield is None:
            log.info(
                'Elliptical decomposition triggered new B-field calculation.')
            self.BFieldCalculation()

        self.txalpha, self.txbeta, self.txzeta, self.txperpend = \
            self.ellipticalDecomposition_multi(self.txBfield,
                                               self.survey.earth)
        if not self.coincident:
            self.rxalpha, self.rxbeta, self.rxzeta, self.rxperpend = \
                self.ellipticalDecomposition_multi(self.rxBfield,
                                                   self.survey.earth)

        return (self.txalpha, self.txbeta, self.txzeta),\
            (self.rxalpha, self.rxbeta, self.rxzeta)


[docs]    @staticmethod
    def ellipticalDecomposition_multi(Bfield, earth):
        """
        Computes the counter and corotating parts of the given magnetic fields
        with respect to a given earth magnetic field.

        Parameters
        ----------

        Bfield: complex field [3, n] or string
            Optional. Possibility to insert a pre calculated field.
        Inclination: float
            Inclination of the earth magnetic field at the loop site in rad
            [0... 2pi]
        Declination: float
            Declination of the magnetic field at the loop site in rad
            [0... 2pi]
        B: np.array of shape (3, n)
            Magnetic field of the loop

        Second part of the kernel calculation.
        Literature
        ----------

        - Weichman et al. (2000)
        - Hertrich (2005, Appendix)
        - Hertrich (2008, eq. 6 ff.)
        """
        tickeD = time.time()

        # Nov 2020: Finally figuring out where the conjugated kernel origins
        # this is the final fix to ensure the phase of the kernel is finally
        # consistent with pulications of Hertrich, Braun and Jiang.
        # Explaination: The negative values of the larmor frequency
        # (representing the orientation of the spins) manifests as a 180 degree
        # phase in the magneitc fields for both transmitter and receiver.
        # This has not been implemented in the magnetic field calcualtion,
        # which means it is now condidered right here.
        log.debug('Using conjugate complex of input field due to larmor sign.')
        bfield = np.conjugate(Bfield)

        # earth magnetic field: B0
        # z negativ downwards (by convention) !
        # Norm! (b0 in Hertrich 2008)
        B0 = earth.field

        # Bperp: perpendicular projection of B = Bfield vertical on B0
        # vertical components from B pertaining to B0
        # Hertrich, 2008 (eq. 4)
        scalarproduct = np.sum(B0 * bfield, 0)
        Bperp = bfield - scalarproduct * B0

        crossproduct = np.cross(Bperp, np.conj(Bperp), axis=0)
        B0_cross = B0 * crossproduct
        tmp = 1j * np.sum(B0_cross, 0)

        # 09.02.2019 switched sign from - to +
        signum = np.sign(tmp).real

        # 11.03.2020 supervised by T. Hiller, same as above!
        # signum = np.zeros_like(tmp, dtype=float)
        # signum[np.logical_or(tmp.real > 0,
        #                       np.logical_and(np.isclose(tmp.real, 0),
        #                                     tmp.imag > 0))] = 1

        # signum[np.logical_or(tmp.real < 0,
        #                       np.logical_and(np.isclose(tmp.real, 0),
        #                                     tmp.imag < 0))] = -1

        # alpha, beta, zeta
        # always real
        B_v_conj_B_v = np.sum(Bperp * np.conj(Bperp), 0).real
        B_vert_B_vert = np.sum(Bperp * Bperp, 0)

        # calc alpha and beta
        # weichman et al. 2000: eq 4.5
        alpha = np.sqrt(0.5 * (B_v_conj_B_v + np.abs(B_vert_B_vert)))
        beta_hlp = B_v_conj_B_v - np.abs(B_vert_B_vert)
        log.debug('negative beta inbound')
        log.debug('B_v_conj_B_v, {}'.format(B_v_conj_B_v[beta_hlp < 0]))
        log.debug('np.abs(B_vert_B_vert), {}'.format(
            np.abs(B_vert_B_vert)[beta_hlp < 0]))
        log.debug(beta_hlp[beta_hlp < 0])
        beta = np.real(np.lib.scimath.sqrt(beta_hlp * 0.5) * signum)

        # alpha and beta are both real,
        # however the sqrt in beta can recieve neg values, in which case the
        # result gets imaginary components. They should be near zero and can be
        # ommitted. Also zeta in the same time should be near (1 + 0j), further
        # reducing the weight of imaginary parts in beta

        # calc exp(j*zeta_trans (== phase))
        # weichman et al. 2000: eq 4.4
        zeta = np.sqrt(B_vert_B_vert / np.abs(B_vert_B_vert))

        # calc norm (was called perpendicular before 06.02.19)
        # weichman et al. 2000: eq 4.6
        # unit vector
        b_norm = np.real(Bperp / zeta) / alpha

#        log.debug('bnorm')
#        bnorm_mag = np.sqrt(np.sum(b_norm * np.conj(b_norm), axis=0))
#        log.debug((np.min(bnorm_mag), np.max(bnorm_mag)))

        log.debug('elliptical decomposition: {:.2f} sec'
                  .format(time.time() - tickeD))
        return alpha, beta, zeta, b_norm


[docs]    def kernelIntegration(self, calc_theta=False):
        """
        Computes the integration of the kernel with respect to the desired
        dimension.

        Parameters
        ----------

        decomposition: (alpha, beta, zeta)
            Bfield_part essentially consists of the output from the
            elliptical decomposition of the magnetic field.

        measurement: class
            An instance of a measurement class has to be given in order to keep
            the number of input arguments manageable.

        earthmagnitude: float
            Magnitude of the earth magnetic field [Tesla]. Aproximatly about
            30000 to 65000 nT (1 nT = 1e-9 Tesla).

        Third part of the kernel calculation.
        """
        self._checkPulses()
        tickkI = time.time()

        if self.txalpha is None:
            # alpha, beta, zeta and rest of the formulations
            # from Weichman et al. (2000)
            # from Hertrich (2008, eq. 6-10)
            self.ellipticalDecomposition()

        if self.coincident:
            self.rxalpha = None
            self.rxbeta = None
            self.rxzeta = None
            self.rxperpend = None

        # note: this function needs more memory than cpu
        ret = self.kernelCalculation_multi(
            self.fid, self.survey.earth, self.txalpha, self.txbeta,
            self.txzeta, self.txperpend, rxalpha=self.rxalpha,
            rxbeta=self.rxbeta, rxzeta=self.rxzeta, rxperpend=self.rxperpend,
            calc_theta=calc_theta)

        if calc_theta:
            K1, K2, K3, self.theta = ret
        else:
            K1, K2, K3 = ret

        self.K = K1 * K2 * K3

        np.save('KernMat_dim{}.npy'.format(self.dimension),
                self.K)

        if self.debug:
            if self.dimension != 2:
                pass
            else:
                self.K_part1 = K1
                self.K_part2 = K2
                self.K_part3 = K3
                kp12D = np.sum(np.array(
                    K1 * self.kernelMeshCellVolume).reshape(
                    len(self.pulses),
                    len(self.yvec) - 1, -1), 1)

                kp22D = np.sum(np.array(
                    K2 * self.kernelMeshCellVolume).reshape(
                    1, len(self.yvec) - 1, -1), 1)

                kp32D = np.sum(np.array(
                    K3 * self.kernelMeshCellVolume).reshape(
                    1, len(self.yvec) - 1, -1), 1)

                if self.h_order >= 1:
                    kp12D = integrateKernelH2(self.h_mat,
                                              kp12D)
                    kp22D = integrateKernelH2(self.h_mat,
                                              kp22D)
                    kp32D = integrateKernelH2(self.h_mat,
                                              kp32D)
                self.K_part1 = kp12D /\
                    np.array(self.kernelMesh2D.cellSizes())
                self.K_part2 = kp22D /\
                    np.array(self.kernelMesh2D.cellSizes())
                self.K_part3 = kp32D /\
                    np.array(self.kernelMesh2D.cellSizes())
                nk1 = 'kern_part1_3D.npy'
                np.save(nk1, self.K_part1)
                print('Kernel: DEBUG: save {}'.format(nk1))
                nk2 = 'kern_part2_3D.npy'
                np.save(nk2, self.K_part2)
                print('Kernel: DEBUG: save {}'.format(nk2))
                nk3 = 'kern_part3_3D.npy'
                np.save(nk3, self.K_part3)
                print('Kernel: DEBUG: save {}'.format(nk3))
                nk4 = 'kern_full_3D.npy'

                if self.h_order >= 1:
                    kern3D = np.ones((len(self.pulses), len(self.yvec) - 1,
                                      self.h_mat.rows()),
                                     dtype=np.complex)

                    raw = self.K.reshape(
                        len(self.pulses), len(self.yvec) - 1, -1)

                    for ip, pulse in enumerate(raw):  # pulses
                        for ik, kslice in enumerate(pulse):
                            kern3D[ip, ik] = integrateKernelH2(self.h_mat,
                                                               kslice)

                    kern3D = kern3D.reshape(len(self.pulses), -1)
                else:
                    kern3D = self.K

                np.save(nk4, kern3D)
                print('Kernel: DEBUG: save {}'.format(nk4))

        # Integration with respect to the desired dimension
        if self.dimension == 0:
            # direct sum over the volume + weighting
            self.K = np.sum(
                self.K * np.array(self.tx.loopmesh.cellSizes()), 1)

        if self.dimension == 1:  # 1D Kernel over a given z-vector
            # integration over x-y-plane to z <- 1D
            # Dimension before sum: (len(pm_vec), Z, X*Z), X*Z = dim 2
            self.K = np.sum(np.array(
                self.K * self.kernelMeshCellVolume).reshape(
                len(self.pulses), len(self._zvec) - 1, -1), 2)

        if self.dimension == 2:  # 2D Kernel over a given y-vector
            # integration over y to x-z-plane <- 2D
            # Dimension before sum: (len(pm_vec), Y, X*Z), y = dim 1
            self.K = np.sum(np.array(
                self.K * self.kernelMeshCellVolume).reshape(
                len(self.pulses), len(self.yvec) - 1, -1), 1)
#            self.K = K_full
            if self.h_order > 0:
                self.K = integrateKernelH2(self.h_mat, self.K)

                # Attention:
                self.K *= 4**self.h_order
                # nico: due to the weighting with self.kernelMeshCellVolume
                # of the refined mesh, the weigthting functions are too small.
                # The actual cell sizes of the unrefined 2D mesh are bigger
                # by a factor of 4**order.
                # Or in other words: you cannot integrate twice with weighting.
                # The second integration doesnt need another weighting.

        if self.dimension == 3:
            # just adding weight (Volume), no integration
            self.K *= np.array(self.tx.loopmesh.cellSizes())

        log.info('kernel integration {:.2f} sec'.format(time.time() - tickkI))


[docs]    @staticmethod
    def kernelCalculation_multi(
            fid, earth, txalpha, txbeta, txzeta, txperpend,
            rxalpha=None, rxbeta=None, rxzeta=None, rxperpend=None,
            calc_theta=False):
        """
        """
        def scalar(vec1, vec2):
            """
            Scalar product of two (3, n)-vectors -> (n,)-vector.
            """
            return np.sum(vec1 * vec2, 0)

        def cross(vec1, vec2):
            """
            Cross product of two (3, n)-vectors -> (3, n)-vector.
            """
            return np.cross(vec1, vec2, axis=0)

        # common stuff
        pulsevector = fid.pulses[:, np.newaxis] * \
            fid.tx_turns

        gam = misc.constants.gamma

        B0 = earth.field

        # magnetization
        if np.allclose(fid.df, 0):
            log.debug('Kernel calculation without frequency offset')
            # magnetization: no frequeny offset
            theta = 0.5 * gam * pulsevector * (txalpha - txbeta)
            magnetization = np.sin(theta)
            # different coordinate system
            # rotated reference frame
            # theta = flipwinkel = 0.5 * gam * pulsevector *
            # (txalpha - txbeta)
            # task: drehe B0 vector um txperp um den winkel theta
            # das is dann der winkel in den die magnetisierung zeigt
            # (im carthesischen coord system, nicht mehr für kernel z
            # gebrauchen)

        else:
            log.debug('Kernel calculation with df: {}'.format(
                    np.array(fid.df)))
            # magnetization with frequency offset
            theta = np.arctan2(
                0.5 * gam * pulsevector / fid.taup1 *
                (txalpha - txbeta),
                (2 * np.pi * fid.df)[:, np.newaxis])
            flip_eff = np.sqrt(
                (0.5 * gam * pulsevector *
                 (txalpha - txbeta))**2 +
                (2 * np.pi * fid.df[:, np.newaxis] *
                 fid.taup1)**2)

            magnetization = np.sin(flip_eff) * np.sin(theta)\
                - 1j * np.sin(theta) * np.cos(theta) * (np.cos(flip_eff) - 1)

        # transmitter part
        # changed tx_turns -> rx_turns (12.03.19) Aaron said yes
        K_part1 =\
            txzeta * magnetization * fid.curie * gam * \
            (earth.magnitude**2) * fid.rx_turns

        # receiver part + geometry
        if rxalpha is None:
            # coincident, normally rx, in this case rx=tx
            # not txzeta**2, txzeta is also in k_part1
            K_part2 = txzeta * (txalpha + txbeta)

            # K_part3: coincident: geometric factor = 1
            K_part3 = np.ones_like(K_part2)

        else:
            # separated case
            # not rxzeta * txzeta, txzeta is in k_part1
            K_part2 = rxzeta * (rxalpha + rxbeta)

            # K_part3: geometric factor
            K_part3 = scalar(rxperpend, txperpend) + \
                1j * scalar(B0, cross(rxperpend,
                                      txperpend))

        ret = (K_part1, K_part2, K_part3,)
        if calc_theta:
            ret += (theta,)

        return ret


[docs]    def sliceKernel2D(self, savename=None, forceNew=False, loopSaveName=None,
                      num_cpu=None, new_bfield=False,
                      loop_mesh=None, slice_name=None, **kwargs):
        """ 2D Kernel in a memory saving parallel computation approach. """

        import multiprocessing as mpc
        import tempfile as temp

        # see if tx and rx is available
        self._checkSrc()

        if self.kernelMesh2D is None:
            self.create2DKernelMesh(calc_3D_stats=False)

        tick_sI = time.time()

        if num_cpu is None:
            num_cpu = self.num_cpu

        N = len(self.yvec) - 1
        number_of_processes = min(min(mpc.cpu_count(), N),
                                  num_cpu)

        if slice_name is None:
            # Preparation of interpoaltion mesh and loops

            self.BFieldCalculation(just_loop_fields=True,
                                   loop_mesh=loop_mesh,
                                   recalc_loop_fields=new_bfield,
                                   num_cpu=num_cpu)

            if self.coincident:
                rxfield = None
                mesh = self.tx.loopmesh
            else:
                rxfield = self.rx.field
                mesh = self.seploopmesh

            if os.path.exists(self.tx.loop_mesh_name):
                temporary_mesh = False
                meshName = self.tx.loop_mesh_name
                log.debug('loop mesh for multiprocessing: {}'.format(meshName))

            else:
                # create temporary filename
                temporary_mesh = True
                tempFile = temp.NamedTemporaryFile(suffix='.bms', delete=False)
                meshName = tempFile.name
                tempFile.close()  # pygimli needs write access, hence delete=False
                log.debug('save mesh for multiprocessing: {}'.format(meshName))
                log.debug('loopmeshname: {}'.format(self.tx.loop_mesh_name))
                log.debug('exists: {}'.format(
                          os.path.exists(self.tx.loop_mesh_name)))
                mesh.save(meshName)

            self._checkInterpolation(slices=True)

        else:
            # Check if slices are available
            forcheck = Path(slice_name.format(self.fid.tx_index, 0))
            if not forcheck.exists():
                raise Exception('No slice found under :"{}"'
                                .format(forcheck))
            # no source mesh or fields are needed
            meshName = None
            rxfield = None
            temporary_mesh = False

        self.kernelMeshCellVolume = None
        self.kernelMeshCellCenter = None

        slice_queue = mpc.JoinableQueue()
        # output for worker, input for summation
        sum_slice_queue = mpc.Queue()
        # output for summation
        stop_queue = mpc.JoinableQueue()
        # end signal for summation

        parent_id = os.getpid()
        log.info('Get {} slices... start interpolating in {} parallel '
                 'processes.'.format(N, number_of_processes))

        processes = []

        if self.h_order >= 0:
            kernelMesh2D_rotated = cm.createH2(self.kernelMesh2D,
                                               order=self.h_order,
                                               integration_mat=False)

        else:
            kernelMesh2D_rotated = pg.Mesh(self.kernelMesh2D)

        kernelMesh2D_rotated.setDimension(3)
        kernelMesh2D_rotated.rotate(pg.RVector3(np.pi/2., 0, 0))
        out_pos_2d = np.array(kernelMesh2D_rotated.cellCenters())

        indices = np.array_split(range(N), number_of_processes)

        # begin different distribution, to ensure equal workload per processor
        # saves about 3-4 % calculation time - yay...
        log.debug('test different array distribution')

        slices_per_core = len(indices[0])
        indices2 = np.zeros(N, dtype=int)
        complete = 0
        for i in range(slices_per_core):
            temp = indices2[i::slices_per_core]
            indices2[i::slices_per_core] =\
                np.arange(complete, complete + len(temp), dtype=int)
            complete += len(temp)

        assert np.allclose(np.sort(indices2), np.array(range(N)))
        # some checks just prove to be worth the time

        indices = np.array_split(indices2, number_of_processes)
        # print(indices)
        # end different distribution

        for i in range(number_of_processes):
            log.debug('index: {}'.format(i))
            worker = mpc.Process(target=_2DSliceKernelWorker,
                                 args=(meshName,
                                       out_pos_2d,
                                       indices[i],
                                       self.yvec,
                                       self.tx.field,
                                       rxfield,
                                       slice_queue,
                                       parent_id,
                                       i,  # worker ID
                                       self.survey.earth,
                                       self.fid,
                                       slice_name,
                                       ))

            log.debug('created worker')
            worker.daemon = True
            processes.append(worker)
            worker.start()
            log.debug('started worker: {}'.format(worker.is_alive()))

        for p in processes:
            log.debug('still alive: {}'.format(p.is_alive()))

        # lengths of the cells = weighting (in y direction)
        sum_worker = mpc.Process(
            target=_2DSliceSummationWorker,
            args=(slice_queue,
                  sum_slice_queue,
                  stop_queue,
                  (len(self.pulses),
                   self.kernelMesh2D.cellCount()*(4**self.h_order)),
                  len(self.yvec) - 1,
                  number_of_processes,
                  parent_id))

        sum_worker.daemon = True
        sum_worker.start()
        for p in processes:
            log.debug('still alive: {}'.format(p.is_alive()))

        log.debug('started additional worker for summation: {}'
                  .format(sum_worker.is_alive()))

        isInterrupt = False
        log.debug('sum worker still alive: {}'.format(sum_worker.is_alive()))
        while True:
            try:
                if stop_queue.empty():
                    if not sum_worker.is_alive():
                        isInterrupt = True

                    if isInterrupt:
                        log.error(
                            'Sum Worker died, shutting '
                            'down the rest as well and abort run.')
                        sum_worker.terminate()
                        break

                    time.sleep(0.5)

                else:
                    # waits till all slices are summarized, queue empty
                    stop_queue.get()
                    stop_queue.task_done()
                    log.debug('join slice queue')
                    slice_queue.join()
                    log.debug('finished, end of multiprocessing, cleaning up')
                    break

            except KeyboardInterrupt:
                isInterrupt = True
                log.critical(
                    'detect Keyboard Interrupt. Shutting processes down.')
                sum_worker.terminate()
                break

        for p in processes:
            p.terminate()  # tells the process to terminate
            time.sleep(0.1)
            if p.is_alive():
                p.join()  # waits till termination of p

        if temporary_mesh:
            os.unlink(meshName)  # release temporary mesh file

        self.K = sum_slice_queue.get()  # final calculated kernel, normalized

        if self.h_order > 0:
            self.K = integrateKernelH2(self.h_mat, self.K)

        log.debug('final Kern: {}'.format(self.K.shape))
        sum_worker.terminate()  # tells sumWorker to terminate

        if sum_worker.is_alive():
            log.debug('sum_worker not terminated, join()')
            sum_worker.join()  # waits till termination of p

        # weighting over cell sizes of the actual 2D Mesh (y vec already done)
        self.K *= np.array(self.kernelMesh2D.cellSizes())

        log.info('overall interpolation time: %.4f seconds' %
                 (time.time() - tick_sI))

        if temporary_mesh:
            log.debug('temporary file deleted?: {} (supposed to be True)'
                      .format(not os.path.exists(meshName)))

        return self.K


[docs]    def save(self, savename=None, save_interpolation_mat=False,
             save_loopmesh=False, light=True,
             kernelmesh_name=None):
        """ Save the basic information to restore the Kernel class later. """
        if savename is None:
            savename = Path(f'_default_Kernel_{self.dimension}D')
        else:
            savename = Path(savename).with_suffix('')
        savename.parent.mkdir(exist_ok=True, parents=True)

        log.info('Save Kernel: {}'.format(savename))

        # flip some switches
        if light is True:
            # no matrices or meshs and no b fields, just basic NMR stuff
            # no recalculation possible after load !
            save_interpolation_mat = False
            save_loopmesh = False
            rx_bfield = None
            tx_bfield = None
        else:
            rx_bfield = self.rxBfield
            tx_bfield = self.txBfield

        # separated loop mesh
        if save_loopmesh and self.seploopmesh is not None:
            # meshsave managed by kernel class, the loops dont know this
            if self.slm_name is None:
                self.slm_name = '{}_SepLoopMesh.bms'.format(savename.stem)
            log.info(f'save separated loop mesh: {self.slm_name}')
            self.seploopmesh.save(savename.with_name(self.slm_name).as_posix())

        # kernelmesh 1D
        if self.kernelMesh1D is not None:
            if kernelmesh_name is not None:
                kernelmesh1d = kernelmesh_name
            else:
                kernelmesh1d = '{}_kern1D.bms'.format(savename.stem)
            log.info(f'save kernelmesh1D: {kernelmesh1d}')
            self.kernelMesh1D.save(savename.with_name(kernelmesh1d).as_posix())
        else:
            kernelmesh1d = None

        # kernelmesh 2D
        if self.kernelMesh2D is not None:
            if kernelmesh_name is not None:
                kernelmesh2d = Path(
                    kernelmesh_name).with_suffix('.bms').as_posix()
            else:
                kernelmesh2d = '{}_kern2D.bms'.format(savename.stem)
            log.info(f'save kernelmesh2D: {kernelmesh2d}')
            self.kernelMesh2D.save(savename.with_name(kernelmesh2d).as_posix())
        else:
            kernelmesh2d = None

        # save interpolation matrix
        if save_interpolation_mat and self.interpolationMatrix is not None:
            iM = True  # True is enough, name is fix
            iMName = '{}_interpolationMatrix.imat'.format(savename.stem)
            log.info(f'save interpolation matrix: {iMName}')
            self.interpolationMatrix.save(
                savename.with_name(iMName).as_posix())
        else:
            iM = False

        if self.dimension in (0, 3):
            # basic
            np.savez(savename.with_suffix('.npz').as_posix(),
                     kernel=self.K,
                     dimension=self.dimension,
                     fid_index=self.fid_index,
                     sepm_name=self.slm_name,
                     txBfield=tx_bfield,
                     rxBfield=rx_bfield,
                     pulses=self.pulses,)

            if self.dimension == 3:
                self.exportVTK(f'{savename.stem}_3DMesh.vtk')

        elif self.dimension == 1:
            # + zvec, min_thk, kernelmesh1d, interpolation matrix
            np.savez(savename.with_suffix('.npz').as_posix(),
                     kernel=self.K,
                     dimension=self.dimension,
                     zvec=self._zvec,
                     fid_index=self.fid_index,
                     min_thk=np.array((self.min_thk),),
                     sepm_name=self.slm_name,
                     kernelmesh1d=kernelmesh1d,
                     txBfield=tx_bfield,
                     rxBfield=rx_bfield,
                     interpolationMatrix=iM,
                     pulses=self.pulses,)

        elif self.dimension == 2:
            # + yvec, order, interpolation matrix
            np.savez(savename.with_suffix('.npz').as_posix(),
                     kernel=self.K,
                     dimension=self.dimension,
                     fid_index=self.fid_index,
                     sepm_name=self.slm_name,
                     kernelmesh2d=kernelmesh2d,
                     yvec=self.yvec,
                     order=self.h_order,
                     txBfield=tx_bfield,
                     rxBfield=rx_bfield,
                     interpolationMatrix=iM,
                     pulses=self.pulses,
                     kern_part1=self.K_part1,
                     kern_part2=self.K_part2,
                     kern_part3=self.K_part3,)

        else:
            raise Exception(f'Dim = {self.dimension} ?')


[docs]    def load(self, savename, load_loopmesh=True, kernelmesh2d=None,
             load_kernelmesh=True, use_order_refinement=True):
        """ Load a previously saved kernel (.npz-format). """

        savename = Path(savename).with_suffix('')

        # found file ?
        if not checkForKernel(savename.with_suffix('.npz').as_posix()):
            raise FileNotFoundError(
                'cannot found kernel at given path: "{}"'
                .format(os.path.abspath(savename.with_suffix('.npz'))))
        log.info('load file: {}'.format(
                 savename.with_suffix('.npz').absolute()))

        # open main container
        with np.load(savename.with_suffix('.npz').as_posix(),
                     allow_pickle=True) as content:

            self.K = getItem(content, 'kernel')
            self.fid_index = getItem(content, 'fid_index')
            self.txBfield = getItem(content, 'txBfield')
            self.rxBfield = getItem(content, 'rxBfield')
            self.dimension = getItem(content, 'dimension')
            self.slm_name = getItem(content, 'sepm_name')

            # temporary uses saved pulses until a survey class is provided
            # (pulses are then used from the corresponding fid class)
            self.setPulsesDirectly(getItem(content, 'pulses', None))

            if self.dimension == 1:
                min_thk = getItem(content, 'min_thk', 0.5)
                zvec = getItem(content, 'zvec')
                self.setZVector(zvec, min_thk=min_thk)

                kernelmesh1d = getItem(content, 'kernelmesh1d', None)

                if kernelmesh1d is not None:
                    name1 = savename.with_name(kernelmesh1d).as_posix()
                    if os.path.exists(name1):
                        self.set1DKernelMesh(name1)
                    else:
                        log.warning(f'Mesh not found: {name1}')
                        # mesh not found, continue

            elif self.dimension == 2:
                self.h_order = getItem(content, 'order', 0)
                self.yvec = getItem(content, 'yvec')

                if load_kernelmesh:
                    if kernelmesh2d is None:
                        # not given, search in file
                        kernelmesh2d = getItem(content, 'kernelmesh2d', None)
                else:
                    kernelmesh2d = None

                if kernelmesh2d is not None:
                    # either given or found in file
                    if not use_order_refinement:
                        self.h_order = 0

                    if isinstance(kernelmesh2d, pg.Mesh):
                        self.set2DKernelMesh(kernelmesh2d, order=self.h_order)
                    else:
                        name2 = savename.with_name(kernelmesh2d).as_posix()
                        if os.path.exists(name2):
                            self.set2DKernelMesh(name2, order=self.h_order)
                        else:
                            log.warning(f'Mesh not found: {name2}')

                self.K_part1 = getItem(content, 'kern_part1', None)
                self.K_part2 = getItem(content, 'kern_part2', None)
                self.K_part3 = getItem(content, 'kern_part3', None)
                if self.K_part1 is not None:
                    self.debug = True

            if load_loopmesh:
                if self.slm_name is not None:
                    name3 = savename.with_name(self.slm_name).as_posix()
                    if os.path.exists(name3):
                        self.seploopmesh = pg.Mesh(name3)
                    else:
                        log.warning(f'Mesh not found: {name3}')

            if getItem(content, 'interpolationMatrix', False) is True:
                self.interpolationMatrix = pg.SparseMapMatrix()
                hlp = '{}_interpolationMatrix.imat'.format(savename.stem)
                name4 = savename.with_name(hlp).as_posix()
                try:
                    self.interpolationMatrix.load(name4)
                except RuntimeError:
                    log.warning('Interpolation Matrix not found: '
                                f'{name4}_interpolationMatrix.imat')


[docs]    def calculate(self, loop_mesh=None,
                  dipole_mesh=None,
                  interpolate=False,
                  savename=None,
                  forceNew=False,
                  slices=True,
                  slice_name=None,
                  **kwargs):
        """
        All three parts of the kernel calulation are called here.

        All given kwargs are directed to BfieldCalculation(), see function info
        for details about possible keyword arguments.

        called functions
        ----------------

        >>> self.BFieldCalculation(**kwargs)

        >>> self.ellipticalDecomposition()

        >>> self.kernelIntegration()

        >>> if savename is not None:
                self.save(savename)

        keyword arguments
        -----------------

        destinations:
            none for now, with exception of "num_cpu", [12]
            which is directed to BfieldCalculation and/or sliceKernel
        """
        if not self.updatable:
            raise Exception(
                f'Cannot calculate Kernel. Check tx: {self.tx}, rx: {self.rx} '
                f'or pulses: {self.pulses}')

        self.num_cpu = kwargs.pop('num_cpu', self.num_cpu)

        if slices is True and self.dimension == 2:
            self.sliceKernel2D(slice_name=slice_name)

        elif slices is True and self.dimension == 1:
            self.sliceKernel1D(loop_mesh=loop_mesh,
                               new_bfield=forceNew,
                               slice_name=slice_name)

        else:
            self.BFieldCalculation(
                loop_mesh=loop_mesh,
                dipole_mesh=dipole_mesh,
                interpolate=interpolate,
                recalc_loop_fields=forceNew,
                num_cpu=self.num_cpu,
                **kwargs)
            self.ellipticalDecomposition()
            self.kernelIntegration(calc_theta=True)

        if savename is not None:
            self.save(savename)
        return


[docs]    def createMagnetizationMesh(self):
        """
        Creates full 3D mesh for display and calcualtion of magnetization
        vectors. Not needed for normal kernel calculation routine and big,
        therefore separate.
        """
        # 2D mesh -> 3D triangle-prism-mesh
        log.info('getMagnetization: prepare 3D mesh...')
        self.mag_mesh = pg.meshtools.extrudeMesh(self.kernelMesh2D, self.yvec)
        # inplace function working in mesh cpp background, no return value
        # x-z + y = x-z-y input mesh to x-y-z output mesh
        self.mag_mesh.swapCoordinates(1, 2)


[docs]    def calcMagnetization(self):
        """
        Creates 3D mesh and calcualtes magnetization vector after excitation.
        Returns magnetization vector of shape (num_pulses, num_cells_3d, 3)
        """
        assert self.dimension == 2, 'getMagnetization: Only working for 2D'

        if self.theta is None:
            if self.txalpha is None:
                self.ellipticalDecomposition()

            pulsevector = self.fid.pulses[:, np.newaxis] * \
                self.fid.tx_turns

            gam = misc.constants.gamma

            if np.allclose(self.fid.df, 0):
                self.theta = 0.5 * gam * pulsevector *\
                    (self.txalpha - self.txbeta)

            else:
                self.theta = np.arctan2(
                    0.5 * gam * pulsevector / self.fid.taup1 *
                    (self.txalpha - self.txbeta),
                    (2 * np.pi * self.fid.df)[:, np.newaxis])

        self.createMagnetizationMesh()

        vvec = np.tile(self.survey.earth.field, (self.theta.shape[1], 1, 1))
        self.magnetization = np.zeros((len(self.pulses),
                                       self.theta.shape[1],
                                       3))

        for pi in range(len(self.pulses)):
            tick = time.time()
            rotmats = cm.rotationMatrix(self.txperpend, self.theta[pi, :])
            m2 = np.squeeze(np.einsum('ijk,ikl->ijl', rotmats.T.swapaxes(1, 2),
                                      vvec))
            magnetization = m2 * self.magnetization_magnitude

            self.magnetization[pi] = magnetization
            log.log(13, 'time for one pulse: {:.4f} sec'
                    .format(time.time() - tick))

        return self.magnetization


[docs]    def exportMagnetization(self, name, vtk_export=False, pulse=0):
        """
        Export a previously calculated magnetization vector as numpy
        vector and optionally vtk file.
        """

        # has vector?
        if self.magnetization is None:
            raise Exception('No magnetization vector found. Use '
                            'getMagnetization to calculate the vector or '
                            'import and set kern.magnetization manually.')

        # has mesh?
        if self.mag_mesh is None:
            self.createMagnetizationMesh()

        # export numpy matrix
        np.save(Path(name).with_suffix('.npy'), self.magnetization)

        # export vtk
        if vtk_export:
            vtk_name = Path(name).with_suffix('.vtk')

            # # magnetization is always real
            # xr = pg.meshtools.cellDataToNodeData(
            #     self.mag_mesh,
            #     self.magnetization[pulse, :, 0].real)
            # yr = pg.meshtools.cellDataToNodeData(
            #     self.mag_mesh,
            #     self.magnetization[pulse, :, 1].real)
            # zr = pg.meshtools.cellDataToNodeData(
            #     self.mag_mesh,
            #     self.magnetization[pulse, :, 2].real)

            # vtk_mag = np.array((xr, yr, zr))

            # theta from -pi to pi for nice display with cyclic colorbar
            self.mag_mesh.addData('theta',
                                  self.theta[pulse] % (np.pi*2) - np.pi)
            self.mag_mesh.exportVTK(vtk_name.as_posix(), self.theta)
            savefieldvtk(vtk_name.as_posix(),
                         self.mag_mesh, self.magnetization[pulse])


[docs]    def sliceKernel1D(self, num_cpu=None, loop_mesh=None,
                      new_bfield=False, interpolate_bfield=True,
                      slice_name=None):
        import multiprocessing as mpc
        import tempfile as temp

        self._checkSrc()

        if self.kernelMesh1D is None:
            self.create1DKernelMesh(calc_3D_stats=False)

        tick_sI = time.time()

        if num_cpu is None:
            num_cpu = self.num_cpu

        N = len(self._zvec) - 1
        number_of_processes = min(min(mpc.cpu_count(), N),
                                  num_cpu)
        tx_name = None
        rx_name = None
        if slice_name is None:
            tx_index = None
            rx_index = None

            if interpolate_bfield:
                # b field case 1/2: b field is interpolated from loop mesh
                self.BFieldCalculation(just_loop_fields=True,
                                       loop_mesh=loop_mesh,
                                       recalc_loop_fields=new_bfield,
                                       num_cpu=number_of_processes)
                tx_field = self.tx.field

                if self.coincident:
                    rx_field = None
                    mesh = self.tx.loopmesh
                else:
                    rx_field = self.rx.field
                    mesh = self.seploopmesh

                tx_name = None
                rx_name = None

                if os.path.exists(self.tx.loop_mesh_name):
                    temporary_mesh = False
                    meshName = self.tx.loop_mesh_name
                    log.debug('loop mesh for multiprocessing: {}'.format(meshName))

                else:
                    # create temporary filename
                    temporary_mesh = True
                    tempFile = temp.NamedTemporaryFile(suffix='.bms', delete=False)
                    meshName = tempFile.name
                    tempFile.close()  # pygimli needs write access
                    log.debug('save mesh for multiprocessing: {}'.format(meshName))
                    log.debug('loopmeshname: {}'.format(self.tx.loop_mesh_name))
                    log.debug('exists: {}'.format(
                              os.path.exists(self.tx.loop_mesh_name)))
                    mesh.save(meshName)

                self._checkInterpolation(slices=True)

            else:
                # b field case 2/2: b field is calculated directly on each slice
                temporary_mesh = False
                meshName = None
                tx_field = None
                rx_field = None
                tx_name = self.tx._dump2Temp()

                if self.coincident:
                    rx_name = None
                else:
                    rx_name = self.rx._dump2Temp()
        else:
            # case 3 import fields from custEM slices
            temporary_mesh = False
            meshName = None
            tx_index = self.tx_index
            rx_index = self.rx_index
            tx_field = None
            rx_field = None

        self.kernelMeshCellVolume = None
        self.kernelMeshCellCenter = None

        slice_queue = mpc.JoinableQueue()
        # output for worker, input for summation
        sum_slice_queue = mpc.Queue()
        # output for summation
        stop_queue = mpc.JoinableQueue()
        # end signal for summation

        parent_id = os.getpid()

        log.debug('parent_id: %d', parent_id)
        log.info(
            'Get %d slices... start calculating in %d parallel processes.',
            N, number_of_processes)

        processes = []
        kernel_mesh_1d = pg.Mesh(self.kernelMesh1D)
        out_pos_2d = np.array(kernel_mesh_1d.cellCenters())

        indices = np.array_split(range(N), number_of_processes)
        log.debug('indices: {}'.format(indices))

        for i in range(number_of_processes):
            log.debug('index: {}'.format(i))
            worker = mpc.Process(target=_1DSliceKernelWorker,
                                 args=(meshName,
                                       out_pos_2d,
                                       tx_field,
                                       rx_field,
                                       self.coincident,
                                       self._zvec,
                                       indices[i],
                                       slice_queue,
                                       parent_id,
                                       i,  # worker ID
                                       self.survey.earth,
                                       self.fid,
                                       tx_name,  # tx loop name
                                       rx_name,  # rx loop name
                                       slice_name,
                                       tx_index,
                                       rx_index,
                                       ))

            log.debug('created worker')
            worker.daemon = True
            processes.append(worker)
            worker.start()
            log.debug('started worker: {}'.format(worker.is_alive()))

        for p in processes:
            log.debug('still alive: {}'.format(p.is_alive()))

        sum_worker = mpc.Process(target=_1DSliceSummationWorker,
                                 args=(slice_queue,
                                       sum_slice_queue,
                                       parent_id,
                                       stop_queue,
                                       (len(self.pulses), len(self._zvec) - 1),
                                       np.array(self.kernelMesh1D.cellSizes()),
                                       ))
        sum_worker.daemon = True
        sum_worker.start()
        for p in processes:
            log.debug('still alive: {}'.format(p.is_alive()))

        log.debug('started additional worker for summation: {}'
                  .format(sum_worker.is_alive()))
        # sum_worker.join()

        isInterrupt = False
        log.debug('sum worker still alive: {}'.format(sum_worker.is_alive()))
        while True:
            try:
                if stop_queue.empty():
                    if not sum_worker.is_alive():
                        isInterrupt = True

                    if isInterrupt:
                        log.error(
                            'Sum Worker died, shutting '
                            'down the rest as well and abort run.')
                        sum_worker.terminate()
                        break

                    time.sleep(0.5)

                else:
                    # waits till all slices are summarized, queue empty
                    stop_queue.get()
                    stop_queue.task_done()
                    log.debug('join slice queue')
                    slice_queue.join()
                    log.debug('finished, end of multiprocessing, cleaning up')
                    break

            except KeyboardInterrupt:
                isInterrupt = True
                log.critical(
                    'detect Keyboard Interrupt. Shutting processes down.')
                sum_worker.terminate()
                break

        for p in processes:
            p.terminate()  # tells the process to terminate
            time.sleep(0.1)
            if p.is_alive():
                log.debug('proc not terminated, join()')
                p.join()  # waits till termination of p

        if temporary_mesh:
            os.unlink(meshName)  # release temporary mesh file

        if isInterrupt:
            raise SystemExit

        self.K = sum_slice_queue.get()  # final calculated kernel, normalized

        log.debug('final Kern: {}'.format(self.K.shape))
        sum_worker.terminate()  # tells sumWorker to terminate

        if sum_worker.is_alive():
            log.debug('sum_worker not terminated, join()')
            sum_worker.join()  # waits till termination of p

        log.info('overall calculation time: %.4f seconds' %
                 (time.time() - tick_sI))

        if temporary_mesh:
            log.debug('temporary file deleted?: {} (supposed to be True)'
                      .format(not os.path.exists(meshName)))

        return self.K


[docs]    def show2DMesh(self):
        if self.dimension == 2 and self.kernelMesh2D is not None:

            try:  # pg.__version__ < 1.1
                from pygimli.mplviewer import (showMesh, drawMesh)
            except ImportError:  # pg.__version__ >= 1.1
                from pygimli.viewer.mpl import (showMesh, drawMesh)

            ax, _ = showMesh(self.kernelMesh2D,
                             self.kernelMesh2D.cellMarkers(),
                             cMap='summer',
                             label='region marker',
                             hold=True)
            drawMesh(ax, self.kernelMesh2D)
            plt.show()
        else:
            raise Exception('No 2D Mesh available')

        return ax


[docs]    def showLoopLayout(self, ax=None, **kwargs):
        if self.tx is None or self.rx is None:
            raise Exception(
                'Cannot show loop layout if loops are not defined')

        loops = [self.tx]
        if not self.coincident:
            loops.append(self.rx)
            kwargs.setdefault('label', [f'tx: {self.tx!r}',
                                        f'rx: {self.rx!r}'])
        else:
            kwargs.setdefault('label', [f'tx/rx: {self.tx!r}'])
        showLoopLayout(*loops, ax=ax, **kwargs)
        return ax


[docs]    def show(self,
             toplot=['real', 'imag', 'amp', 'phase', '0D'], indices=None,
             savename=None, normed=False,
             suptitle=None,
             ax=None,
             pulse_in_log=False,
             kernel_absolute_values=False,
             cbar_percentage=0.99,
             fixed_cbar=False,
             lut=33,
             show_marked_edges=False,
             **kwargs):  # sended to plotting subroutines
        """
        Visualise the Kernel with respect to the desired dimension.

        Cases
        -----

        Automatically defined within the kernel class via the parameter
        kernel.dimension = [0...3]. Plotting of a kernel in the desired
        dimension is only possible if the kernel is also calculated with
        respect to that dimension. It's not possible to calculate the kernel
        with kernel.dimension = 1 and then plot the kernel with
        kernel.dimension = 2.

        0D :
            Simple Graph plotting kernel-values over pulsemoments

        1D :
            Graph with 1D integrated kernels over the depth of the model

        2D :
            Slice of the x-z-plane with triangle mesh containing the 2D

        3D :
            Export of the kernel in vtk format for visualising.

        Parameter 0D
        ------------

        none so far

        Parameter 1D
        ------------

        Plots the 1D integrated Kernel with a given z discretisation over the
        measured pulse sequences.

        toplot: list [ ['real', 'imag', 'amp', 'phase', '1D'] ]
            There are different possibilities to plot the kernel. This
            parameter defines which part of the kernel is shown. Possible
            options are: 'real', 'imag', 'amp', 'phase', '0D' (integrated over
            z). All strings in the toplot variable will be plotted in the same
            order given in the list.

        cMap: string ['viridis']
            Defines the colormap used to display the kernel. In order to get a
            good contrast between the max and min as well as being useful in
            comparison with MRSMatlab, 'viridis' is the default colormap. Any
            colormap reachable by the plt.get_cmap(...) method can be chosen.

        normed: bool [True]
            A on the dimension based normalisation of the plot permits
            a better assessment of the kernel distribution.

        ax: plotting ax or list of axes [None]
            Plot on a predefined ax and gives back the ax. A onedimensionla
            list of axes is also accepted, if the number of items in 'toplot'
            is the same as the available axes.

        lut: None or int [None]
            Number of colors for the colorbar.
            If lut is not None it must be an integer giving the number of
            entries desired in the lookup table, and name must be a standard
            mpl colormap name.

        Parameter 2D
        ------------

        indices: list
            By default one 2D plot is created for each pulsemoment. In order
            to limit the number of plots the optional paramter indices  can be
            given as a list of indices referring to the pulse moments to be
            shown.

        cMap: string ['viridis']
            See Parameter 1D.

        normed: bool [True]
            A on the dimension based normalisation of the plot permits
            a better assessment of the kernel distribution.

        show_marked_edges: boolean [ False ]
            Whether or not marked edges gets drawn.

        possible kwargs for matplotlib:
            cMin, cMax for range of the colorbar.
            All other kwargs are reaching matplotlib functions.

        default label 2D:
            'integrated kernel (2D) [nV/$m^2$] pulsemoment: {:.3f} As'
            .format(self.pulses[i])

        Parameter 3D
        ------------

        A self-sufficient plot of the kernel without any integration would
        result in a set of 3D Cubes and is not implemented for now.

        Instead the kernel will be saved in vtk format which can be easily
        handled.

        savename: string
            A String defining the relative path to the vtk-file the kernel will
            be saved in. If not given the default savename will be flagged with
            the string '_default_' and contain some information about the
            kernel.

        EXAMPLE
        -------

        2D:

        >>> ax, cbar = kernel.show(indices=[16], cMin=-1,
        >>>                        cMax=2, size=20, pad=0.7)
        >>> ax.set_ylim(-50, 0)
        """
        import matplotlib as mpl
        from mpl_toolkits.axes_grid1 import make_axes_locatable
        mpl.rcParams['axes.unicode_minus'] = False

        if self.dimension == 0:
            print('Kernel.show(0D): simple Graph')
            _, ax = plt.subplots(1, 1)
            ax.plot(self.pulses, 1e9 * np.absolute(self.K), 'ro--')
            ax.set_xlabel('pulsemoments [As]')
            ax.set_ylabel('magnitude of the integrated kernel [nV/m^3]')

        elif self.dimension == 1:
            # plotaxes
            xachse_mitte = (self.pulses[1:] +
                            self.pulses[:-1])/2
            xachse_erweitert = [2 * self.pulses[0] -
                                xachse_mitte[0]]
            xachse_erweitert.extend(xachse_mitte)
            xachse_erweitert.append(2 * self.pulses[-1] -
                                    xachse_mitte[-1])
            xachse = np.array(xachse_erweitert)
            xx, zz = np.meshgrid(xachse, self._zvec)
            # def

            def Plot1D(xx, zz, kernel,
                       toplot=['real', 'imag', 'amp', 'phase', '0D'],
                       cMap='viridis',
                       ax=None,
                       pulse_in_log=True,
                       lut=None,
                       **kwargs):
                log.debug('Plot1D kwargs: {}'.format(kwargs))
                if ax is None:
                    _, ax = plt.subplots(1, len(toplot),
                                         sharey=True, sharex=True)
                if len(toplot) == 1:
                    ax = [ax]  # or ax[0] will fail
                num_normal = 0

                # original input
                size = kwargs.pop('size', 12)
                clim_in = kwargs.pop('clim', None)
                real_imag_0d = kwargs.pop('real_imag', False)

                # initial values
                clim = clim_in
                cbar = None

                for i, item in enumerate(toplot):

                    # optionally normalizing the plot to values per meter
                    # default = False
                    Z_weight = np.ones(len(self._zvec[1:]))
                    if normed is True and item.lower() != 'phase':
                        Z_weight = np.abs(self._zvec[1:] - self._zvec[:-1])
                    Z_weight = Z_weight[:, np.newaxis]

                    if item.lower() == '0d':
                        if len(toplot) > 1:
                            sep_ax = plt.subplot(1, len(toplot), i + 1)
                        else:
                            sep_ax = ax[0]
                        to_plot_0d = ['abs']
                        if real_imag_0d:
                            to_plot_0d = ['abs', 'real', 'imag']
                        misc.drawSoundingCurve(
                            sep_ax, self.getKernel(), self.pulses, size=size,
                            to_plot=to_plot_0d,
                            color=kwargs.pop('dot_color', 'r'))
                        continue

                    elif item.lower() == 'real':
                        item_plot = np.copy(kernel.real.T) / Z_weight
                        num_normal += 1

                    elif item.lower() == 'imag':
                        item_plot = np.copy(kernel.imag.T) / Z_weight
                        num_normal += 1

                    elif item.lower() in ('amp', 'abs'):
                        item_plot = np.absolute(kernel).T / Z_weight
                        num_normal += 1

                    elif item.lower() == 'phase':
                        item_plot = np.arctan2(kernel.imag,
                                               kernel.real).T
                        num_normal += 1

                    else:
                        log.error(
                            'toplot variable "{}" cannot be identified. Abort.'
                            .format(item))
                        return

                    if clim_in is None:
                        cmap, clim = getCMapAndLim(item_plot[1:, :],
                                                   phase=item == 'phase',
                                                   lut=lut)
#                        clim = [quantile(item_plot[1:, :],
#                                         perc=1. - cbar_percentage,
#                                         add_rel=-0.1),
#                                quantile(item_plot[1:, :],
#                                         perc=cbar_percentage)]
                    else:
                        cmap = cMap

                    im0 = ax[i].pcolormesh(
                        xx, zz, item_plot,
                        cmap=cmap)
                    ax[i].set_title(item)
                    divider = make_axes_locatable(ax[i])
                    cax = divider.append_axes("right", size="18%", pad=.06)
                    cbar = plt.colorbar(im0, cax=cax)

                    if item == 'phase':
                        im0.set_clim(-np.pi, np.pi)
                        cbar.set_ticks([-np.pi, 0, np.pi])
                        cbar.ax.set_yticklabels(['$-\pi$', ' $0$', ' $\pi$'],
                                                size=size + 1)
                    else:
                        im0.set_clim(clim[0], clim[1])

                    cbar.ax.tick_params(labelsize=size)
                    ax[i].set_xlim(np.min(xx), np.max(xx))
                    ax[i].set_ylim(np.min(zz), np.max(zz))
                    if pulse_in_log:
                        ax[i].set_xscale('log')
                    ax[i].set_xlabel('pulse moments [As]')
                    if num_normal == 1:
                        # the counter ensures that this is only done once per
                        # plot and only if needed
                        ax[i].set_ylabel('depth [m]')
                    setAxSize(ax[i], size)
                return ax, cbar

            # plots
            log.info('Kernel.show(1D): pcolormesh')
            size = kwargs.get('size', 12)
            dot_color = kwargs.get('dot_color', 'r')
            cMap = kwargs.get('cMap', 'viridis')
            ax, cbar = Plot1D(
                xx, zz, self.getKernel(reduced=False), toplot=toplot,
                cMap=cMap, ax=ax, pulse_in_log=pulse_in_log, size=size,
                real_imag=kwargs.pop('real_imag', False),
                clim=kwargs.get('clim', None),
                lut=lut, dot_color=dot_color)
            if suptitle is not None:
                plt.suptitle(suptitle)

        elif self.dimension == 2:
            mpl.rcParams['mathtext.default'] = 'regular'
#            orientation = kwargs.get('orientation', 'vertical')
            if indices is None:
                indices = np.arange(0, len(self.pulses), 5)

            indices = np.atleast_1d(indices)

            if ax is None:
                ax = [None] * len(indices)
            if not isinstance(ax, list):
                ax = [ax]
            cbar = [None] * len(indices)

            xlim = kwargs.pop('xlim', None)
            ylim = kwargs.pop('ylim', None)
            size = kwargs.get('size', 12)
            log.debug(kwargs)
            log.info('Kernel.show(2D): triangle mesh: pg.show(), '
                     'for {} pulse(s).'.format(len(indices)))

            toplot = np.atleast_1d(toplot)
            if len(toplot) != 1:
                log.info(f'Changes toplot from {toplot} to "abs". '
                         'Please use only one entry per 2d export.')
                toplot = ['abs']

            if toplot[0] == 'imag':
                toshow = 1e9 * np.imag(self.K) /\
                    np.array(self.kernelMesh2D.cellSizes())  # MMP

            elif toplot[0] == 'real':
                toshow = 1e9 * np.real(self.K) /\
                    np.array(self.kernelMesh2D.cellSizes())  # MMP

            elif toplot[0] in ('abs', 'amp'):
                toshow = 1e9 * np.absolute(self.K) /\
                    np.array(self.kernelMesh2D.cellSizes())  # MMP

            elif toplot[0] in ('phase', 'angle'):
                toshow = np.angle(self.K)

            elif toplot[0] in ('0d', '0D'):
                dot_color = kwargs.get('dot_color', 'r')
                if kwargs.pop('real_imag', True):
                    to_plot_0d = ['abs', 'real', 'imag']
                else:
                    to_plot_0d = ['abs']
                misc.drawSoundingCurve(
                    ax[0], self.getKernel(), self.pulses, size=size,
                    color=dot_color, to_plot=to_plot_0d)
                # need to exit at this point
                return ax, None

            else:
                raise Exception('{} not valid'.format(toplot))

            for n, i in enumerate(indices):
                log.log(16, 'plot ({}) for pulse moment {:.2f} As'
                        .format(toplot[0], self.pulses[i]))
                dd = toshow[i]

                assert np.all(np.isfinite(dd)), 'check cell sizes for zeros'

                if toplot[0] not in ('phase', 'angle'):

                    if not fixed_cbar:
                        absmax = quantile(np.abs(dd), perc=cbar_percentage,
                                          add_rel=0)
                        kwargs.setdefault(
                            'cMin', -absmax if not np.alltrue(dd >= 0) else 0)
                        kwargs.setdefault('cMax', absmax)

                    else:
                        if n == 0:
                            mm = quantile(np.abs(toshow), perc=cbar_percentage)
                            mm_neg = -mm if np.any(toshow < 0) else 0
                            kwargs.setdefault('cMax', mm)
                            kwargs.setdefault('cMin', mm_neg)

                    if np.isclose(kwargs.get('cMin'), -kwargs.get('cMax')):
                        cmap = kwargs.pop('cMap', plt.get_cmap('bwr'))
                    else:
                        cmap = kwargs.pop('cMap', plt.get_cmap('viridis'))

                else:
                    kwargs.setdefault('cMin', -np.pi)
                    kwargs.setdefault('cMax', np.pi)
                    cmap = kwargs.pop('cMap', 'twilight_shifted')

                cMin = kwargs.get('cMin')
                cMax = kwargs.get('cMax')

                log.debug('min/max data to plot: {} / {}'
                          .format(np.min(dd), np.max(dd)))
                log.debug('min/max cbar range: {} / {}'
                          .format(cMin, cMax))

                if not show_marked_edges:
                    # local copy to mask boundary markers
                    mesh = pg.Mesh(self.kernelMesh2D)
                    mesh.setBoundaryMarkers(np.zeros(mesh.boundaryCount(),
                                                     dtype=int))
                else:
                    # just reference
                    mesh = self.kernelMesh2D

                ax[n], cbar[n] = \
                    pg.show(mesh,
                            data=dd,
                            colorBar=kwargs.pop('colorBar', True),
                            cMap=cmap,
                            ax=ax[n],
                            logScale=kwargs.pop('logScale', False),
                            cMin=cMin,
                            cMax=cMax)

                if cbar[n] is not None:
                    label = kwargs.pop(
                        'label',
                        'integrated kernel (2D) [nV/m²] pulsemoment: {:.3f} As'
                        .format(self.pulses[i]))
                    cbar[n].set_label(label=label,
                                      size=size)
                    cbar[n].ax.tick_params(labelsize=size)

                if suptitle is not None:
                    plt.suptitle(suptitle)

                ax[n].set_xlabel('distance [m]')
                ax[n].set_ylabel('depth [m]')

                if xlim is not None:
                    ax[n].set_xlim(xlim[0], xlim[1])

                if ylim is not None:
                    ax[n].set_ylim(ylim[0], ylim[1])

                for item in ([ax[n].title, ax[n].xaxis.label,
                              ax[n].yaxis.label] + ax[n].get_xticklabels() +
                             ax[n].get_yticklabels()):
                    item.set_fontsize(size)


        elif self.dimension == 3:
            print('Kernel.show(3D): export vtk instead...')
            self.exportVTK(savename)
            ax = None
            cbar = None

        elif self.dimension == 4:
            print('nice try')

        return ax, cbar


    def _debug_showKernelParts(self, ax=None, ind=0, real=True, showabs=True,
                               xlim=None, ylim=None, clim1=None, clim2=None,
                               clim3=None, clim4=None):
        """
        Plots the three 2D Kernel parts according to Hertrich (2005, fig 9).
        For debugging purpose only, works only in debug mode of kernel class.
        """
        if self.debug is False:
            raise Exception('"showKernelParts" only works in debug mode '
                            'in order to save memory in production mode.')
        if ax is None:
            fig, ax = plt.subplots(2, 2, figsize=(14, 14))
        else:
            fig = np.squeeze(ax)[0].figure

        print('K_part1')
        print(type(self.K_part1[ind][0]))

        axes = ax.flatten()

        if showabs:
            toplot1 = np.abs(self.K_part1[ind])
            cMap = plt.get_cmap('jet', 60)
            # for comparison against hertrich et al. 2005
        else:
            if real:
                toplot1 = np.real(self.K_part1[ind])
            else:
                toplot1 = np.imag(self.K_part1[ind])
            cMap = plt.get_cmap('bwr', 31)

        if clim1 is None:
            absmax1 = quantile(toplot1, perc=1, add_rel=0)
            absmin1 = quantile(toplot1, perc=0.005, add_rel=0)
            if showabs:
                clim1 = [absmin1, absmax1]
            else:
                clim1 = [-absmax1, absmax1]

        # Integrated Transmitter Part of the kernel function
        _, cbar1 = pg.show(self.kernelMesh2D,
                           data=toplot1,
                           colorBar=True,
                           cMap=cMap,
                           logScale=showabs,
                           ax=axes[0],
                           cMin=clim1[0],
                           cMax=clim1[1])
        axes[0].set_title('part 1')

        print('K_part2')
        if showabs:
            toplot2 = np.abs(np.atleast_2d(self.K_part2)[0])  # (1, n)
            cMap = plt.get_cmap('jet', 60)
            # for comparison against hertrich et al. 2005
        else:
            if real:
                toplot2 = np.atleast_2d(self.K_part2)[0].real  # (1, n)
            else:
                toplot2 = np.atleast_2d(self.K_part2)[0].imag  # (1, n)

        toplot2 = 1e9 * toplot2

        if clim2 is None:
            absmax2 = quantile(toplot2, perc=1, add_rel=0)
            absmin2 = quantile(toplot2, perc=0.005, add_rel=0)
            if showabs:
                clim2 = [absmin2, absmax2]
            else:
                clim2 = [-absmax2, absmax2]

        # Integrated Receiver Part of the kernel function
        _, cbar2 = pg.show(self.kernelMesh2D,
                           data=np.squeeze(toplot2),  # (n,)
                           colorBar=True,
                           cMap=cMap,
                           logScale=showabs,
                           cMin=clim2[0],
                           cMax=clim2[1],
                           ax=axes[1])
        axes[1].set_title('part 2')

        if self.coincident:
            axes[2].text(0.5, 0.5, 'coincident, geometry factor = 1',
                         ha='center', va='center',
                         transform=ax[2].transAxes)

        else:
            print('K_part3')
            if showabs:
                toplot3 = np.abs(np.atleast_2d(self.K_part3)[0])  # (1, n)
                cMap = plt.get_cmap('jet', 60)
                # for comparison against hertrich et al. 2005
            else:
                if real:
                    toplot3 = np.atleast_2d(self.K_part3)[0].real  # (1, n)
                else:
                    toplot3 = np.atleast_2d(self.K_part3)[0].imag  # (1, n)

            if clim3 is None:

                absmax3 = quantile(toplot3, perc=1, add_rel=0)
                absmin3 = quantile(toplot3, perc=0.005, add_rel=0)
                if showabs:
                    clim3 = [absmin3, absmax3]
                else:
                    clim3 = [-absmax3, absmax3]

            # Integrated Geometric Part of the Kernel
            _, cbar3 = pg.show(self.kernelMesh2D,
                               data=np.squeeze(toplot3),  # (n,)
                               colorBar=True,
                               cMap=cMap,
                               logScale=showabs,
                               ax=ax[2],
                               cMin=clim3[0],
                               cMax=clim3[1])

        axes[2].set_title('part 3')

        if clim4 is None:
            kw = {}
        else:
            kw = {'cMin': clim4[0], 'cMax': clim4[1]}

        _, cbar4 = self.show(
            toplot=['abs'if showabs else 'real' if real else 'imag'],
            ax=axes[3], indices=[ind],
            cbar_percentage=1,
            logScale=showabs, cMap=cMap, **kw)

        axes[3].set_title('kern')

        if xlim:
            for axi in axes:
                axi.set_xlim(xlim)
        if ylim:
            for axi in axes:
                axi.set_ylim(ylim)
        return ax, (cbar1, cbar2, cbar3, cbar4[0])

[docs]    def export2DKernel(self, fig=None, ax=None, savename=None, png_dpi=300,
                       noYLabel=False, index=0, colorBar=True,
                       size=13, pdf=None, fixed_cbar=False, **kwargs):
        """ Exports 2D Kernel for given pulse moment.
        Kwargs are redirected to *show*.
        """
        with cm.plt_ioff():
            suptitle = kwargs.pop('suptitle', '')
            if fig is None or ax is None:
                if kwargs.get('toplot') in ('0d', '0D'):
                    figsize = (6, 9)
                else:
                    figsize = None
                fig, ax = plt.subplots(1, 1, figsize=figsize)
            self.show(indices=[index], size=size, ax=ax, colorBar=colorBar,
                      fixed_cbar=fixed_cbar, **kwargs)
            ax.set_ylabel('Z [m]')
            ax.set_xlabel('X [m]')
            if noYLabel is True:
                ax.set_ylabel('')
                ax.yaxis.set_major_locator(plt.NullLocator())
            plt.suptitle(suptitle)
            if pdf is not None:
                pdf.savefig(fig, bbox_inches='tight')
                plt.close(fig)
            else:
                if savename is not None:
                    fig.savefig(
                        savename, bbox_inches='tight',
                        dpi=png_dpi if savename.endswith('.png') else None)
                    plt.close(fig)


[docs]    def export2DKernel2PDF(self, name, fixed_cbar=False, **kwargs):
        """ Export 2D Kernel for all pulse moments as stiched pdf.
        Kwargs are redirected to *export2DKernel*.
        """
        from matplotlib.backends.backend_pdf import PdfPages
        log.info('export 2D Kernel as pdf.')
        with PdfPages(name) as pdf:
            if kwargs.get('toplot') in ('0d', '0D'):
                rp = [0]
            else:
                rp = range(len(self.pulses))

            for ind in rp:
                log.info('pulse: {}/{}'.format(ind + 1, len(self.pulses)))
                self.export2DKernel(
                    pdf=pdf,
                    index=ind,
                    savename=None,
                    fixed_cbar=fixed_cbar,
                    **kwargs)
            d = pdf.infodict()
            d['Title'] = name
            d['Subject'] = self.__repr__()


[docs]    def exportVTK(self, savename, save=['abs'],
                  save_in_log=False):

        if self.dimension not in [2, 3]:
            print('Export as VTK only for 2D or 3D implemented.')
            return False

        tick = time.time()
        checkDirectory(savename, filename=True)
        mesh = pg.Mesh(self.kernelMesh2D)
        pm_vec = self.pulses
        for i in range(np.shape(self.K)[0]):
            if isinstance(self.K[0, 0], complex):
                if 'real' in save:
                    kernel_r = 1e9 * self.K[i].real / np.array(
                                 self.kernelMesh2D.cellSizes())
                    if save_in_log:
                        kernel_r = np.log10(np.abs(kernel_r))
                    mesh.addData('kernel_%05.2f_real' % (pm_vec[i]),
                                 pg.Vector(kernel_r))
                if 'imag' in save:
                    kernel_i = 1e9 * self.K[i].imag / np.array(
                                 self.kernelMesh2D.cellSizes())
                    if save_in_log:
                        kernel_i = np.log10(np.abs(kernel_i))
                    mesh.addData('kernel_%05.2f_imag' % (pm_vec[i]),
                                 pg.Vector(kernel_i))
                if 'abs' in save or 'amp' in save:
                    kernel_a = 1e9 * np.absolute(self.K[i]) / np.array(
                                 self.kernelMesh2D.cellSizes())
                    if save_in_log:
                        kernel_a = np.log10(kernel_a)
                    mesh.addData('kernel_%05.2f_abs' % (pm_vec[i]),
                                 pg.Vector(kernel_a))
                    # ABS = np.absolute(kernel[i]) * np.sign(kernel[i].real)

                if 'phase' in save:
                    mesh.addData('kernel_%05.2f_phase' % (pm_vec[i]),
                                 pg.Vector(np.angle(self.K[i])))

            else:
                mesh.addData('kernel_%05.2f' % (pm_vec[i]),
                             (pg.Vector(self.K[i])))

        print('save kernel to "{}" ...'.format(savename), end='')
        mesh.exportVTK(savename)
        print(' %.3f sec' % (time.time() - tick))
        return True


[docs]    def export1D(self, savename, loop_layout=True, title='{0.survey.earth!r}'):
        with cm.plt_ioff():
            fig, ax = plt.subplots(1, 5, figsize=(16, 9))
            ax, _ = self.show(ax=ax, size=8, cbar_percentage=0.99)
            fig.suptitle(title.format(self))
            ax[0].figure.savefig(savename + '.png')
            log.info('saved "{}"'.format(savename + '.png'))
            plt.close(fig)
            if loop_layout:
                fig, ax = plt.subplots(1, 1, figsize=(16, 9))
                ax = self.showLoopLayout(ax=ax)
                ax.figure.savefig(savename + '_layout.png')
                log.info('saved "{}"'.format(savename + '_layout.png'))
                plt.close(fig)




[docs]def checkForKernel(name, mkdir=False):
    if not os.path.exists(name):
        if mkdir is True:
            path = os.path.dirname(name)
            if path != '':
                if not os.path.exists(path):
                    os.mkdir(path)
        return False
    else:
        return True



[docs]def simpleZVec(numz, minz, reduced=False):
    kern = Kernel()
    kern.createZVector(numz, minz)
    return kern.getZVector(reduced=reduced)



[docs]def integrateKernelH2(mat, array):
    array = np.atleast_2d(array)
    new_arr = np.zeros((array.shape[0], mat.nRows()), dtype=complex)
    for ind, subarr in enumerate(array):
        new_arr[ind] = (mat * subarr.real).array() + \
            1j * (mat * subarr.imag).array()
    return np.squeeze(new_arr)



def _2DSliceSummationWorker(queue_in, queue_sum, stop_queue, shape,
                            y_count, worker_count, parent_id):
    """ Worker in the kernel-multicore-calculation approach. """
    # first task
    kern = np.zeros(shape, dtype=complex)
    log.debug('started sum worker')

    done = 0
    if sys.platform == 'linux' and log.getEffectiveLevel() <= 20:
        iterable = progressBar(range(worker_count), 'gather kernel parts: ')
    else:
        iterable = range(worker_count)

    log.debug('Summation worker: start waiting for processes to finish.')
    while queue_in.qsize() < worker_count:
        time.sleep(0.2)

    for done in iterable:
        while True:
            if os.getppid() != parent_id:
                sys.exit(
                    'My main process died (%d != %d)! So... I\'m out too.' %
                    (os.getppid(), parent_id))

            try:
                newSlice = queue_in.get(timeout=0.1)  # aquire queue
                kern += newSlice
                queue_in.task_done()  # release queue
                # done += 1
                if sys.platform != 'linux':
                    log.log(13, f'shape: {newSlice.shape}, total: {done}'
                            .format(done + 1))
                del newSlice  # sometimes auto memory clean up isnt working
                break

            except (queue.Empty, IOError):  # IOError = broken pipe
                # don't worry the other workers are not finished yet: try again
                # print('sleeping')
                time.sleep(0.1)

    # shutting process down
    queue_sum.put(kern, block=False)
    time.sleep(0.2)
    stop_queue.put(True)
    return


def _1DSliceSummationWorker(queue_in, queue_sum, parent_id, stop_queue, shape,
                            kern_cell_sizes):
    """ Worker in the kernel-multicore-calculation approach. """
    # first task
    kern = np.zeros(shape, dtype=complex)
    log.log(13, 'started sum worker')

    done = 0
    while done < shape[1]:
        if os.getppid() != parent_id:
            sys.exit('My main process died (%d != %d)! So... I\'m out too.' %
                     (os.getppid(), parent_id))

        try:
            newSlice, idx = queue_in.get(timeout=0.3)  # aquire queue

            # integration over 2D Mesh in x-y plane
            newSlice = np.sum(newSlice * kern_cell_sizes, 1)

            # already weighted with y vec, cell sizes comes later from outside
            kern[:, idx] = newSlice
            queue_in.task_done()  # release queue
            done += 1
            log.debug(f'shape: {newSlice.shape}, index: {idx}, total: {done}')

        except (queue.Empty, IOError):  # IOError = broken pipe
            # not to worry the other workers are not finished yet: try again
            time.sleep(1)

    # shutting process down
    queue_sum.put(kern, block=False)
    time.sleep(0.2)
    log.log(13, 'sum worker finished')
    stop_queue.put(True)
    return


def _2DSliceKernelWorker(srcMeshName, outPos2D, indices, yvec,
                         txSrcField, rxSrcField, outQueue,
                         parent_id, workerID, earth, fid, slice_name):
    """ Worker in the kernel-multicore-calculation approach"""
    time_loadmesh = time.time()

    if slice_name is None:
        log.log(13, 'worker {}: import sourcemesh "{}"...'
                .format(workerID, srcMeshName))
        srcMesh = pg.load(srcMeshName)
        log.debug(srcMesh)

    # outPos2D = 3d contruct with y-values = 0
    rxalpha = None
    rxbeta = None
    rxzeta = None
    rxperpend = None
    ythks = np.abs(np.diff(yvec))
    ymids = (yvec[:-1] + yvec[1:]) / 2

    coincident = fid.tx_index == fid.rx_index
    if workerID == 0:
        todo = progressBar(indices, 'processed slices per worker: ')
    else:
        todo = indices

    for yi in todo:
        if os.getppid() != parent_id:
            sys.exit('My main process died ({} != {}) So... I\'m out too.'
                     .format(os.getppid(), parent_id))

        # y midpoint, index of the pos of the y-value in the 3D mesh
        log.debug('worker no{} y = {:.2f}'.format(workerID, ymids[yi]))
        sys.stdout.flush()

        if slice_name is None:

            # outPos2D = 3d contruct with y-values = 0
            slice3D = np.copy(outPos2D)
            slice3D[:, 1] = np.ones(np.shape(slice3D)[0]) * ymids[yi]

            # do interpolation from 3D FEM Mesh to 2D slice as matrix
            iMat = srcMesh.interpolationMatrix(slice3D)

            # use matrix to calc tx field
            txfieldSlice = cm.interpolateField_Matrix(txSrcField, iMat)
            if not coincident:
                # optionally use matrix to calc rx field
                rxfieldSlice = cm.interpolateField_Matrix(rxSrcField, iMat)

            # next slice will be different, can delete rest to ensure clean up
            # (this can otherwise be tricky in multiprocessing)
            del slice3D
            del iMat

        else:
            # load custEM results
            log.debug('Worker {} load field slice {}'.format(
                workerID, slice_name.format(fid.tx_index, yi)))
            field_slice_tx = np.load(slice_name.format(fid.tx_index, yi))
            # shape: (mesh, 6)
            # 6: complex-field (x, y, z), coords (x, y, z)
            # we only need the field -> [:, :3]
            txfieldSlice = field_slice_tx[::-1, :3]

            txfieldSlice = txfieldSlice.T * 4e-7 * np.pi
            # (n, 3) -> (3, n) and H to B
            del field_slice_tx

            if not coincident:
                field_slice_rx = np.load(slice_name.format(fid.rx_index, yi))
                rxfieldSlice = field_slice_rx[::-1, :3]

                rxfieldSlice = rxfieldSlice.T * 4e-7 * np.pi
                # (n, 3) -> (3, n) and H to B

                del field_slice_rx

        # elliptical decomposition
        txalpha, txbeta, txzeta, txperpend = \
            Kernel.ellipticalDecomposition_multi(txfieldSlice,
                                                 earth)
        if not coincident:
            rxalpha, rxbeta, rxzeta, rxperpend = \
                Kernel.ellipticalDecomposition_multi(rxfieldSlice,
                                                     earth)

        # kernel integration
        (K1, K2, K3) = Kernel.kernelCalculation_multi(
            fid, earth, txalpha, txbeta, txzeta, txperpend,
            rxalpha=rxalpha, rxbeta=rxbeta, rxzeta=rxzeta,
            rxperpend=rxperpend, calc_theta=False,)

        # log.warning('Export of kernel slice.')
        # path = Path('kernel_slices')
        # path.mkdir(exist_ok=True)
        # np.save(path.joinpath('kernel_slice_2D_{}.npy'
        #                       .format(yi)).as_posix(),
        #         K1 * K2 * K3)

        # Old before Nov 2020: output single slices
        # outQueue.put((K1 * K2 * K3 * ythks[yi]))  # weighting with y vec thk

        # Change Nov 2020: summation here: queue only gets summed part of the
        # kernel as summation worker is actually the slowest part of the
        # kernel calculation routine.
        kern_part = K1 * K2 * K3 * ythks[yi]  # weighting with y vec thk
        # added Nov 2020: 180 degree phase flip: np.conjugate
        kern_part = np.conjugate(kern_part)
        # weighting over cells sizes in calling function

        if yi == indices[0]:
            summed_kern_parts = kern_part
        else:
            summed_kern_parts += kern_part

        log.debug('worker {}: slice {}/{} finished.'.format(
                  workerID, yi, indices))

        # general clean up
        del txalpha
        del txbeta
        del txzeta
        del txperpend
        del txfieldSlice
        if rxSrcField is not None:
            del rxfieldSlice
            del rxalpha
            del rxbeta
            del rxzeta
            del rxperpend
        del K1
        del K2
        del K3

    outQueue.put((summed_kern_parts))

    log.debug('exit of Worker {} after {:.2f} seconds'
              .format(workerID, time.time() - time_loadmesh))
    sys.stdout.flush()
    return


def _1DSliceKernelWorker(srcMeshName, outPos2D,
                         txSrcField, rxSrcField, coincident, zvec, indices,
                         outQueue, parent_id, workerID, earth,
                         fid, tx_name, rx_name, slice_name,
                         tx_index, rx_index):
    """ Worker in the kernel-multicore-calculation approach"""
#    import logging
#    log = logging.getLogger('comet')

    tickstart = time.time()

    if txSrcField is not None:
        log.debug('worker {}: import sourcemesh "{}"...'
                  .format(workerID, srcMeshName))
        srcMesh = pg.load(srcMeshName)
        log.debug(srcMesh)

    # outPos2D = 3d contruct with z-values = 0
    rxalpha = None
    rxbeta = None
    rxzeta = None
    rxperpend = None
    # lengths of the cells = weighting (in y direction)
    z_thk_all = np.abs(np.diff(zvec))
    z_mid_all = (zvec[:-1] + zvec[1:]) / 2

    if slice_name is None:
        if txSrcField is None:
            # setup loop classes
            if tx_name is None:
                raise Exception('Need tx field or tx.')
            tx_class = Loop(tx_name[0], config=tx_name[1])
            if not coincident:
                if rx_name is None:
                    raise Exception('Need rx.')
                rx_class = Loop(rx_name[0], config=rx_name[1])

    for idx in indices:
        z_thk = z_thk_all[idx]
        z_mid = z_mid_all[idx]

        if os.getppid() != parent_id:
            sys.exit('My main process died (%d != %d)! So... I\'m out too.' %
                     (os.getppid(), parent_id))

        log.debug('worker no{} starts interpolating slice at z = {:.2f}'
                  .format(workerID, z_mid))

        slice3D = np.copy(outPos2D)
        slice3D[:, 2] = np.ones(np.shape(slice3D)[0]) * z_mid

        if slice_name is None:
            if txSrcField is not None:
                # b field case 1/2: b field is interpolated from loop mesh
                # calculate interpolation matrix for actual slice
                iMat = srcMesh.interpolationMatrix(slice3D)

                # interpolate bfield for tx
                txfieldSlice = cm.interpolateField_Matrix(txSrcField, iMat)

                if not coincident:
                    # interpolate bfield for rx (same matrix)
                    rxfieldSlice = cm.interpolateField_Matrix(rxSrcField, iMat)

                del iMat

            else:
                # b field case 2/2: b field is calculated directly on each slice
                # need pos, phi, and ds, or a proper loop.
                tx_class.setLoopMesh(slice3D)
                tx_class.field = None
                tx_class.calculate(num_cpu=1, matrix=False,
                                   interpolate=False)
                txfieldSlice = tx_class.field

                if not coincident:
                    rx_class.setLoopMesh(slice3D)
                    rx_class.field = None
                    rx_class.calculate(num_cpu=1, matrix=False,
                                       interpolate=False)
                    rxfieldSlice = rx_class.field
        else:
            field_slice_tx = np.load(slice_name.format(fid.tx_index, idx))
            txfieldSlice = field_slice_tx[::-1, :3]
            txfieldSlice = txfieldSlice.T * 4e-7 * np.pi
            del field_slice_tx

            if not coincident:
                field_slice_rx = np.load(slice_name.format(fid.rx_index, idx))
                rxfieldSlice = field_slice_rx[::-1, :3]
                rxfieldSlice = rxfieldSlice.T * 4e-7 * np.pi
                del field_slice_rx

        del slice3D
        # elliptical decomposition
        txalpha, txbeta, txzeta, txperpend = \
            Kernel.ellipticalDecomposition_multi(txfieldSlice, earth)
        if not coincident:
            rxalpha, rxbeta, rxzeta, rxperpend = \
                Kernel.ellipticalDecomposition_multi(rxfieldSlice, earth)

        # kernel integration
        (K1, K2, K3) = Kernel.kernelCalculation_multi(
            fid, earth, txalpha, txbeta, txzeta, txperpend,
            rxalpha=rxalpha, rxbeta=rxbeta, rxzeta=rxzeta, rxperpend=rxperpend,
            calc_theta=False,)

        # log.warning('Export of kernel slice.')
        # path = Path('kernel_slices')
        # path.mkdir(exist_ok=True)
        # np.save(path.joinpath('kernel_slice_1D_{}.npy'
        #                       .format(idx)).as_posix(),
        #         K1 * K2 * K3)

        log.debug('put kernel Slice {}: shape = {}'
                  .format(idx, np.shape(K2)))

        outQueue.put((K1 * K2 * K3 * z_thk, idx))  # weighting with z vec
        # weighting over cells sizes in calling function
        del txalpha
        del txbeta
        del txzeta
        del txperpend
        del txfieldSlice

        if not coincident:
            del rxfieldSlice
            del rxalpha
            del rxbeta
            del rxzeta
            del rxperpend

        del K1
        del K2
        del K3
        del z_mid
        del z_thk

    log.debug('exit of Worker {} after {:.2f} seconds'
              .format(workerID, time.time() - tickstart))
    return


def _interpolationMatrixWorker(worker_id, src_mesh, target_pos, id_offset,
                               pipe, log_level):
    from comet.pyhed.misc import vec
    from comet.pyhed import log
    log.setLevel(log_level)
    log.debug('import source mesh')
    src = pg.Mesh(src_mesh)
    mat = src.interpolationMatrix(pg.R3Vector(target_pos))
    pipe.put([vec.getRSparseValues(mat, getInCRS=False), id_offset,
              src.nodeCount()])
    mat.clear()
    log.debug(f'exit of Worker {worker_id}')
    return


[docs]def calcInterpolationMatrix_para(source_mesh, target_pos, num_cpu=8):
    # input handling
    import multiprocessing as mpc

    temporary_mesh = False
    if isinstance(source_mesh, str):
        pass

    elif isinstance(source_mesh, pg.Mesh):
        temporary_mesh = True
        import tempfile as temp
        temp_mesh = temp.NamedTemporaryFile(suffix='.bms', delete=False)
        source_mesh.save(temp_mesh.name)
        source_mesh = temp_mesh.name
        temp_mesh.close()

    out_queue = mpc.Queue()
    nop = np.min([mpc.cpu_count(), len(target_pos), num_cpu])
    row_count = len(target_pos)
    splitted = np.array_split(target_pos, nop, axis=0)

    log.info(f'Start calculating matrices in {nop} parallel processes.')

    processes = []
    index_split = 0
    for i in range(nop):
        worker = mpc.Process(target=_interpolationMatrixWorker,
                             args=(i,
                                   source_mesh,
                                   splitted[i],
                                   index_split,
                                   out_queue,
                                   log.getEffectiveLevel()))
        index_split += len(splitted[i])
        worker.daemon = True
        processes.append(worker)
        worker.start()

    rows = []
    cols = []
    vals = []

    number = 0
    while number < nop:
        try:
            sub_mat, split, col_count = out_queue.get()

        except queue.Empty:
            time.sleep(2.0)
            continue

        rows.extend(np.array(sub_mat[0]) + split)
        cols.extend(sub_mat[1])
        vals.extend(sub_mat[2])
        number += 1

    IMatrix = pg.SparseMapMatrix(pg.IndexArray(np.array(rows)),
                                 pg.IndexArray(np.array(cols)),
                                 pg.RVector(vals))
    IMatrix.setRows(row_count)
    IMatrix.setCols(col_count)

    log.debug('Building up matrix ... ')

    if temporary_mesh:
        os.unlink(source_mesh)  # release temporary mesh file

    for p in processes:
        if p.is_alive():
            p.terminate()
        p.join()

    return IMatrix



[docs]def create1DInterpolationSlices(kern):
    z_offsets = kern._zvec
    cc = kern.kernelMesh1D.cellCenters()
    coords = np.repeat(np.reshape(cc, (1, *cc.array().shape)),
                       len(z_offsets), axis=0)

    inputcoords = np.concatenate([coords[:, :, 0, np.newaxis],
                                  coords[:, :, 1, np.newaxis],
                                  coords[:, :, 2, np.newaxis]], axis=2)
    for zi, zval in enumerate(z_offsets):
        inputcoords[zi, :, 2] = zval
    inputcoords
    return



[docs]def create2DInterpolationSlices(kern):
    y_offsets = kern.yvec
    cc = kern.kernelMesh2D.cellCenters()
    coords = np.repeat(np.reshape(cc, (1, *cc.array().shape)),
                       len(y_offsets), axis=0)
    inputcoords = np.concatenate([coords[:, :, 0, np.newaxis],
                                  coords[:, :, 2, np.newaxis],
                                  coords[:, :, 1, np.newaxis]], axis=2)
    for yi, yval in enumerate(y_offsets):
        inputcoords[yi, :, 1] = yval
    return inputcoords


[docs]def calculateKernelFromSlices(
        survey_name, invmesh, cfgname, max_length=0.05, max_num=400,
        path_name='kernel', num_cpu=48, h_order=1, json_name=None,
        force_new_paths=True, kernel_name='kernel/kern_{}',
        slice_export_name='kernel_slice'):
    """
    Parameters:
    -----------
        survey: string
            Filepath of the survey containing the FIDs.

        invmesh: string
            Filepath for the inversion mesh the kernel is calculated on.

        cfgname: string
            Filepath of the secondary config containingin formation for
            custEM. The same file should have been used for the field
            calculation.

        max_length: float [ 0.05 ]
            Minimum distance between two slices in y direction.

        max_num: integer [ 400 ]
            Number of slices for y discretization.

        path_name: string [ 'kernel' ]
            Final name for the slices will be
            {mdir}/paths/{path_name}_{number}_path.xml
            "mdir" is defined in the secondary config.

        num_cpu: integer [ 48 ]
            Number of cores used.

        h_order: integer [ 1 ]
            Order of h-refinement when setting the invmesh in the
            kernelclass.

        json_name: string [ None ]
            Optional name for the json file. Alternatively a tempory file
            is created.

        force_new_path: boolean [ True ]
            Deletes old pathfiles (slices) and forces the generation of
            new ones.

        kernel_name: string [ 'kernel/kern_{}' ]
            Filepath of used for export of the kernel functions. Need to
            contain a "{}" which is filled with the index of the
            corresponding FID in the survey class.

        slice_export_name: string [ 'kernel_slice' ]
            Filepath of the interpolated magnetic fields for the
            individual kernel slices.
            Full slice path contains:
            "{r_dir}/{approach}/{mesh_name}/{mod_name}_interpolated/
            tx_{tx_number}_{slice_export_name}_imesh_{slice_number}.npy"

    Returns:
    --------

        kernel_name (added a "_{}" if not in original string)

    """
    from comet import snmr
    from comet import pyhed as ph
    jdict = {}
    jdict['survey'] = survey_name
    jdict['invmesh'] = invmesh
    jdict['cfgname'] = cfgname
    jdict['max_num'] = max_num
    jdict['max_length'] = max_length
    jdict['num_cpu'] = num_cpu
    jdict['path_name'] = path_name
    jdict['h_order'] = h_order
    jdict['force_new_paths'] = force_new_paths
    jdict['slice_export_name'] = slice_export_name

    json_name = ph.misc.dump2Json(json_name=json_name, **jdict)

    success = ph.misc.local_apps_bash('totalFieldInterpolation',
                              json_name,
                              str(num_cpu))

    ph.log.info('success: {}'.format(success))
    if success != 0:
        ph.log.error('Mpirun aborted.')
        raise SystemExit()

    # import prepared survey from second script
    survey = snmr.Survey()
    survey.load(survey_name, load_meshes=False)

    cfg = ph.SecondaryConfig(cfgname)

    # only working approach for this is E-total, hardcoded
    cfg.approach = 'E_t'

    for fi, fid in enumerate(survey.fids):
        kern = survey.createKernel(fi, dimension=2)

        # 1200 slices instead of 300
        kern.createYVec(max_length=max_length, max_num=max_num)
        kern.set2DKernelMesh(invmesh, order=h_order)

        slice_dir = '{}/{}/{}/{}_interpolated'.format(
            cfg.r_dir, cfg.approach, cfg.mesh_name, cfg.mod_name)
        slice_name = 'tx_{}_' + f'{slice_export_name}' + '_imesh_{}.npy'
        slices = Path(slice_dir).joinpath(slice_name).as_posix()

        kern.calculate(num_cpu=num_cpu,
                       slice_name=slices)

        if "{" not in kernel_name and "}" not in kernel_name:
            kernel_name += '_{}'

        kern.save(kernel_name.format(fi),
                  kernelmesh_name=Path(invmesh).name)

    return kernel_name


# The End
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  Source code for comet.snmr.misc.IO_pdf

"""
Part of comet/snmr/misc
"""
# COMET - COupled Magnetic resonance Electrical resistivity Tomography
# Copyright (C) 2019  Nico Skibbe

# This program is free software: you can redistribute it and/or modify
# it under the terms of the GNU General Public License as published by
# the Free Software Foundation, either version 3 of the License, or
# (at your option) any later version.

# This program is distributed in the hope that it will be useful,
# but WITHOUT ANY WARRANTY; without even the implied warranty of
# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
# GNU General Public License for more details.

# You should have received a copy of the GNU General Public License
# along with this program. If not, see <https://www.gnu.org/licenses/>.

import matplotlib.pyplot as plt
import pygimli as pg
import numpy as np
import matplotlib as mpl


[docs]def returnFigure(ax):
    import matplotlib.figure
    if not isinstance(ax, matplotlib.figure.Figure):
        try:
            fig = ax.get_figure()
        except AttributeError:  # 1d axis
            try:
                fig = ax[0].get_figure()
            except AttributeError:  # 2d axis
                fig = ax[0, 0].get_figure()
            except TypeError as t:
                print('ax is None')
                raise t

        return fig
    else:
        return ax



[docs]def closeAxis(ax):
    plt.close(returnFigure(ax))



[docs]def robustPDFSave(fig_or_ax, name, **kwargs):
    import time
    from comet.pyhed.IO import checkDirectory
    checkDirectory(name, filename=True)
    saved = False
    fig = returnFigure(fig_or_ax)
    kwargs.setdefault('bbox_inches', 'tight')
    while saved is False:
        try:
            fig.savefig(name, **kwargs)
            saved = True
            print('saved "{}"'.format(name))
        except PermissionError:
            print('Permission denied, close pdf viewer. \
I will try again in 5 seconds.')
            time.sleep(5.0)



[docs]def exportKernelPDF(kern, fig=None, ax=None, savename=None, dpi=300,
                    noYLabel=False, index=0, xl_add='', rotate=False,
                    plotlims=None, colorbar=False, figsize=[10, 6]):
    import kernel as k
    if isinstance(kern, str):
        kern = k.Kernel(kern, verbose=True)

    if kern.dimension != 2:
        raise Exception('Only for 2D Kernel')

    cmin = -2
    cmax = 2
    if fig is None or ax is None:
        fig, ax = plt.subplots(1, 1, figsize=figsize)
    if rotate:
        kern.kernelMesh2D.rotate(pg.RVector3((0.0, 0.0, np.pi/2.)))
    im, cbar = kern.show(indices=[index], cMin=cmin, cMax=cmax, size=14, ax=ax,
                         colorBar=colorbar)
    ax.set_ylabel('X [m]')
    ax.set_xlabel('Z [m]')
    if plotlims is not None:
        ax.set_xlim(plotlims[0], plotlims[1])
        ax.set_ylim(plotlims[2], plotlims[3])
    if noYLabel is True:
        ax.set_ylabel('')
        ax.yaxis.set_major_locator(plt.NullLocator())
    if savename is not None:
        if savename.endswith('.png'):
            robustPDFSave(fig, savename, bbox_inches='tight', dpi=dpi)
        else:
            robustPDFSave(fig, savename, bbox_inches='tight')
        plt.close()



[docs]def exportColorBarPDF(name=None, cMap='viridis', cmin=0, cmax=1,
                      orientation='horizontal', label='colorbar label',
                      size=14, ax=None, dpi=300):
    # import matplotlib.pyplot as plt
    # import matplotlib as mpl
    if ax is None:
        if orientation == 'horizontal':
            fig = plt.figure(figsize=(8, 2))
            ax = fig.add_axes([0.05, 0.80, 0.9, 0.15])
        else:
            fig = plt.figure(figsize=(2, 8))
            ax = fig.add_axes([0.05, 0.05, 0.25, 0.9])

    if isinstance(cMap, str):
        cMap = plt.get_cmap(cMap)
    norm = mpl.colors.Normalize(vmin=cmin, vmax=cmax)
    cbar = mpl.colorbar.ColorbarBase(ax, cmap=cMap,
                                     norm=norm,
                                     orientation=orientation)
    cbar.ax.tick_params(labelsize=size)
    cbar.set_label(label, size=size)
    cbar.set_ticks([cmin, 0, cmax])
    if orientation == 'horizontal':
        cbar.ax.set_xticklabels(['< $10^{' + str(cmin) + '}$', '1',
                                 '> $10^{}$'.format(cmax)])
    else:
        cbar.ax.set_yticklabels(['< $10^{' + str(cmin) + '}$', '1',
                                 '> $10^{}$'.format(cmax)])
    if name is not None:
        if name.endswith('.png'):
            robustPDFSave(fig, name, bbox_inches='tight', dpi=dpi)
        else:
            robustPDFSave(fig, name, bbox_inches='tight')
        plt.close()
    return ax


# The End
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  Source code for comet.snmr.misc.plot_routines

"""
Part of comet/snmr/misc
"""
# COMET - COupled Magnetic resonance Electrical resistivity Tomography
# Copyright (C) 2019  Nico Skibbe

# This program is free software: you can redistribute it and/or modify
# it under the terms of the GNU General Public License as published by
# the Free Software Foundation, either version 3 of the License, or
# (at your option) any later version.

# This program is distributed in the hope that it will be useful,
# but WITHOUT ANY WARRANTY; without even the implied warranty of
# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
# GNU General Public License for more details.

# You should have received a copy of the GNU General Public License
# along with this program. If not, see <https://www.gnu.org/licenses/>.

import matplotlib.pyplot as plt
import numpy as np
from comet.pyhed import log
from comet.pyhed.plot import setAxSize


[docs]def drawSoundingCurve(ax, kern_mat, pulses, size=12, color='r',
                      to_plot=['abs'], y_ticks_right=True, plot_abs=True,
                      title='volume-integrated kernel', marker_size=5,
                      **kwargs):
    """
    """
    if kern_mat.shape[0] == len(pulses) and len(kern_mat.shape) == 2:
        kern_mat2 = np.sum(kern_mat, 1)
    else:
        kern_mat2 = kern_mat

    item_plot = np.absolute(kern_mat2)
    ret = ()
    legend_handler = []
    legend_label = []

    if 'abs' in to_plot:
        Abs, = ax.plot(item_plot * 1e9, pulses, linestyle='', marker='o',
                       color=color, markersize=marker_size, **kwargs)
        legend_handler.append(Abs)
        legend_label.append('abs')
        ret += (Abs,)

    if 'real' in to_plot:
        Real, = ax.plot(np.real(kern_mat2) * 1e9, pulses, color=color,
                        linestyle='-', **kwargs)
        legend_handler.append(Real)
        legend_label.append('real')
        ret += (Real,)

    if 'imag' in to_plot:
        Imag, = ax.plot(np.imag(kern_mat2) * 1e9, pulses, color=color,
                        linestyle='--', **kwargs)
        legend_handler.append(Imag)
        legend_label.append('imag')
        ret += (Imag,)

    plt.legend(legend_handler, legend_label)

    ax.set_xlabel('Voltage (nV)')
    if not ax.yaxis_inverted():
        ax.invert_yaxis()
    ax.set_ylabel('Pulse moments (As)')
    if y_ticks_right:
        ax.yaxis.tick_right()
        ax.yaxis.set_label_position("right")
    ax.grid(True)
    if title is not None:
        ax.set_title(title)

    if 'real' in to_plot or 'imag' in to_plot:
        eval_minmax = np.column_stack([item_plot, np.real(kern_mat2),
                                       np.imag(kern_mat2)])
        start = np.min(eval_minmax * 1e9)
        end = np.max(eval_minmax * 1e9)
    else:
        start = np.min(item_plot * 1e9)
        end = np.max(item_plot * 1e9)

    # determine xticks in 0D plot and conf axis
    fixed = 500
    start_mult = start // fixed
    end_mult = end // fixed

    mirror = None
    if start_mult < 0:
        mirror = start_mult - 1
        start_mult = 0

    mult = end_mult - start_mult
#    mult = (end - start) // fixed  # tick rounded to 500
    div = 5  # 5 ticks per plot
    if end_mult > 19:
        div = 4  # if max > 10000, only 4 ticks per plot

    while mult == 0:  # end smaller than current fixed
        fixed /= 10
        start_mult = start // fixed
        end_mult = end // fixed
        mult = end_mult - start_mult

    # calc ticks value
    mult5 = max(mult // div, 1)

    # set ticks
    if not mirror:
        ax.set_xticks(
            np.arange(start_mult * fixed, end, mult5 * fixed))
    else:
        positive = np.arange(0, end, mult5 * fixed)
        negative = (np.arange(0, mirror * fixed, -mult5 * fixed))
        ax.set_xticks(np.unique(np.append(negative[::-1], positive)))

    setAxSize(ax, size)
    return ret



if __name__ == '__main__':
    pass

# The End




          

      

      

    

  

  
    
    comet.snmr.misc.plotting_tools
    

    

    
 
  

    
      
          
            
  Source code for comet.snmr.misc.plotting_tools

"""
Part of comet/snmr/misc
"""
# COMET - COupled Magnetic resonance Electrical resistivity Tomography
# Copyright (C) 2019  Nico Skibbe

# This program is free software: you can redistribute it and/or modify
# it under the terms of the GNU General Public License as published by
# the Free Software Foundation, either version 3 of the License, or
# (at your option) any later version.

# This program is distributed in the hope that it will be useful,
# but WITHOUT ANY WARRANTY; without even the implied warranty of
# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
# GNU General Public License for more details.

# You should have received a copy of the GNU General Public License
# along with this program. If not, see <https://www.gnu.org/licenses/>.

import numpy as np


[docs]def setAxSize(ax, size):
    for item in ([ax.title, ax.xaxis.label,
                  ax.yaxis.label] + ax.get_xticklabels() +
                 ax.get_yticklabels()):
        item.set_fontsize(size)



[docs]def setCBarSize(cbar, size):
    setAxSize(cbar.ax, size)



[docs]def grayCBarPalette(steps, lims=[1.0, 0.5]):
    color_palette = []
    colors = np.linspace(lims[0], lims[1], steps)
    for i in colors:
        color_palette.append((i, i, i))
    return color_palette



if __name__ == '__main__':
    pass

# The End




          

      

      

    

  

  
    
    comet.snmr.modelling.errors
    

    

    
 
  

    
      
          
            
  Source code for comet.snmr.modelling.errors

"""
Part of comet/snmr/modelling
"""
# COMET - COupled Magnetic resonance Electrical resistivity Tomography
# Copyright (C) 2019  Nico Skibbe

# This program is free software: you can redistribute it and/or modify
# it under the terms of the GNU General Public License as published by
# the Free Software Foundation, either version 3 of the License, or
# (at your option) any later version.

# This program is distributed in the hope that it will be useful,
# but WITHOUT ANY WARRANTY; without even the implied warranty of
# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
# GNU General Public License for more details.

# You should have received a copy of the GNU General Public License
# along with this program. If not, see <https://www.gnu.org/licenses/>.

[docs]class InputError(Exception):
    def __init__(self, file=None, msg=None):
        self.errormessage = 'An Input Error occurred.'
        if file is not None:
            if isinstance(file, str):
                self.errormessage += ' Datatype %r not understood, abort.' % \
                                     (file.split('.')[-1])
            else:
                self.errormessage += ' Datatype %r not understood, abort.' % \
                                     (type(file))

        if msg is not None:
            self.errormessage += ' ' + msg
        super(InputError, self).__init__(self.errormessage)



[docs]def DepricationWarning(msg=None):
    full_msg = 'Deprication warning. this feature will be removed \
in the future.'
    if msg is not None:
        full_msg += ' ' + msg
    print(full_msg)



[docs]class KernImportError(Exception):
    def __init__(self, value):
        self.value = value

    def __str__(self):
        return repr(self.value)


# The End




          

      

      

    

  

  
    
    comet.snmr.modelling.mrs
    

    

    
 
  

    
      
          
            
  Source code for comet.snmr.modelling.mrs

"""
Part of comet/snmr/modelling

Magnetic resonance sounding module.
"""
# COMET - COupled Magnetic resonance Electrical resistivity Tomography
# Copyright (C) 2019  Nico Skibbe

# This program is free software: you can redistribute it and/or modify
# it under the terms of the GNU General Public License as published by
# the Free Software Foundation, either version 3 of the License, or
# (at your option) any later version.

# This program is distributed in the hope that it will be useful,
# but WITHOUT ANY WARRANTY; without even the implied warranty of
# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
# GNU General Public License for more details.

# You should have received a copy of the GNU General Public License
# along with this program. If not, see <https://www.gnu.org/licenses/>.

# general modules to import according to standards
import time
import numpy as np

import matplotlib.pyplot as plt

import pygimli as pg
from pygimli.utils import iterateBounds

try:  # pg.__version__ >= 1.1
    from pygimli.viewer.mpl import drawModel1D
except ImportError:  # pg.__version__ < 1.1
    from pygimli.mplviewer import drawModel1D

from comet.snmr import kernel as k

# local functions in package
# from . snmrModelling import MRS1dBlockQTModelling, SNMRModelling
from . nmr_base import SNMRBase


[docs]class MRS(SNMRBase):
    """
    Magnetic resonance sounding (MRS) manager class.
    """

    def __init__(self,
                 survey=None,
                 fid=0,
                 kernel=None,
                 mtype='smooth',
                 dtype='rotatedAmplitudes',
                 **kwargs):
        """
        Parameters
        ----------

        kernel: pg.Matrix or ndarray or class-instance or string
            Basically a simple precalculated kernel matrix in the .mrsi, .mrsd
            or .npz format is sufficient for this class to work. If a
            recalcualtion of the kernelmatrix is intended, an instance of a
            kernelclass forward operator can be loaded.

        gates: np.array or pg.Vector
            Gates are the time discretisation of the NMR measurement, they
            result in the preprocessing of the measured data, where the gating
            is used to improve the signal-to-noise ratio. Data and Error Cubes
            can be loaded seperately using the method 'loadDataAndError',
            or a new set of synthetic data can be calcualted.

        """
        super(MRS, self).__init__(
            survey=survey, fid=fid, kernel=kernel, mtype=mtype,
            dtype=dtype, dim=1, **kwargs)

[docs]    def showDataAndError(self, ax=None, figsize=(10, 8), as_log=False):
        """Show data cube along with error cube."""
        if ax is None:
            fig, ax = plt.subplots(1, 2, figsize=figsize)
        self.showCube(ax[0], self.data * 1e9, islog=as_log)
        self.showCube(ax[1], self.error * 1e9, islog=as_log)
        return ax


[docs]    def showKernel(self, ax=None, save=None, **kwargs):
        """
        Show the kernel as matrix (Q over z). If Kernel is a class object,
        the plotting order is redirected to Kernel.show(**kwargs)

        To see more about the plotting options type this in the console:

        >>> import kernel as k
        >>> help(k.Kernel.show)
        """
        if self.Kernel is not None:
            self.Kernel.show(ax=ax, **kwargs)
            if save is not None:
                plt.savefig(save, bbox_inches='tight')

        else:
            if ax is None:
                fig, ax = plt.subplots()
            ax.imshow(np.absolute(self.K).T, interpolation='nearest',
                      aspect='auto')
            yt = ax.get_yticks()
            maxzi = self.K.shape[1]
            yt = yt[(yt >= 0) & (yt < maxzi)]
            if yt[-1] < maxzi-2:
                yt = np.hstack((yt, maxzi))
            ytl = [str(self.kernel.zvec[int(yti)]) for yti in yt]
            zl = self.kernel.zvec[[int(yti) for yti in yt]]
            ytl = [str(zi) for zi in np.round(zl, 1)]
            ax.set_yticks(yt)
            ax.set_yticklabels(ytl)
            xt = ax.get_xticks()
            maxqi = self.K.shape[0]
            xt = xt[(xt >= 0) & (xt < maxqi)]
            xtl = [np.round(self.pulses[int(iq)], 2) for iq in xt]
            ax.set_xticks(xt)
            ax.set_xticklabels(xtl)

        return ax


[docs]    def searchForLambda(self, startLam=20000):
        """
        Runs several inversion runs to find the highest lambda which is able to
        fit the data within its errors.
        """
        self.invert(lam=startLam, runChi1=True)
        Lam = self.inv.getLambda()
        factor = 1.05
        # stepwise search for optimized lam
        for i in range(15):
            nextLam = Lam * factor
            self.invert(lam=nextLam, runChi1=True)
            Lam = self.inv.getLambda()
            if Lam > nextLam/factor:
                continue
            else:
                break
        return nextLam


[docs]    def showResult(self, figsize=(10, 8), save='',
                   fig=None, ax=None, syn=None, wclabel=None, t2label=None,
                   color=None):
        """Show theta(z) and T2*(z) (+uncertainties if there)."""
        if ax is None:
            fig, ax = plt.subplots(1, 2, sharey=True, figsize=figsize)

        if self.inv is not None:
            thk, wc, t2 = self.splitModel(model=self.inv.model())
        else:
            thk, wc, t2 = self.splitModel()

        if syn is not None:
            drawModel1D(ax[0], syn[0], syn[1], color=color, label='synthetic')
            synT2 = np.array(syn[2])*1000.0
            drawModel1D(ax[1], syn[0], synT2, color=color,
                        label='synthetic')

        showWC(ax[0], thk, wc, color=color, label=wclabel)
        showT2(ax[1], thk, t2, color=color, label=t2label)

        if self.modelL is not None and self.modelU is not None:
            thkL, wcL, t2L = self.splitModel(self.modelL)
            thkU, wcU, t2U = self.splitModel(self.modelU)
            showErrorBars(ax[0], thk, wc, thkL, thkU, wcL, wcU)
            showErrorBars(ax[1], thk, t2*1e3,
                          thkL, thkU, t2L*1e3, t2U*1e3)

        if fig is not None:
            if save:
                fig.savefig(save, bbox_inches='tight')
            return ax


[docs]    def showResultAndFit(self, figsize=(12, 10), save='',
                         maxdep=0., clim=None, suptitle=None, syn=None,
                         wclabel=None, t2label=None):
        """Show ec(z), T2*(z), data and model response."""
        fig, ax = plt.subplots(2, 2, figsize=figsize)
        if self.inv is not None:
            thk, wc, t2 = self.splitModel(model=self.inv.model())
        else:
            thk, wc, t2 = self.splitModel()
        if syn is not None:
            drawModel1D(ax[0, 0], syn[0], syn[1], color='b', label='synthetic')
            synT2 = np.array(syn[2]) * 1000.0
            drawModel1D(ax[0, 1], syn[0], synT2, color='b',
                        label='synthetic')
        if wclabel is None:
            wclabel = r'$\lambda$={:2.2f}'.format(self.inv.getLambda())

        if t2label is None:
            t2label = r'$\lambda$={:2.2f}'.format(self.inv.getLambda())

        showWC(ax[0, 0], thk, wc, label=wclabel)
        showT2(ax[0, 1], thk, t2, label=t2label)

        ax[0, 0].set_title(r'water content $\theta$')
        ax[0, 1].set_title(r'decay time $T_2^*$')
        ax[0, 0].set_ylabel('$z$ [m]')
        ax[0, 1].set_ylabel('$z$ [m]')
        ax[0, 0].legend(loc='best')
        ax[0, 1].legend(loc='best')
        if self.modelL is not None and self.modelU is not None:
            thkL, wcL, t2L = self.splitModel(self.modelL)
            thkU, wcU, t2U = self.splitModel(self.modelU)
            showErrorBars(ax[0, 0], thk, wc, thkL, thkU, wcL, wcU)
            showErrorBars(ax[0, 1], thk, t2*1e3,
                          thkL, thkU, t2L*1e3, t2U*1e3)

        lim = [np.max([np.max(maxdep),
               np.abs(self.kernel.zvec[-1])]), 0.]
        ax[0, 0].set_ylim(lim)
        ax[0, 1].set_ylim(lim)

        if self.inv is not None:
            resp = self.inv.response()

        if len(resp) == 0:  # True if for example just imported from .mrsi
            resp = self.data - self.error
            print('Attention: plotted simulated data are calculated as \
difference between data and error due to simple import of inversion results!')

        ewmisfit = (self.data - resp) / self.error

        len_real = len(self.fid.gates) * len(self.fid.pulses)
        iscomplex = len(ewmisfit) == 2 * len_real

        if iscomplex:
            self.showCube(ax[1, 0], ewmisfit[:len_real], islog=False,
                          cmap='bwr', clim=[-4, 4])
            self.showCube(ax[1, 1], ewmisfit[len_real:], islog=False,
                          cmap='bwr', clim=[-4, 4])

        else:
            subax = plt.subplot(2, 1, 2)
            self.showCube(subax, ewmisfit, islog=False, cmap='bwr',
                          clim=[-4, 4])

            title = 'error-weighted misfit (amp)'
            if self.inv is not None:
                chi2 = self.inv.getChi2()
                title += ' chi² = {:.3f}'.format(chi2)
            subax.set_title(title)

        if suptitle:
            fig.suptitle(suptitle)
        if save:
            fig.savefig(save, bbox_inches='tight')
        return ax


[docs]    def showDataAndFit(self, compare_to=None, figsize=(8, 6), savename=None,
                       clim=None, suptitle=None, separated=False,
                       savematrices=False):
        """data and error weighted misfit. 1,1 or 2,2 for complex"""
        Complex = self.dtype == 'complex'
        if self.inv is None:
            raise Exception('Cannot show data and fit without inversion '
                            'instance.')
        if separated is False:
            fig, ax = plt.subplots(1 + Complex, 2, figsize=figsize,
                                   sharey=True, sharex=True)
        else:
            fig1, ax1 = plt.subplots(1, 1, figsize=figsize)
            fig2, ax2 = plt.subplots(1, 1, figsize=figsize)
            fig3, ax3 = plt.subplots(1, 1, figsize=figsize)
            fig4, ax4 = plt.subplots(1, 1, figsize=figsize)
            ax = np.array([[ax1, ax2], [ax3, ax4]])
            fig = [fig1, fig2, fig3, fig4]
        if compare_to is None:
            response = self.inv.response()
        else:
            response = compare_to
        if Complex is True:
            datareal, dataimag = np.split(self.data, 2)

            self.showCube(ax[0, 0], datareal * 1e9,
                          islog=False, clim=clim, cmap='bwr')
            ax[0, 0].set_title('measured data real [nV]')  # log10
#            ax[0, 0].set_xlabel('')

            self.showCube(ax[0, 1], dataimag * 1e9,
                          islog=False, clim=clim, cmap='bwr')
            ax[0, 1].set_title('measured data imag [nV]')  # log10
#            ax[0, 1].set_ylabel('')
#            ax[0, 1].set_xlabel('')
            ewmisfit = (self.data - response) / self.error
            errorreal, errorimag = np.split(ewmisfit, 2)
            self.showCube(ax[1, 0], errorreal, islog=False, cmap='bwr',
                          clim=[-4, 4])
            ax[1, 0].set_title('error-weighted misfit real')
            self.showCube(ax[1, 1], errorimag, islog=False, cmap='bwr',
                          clim=[-4, 4])
            ax[1, 1].set_title('error-weighted misfit imag')
#            ax[1, 1].set_ylabel('')
#        if suptitle:
#            fig.suptitle(suptitle, size=36)
        else:
            self.showCube(ax[0], self.data * 1e9,
                          islog=False, clim=clim)
            ax[0].set_title('measured data [nV]')  # log10
            ewmisfit = (self.data - response) / self.error
            if savename is not None:
                np.save('{}/mrs_data.npy'
                        .format(savename.split(savename.split('/')[-1])[0]),
                        self.data)
                np.save('{}/mrs_ewmisfit.npy'
                        .format(savename.split(savename.split('/')[-1])[0]),
                        ewmisfit)
            self.showCube(ax[1], ewmisfit, islog=False, cmap='bwr',
                          clim=[-4, 4])
            ax[1].set_title('error-weighted misfit')
        if savename is not None:
            titles = ['dreal', 'dimag', 'ereal', 'eimag']
            if separated is True:
                for i, subfig in enumerate(fig):
                    subfig.savefig(savename + titles[i] + '.pdf',
                                   bbox_inches='tight')
            else:
                fig.savefig(savename + '.pdf', bbox_inches='tight')
        return ax


[docs]    def splitModel(self, model=None):
        """Split model vector into d, theta and T2*."""

        if model is None:
            model = self.model

        if self.mtype.lower() == 'block':
            nl = self.nlay
            if len(model) == nl and np.shape(model[0]) != ():
                thk = np.asarray(model[0])
                wc = np.asarray(model[1])
                t2 = np.asarray(model[2])
                # print(thk, wc, t2)
            else:
                thk = np.asarray(model[:nl - 1])
                wc = np.asarray(model[nl - 1:2 * nl - 1])
                t2 = np.asarray(model[2 * nl - 1:3 * nl - 1])

        else:
            ii = int(len(model)/2)
            wc = model[:ii]
            t2 = model[ii:]
            thk = np.abs(np.diff(self.kernel.zvec))[:-1]

        return thk, wc, t2




[docs]class MRSGenetic(MRS):
    """MRS class derivation using a genetic algorithm for inversion."""
    def __init__(self, *args, **kwargs):
        super(MRS, self).__init__(*args, **kwargs)

[docs]    def genMod(self, individual):
        """Generate (GA) model from random vector (0-1) using model bounds."""
        model = np.asarray(individual) * (self.lUB - self.lLB) + self.lLB
        if self.trans == 'log':
            return pg.exp(model)
        else:
            return model


[docs]    def runEA(self, nlay=None, eatype='GA', pop_size=100, num_gen=100,
              runs=1, mp_num_cpus=8, **kwargs):
        """Run evolutionary algorithm using the inspyred library

        Parameters
        ----------
        nlay : int [taken from classic fop if not given]
            number of layers\n
        pop_size : int [100]
            population size\n
        num_gen : int [100]
            number of generations\n
        runs : int [pop_size*num_gen]
            number of independent runs (with random population)\n
        eatype : string ['GA']
            algorithm, choose among:\n
                'GA' - Genetic Algorithm [default]\n
                'SA' - Simulated Annealing\n
                'DEA' - Discrete Evolutionary Algorithm\n
                'PSO' - Particle Swarm Optimization\n
                'ACS' - Ant Colony Strategy\n
                'ES' - Evolutionary Strategy
        """
        import inspyred
        import random

        def mygenerate(random, args):
            """generate a random vector of model size"""
            return [random.random() for i in range(nlay * 3 - 1)]

        def my_observer(population, num_generations, num_evaluations, args):
            """ print fitness over generation number """
            best = min(population)
            print('{0:6} -- {1}'.format(num_generations, best.fitness))

        @inspyred.ec.evaluators.evaluator
        def datafit(individual, args):
            """ error-weighted data misfit as basis for evaluating fitness """
            misfit = (self.data - self.f.response(self.genMod(individual))) / \
                self.error
            return np.mean(misfit**2)

        # prepare forward operator
        if self.f is None or (nlay is not None and nlay is not self.nlay):
            self.createFOP(nlay)
        lowerBound = pg.cat(pg.cat(pg.Vector(self.nlay - 1,
                                             self.thkBounds[1]),
                                   pg.Vector(self.nlay, self.wcBounds[1])),
                            pg.Vector(self.nlay, self.t2Bounds[1]))
        upperBound = pg.cat(pg.cat(pg.Vector(self.nlay - 1,
                                             self.thkBounds[2]),
                                   pg.Vector(self.nlay, self.wcBounds[2])),
                            pg.Vector(self.nlay, self.t2Bounds[2]))
        if self.trans == 'log':
            self.lLB, self.lUB = pg.log(lowerBound), pg.log(
                upperBound)  # ready mapping functions
        else:
            self.lLB, self.lUB = lowerBound, upperBound

#        self.f = MRS1dBlockQTModelling(nlay, self.K, self.z, self.t)
        # setup random generator
        rand = random.Random()
        # choose among different evolution algorithms
        if eatype == 'GA':
            ea = inspyred.ec.GA(rand)
            ea.variator = [
                inspyred.ec.variators.blend_crossover,
                inspyred.ec.variators.gaussian_mutation]
            ea.selector = inspyred.ec.selectors.tournament_selection
            ea.replacer = inspyred.ec.replacers.generational_replacement
        if eatype == 'SA':
            ea = inspyred.ec.SA(rand)
        if eatype == 'DEA':
            ea = inspyred.ec.DEA(rand)
        if eatype == 'PSO':
            ea = inspyred.swarm.PSO(rand)
        if eatype == 'ACS':
            ea = inspyred.swarm.ACS(rand, [])
        if eatype == 'ES':
            ea = inspyred.ec.ES(rand)
            ea.terminator = [inspyred.ec.terminators.evaluation_termination,
                             inspyred.ec.terminators.diversity_termination]
        else:
            ea.terminator = inspyred.ec.terminators.evaluation_termination

#        ea.observer = my_observer
        ea.observer = [
            inspyred.ec.observers.stats_observer,
            inspyred.ec.observers.file_observer]
        tstr = '{0}'.format(time.strftime('%y%m%d-%H%M%S'))
        self.EAstatfile = self.basename + '-' + eatype + 'stat' + tstr + '.csv'
        with open(self.EAstatfile, 'w') as fid:
            self.pop = []
            for i in range(runs):
                rand.seed(int(time.time()))
                self.pop.extend(ea.evolve(
                    evaluator=datafit, generator=mygenerate, maximize=False,
                    pop_size=pop_size, max_evaluations=pop_size*num_gen,
                    bounder=inspyred.ec.Bounder(0., 1.), num_elites=1,
                    statistics_file=fid, **kwargs))
#                self.pop.extend(ea.evolve(
#                    generator=mygenerate, maximize=False,
#                    evaluator=inspyred.ec.evaluators.parallel_evaluation_mp,
#                    mp_evaluator=datafit, mp_num_cpus=mp_num_cpus,
#                    pop_size=pop_size, max_evaluations=pop_size*num_gen,
#                    bounder=inspyred.ec.Bounder(0., 1.), num_elites=1,
#                    statistics_file=fid, **kwargs))
        self.pop.sort(reverse=True)
        self.fits = [ind.fitness for ind in self.pop]
        print('minimum fitness of ' + str(min(self.fits)))


[docs]    def plotPopulation(self, maxfitness=None, fitratio=1.05, savefile=True):
        """Plot fittest individuals (fitness<maxfitness) as 1d models

        Parameters
        ----------
        maxfitness : float
            maximum fitness value (absolute) OR
        fitratio : float [1.05]
            maximum ratio to minimum fitness
        """
        if maxfitness is None:
            maxfitness = min(self.fits) * fitratio
        fig, ax = plt.subplots(1, 2, sharey=True)
        maxz = 0
        for ind in self.pop:
            if ind.fitness < maxfitness:
                model = np.asarray(self.genMod(ind.candidate))
                thk = model[:self.nlay - 1]
                wc = model[self.nlay - 1:self.nlay * 2 - 1]
                t2 = model[self.nlay * 2 - 1:]
                drawModel1D(ax[0], thk, wc * 100, color='grey')
                drawModel1D(ax[1], thk, t2 * 1000, color='grey')
                maxz = max(maxz, sum(thk))

        model = np.asarray(self.genMod(self.pop[0].candidate))
        thk = model[:self.nlay - 1]
        wc = model[self.nlay - 1:self.nlay * 2 - 1]
        t2 = model[self.nlay * 2 - 1:]
        drawModel1D(ax[0], thk, wc * 100, color='black', linewidth=3)
        drawModel1D(ax[1], thk, t2 * 1000, color='black', linewidth=3,
                    plotfunction='semilogx')

        ax[0].set_xlim(self.wcBounds[1] * 100, self.wcBounds[2] * 100)
        ax[0].set_ylim((maxz * 1.2, 0))
        ax[1].set_xlim(self.t2Bounds[1] * 1000, self.t2Bounds[2] * 1000)
        ax[1].set_ylim((maxz * 1.2, 0))
        xt = [10, 20, 50, 100, 200, 500, 1000]
        ax[1].set_xticks(xt)
        ax[1].set_xticklabels([str(xti) for xti in xt])
        if savefile:
            fig.savefig(self.EAstatfile.replace('.csv', '.pdf'),
                        bbox_inches='tight')

        plt.show()


[docs]    def plotEAstatistics(self, fname=None):
        """Plot EA statistics (best, worst, ...) over time."""
        if fname is None:
            fname = self.EAstatfile
        gen, psize, worst, best, med, avg, std = np.genfromtxt(
            fname, unpack=True, usecols=range(7), delimiter=',')
        stderr = std / np.sqrt(psize)

        data = [avg, med, best, worst]
        colors = ['black', 'blue', 'green', 'red']
        labels = ['average', 'median', 'best', 'worst']

        fig, ax = plt.subplots()
        ax.errorbar(gen, avg, stderr, color=colors[0], label=labels[0])
        ax.set_yscale('log')
        for d, col, lab in zip(data[1:], colors[1:], labels[1:]):
            ax.plot(gen, d, color=col, label=lab)
        ax.fill_between(gen, data[2], data[3], color='#e6f2e6')
        ax.grid(True)
        ymin = min([min(d) for d in data])
        ymax = max([max(d) for d in data])
        yrange = ymax - ymin
        ax.set_ylim((ymin - 0.1*yrange, ymax + 0.1*yrange))
        ax.legend(loc='upper left')  # , prop=prop)
        ax.set_xlabel('Generation')
        ax.set_ylabel('Fitness')




[docs]def showErrorBars(ax, thk, val, thkL, thkU, valL, valU, *args, **kwargs):
    """Plot wc and t2 models with error bars."""
    zb = np.cumsum(thk)
    zm = np.hstack((zb - thk / 2, zb[-1] * 1.2))  # zb[-1]+thk[-1]/2))
    valm = (val[:-1] + val[1:]) / 2
    xerr = [val - valL, valU - val]
    yerr = [thk - thkL, thkU - thk]
    ax.errorbar(val, zm, fmt='.', xerr=xerr, ecolor='r', **kwargs)
    ax.errorbar(valm, zb, fmt='.', yerr=yerr, ecolor='g', **kwargs)
    ax.set_ylim(bottom=zm[-1] * 1.02, top=0)
    return ax



[docs]def showWC(ax, thk, wc, maxdep=0., dw=0.1, label=None, color='g'):
    """Show water content function nicely."""
    if label is None:
        label = 'inversion'
    wmin = 0
    wmax = np.max(wc)
    drawModel1D(ax, thk, wc, xlabel=r'$\theta$ [1]',
                label=label, color=color)
    if maxdep > 0.:
        ax.set_ylim(maxdep, 0.)
    wt = np.arange(wmin, wmax, dw)
    ax.set_xticks(wt)
    ax.set_xticklabels([f'{wi:.2f}' for wi in wt])
    ax.legend(loc='best')
    return ax



[docs]def showT2(ax, thk, t2, maxdep=0., label=None, color='g'):
    """Show T2 function nicely."""
    if label is None:
        label = 'inversion'
    drawModel1D(ax, thk, t2*1e3, xlabel=r'$T_2^*$ [ms]',
                label=label, color=color)
    tmin = min(20, min(t2) * 0.9e3)
    tmax = max(500, max(t2) * 1.1e3)
    ax.set_xlim(tmin, tmax)
    if maxdep > 0.:
        ax.set_ylim(maxdep, 0.)
    xt = [20, 50, 100, 200, 500]
    ax.set_xticks(xt)
    ax.set_xticklabels([str(ai) for ai in xt])
    ax.legend(loc='best')
    return ax


# The End
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  Source code for comet.snmr.modelling.mrs_survey

"""
Part of comet/snmr/modelling
"""
# COMET - COupled Magnetic resonance Electrical resistivity Tomography
# Copyright (C) 2019  Nico Skibbe

# This program is free software: you can redistribute it and/or modify
# it under the terms of the GNU General Public License as published by
# the Free Software Foundation, either version 3 of the License, or
# (at your option) any later version.

# This program is distributed in the hope that it will be useful,
# but WITHOUT ANY WARRANTY; without even the implied warranty of
# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
# GNU General Public License for more details.

# You should have received a copy of the GNU General Public License
# along with this program. If not, see <https://www.gnu.org/licenses/>.

import numpy as np
import pygimli as pg

from comet.snmr.survey import Survey
from comet.snmr.kernel import Kernel
from comet import pyhed as ph

from . nmr_base import SNMRBase
from . snmrModelling import SNMRJointModelling

import matplotlib.pyplot as plt
from pathlib import Path


[docs]class MRT:
    def __init__(self, survey=None, dim=2, dtype='complex', mtype='smooth'):
        """ #TODO! """
        self.fop = None
        self.inv = None
        self.sounds = []

        self.dim = dim

        self._dtype = None
        self.setDataType(dtype)

        self._mtype = None
        self.setModelType(mtype)

        if survey is None:
            self.survey = Survey()
        else:
            self.survey = survey

        self.initSoundings()

        # for scci, read only
        self._numPara = 2

    def _gather(self, attribute):
        """ Internal function.
        Gather variables from underlaying soundings. """
        ret = []
        for sound in self.sounds:
            ret.append(getattr(sound, attribute))
        return ret

    @property
    def data(self):
        ''' Concatenated data vectors of sounds.'''
        return np.concatenate(self._gather('data'))

    @property
    def data_slices(self):
        ''' Slices to get single data from self.data.

        Data[sound #2] = mrt.data[mrt.data_slices[1]]
        '''
        slices = []
        indices = self.dataIndices
        for i in range(len(self.sounds)):
            slices.append(slice(indices[i], indices[i + 1]))

        return slices

    @property
    def error(self):
        ''' Concatenated error vectors of sounds.'''
        return np.concatenate(self._gather('error'))

    @property
    def kernels(self):
        ''' List with underlaying kernels from sounds.'''
        return self._gather('kernel')

    @property
    def dtype(self):
        return self._dtype

    @property
    def mtype(self):
        return self._mtype

    @property
    def dataIndices(self):
        ind = [0]
        for sound in self.sounds:
            ind.append(len(sound.data))
        return np.cumsum(ind)

[docs]    def updateData(self):
        """ Update data vector in inversion instance. """
        ph.log.info('mrt: update Data')
        ph.log.log(13, self.inv)
        if ph.log.getEffectiveLevel() <= 13:
            np.save('mrtdata_it_{}.npy'.format(self.inv.iter()),
                    self.data)
            np.save('dataphases_it_{}.npy'.format(self.inv.iter()),
                    self.survey._gather('data_phase'))
        self.inv.setData(self.data)
        if ph.log.getEffectiveLevel() <= 13:
            np.save('invdata_it_{}.npy'.format(self.inv.iter()),
                    self.inv.data())


[docs]    def setDataType(self, dtype):
        dtypes = ['complex', 'rotatedAmplitudes', 'amplitudes']
        assert dtype in dtypes, f'dtype has to be in {dtypes}'
        self._dtype = dtype

        if self.fop is not None:
            self.fop.dtype = self.dtype

        for sound in self.sounds:
            sound.setDataType(self.dtype)


[docs]    def setModelType(self, mtype):
        mtypes = ['block', 'smooth']
        assert mtype in mtypes, f'mtype has to be in {mtypes}'
        if mtype == 'block' and self.dim == 2:
            raise Exception('Error. No block model for 2D inversion possible.')

        self._mtype = mtype


[docs]    def setZWeight(self, z_weight):
        if self.fop is None:
            raise Exception('No fop initialized to set zweight to.')
        else:
            self.fop.regionManager().setZWeight(z_weight)

            # self.fop.regionManager().region(1).setZWeight(z_weight)
            # self.fop.regionManager().region(0)._createConstraintWeights()
            # self.fop.regionManager().region(1)._createConstraintWeights()
            # self.fop.regionManager().region(1).setConstraintWeights(
            #     self.fop.regionManager().region(0).constraintWeights())
            # problem: z_weight of region 2 (t2*) is set, hoiwever constraint
            # weights are wrong. Set manually.
            # self.fop.regionManager().createConstraintsWeight()
            # self.fop.regionManager().region(1).setConstraintsWeight(
            #     self.fop.regionManager().region(0).constraintsWeight())

            # testing weights
            r0 = self.fop.regionManager().region(0)
            r1 = self.fop.regionManager().region(1)
            r0w = r0.constraintWeights().array()
            r1w = r1.constraintWeights().array()
            try:
                assert np.allclose(np.sort(r0w), np.sort(r1w))
                assert np.isclose(r0.zWeight(), z_weight)
                assert np.isclose(r1.zWeight(), z_weight)
            except AssertionError as err:
                ph.log.error('checking region weights: {}'
                             .format(np.allclose(r0w, r1w)))
                ph.log.error(r0w)
                ph.log.error(r1w)
                ph.log.error('checking zweight region 0: {}'
                             .format(np.isclose(r0.zWeight(), z_weight)))
                ph.log.error('checking zweight region 1: {}'
                             .format(np.isclose(r1.zWeight(), z_weight)))
                raise err


    def _initSounding(self, sound_index):
        """ """
        snmr = SNMRBase(survey=self.survey,
                        fid=sound_index,
                        dim=self.dim,
                        dtype=self.dtype,
                        mtype=self.mtype)
        ph.log.log(13, 'init sounding {}: {}'.format(sound_index, snmr))
        ph.log.debug('used fid: {}'.format(self.survey.fids[sound_index]))

        self.sounds[sound_index] = snmr

[docs]    def initSoundings(self, override=False):
        """ Extends the sounding list for the fids in survey.
        Called automatically is necessary.
        """
        fill = len(self.survey.fids) - len(self.sounds)
        if fill > 0:
            self.sounds.extend([None] * fill)

        for ind in range(len(self.sounds)):
            if self.sounds[ind] is None or override:
                self._initSounding(ind)


[docs]    def setSurvey(self, survey):
        """
        Defines the survey that holds the various soundings and datasets.
        """
        self.survey = survey
        self.sounds = []
        self.initSoundings()


[docs]    def setKernels(self, basename, load_loopmesh=False,
                   use_order_refinement=True, indices=None):
        """ Sets the kernels for the underlaying soundings. Basename will be
        formatted with index. Example 5 soundings, basename = 'kern_{}' will
        result in import of **kernel_0**, **kernel_1**, ..., **kernel_4**.
        """
        for si, sound in enumerate(self.sounds):
            if indices is not None:
                idx = indices[si]
            else:
                idx = si
            # load_kernelmesh = True as the actual import that could be cached
            # is not the bottleneck, its the create h2 function!
            sound.setKernel(basename.format(idx),
                            load_loopmesh=load_loopmesh,
                            load_kernelmesh=True,
                            use_order_refinement=use_order_refinement)


[docs]    def createFOP(self, kernelmesh=None,
                  secondary=False, para_mesh_2d=None, **kwargs):
        """ kwargs: order (h refinement order for kernel mesh)"""
        ph.log.info('MRT: create FOP()')
        order = kwargs.pop('order', 1)
        # add missing soundings
        self.initSoundings()

        # now give self in order to trigger an update of the Data, whenever
        # needed after createJacobian (phase shift) in complex inversion.
        self.fop = SNMRJointModelling(mrt=self)

        # create FOPs
        for sound in self.sounds:
            sound.createFOP(nlay=kwargs.pop('nlay', 3))
            self.fop.addFOP(sound.fop)

        if kernelmesh is not None:
            ph.log.info('MRT: setting kernel meshes')
            self.setKernelMesh(kernelmesh, order=order)

        if self.fop.mesh() is None:
            if self.sounds[0].kernel.kernelMesh2D is not None:
                self.createFOPMesh()

            if self.dim == 1:
                self.createFOPMesh()

        if self.dim == 2:
            ph.log.debug('MRT: fop.mesh(): {!s}'.format(self.fop.mesh()))


[docs]    def create1DKernelMesh(self, verbose=False):
        self.initSoundings()
        used_loops = self.survey.loops[self.survey.used_loops]
        merged = ph.loop.mergeLoops(used_loops, true_merge=False)
        hlp = Survey()
        hlp.addLoop(merged)
        hlp.createSounding(tx=0, rx=0)
        kern = Kernel(survey=hlp, fid=0)
        kern.create1DKernelMesh(verbose=verbose)
        for sound in self.sounds:
            sound.kernel.setZVector(kern.getZVector(reduced=False),
                                    min_thk=kern.min_thk)
            sound.kernel.set1DKernelMesh(kern.kernelMesh1D)


[docs]    def setKernelMesh(self, mesh, order=1, **kwargs):
        """ """
        # add missing soundings
        self.initSoundings()
        ph.log.info('MRT: set kernel mesh')

        if self.dim == 2:
            # water content
            for sound_i, sounding in enumerate(self.sounds):
                if sound_i == 0:
                    if isinstance(mesh, str):
                        if mesh not in self.survey.loaded_meshes.keys():
                            # case 1/2: got string, is not in survey, load
                            self.survey.loaded_meshes[mesh] = pg.Mesh(mesh)

                    else:
                        # case 2/2: got mesh, transfer mesh to survey
                        self.survey.loaded_meshes['kernelmesh'] = pg.Mesh(mesh)
                        mesh = 'kernelmesh'

                    # load first kernelmesh and create interpolation matrices
                    sounding.kernel.set2DKernelMesh(
                        self.survey.loaded_meshes[mesh],
                        order=order,
                        **kwargs)
                else:
                    # give mesh ref and interpolation matrices to other kernels
                    sounding.kernel.set2DKernelMesh(
                        self.survey.loaded_meshes[mesh],
                        order=order,
                        integration_mat=self.sounds[0].kernel.h_mat,
                        yvec=self.sounds[0].kernel.yvec,
                        **kwargs)

            self.createFOPMesh()
        else:
            # in 1D not needed
            pass


[docs]    def createFOPMesh(self):
        ph.log.info('MRT: creating fop mesh')

        if self.dim == 2:
            # water content
            mesh = pg.Mesh(self.sounds[0].kernel.kernelMesh2D)
            mesh.setCellMarkers(np.zeros(mesh.cellCount(), dtype=int))

            # relaxation times
            mesh2 = pg.Mesh(mesh)
            mesh2.setCellMarkers(np.ones(mesh2.cellCount(), dtype=int))

            together = pg.meshtools.merge2Meshes(
                mesh,
                mesh2.translate(pg.Vector([0., 0., 2.])))
            # together.swapCoordinates(1, 2)

            self.fop.setMesh(together)
            self.setModelTrans()

        elif self.dim == 1:
            self.fop.setMesh(self.fop.fop_list[0].mesh())


[docs]    def simulate(self, model, error, samplingrate=1000., max_time=1.0,
                 num_gates=50, verbose=False, **kwargs):
        """ """
        # add missing soundings
        self.initSoundings()

        if isinstance(error, (float, int)):
            error = np.ones(len(self.sounds)) * error

        for ind, sound in enumerate(self.sounds):
            ph.log.info('simulate sounding {}: {}, err: {:.1e} V'
                        .format(ind, sound, error[ind]))
            kwargs['raw_debug_praefix'] = 'sound{}_'.format(ind)

            sound.simulate(model, err=error[ind], verbose=verbose,
                           samplingrate=samplingrate, max_time=max_time,
                           num_gates=num_gates, **kwargs)


[docs]    def setDataAndErrorVector(self, data, error=None, phi=None, df=None):
        """ Depricated!
        Set Data and Error in MRT and the underlaying MRS instances.
        """
        raise DeprecationWarning(
            'Data and errors are solely handled by the survey class, please '
            'set data and errors there, the mrt class finds them.')


[docs]    def setDataAndErrorCube(self, data, error, phase, df=None):
        """ Depricated!

        Set data and error cubes using the methods of the single soundings.

        Input has to be a list or iterable object of data, and error cubes
        (pulses x gates) a corresponding list of phase vectors for each pulse
        and a float defining the frequency offset per sounding.
        """
        raise DeprecationWarning(
            'Data and errors are solely handled by the survey class, please '
            'set data and errors there, the mrt class finds them.')


[docs]    def getSingleDataAndError(self, sounding_idx):
        data = self.sounds[sounding_idx].data
        error = self.sounds[sounding_idx].error
        return data, error


[docs]    def createINV(self, lam=1000, verbose=True, debug=False, **kwargs):
        """
        Create inversion instance (and fop if necessary with nlay).

        Parameter
        ---------

        lam: float [100]
            Lambda factor for inversion.

        verbose: bool [True]
            Additional verbose decission, can be True, even if the rest of the
            Manager should remain silent. Most information of the different
            iterations is printed in the console. It's recommended to set
            verbose in this case to True (default).

        special kwargs for Marquardt scheme (block)
        -------------------------------------------

        lambdaFactor, float [0.8]
            Sets lambda factor for Marquardt scheme.

        robust, bool [False]
            Sets the robust flag for the data.
            See pg.RInversion for more details

        special kwargs for smooth scheme
        ---------------------------------

        logTrans, bool [True]
            Applies a logarithmic transformation to the data. Its recommended
            to do so (default), due to the dealing with water contents,
            which can't be negative. Logarithmic transformation is the easiest
            way to archieve that.

        blockyModel, bool [False]
            Instead of the standard L2-Norm a L1 Norm can be used to allow for
            more blocky models. Heavy changes in watercontent and relaxation
            times can sometimes be fitted better this way.

        """
        try:
            if None in self.survey.data:
                raise Exception(
                    'Found empty data entry in Survey. Abort createINV.')

        except ValueError:
            # in this case all entries are arrays, and this test is successfull
            ph.log.debug('createINV: data: {}'.format(self.data))
            # proceed

        if self.fop is None:
            self.createFOP(**kwargs)

        self.inv = pg.core.RInversion(pg.Vector(self.data), self.fop,
                                      verbose=verbose, dosave=debug)
        # ph.log.warning('using new inversion class...')
        # self.inv = pg.Inversion(self.fop, verbose=verbose, debug=debug)

        if kwargs.pop('logTrans', True) is True:
            # data transformation
            self.transmodel = pg.core.TransLog()  # has to be "self"
            self.inv.setTransModel(self.transmodel)

        modeltrans = {}
        if 'thk' in kwargs:
            modeltrans['thk'] = kwargs.pop('thk')
        if 'wc' in kwargs:
            modeltrans['wc'] = kwargs.pop('wc')
        if 't2' in kwargs:
            modeltrans['t2'] = kwargs.pop('t2')

        self.setModelTrans(**modeltrans)

        if kwargs.pop('blockyModel', False) is True:
            self.inv.setBlockyModel(True)  # L1 Norm

        self.inv.setLambda(lam)

        self.inv.stopAtChi1(kwargs.pop('stopAtChi1', False))
        self.inv.setDeltaPhiAbortPercent(
            kwargs.pop('deltaPhiAbortPercent', 1))
        ph.log.log(13, 'inv: setAbsoluteError() min/max: {} / {}'
                   .format(np.min(self.error), np.max(self.error)))
        self.inv.setAbsoluteError(kwargs.pop('absoluteError', self.error))
        self.inv.setMaxIter(kwargs.pop('maxIter', 15))

        return self.inv


[docs]    def setModelTrans(self,
                      thk=(10, 1, 30, 'log'),
                      wc=(0.3, 0.0, 0.7, 'cot'),
                      t2=(0.2, 0.005, 1.0, 'log')):
        """
        Sets model transformation for water content, relaxation times, and
        thickness (1D). input = (startvalue, min, max, type).
        Known types are cotangens ('cot') and logarithmic ('log')
        transformations.
        """
        prints = ('MRT: trans thk (start, min, max, type): '
                  '{:.3f}, {:.3f}, {:.3f}, {}'.format(*thk),
                  'MRT: trans wc (start, min, max, type): '
                  '{:.3f}, {:.3f}, {:.3f}, {}'.format(*wc),
                  'MRT: trans t2 (start, min, max, type): '
                  '{:.3f}, {:.3f}, {:.3f}, {}'.format(*t2))

        if self.fop:
            if self.dim == 1 and self.dtype == 'block':
                ph.log.log(13, prints[0])
                ph.log.log(13, prints[1])
                ph.log.log(13, prints[2])
                self.fop.region(0).setParameters(*thk)
                self.fop.region(0).setParameters(*wc)
                self.fop.region(1).setParameters(*t2)
            else:
                ph.log.log(13, prints[1])
                ph.log.log(13, prints[2])
                self.fop.region(0).setParameters(*wc)
                self.fop.region(1).setParameters(*t2)
        else:
            pg.warn('No FOP to set model transformation to.')


[docs]    def showSounding(self, index, ax=None, to_plot='abs', draw='data',
                     figsize=(5, 3), **kwargs):
        """
        Shows Data, Error or misfit of a site.
        """
        if ax is None:
            fig, ax = plt.subplots(1, 1, figsize=figsize)

        if ph.plot.quantile(self.data, perc=0.01) >= 0 or to_plot == 'abs':
            # no negative values or show abs anyway
            cmap = 'viridis'

        else:
            # found negative values or show error/misfit etc.
            cmap = 'bwr'

        ph.plot.drawFid(ax, self.sounds[index].fid, draw=draw,
                        cmap=cmap, to_plot=to_plot, **kwargs)
        return ax


[docs]    def showFids(self, to_plot='abs', rows_cols=None, ax=None, draw='data',
                 **kwargs):
        """ kwargs to ph.plot.drawFID(**kwargs) """
        used_tx = np.unique(self.survey.tx_indices)
        used_rx = np.unique(self.survey.rx_indices)

        if rows_cols is None:
            n_rows = len(used_tx)
            n_cols = len(used_rx)
            flatten = False

        else:
            n_rows, n_cols = rows_cols
            flatten = True

            if (n_rows * n_cols) < len(self.sounds):
                raise Exception(
                    'Total number of sounds does not fit in '
                    'given rows, cols: {} != {} * {}'.format(
                        len(self.sounds), n_rows, n_cols))

        ncr = np.array((n_cols/n_rows, 1.))
        ncr *= 16./np.max(ncr)

        if ax is None:
            fig, ax = plt.subplots(n_rows, n_cols,
                                   figsize=(int(ncr[0]) + 1, int(ncr[1]) + 1))

        for index in range(len(self.sounds)):
            tx = self.survey.fids[index].tx_index
            rx = self.survey.fids[index].rx_index
            ax_tx = np.where(used_tx == tx)[0][0]
            ax_rx = np.where(used_rx == rx)[0][0]

            if n_rows == 1 and n_cols != 1:
                cur_ax = ax[ax_rx]
            elif n_cols != 1 and n_cols == 1:
                cur_ax = ax[ax_tx]
            elif n_cols == 1 and n_cols == 1:
                cur_ax = ax
            elif flatten is False:
                cur_ax = ax[ax_tx, ax_rx]
            else:
                cur_ax = ax.flatten()[index]

            self.showSounding(index, ax=cur_ax, to_plot=to_plot,
                              draw=draw, **kwargs)
        return ax


[docs]    def saveResults(self, basename):
        """Saves orig data, model, error and forward model as well as chi2."""
        path = Path(basename)

        path.parent.mkdir(parents=True, exist_ok=True)

        ph.log.info('MRT: saving results: {}'
                    .format(path.with_suffix('.npz').absolute().as_posix()))

        npz = {}

        npz['inversion_response'] =\
            np.array(self.fop.forward(self.inv.model()))
        npz['inversion_tofit'] = self.data
        npz['inversion_model'] = self.inv.model().array()
        npz['inversion_error'] = self.inv.error().array()
        npz['inversion_chi2'] = np.atleast_1d(self.inv.getChi2())

        np.savez(path.with_suffix('.npz').as_posix(), **npz)


[docs]    def loadResults(self, basename, gates=True, pulses=True):
        """ returns (model, error, response, chi2) """
        path = Path(basename)

        ph.log.info('MRT: loading results: {}'
                    .format(path.with_suffix('.npz').absolute().as_posix()))

        with np.load(path.with_suffix('.npz').as_posix()) as npz:
            model = ph.IO.getItem(npz, 'inversion_model')
            error = ph.IO.getItem(npz, 'inversion_error')
            response = ph.IO.getItem(npz, 'inversion_response')
            chi2 = ph.IO.getItem(npz, 'inversion_chi2')

        if self.inv is not None:
            self.inv.setModel(model)
            self.inv.setAbsoluteError(error)
        return (model, error, response, chi2)




if __name__ == '__main__':
    pass

# The End
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  Source code for comet.snmr.modelling.nmr_base

"""
Part of comet/snmr/modelling

Nuclear magnetic resonance base manager as used by MRS and MRT manager classes
"""
# COMET - COupled Magnetic resonance Electrical resistivity Tomography
# Copyright (C) 2019  Nico Skibbe

# This program is free software: you can redistribute it and/or modify
# it under the terms of the GNU General Public License as published by
# the Free Software Foundation, either version 3 of the License, or
# (at your option) any later version.

# This program is distributed in the hope that it will be useful,
# but WITHOUT ANY WARRANTY; without even the implied warranty of
# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
# GNU General Public License for more details.

# You should have received a copy of the GNU General Public License
# along with this program. If not, see <https://www.gnu.org/licenses/>.

# general modules to import according to standards
import os
import numpy as np

import pygimli as pg
from pygimli.utils.base import gmat2numpy

from comet.snmr import kernel as k
from comet.snmr.survey import Survey
from comet.pyhed import log
from comet.pyhed.plot import quantile

# local functions in package
from . errors import InputError
from . snmrModelling import MRS1dBlockQTModelling, SNMRModelling

from scipy.io import loadmat  # loading Matlab mat files

import matplotlib.pyplot as plt
from comet.pyhed.misc import temporal_printoptions


[docs]class SNMRBase():
    """ Manager base class for MRS and MRT manager classes.
    """

    def __init__(self,
                 survey=None,
                 fid=0,
                 kernel=None,
                 mtype='block',
                 dtype='rotatedAmplitudes',
                 update_kernel=False,
                 dim=1,
                 **kwargs):
        """
        Parameters
        ----------

        kernel: pg.Matrix or ndarray or class-instance or string [None]
            Basically a simple precalculated kernel matrix in the .mrsi, .mrsk
            or .npz format is sufficient for this class to work. If a
            recalcualtion of the kernelmatrix is intended, an instance of a
            kernelclass forward operator can be loaded.

        data: string or comet.survey.Survey
            Comet survey class instance or path to survey file or mrsd file.

        mtype: string [ 'block' ]
            Model type for the inversion.
            The inversion can be done unsing 'smooth' discretization (1D, 2D)
            or 'block' discretization (1D only).

        dtype: string [ 'rotatedAmplitudes' ]
            Data type of the inversion.
            Possible options for the used inversion scheme are 'complex',
            'rotatedAmplitudes' or 'amplitudes'.

        update_kernel: boolean [ False ]
            If providedwith an initialized kernel class instance, a
            recalculation of the kernel based on for example new resistivity
            information is possible by setting this switch to True.

        dim: integer [ 1 ]
            1D or 2D inversion is supported at this state.

        verbose: boolean  [False]
            Switch for console output.

        """
        self.inv = None
        self.fop = None
        self.model = None

        self._dtype = None
        self.setDataType(dtype)

        self._mtype = None
        self.setModelType(mtype)

        self.dimension = dim

        self.complex = self.dtype == 'complex'
        self.num_cpu = kwargs.pop('num_cpu', 12)

        self.kernel = None
        self.survey = None

        self.setSurvey(survey, fid=fid)

        if self.fid is None:
            raise Exception(
                'Dis not found corresponding sounding in survey '
                '({}) with index {}'.format(self.survey, self.fid_index))

        # kernel import
        if kernel is not None:
            self.setKernel(kernel, **kwargs)
        else:
            self.setKernel(self.survey.createKernel(
                self.fid_index, dimension=self.dimension))
        # sets self.kernel: kernel matrix
        # sets self.ZVec: model: coordinates of the model [m]
        # sets self.fid.pulses: pulse moments [As]

        # initialising attributes for forward operator
        self.setBoundsAndTrans()
        # sets Boundaries for Transforamtion (start, min, max)
        # self.thkBounds = [10., 1., 30.]  # thickness
        # self.wcBounds = [0.3, 0.0, 0.45]  # water content
        # self.t2Bounds = [0.2, 0.02, 1.0]  # relaxation times
        # self.trans = ['log', 'cot', 'log']
        self.update_kernel = update_kernel
        self.modelL = None
        self.modelU = None
        self._numPara = 2

    def __str__(self):  # string represantation of the class
        '''
        Print all information about the attributes: Kernel Matrix, ZVec,
        pulses, gates, data  and error.

        Also gives information about initialised parts of the class, such as
        forward operators, inversion shemes and kernle class initialisation
        (is recalcualtion of kernel is needed/wanted)
        '''
        if self._hasSound and self.fid.pulses is not None:
            with temporal_printoptions():
                Ps = 'Pulsemoments: {0} ({0.size})'.format(self.fid.pulses)
        else:
            Ps = 'Pulsemoments not loaded yet.'

        if self._hasSound and self.fid.gates is not None:
            with temporal_printoptions():
                Gs = 'Gates: {0} ({0.size})'.format(self.fid.gates)
        else:
            Gs = 'Gates not loaded yet.'

        if not self._hasData:
            Ds = 'No data loaded/calculated yet.'
            Es = 'No error loaded yet.'
        else:
            absd = np.absolute(self.data)
            Ds = 'data: shape, min, max: {}, {}, {}'.format(
                np.shape(absd), np.min(absd), np.max(absd))
            abse = np.absolute(self.error)
            Es = 'error: shape, min, max: {}, {}, {}'.format(
                np.shape(abse), np.min(abse), np.max(abse))

        string = '{!r}\n{}\n{}\n{}\n{}'.format(self, Ps, Gs, Ds, Es)

        string += f'\ndata type: {self.dtype}'
        string += f'\nmodel type: {self.mtype}'
        string += '\n### state of initialization ###'

        if self.K is None:
            string += '\nKernel matrix not loaded/calculated yet.'
        else:
            string += f'K.shape: {self.K.shape} , {self.K.dtype}'

        fopis = False
        if self.fop is not None:
            string += '\nFOP initialised: %r' % (fopis)
            foptype = self.fop.__class__.__name__
            fopc = self.fop.iscomplex
            string += ', {}, complex={}'.format(foptype, fopc)

        string += '\nKernel ready for calculation: %r' % \
                  (self.kernel.updatable)

        string += '\nInversion prepared: %r' % (self.inv is not None)
        return string

    def __repr__(self):
        string = f'NMR base, {self.mtype}, {self.dtype}'
        return string

    @property
    def dtype(self):
        return self._dtype

[docs]    def setDataType(self, dtype):
        dtypes = ['complex', 'rotatedAmplitudes', 'amplitudes']
        assert dtype in dtypes, f'dtype has to be in {dtypes}'
        self._dtype = dtype

        if self.fop is not None:
            self.fop.dtype = self.dtype


    @property
    def mtype(self):
        return self._mtype

[docs]    def setModelType(self, mtype):
        mtypes = ['block', 'smooth']
        assert mtype in mtypes, f'mtype has to be in {mtypes}'
        self._mtype = mtype


    @property
    def fid(self):
        """ Reference to sounding (FID) class instance in survey."""
        try:
            fid = self.survey.fids[self.fid_index]
        except IndexError:
            # no fid as of yet
            fid = None
        return fid

    @property
    def _hasSound(self):
        return self.fid is not None

    @property
    def data(self):
        """ Data Vector representation with respect to self.dtype.
        Returns None if no sounding or data_cube in sounding is found.
        """
        if self._hasData:
            if self.fid.rotated and self.dtype != 'rotatedAmplitudes':

                # case 1/2: need to rotate data back
                if self.fid.raw_rotated:
                    # if not solvable: raise error
                    raise Exception(
                        f'Cannot return data with dtype: "amplitudes". '
                        'Raw data are already rotated. '
                        'Please provide unrotated data or set to '
                        'dtype to "rotatedAmplitudes"')
                else:
                    self.fid._regating()

            elif not self.fid.rotated and self.dtype == 'rotatedAmplitudes':

                # case 2/2: need to rotate data
                self.fid.rotateAmplitudes()

            # case 1/2: data are alright: prepare shape with respect to dtype
            if self.dtype == 'rotatedAmplitudes':
                # take real part of data
                data, _ = self.fid.getRotatedAmplitudes()

            elif self.dtype == 'amplitudes':
                # take absolute of data
                data = np.absolute(self.fid.data_gated).ravel()

            elif self.dtype == 'complex':
                # stich together real and imag part of data
                # = also raveled, but twice the length!

                # including rotation for fixed data phase (only complex)
                rot_data = self.fid.getComplexData()
                data = np.append(rot_data.real,
                                 rot_data.imag)
        else:
            # case 2/2: no data at all
            data = None
        return data  # either real valued array or None

    @property
    def _hasData(self):
        if not self._hasSound:
            has_data = False
        elif self.fid.data_gated is None:
            has_data = False
        else:
            has_data = True
        return has_data

    @property
    def error(self):
        if self._hasData:
            # data come with error...
            if self.dtype == 'complex':
                error = self.fid.error_gated.ravel()

                if len(error) == len(self.data)/2:
                    if np.iscomplexobj(error):
                        # take complex error
                        error = np.append(error.real, error.imag)
                    else:
                        # take real error for both, although this is bad if
                        # given error amplitudes
                        error = np.tile(error, 2)

            elif self.dtype == 'amplitudes':
                error = self.fid.error_gated.ravel()
                if np.iscomplexobj(error):
                    error = np.absolute(error)

            elif self.dtype == 'rotatedAmplitudes':
                error = self.fid.error_gated.ravel()
                if np.iscomplexobj(error):
                    error = np.real(error)

        else:
            # ... or they don't
            error = None

        return error

    @property
    def K(self):
        """
        """
        return self.kernel.getKernel()

[docs]    def loadSurvey(self, dataname):
        """
        """
        self.survey = Survey()
        self.survey.load(dataname)


[docs]    def setSurvey(self, survey, fid=0):
        """
        """
        self.survey = survey

        if isinstance(survey, str):
            self.importSurvey(survey)

        elif survey is None:
            self.survey = Survey()

        else:
            self.survey = survey

        self.fid_index = fid

        if self.kernel is not None:
            # this is only True during the init of SNMRBase
            # the kernel creation is then handled explicitly
            # so the next line will be done one way or the other
            self.kernel.setSurvey(self.survey, fid=self.fid_index)


    def _createFOP_block(self, nlay):
        """
        Create block forward operator instance.
        Please use createFOP('block', nlay=...) instead of a direct call.
        """
        self.nlay = nlay
#        self.fop = SNMRModelling(
#            self.survey,
#            self.kernel,
#            dtype=self.dtype,
#            fid=self.fid_index,
#            num_cpu=self.num_cpu,
#            update_kernel=self.update_kernel,
#            verbose=verbose)
        # edit: 22.01.: Fehler in MRS1dBlockQTModelling gefunden. Erstmal weg,
        # im Prinzip müsste SNMRModelling das sowieso alles können.

        self.fop = MRS1dBlockQTModelling(self.survey,
                                         fid=self.fid_index,
                                         kernel=self.kernel,
                                         nlay=nlay,
                                         dtype=self.dtype)

    def _createFOP_smooth(self):
        """
        Create block forward operator instance.
        Please use createFOP('smooth') instead of a direct call.
        """
        self.fop = SNMRModelling(
            self.survey,
            self.kernel,
            dtype=self.dtype,
            fid=self.fid_index,
            num_cpu=self.num_cpu,
            update_kernel=self.update_kernel)

    def _createINV_block(self, verbose=True, debug=False, **kwargs):
        """
        Create inversion instance following a Marquardt inversion scheme
        (block). Please use createINV instead of this method directly.
        Use the attribute Type to 'block' (default) to set the
        inversion and forward operator type to block.
        """
        self.inv = pg.core.RInversion(pg.Vector(self.data), self.fop,
                                      verbose=verbose,
                                      dosave=debug)

        # self.inv.dataVals = self.data  # only for framework
        self.inv.setMarquardtScheme(kwargs.pop('lambdaFactor', 0.8))
        self.inv.setRobustData(kwargs.pop('robust', False))

    def _createINV_smooth(self, verbose=True, debug=False, **kwargs):
        """
        Create inversion instance with smoothness constraint.
        Please use createINV instead of this method directly.
        Set the attribute Type to 'smooth' (not default) to set the
        inversion and forward operator type to smooth.
        """

        self.inv = pg.core.RInversion(pg.Vector(self.data), self.fop,
                                      verbose=verbose, dosave=debug)

        if kwargs.pop('logTrans', True) is True:
            self.transmodel = pg.core.TransLog()  # has to be "self"
            self.inv.setTransModel(self.transmodel)

        if kwargs.pop('blockyModel', False) is True:
            self.inv.setBlockyModel(True)  # L1 Norm

[docs]    def createFOP(self, nlay=3):
        """
        Creates the forward operator (FOP). Two possibilities are supported:
        block and smooth. The choice affects the inversion process and
        therefore its results.

        possible keyword argument for block FOP is 'nlay' to define the number
        of layers, the FOP is calculating (default = 3).
        """
        if not self._hasSound:
            raise Exception(
                'Error: Cannot create FOP without sounding.'
                'Please create sounding in corresponing survey class')

        if self.mtype == 'smooth':
            self._createFOP_smooth()

        elif self.mtype == 'block':
            self._createFOP_block(nlay=nlay)


[docs]    def createINV(self, lam=1000, **kwargs):
        """
        Create inversion instance (and fop if necessary with nlay).

        arguments
        ---------

        lam: float [100]
            Lambda factor for inversion.

        verbose: bool [True]
            Additional verbose decission, can be True, even if the rest of the
            Manager should remain silent. Most information of the different
            iterations is printed in the console. It's recommended to set
            verbose in this case to True (default).

        special kwargs for Marquardt scheme (block)
        -------------------------------------------

        lambdaFactor, float [0.8]
            Sets lambda factor for Marquardt scheme.

        robust, bool [False]
            Sets the robust flag for the data.
            See pg.RInversion for more details

        special kwargs for smooth scheme
        ---------------------------------

        logTrans, bool [True]
            Applies a logarithmic transformation to the data. Its recommended
            to do so (default), due to the dealing with water contents,
            which can't be negative. Logarithmic transformation is the easiest
            way to archieve that.

        blockyModel, bool [False]
            Instead of the standard L2-Norm a L1 Norm can be used to allow for
            more blocky models. Heavy changes in watercontent and relaxation
            times can sometimes be fitted better this way.

        """
        if self.fop is None:
            self.createFOP(nlay=kwargs.pop('nlay', 3))

        if self.mtype == 'block':
            self._createINV_block(**kwargs)

        elif self.mtype == 'smooth':
            self._createINV_smooth(**kwargs)

        self.applyBoundsAndTrans()

        self.inv.setLambda(lam)

        self.inv.stopAtChi1(kwargs.pop('stopAtChi1', True))
        self.inv.setDeltaPhiAbortPercent(
            kwargs.pop('deltaPhiAbortPercent', 1))
        self.inv.setAbsoluteError(kwargs.pop('absoluteError', self.error))
        self.inv.setMaxIter(kwargs.pop('maxIter', 15))


[docs]    def setKernel(self, kernelfile=None, load_loopmesh=True,
                  load_kernelmesh=True, use_order_refinement=True):
        """
        Load or initialize a new Kernel class instance for calcualting the
        NMR kernels.
        """
        if isinstance(kernelfile, str):  # load a given file
            if kernelfile.endswith(('.mrsk')):
                # case 1/5: Use survey class to import mrsk and set Kernel
                log.debug('setKernel: loadMRSK')
                self.kernel = self.survey.loadMRSK(
                    kernelfile, tx=self.fid.tx_index,
                    rx=self.fid.rx_index)

            else:
                # case 2/5: load kernel class from numpy archive
                log.debug('setKernel: load kernel')
                self.kernel = k.Kernel(self.survey, fid=self.fid_index)
                self.kernel.load(kernelfile, load_loopmesh=load_loopmesh,
                                 load_kernelmesh=load_kernelmesh,
                                 use_order_refinement=use_order_refinement)

        elif isinstance(kernelfile, k.Kernel):
            log.debug('setKernel: set kernel')
            # case 3/5: already given an initialized kernel class
            self.kernel = kernelfile

        elif isinstance(kernelfile, np.ndarray):
            log.debug('setKernel: set numpy matrix')
            # case 4/5: given simple matrix
            self.kernel = k.Kernel(self.survey, fid=self.fid_index)
            self.kernel.K = kernelfile

        elif kernelfile is None:
            # case 5/5: new empty instance
            log.debug('setKernel: create new Kernel')
            self.kernel = self.survey.createKernel(fid=self.fid_index,
                                                   dimension=self.dimension)

        else:
            raise InputError(kernelfile)


[docs]    def loadMRSI(self, filename, verbose=True):
        """ Load data, error and kernel from mrsi file """

        raise Exception('loadMRSI not working after survey class creation.')

        print('load file: {}'.format(os.path.abspath(filename)))
        idata = loadmat(filename, struct_as_record=False,
                        squeeze_me=True)['idata']
        self.errorWeights = np.sqrt(idata.data.gateL)
        self.setGates(idata.data.t + idata.data.effDead,
                      midpoints=True)
        self.setPulses(idata.data.q)
        self.setZVector(-np.abs(idata.kernel.z))

        self.K = np.conjugate(idata.kernel.K)  # convention

        self.dcube = idata.data.dcube
        self.ecube = idata.data.ecube

        print('phase information,', idata.data.phi, np.shape(idata.data.phi))

        # load model from matlab file (result of MRSQTInversion) if any
        if hasattr(idata, 'inv1Dqt'):
            if hasattr(idata.inv1Dqt, 'blockMono'):
                sol = idata.inv1Dqt.blockMono.solution
                self.model = np.hstack((sol.thk, sol.w, sol.T2))
                self.nlay = len(sol.w)

        self.setDataAndError()  # checks also error

        if verbose:
            print("loaded file: " + filename)


[docs]    def applyBoundsAndTrans(self):
        """
        Append the previously given bounaries for the model transformation
        to the forward operator.
        """
        if self.fop is None:
            raise Exception('initialize forward operator before appending '
                            'proper boundaries for the model transformation')

        # set transformation and boundaries
        if self.mtype == 'smooth':
            # water content
            self.fop.region(0).setParameters(self.wcBounds[0],
                                             self.wcBounds[1],
                                             self.wcBounds[2], self.trans[1])
            # relaxation times
            self.fop.region(1).setParameters(self.t2Bounds[0],
                                             self.t2Bounds[1],
                                             self.t2Bounds[2], self.trans[2])

        elif self.mtype == 'block':
            # thickness
            self.fop.region(0).setParameters(self.thkBounds[0],
                                             self.thkBounds[1],
                                             self.thkBounds[2], self.trans[0])
            # water content
            self.fop.region(1).setParameters(self.wcBounds[0],
                                             self.wcBounds[1],
                                             self.wcBounds[2], self.trans[1])
            # relaxation times
            self.fop.region(2).setParameters(self.t2Bounds[0],
                                             self.t2Bounds[1],
                                             self.t2Bounds[2], self.trans[2])


[docs]    def setBoundsAndTrans(self,
                          thkBounds=[10., 1., 30.],
                          wcBounds=[0.3, 0.0, 0.7],
                          t2Bounds=[0.2, 0.005, 1.0],
                          trans=['log', 'cot', 'log']):
        """
        Sets the boundarys and transformation for the model domain.

        Parameters
        ----------

        thkBounds: list of floats [ [10., 1., 30.] ]
            Startvalue, lower and upper boundary for thickness of each layer
            in 1D. Ignored for smooth models (or 2D).

        wcBounds: list of floats [ [0.3, 0.0, 0.7] ]
            Startvalue, lower and upper boundary for water content.

        t2Bounds: list of floats [ [0.2, 0.005, 1.0] ]
            Startvalue, lower and upper boundary for relaxation times.

        trans: list of strings [ ['log', 'cot', 'log'] ]
            Defines the type of model transformation. logarithmic ('log') or
            cotangens ('cot')
        """
        self.thkBounds = thkBounds  # thk(start, min, max)
        self.wcBounds = wcBounds  # wc(start, min, max)
        self.t2Bounds = t2Bounds  # t2(start, min, max)
        self.logpar = True
        self.trans = trans
        if self.fop is not None:
            self.applyBoundsAndTrans()


[docs]    def calcModelCovarianceMatrix(self):
        """Compute linear model covariance matrix."""
        J = gmat2numpy(self.fop.jacobian())  # (linear) jacobian matrix
        D = np.diag(1 / self.error)
        DJ = D.dot(J)
        JTJ = DJ.T.dot(DJ)
        MCM = np.linalg.inv(JTJ)   # model covariance matrix
        var = np.sqrt(np.diag(MCM))  # standard deviations from main diagonal
        di = (1. / var)  # variances as column vector
        # scaled model covariance (=correlation) matrix
        MCMs = di.reshape(len(di), 1) * MCM * di
        return var, MCMs


[docs]    def calcModelCovarianceMatrixBounds(self):
        """Compute model bounds using covariance matrix diagonals."""
        self.mcm = self.calcMCM()[0]
        self.modelL = self.model - self.mcm
        self.modelU = self.model + self.mcm


[docs]    def simulate(self, model, err=250e-9, samplingrate=1000., max_time=1.0,
                 num_gates=50, verbose=False, debug=False,
                 **kwargs):
        """
        Creates forward operator and calculates a synthetic response to a given
        model. Keyword arguments are passed to the function createFOP and to
        FOP.response. You can also define the 'Type' to be 'smooth' or 'block'
        or let the simulate function analyse the input.

        returns datacube, errorcube (both complex) and phaseinformation
        (for rotated amplitudes)

        Parameters
        ----------

        model: list of lists
            Given model of shape [water_content, relaxation_time] if forwarded
            to FOP to generate synthetic data set.
        """
        # save old fop
        initial_fop = self.fop

        if err > 1e-5:
            log.warning('Very high error detected in simulate: {} Volt'
                        .format(err))

        # initialize FOP solely for simulation
        self.fop = None
        self.createFOP()

        # simulation without frequency offset
        self.fid.setFrequencyOffset(0.)

        # dont be confused: forward calculation is always on gates
        # so in this case we use sampling times as gates and do the real gating
        # later

        # 04.05.2020: set gates (or times) always without deadtime.
        self.fid.setGates(
            np.arange(0, max_time + 1./samplingrate,
                      1./samplingrate), midpoints=False)

        # calculate synthetic set of data (complex, raveled)
        data = self.fop.forward(model, verbose=verbose, **kwargs)

        nmp = len(self.fid.pulses)
        nmg = len(self.fid.gates)

        # unravel
        dcube = data.reshape(nmp, nmg)
        log.debug('data: {}'.format(dcube))
        ecube = np.ones_like(dcube, dtype=float) * err
        log.debug('error: {}'.format(ecube))

        phi = getPhiByGridSearch(dcube)
        log.info('phases: {}'.format(phi))

        # append Noise, random Gaussian (== normal) distribution,
        # separately for imag and real
        err_i = np.array(
            np.random.randn(nmp * nmg)).reshape(nmp, nmg) * err

        err_r = np.array(
            np.random.randn(nmp * nmg)).reshape(nmp, nmg) * err

        Noise = (err_r + 1j * err_i)

        if debug:
            debug_save = '{}raw_data.npz'.format(
                kwargs.pop('raw_debug_praefix', ''))
            log.debug('export raw data and noise for debugging: "{}"'
                      .format(debug_save))
            np.savez(debug_save, data=dcube, noise=Noise,
                     error=ecube, gates=self.fid.gates,
                     pulses=self.fid.pulses, phases=phi)

        dcube += Noise  # complex (pulses, gates)

        # pre 26.02.2020
        # self.fid.setRawDataErrorAndTimes(
        #     dcube, ecube, self.fid.gates, phases=phi)

        # post 26.02.2020: calc on times deadtime-end but raw times start at 0
        self.fid.setRawDataErrorAndTimes(
            dcube, ecube, self.fid.gates - self.fid.deadtime, phases=phi)

        self.fid.gating(num_gates=num_gates)

        # set old fop again
        self.fop = initial_fop

        # return data, error and times
        return self.fid.data_gated, self.fid.error_gated, self.fid.phi


[docs]    def invert(self, data=None, error=None, phase=None, lam=1000,
               runChi1=False, **kwargs):
        """
        # TODO!
        """
        if data is not None:
            self.setDataAndError(data, error, phase)

        self.createINV(lam=lam, **kwargs)
        log.info('INV: invert(): lam: {}, dtype: {}, mtype: {}'
                 .format(self.inv.getLambda(), self.dtype, self.mtype))
        if runChi1 is True:
            self.model = self.inv.runChi1()
        elif runChi1 is False:
            self.model = self.inv.run()

        # TODO! model history!
        # if self.modelhistory:
        #     self.modelhistory.append(self.model)

[docs]    def showCube(self, ax=None, vec=None, islog=None, clim=None, clab=None,
                 cmap='viridis', cbar=True):
        """Plot any data (or response, error, misfit) cube nicely."""

        if vec is None:
            if not self._hasData:
                raise Exception('No data found.')
            else:
                vec = self.data

        if isinstance(vec, pg.Vector):
            vec = vec.array()

        if len(vec) == len(self.fid.pulses) * len(self.fid.gates) * 2:
            # if not real or imag is given, make absolute
            vec_2 = int(len(vec)/2)
            vec = np.absolute(vec[:vec_2] + 1j*vec[vec_2:]) * \
                np.sign(vec[:vec_2])

        mul = 1.0
        if np.max(vec) < 1e-3:  # Volts
            mul = 1e9
        if ax is None:
            fig, ax = plt.subplots(1, 1)
        if islog is None:
            islog = (np.min(vec) > 0.)
        negative = quantile(vec, perc=0.01) < 0
        # negative = (np.min(vec) < 0)
        if islog:
            vec = np.log10(np.abs(vec))
        if clim is None:
            if negative:
                cmax = np.max(np.absolute(vec))
                clim = (-cmax, cmax)
            else:
                cmax = np.max(vec)
                if islog:
                    cmin = cmax - 1.5
                else:
                    cmin = 0.
                clim = (cmin, cmax)

        xt = range(0, len(self.fid.gates), 10)
        xtl = [str(ti) for ti in np.round(self.fid.gates[xt] * 1000.)]
        qt = range(0, len(self.fid.pulses), 5)
        qtl = [str(qi) for qi in np.round(self.fid.pulses[qt] * 10.) / 10.]
        # plot
        mat = vec.reshape((len(self.fid.pulses),
                           len(self.fid.gates))) * mul

        im = ax.imshow(mat, interpolation='nearest', aspect='auto',
                       cmap=plt.get_cmap(cmap))

        im.set_clim(clim)
        ax.set_xticks(xt)
        ax.set_xticklabels(xtl)
        ax.set_yticks(qt)
        ax.set_yticklabels(qtl)
        ax.set_xlabel('time (ms)')
        ax.set_ylabel('pulse moment (As)')
        if cbar:
            cb = plt.colorbar(im, ax=ax, orientation='horizontal')
            if clab is not None:
                cb.ax.set_title(clab)

            return im, cb
        return im




[docs]def effectiveNoise(area, noise_lvl=3.6e-3, sample_rate=1000., time=1.0):
    """ Calculates the effective noise of a loop for simulation.

    noise_lvl = 3.6e-3 nV / m² / sqrt(number_of_samples)
    This is a standart noise_lvl from measurements in Schillerslage, Germany.
    Output in Volt.
    """
    return area * noise_lvl * np.sqrt(sample_rate * time) * 1e-9



[docs]def getPhiByGridSearch(data):
    """
    """
    npulses, ntimes = data.shape
    power = np.zeros([npulses, 360])
    sign = np.zeros([npulses, 360])

    testphases = np.linspace(-np.pi, np.pi, 361)[:-1]

    for n in range(npulses):
        for t, tp in enumerate(testphases):
            # mind the minus sign!
            # remember we search for the phase, not the angle we have to
            # apply in order to rotate it back.
            test = data[n, :] * (np.cos(-tp) + 1j * np.sin(-tp))
            sign[n, t] = np.sign(np.sum(test.real))
            power[n, t] = np.sum(test.imag ** 2)

    power[sign <= 0] = np.max(power)
    phi = testphases[np.argmin(power, axis=1)]

#    import matplotlib.pyplot as plt
#    fig, ax = plt.subplots(2, 1, sharex=True)
#    ax[0].plot(testphases, power[0, :])

    return phi


    # so to get the best amplitude we have to rotate the data by -phi!
#    return phi

#    import matplotlib.pyplot as plt
#    for i in range(npulses):
#        pp = i
#        test = data[pp, :] * (np.cos(phi[pp]) + 1j * np.sin(phi[pp])) * 1e9
#        ref = data[pp, :] * 1e9
#
#        fig, ax = plt.subplots(2)
#        ax[0].plot(ref.real, label='data real: {:.3e}'
#                   .format(np.sum(ref.real ** 2)))
#        ax[0].plot(test.real, label='rot imag: {:.3e}'
#                   .format(np.sum(test.real ** 2)))
#        ax[0].set_title('real data')
#        plt.legend()
#
#        ax[1].plot(ref.imag, label='data imag: {:.3e}'
#                   .format(np.sum(ref.imag ** 2)))
#        ax[1].plot(test.imag, label='rot imag: {:.3e}'
#                   .format(np.sum(test.imag ** 2)))
#        ax[1].set_title('imag data')
#        plt.legend()
#    return phi


# The End
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  Source code for comet.snmr.modelling.smooth_syn

"""
Part of comet/snmr/modelling
"""
# COMET - COupled Magnetic resonance Electrical resistivity Tomography
# Copyright (C) 2019  Nico Skibbe

# This program is free software: you can redistribute it and/or modify
# it under the terms of the GNU General Public License as published by
# the Free Software Foundation, either version 3 of the License, or
# (at your option) any later version.

# This program is distributed in the hope that it will be useful,
# but WITHOUT ANY WARRANTY; without even the implied warranty of
# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
# GNU General Public License for more details.

# You should have received a copy of the GNU General Public License
# along with this program. If not, see <https://www.gnu.org/licenses/>.

import numpy as np
import matplotlib.pyplot as plt

try:  # pg.__version__ >= 1.1
    from pygimli.viewer.mpl import drawModel1D
except ImportError:  # pg.__version__ < 1.1
    from pygimli.mplviewer import drawModel1D


[docs]def brooksCorey(z, water_table, porosity, lam=1.6,
                height_zero=0.12):
    """
    after Brooks and Corey (1964)
    \cite{}
    """
    saturation_eff = np.ones_like(z)
    vadose = np.where(z >= water_table + height_zero)
    height = z[vadose] - water_table
    saturation_eff[vadose] = (height_zero/height)**lam
    return saturation_eff



[docs]def archie(porosity, saturation, water_resistivity,
           tortuosity=1.0, cementation=1.3,
           saturation_exponent=2.0,
           formation_factor=None):
    """
    porosity(z), saturation(z)

    returns resititvity_bulk(z)
    \cite{}
    """
    if formation_factor is None:
        formation_factor = tortuosity / (porosity**cementation)
    # print('Archie: formation factor: {:2.2f}'.format(formation_factor))
    return water_resistivity * \
        formation_factor / (saturation**saturation_exponent)



[docs]def effectiveSaturationToWater(saturation_eff,
                               water_saturation,
                               water_residual=0.05):
    """
    saturation_eff = (water - water_residual)/
    (water_saturated - water_residual)
    """
    water = saturation_eff * (water_saturation - water_residual) +\
        water_residual
    return water



[docs]def costabel(saturation, t2_saturation, lam=1.6):
    """ \cite{costabel2011NSG}
        Costabel, S., and U. Yaramanci, 2011, Relative hydraulic conductivity
        and effective saturation from Earth’s field nuclear magnetic
        resonance – a method for assessing the vadose zone: Near Surface
        Geophysics, 9, 155–167.
    """
    return t2_saturation * saturation ** (1./lam)



[docs]def modelVadose(z,
                water_table,
                porosity,
                t2_saturated,
                water_resistivity,
                height_zero=0.12,
                water_residual=0.05,
                lam=1.6,
                verbose=False,
                **kwargs):
    """
    Calculates a synthetical vadose zone on basis of a Brooks-Corey model
    for saturation over the vadose zone, whereas lambda is the pore size
    distribution index.

    Also calculates the electrical resistivity(z) via Archies law, as well as
    the distribution of relaxation times based on Costabel and Yaramanci
    (2011).

    returns (z, resistivity, water_content, relaxation_times)
    """
    sat_eff = brooksCorey(z, water_table, porosity, lam=lam,
                          height_zero=height_zero)
    water_content = effectiveSaturationToWater(
        sat_eff,
        water_residual=water_residual,
        water_saturation=porosity)

    saturation = water_content / porosity

    resistivity = archie(porosity, saturation, water_resistivity, **kwargs)

    relaxation_times = costabel(saturation, t2_saturated, lam=lam)
    if verbose:
        print('resistivity [$[\Omega$m$]$] (min/max): {:2.2f}, {:2.2f}'
              .format(np.min(resistivity), np.max(resistivity)))
        print('saturation [1] (min/max): {:2.2f}, {:2.2f}'
              .format(np.min(saturation), np.max(saturation)))
        print('water content [1] (min/max): {:2.2f}, {:2.2f}'
              .format(np.min(water_content), np.max(water_content)))
        print('relaxation times [s] (min/max): {:2.2f}, {:2.2f}'
              .format(np.min(relaxation_times), np.max(relaxation_times)))

        fig, ax = plt.subplots(1, 4, sharey=True)

        drawModel1D(ax[0], depths=z, values=saturation,
                    xlabel='saturation [1]')
        drawModel1D(ax[1], depths=z, values=resistivity,
                    plot='semilogx')
        drawModel1D(ax[2], depths=z, values=water_content,
                    xlabel='water content [1]')
        drawModel1D(ax[3], depths=z, values=relaxation_times,
                    xlabel='relaxation times [s]', plot='semilogx')
        ax[0].set_ylim(min(z), max(z))
    return saturation, (resistivity, water_content, relaxation_times)



[docs]def test_local():
    z = np.arange(0, -4., -0.1)
    water_table = -3.0

    porosity = 0.3
    water_resistivity = 20.0
    t2_saturated = 0.2

    water_residual = 0.05
    lam = 1.6
    height_zero = 0.12

    saturation, (resistivity, water_content, relaxation_times) = modelVadose(
        z,
        water_table,
        porosity,
        t2_saturated,
        height_zero=height_zero,
        water_residual=water_residual,
        lam=lam,
        water_resistivity=water_resistivity,
        verbose=True)


if __name__ == '__main__':
    test_local()
    pass

# The End
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  Source code for comet.snmr.modelling.snmrModelling

"""
Part of comet/snmr/modelling

Modelling classes for core magnetic resonance (1D, 2D)
"""
# COMET - COupled Magnetic resonance Electrical resistivity Tomography
# Copyright (C) 2019  Nico Skibbe

# This program is free software: you can redistribute it and/or modify
# it under the terms of the GNU General Public License as published by
# the Free Software Foundation, either version 3 of the License, or
# (at your option) any later version.

# This program is distributed in the hope that it will be useful,
# but WITHOUT ANY WARRANTY; without even the implied warranty of
# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
# GNU General Public License for more details.

# You should have received a copy of the GNU General Public License
# along with this program. If not, see <https://www.gnu.org/licenses/>.

# general modules to import according to standards
# import pygimli as pg
import numpy as np
import pygimli as pg
from comet.snmr import kernel as k
from comet.snmr.misc import getDataPhase
from comet.pyhed import log
from comet.pyhed.misc import NumpyMatrix, project1DModel


[docs]class SNMRModelling(pg.core.ModellingBase):
    """Modelling class for surface nuclear magnetic resonance (SNMR).

    The class is based on the ModellingBase
    class of pygimli and therefore contains a various amount of parameters and
    functions as well as some protected members to ensure a generalized
    interface suitable for the pygimli inversion engine.

    For further details about the spezifications of the modelling base, be
    referred to the pygimli API available from the official project website
    www.pygimli.org.
    """
    def __init__(self,
                 survey,
                 kernel,
                 fid=0,
                 dtype='complex',
                 mesh=None,
                 num_cpu=12,
                 update_kernel=False):
        """
        Parameters
        ----------

        kernel_mat: string, class instance or kernel matrix [None]
            Defines the kernel calculator. A given string will trigger
            to load a previously saved kernel (.npy for matrix or .npz for
            previously saved kernel class instance). An already initialized
            instance of the kernel class can be given as well (kernel matrix
            has to be calculated, the fop class will not trigger this by
            itself).

        gates: array or None [None]
            Array containing the gating times for calculating the forward
            response to the relaxation times.

        mesh: pg.mesh [None]
            Parameter discretization. Can be created automatically for 1D.
            Has to be set for 2D.

        dimension: integer [1]
            Defines the dimension of the calcualted kernel, and therefore the
            dimension in wich fop and jacobain will be calcualted.
            Possible are 1D [1] or 2D [2].

        vector: array_like or None [None]
            Second part of the model space discretisation, if not already
            given along with the kernel_mat argument. Raises an error if
            neither the 'kernel_mat' nor the vector contains a discretisation.
            In case of 1D, the Z-vector is given, in case of 2D, the Y-vector.
            The Kernel class provides methods for atomatic creation of suited
            vectors.

        complex_: bool [True]
            If true, the forward response and jacobian will suits all
            conditions made by a complex or rotated amplitude inversion
            algorithm, otherwise the fop and jacobian will suits the
            conditions of an amplitude inversion algorithm.

        verbose: bool [False]
            Mostly for debugging purposes. Selecting True will trigger the
            console print functions of the class as well as for all subclasses.
            For an overview over the included classes and parameters it is
            recommended to use a print(SNMRModelling) call manually instead of
            setting verbose to True.

        Pseudo Usage
        ------------

        >>> f = SNMRModelling(kernel)
        >>> resp = f.response('suitable model')
        >>> jabobian = f.createJacobian('suitable model')
        >>> print(f)
        """
        super(SNMRModelling, self).__init__(False)  # verbose
        # call init of modelling base
        self.para_ = 2  # water content, relaxation times
        self.dtype = dtype

        self.setSurvey(survey, fid=fid)

        self.setKernel(kernel)

        # initialize forward parameters

        if mesh is not None:
            self.setMesh(mesh)

        self.model = None

        self.num_cpu = num_cpu
        self.update_kernel = update_kernel

    def __repr__(self):
        out = 'SNMR forward operator, smooth'
        return out

    def __str__(self):
        out = 'SNMR forward operator, smooth\n'
        out += 'Kernel:\n{!r}'.format(self.kernel)
        return out

    @property
    def kshape(self):
        """ Kernel shape: (data, model) == (pulses, model) """
        return self.kernel.shape

    @property
    def jshape(self):
        """ Jacobian shape: (data, model)
        == (pulses * gates, model * number of parameters)
        """
        j_ddim = self.kshape[0] * len(self.fid.gates)
        j_mdim = self.kshape[1] * self.para_
        return (j_ddim, j_mdim)

    @property
    def dimension(self):
        dim = self.kernel.dimension
        return dim

    @property
    def fid(self):
        """ Reference to sounding (FID) class instance in survey."""
        return self.survey.fids[self.fid_index]

    @property
    def iscomplex(self):
        iscomplex = self.dtype == 'complex'
        return iscomplex

    @property
    def vector(self):
        if self.dimension == 1:
            vector = self.kernel.zvec
        elif self.dimension == 2:
            vector = self.kernel.yvec
        else:
            vector = None

        return vector

[docs]    def setSurvey(self, survey, fid=0):
        self.survey = survey
        self.fid_index = fid


[docs]    def setKernel(self, kernel):
        if not isinstance(kernel, k.Kernel):
            raise Exception('Please load kernel class in modelling class, '
                            'not in forward operator.')

        else:
            self.kernel = kernel

        if self.dimension == 1:
            if self.kernel.zvec is None:
                self.kernel.create1DKernelMesh()

            mesh_1d = pg.createMesh1D(nCells=len(self.vector) - 1,
                                      nProperties=self.para_)
            self.setMesh(mesh_1d)  # function from modelling base


[docs]    def setModel(self, model):
        '''
        Parameters
        ----------

        model: array_like
            Array that contains three array_like objects. First the thickness
            of the different layers (number of layers - 1). The second and
            third array contains the water contents and relaxation times of
            each layer.

        Example
        -------
        >>> FOP = SNMRModelling('a valid kernel class')
        >>> model = [[5., 10.],  # thickness [m]
        >>>          [0.1, 0.25, 0.4],  # water content [1]
        >>>          [0.1, 0.1, 1.]]  # relaxation times [s]
        >>> FOP.setModelVec(model)
        '''
        log.debug('snmrModelling: setModel()')
        if isinstance(model[0], float):
            # case 1: flat array, 1D + 2D
            self.model = np.array(model)

        elif isinstance(model[0], (tuple, list, np.ndarray)):
            # case 2: block model given, 1D only
            if self.dimension == 1:
                model_water = project1DModel(model[0], model[1],
                                             self.vector)
                model_relax = project1DModel(model[0], model[2],
                                             self.vector)
                numZ = len(model_water)
                self.model = np.zeros(2*numZ)
                self.model[:numZ] = model_water
                self.model[numZ:] = model_relax

            else:
                raise Exception('Warning: 2D forward operator cannot handle '
                                ' block model: {}'.format(model))

        else:
            raise Exception('Expect 1D vector or block model.'
                            'Got object {} of shape {}.'
                            .format(model, np.shape(model)))

        if len(self.model) != self.jshape[1]:
            # an error with some history, this stays!
            raise Exception('Dimension mismatch for given model vec {} and '
                            'jacobian model dimension ({},).'
                            .format(np.shape(self.model), self.jshape[1]))


[docs]    def calculateKernel(self, matrix=False, interpolate=False, forceNew=False,
                        **kwargs):
        if self.kernel.updatable:
            self.kernel.calculate(
                matrix=matrix, interpolate=interpolate,
                forceNew=False,  # b field
                num_cpu=kwargs.pop('num_cpu', self.num_cpu),
                **kwargs)
        else:
            raise Exception('Kernel class not fit for recalculation.'
                            '{}'.format(self.kernel))


[docs]    def updateDataPhase(self):
        """
        Sets data phase for complex inversion. If no model is given the
        starting model is used.
        """
        data_calc_r, data_calc_i = np.split(self.response(self.model), 2)
        data_calc = data_calc_r + 1j * data_calc_i
        data_obs = self.fid.data_gated  # without phase
        phi = getDataPhase(data_obs, data_calc)
        self.fid.setDataPhase(phi)


[docs]    def createJacobian(self, model=None, **kwargs):
        """
        Caculate the Jacobian Matrix of a NMR Kernel, with or without
        relaxation times included (model dependancy for this).

        kwargs are redirected to kernelClass.calculate()

        Example
        -------
        >>> # complex jacobian without relaxation time
        >>> FOP = MRModelling('a valid kernel class')
        >>> FOP.createJacobian()  # sets FOP.jacobian
        """
        log.log(16, 'snmrModelling: create Jacobian.')

        if self.update_kernel or self.kernel.getKernel() is None:
            log.info('snmrModelling: recalculation of Kernel')
            self.calculateKernel(**kwargs)

        if model is None:
            if self.model is None:
                raise Exception(
                    'No model given. Use method *setModel* '
                    'or give a model to *createJacobian* or *response*.')
        else:
            self.setModel(model)

        if self.dtype == 'complex':
            # update data phase for complex inversion before model update is
            # calculated
            log.debug('FIXME: snmrModelling: Disabled updateDataPhase!')
            # self.updateDataPhase()

        # model = [w_1, w_2, ..., w_C, T_1, T_2, ..., T_C]
        # model contains watercontents and t2* values for all layers
        w = self.model[:self.kshape[1]]
        T2 = self.model[self.kshape[1]:]

        # T2expM
        texp = np.exp(np.einsum('t,m-> mt', -self.fid.gates, 1./T2))

        # dt2M
        t_T2 = np.tile((self.fid.gates[:, np.newaxis]/(T2**2)),
                       (self.kshape[0], 1))

        # kernel and e function
        # gM * T2expM
        Ghelp = np.einsum('qm,mt->qtm', self.kernel.getKernel(), texp)
        Ghelp = Ghelp.reshape(-1, self.kshape[1])
        # t 20, q 24, m 96 -> q+t 480: [20, 20, 20,...], m 96

        if self.iscomplex:
            log.debug('complex Jacobian')
            G = Ghelp
            H = G * t_T2 * w

        else:
            log.debug('amplitude Jacobian')
            # from MRSMatlab/functions/MRSInversionQT/QTIMonoJacobian.m
            # G
            G = self.amplitudeJacobian(Ghelp, w)
            # G * wM * dt2M
            Hhelp = G * t_T2 * w
            H = self.amplitudeJacobian(Hhelp, w)

        self.jmat = np.column_stack([G, H])

        # put jacobian to matrix wrapper for pygimli compatibility
        self.J = NumpyMatrix(self.jmat)
        self.setJacobian(self.J)
        # print('jmat', np.shape(self.jmat), self.jmat[0][0])

        log.debug('Jacobian {} x {}'.format(self.J.rows(), self.J.cols()))
        return self.J


[docs]    @staticmethod
    def amplitudeJacobian(Mcomplex, model):
        # not rotated Amplitude, THIS IS DONE BY FID Class
        dd = Mcomplex.dot(model)
        absdd = 1. / np.absolute(dd)
        # (data, model) x (data) X (data) = (data, model)
        rr = np.einsum('ij,i,i->ij', Mcomplex.real, dd.real, absdd)
        ii = np.einsum('ij,i,i->ij', Mcomplex.imag, dd.imag, absdd)
        Mamplitude = rr + ii
        return Mamplitude


[docs]    def forward(self, model, **kwargs):
        """
        Forward response of the kernel to a specific destribution of
        watercontent or relaxation times.

        1D
        --
        model.shape:
            array.shape = 2 or 3, numLayers (watercontent only: 2, 3 with
            relaxation times), first entry = thickness

        Example 1D
        ----------
        >>> thickness = [1, 5, 10]
        >>> # first layer 0...1 m
        >>> # second layer 1...6 m
        >>> # third layer 6...16 m
        >>> # after that homogeneous halfspace
        >>> watercontent = [0.2, 0.3, 0.1, 0.2]  # 1 == 100%
        >>> # one entry more than thickness, last entry for halfspace
        >>> model = np.array((thickness,
        >>>                  watercontent,
        >>>                  [100, 200, 14, 100]))  # relaxation times
        >>> measurement = mrs.response(model)
        """
        self.setModel(model)

        if self.kernel.getKernel() is None:
            self.calculateKernel(**kwargs)

        wc = self.model[:self.kshape[1]]  # water content
        t2 = self.model[self.kshape[1]:]  # relaxation times
        et2 = np.exp(-self.fid.gates[:, np.newaxis]/t2)
        # 'qm,m,tm->qt'
        forward = np.einsum('ij,j,kj->ik', self.kernel.getKernel(), wc, et2)

        # log.debug('forward: {}'.format(len(forward.flatten())))
        return forward.flatten()  # complex array (24, 20) to complex (480,)


[docs]    def response(self, model):
        """
        Calculates the forward response of a SNMR measurement, and returns an
        1D numpy array containing the real and imaginary parts
        of the response. One Voltage value for each pulse moment q and time
        gate g.

        ::

            data type: complex

            ([real(V_11), ..., real(V_1Q),
              real(V_21), ..., real(V_2Q),
              ...,
              real(V_N1), ..., real(V_NQ),
              imag(V_11), ..., ...,
              ...       , ..., imag(V_NQ)]), shape: (2*N, Q)

            data type: not complex

            ([abs(V_11), ..., abs(V_1Q),
              abs(V_21), ..., abs(V_2Q),
              ...,
              abs(V_N1), ..., abs(V_NQ)]), shape: (N, Q)
        """
        rspns = self.forward(model)  # complex response (480,)
        if self.iscomplex:
            # (480,) complex to (960,) real
            return np.append(rspns.real, rspns.imag)

        else:
            # (480,) complex to (480,) real (absolute)
            return np.absolute(rspns)  # rotated Amps handled in MRS manager




[docs]class MRS1dBlockQTModelling(pg.core.ModellingBase):
    """
    MRS1dBlockQTModelling - pygimli modelling class for block-mono QT inversion

    f=MRS1dBlockQTModelling(lay, KR, KI, zvec, t, verbose = False )
    """

    def __init__(self, survey, fid=0, nlay=3, dtype='complex', kernel=None):
        """constructor with number of layers, kernel, z and t vectors"""
        mesh = pg.core.createMesh1DBlock(nlay, 2)  # thk, wc, T2*
        pg.core.ModellingBase.__init__(self, mesh)
        self.kernel = kernel
        self.survey = survey
        self.fid_index = fid
        self.nlay = nlay
        self.dtype = dtype
        self.setThreadCount(1)

    def __repr__(self):
        out = 'SNMR forward operator, block'
        return out

    @property
    def fid(self):
        fid = self.survey.fids[self.fid_index]
        return fid

    @property
    def iscomplex(self):
        com = self.dtype == 'complex'
        return com

[docs]    def forward(self, par, verbose=False, num_cpu=12):
        """yield model response cube as vector"""
#        raise Exception('this is wrong!')
        if self.fid.gates is None:
            raise Exception('No gates to calcualte with')

        if self.kernel.K is None:
            if self.kernel.updatable:
                self.kernel.calculate(num_cpu=num_cpu, slices=True)
            else:
                raise Exception('Cannot calculate Kernel matrix.')

        if self.kernel.zvec is None:
            raise Exception('No z discretization found.')

        if verbose:
            print('MRS1dBlockQTModelling: forward()')

        nl = self.nlay
        if len(par) == nl and np.shape(par[0]) != ():
            thk = par[0]
            wc = par[1]
            t2 = par[2]
            # print(thk, wc, t2)
        else:
            thk = par[0:nl-1]  # (0, nl - 1)
            wc = par[nl-1:2*nl-1]  # (nl - 1, 2 * nl - 1)
            t2 = par[2*nl-1:3*nl-1]  # par(2 * nl - 1, 3 * nl - 1)

        zthk = np.cumsum(thk)
        zv = np.abs(self.kernel.getZVector(reduced=False))
        lzv = len(zv)
        izvec = np.zeros(nl + 1, np.int32)
        rzvec = np.zeros(nl + 1)
        for i in range(nl - 1):
            ii = (zv < zthk[i]).argmin()
            izvec[i + 1] = ii
            if ii <= len(zv):
                rzvec[i + 1] = (zthk[i] - zv[ii - 1]) / (zv[ii] - zv[ii - 1])

        izvec[-1] = lzv - 1

        A = np.zeros((len(self.fid.pulses), len(self.fid.gates)),
                     dtype=complex)
        for i in range(nl):
            wcvec = np.zeros(lzv - 1)
            wcvec[izvec[i]:izvec[i + 1]] = wc[i]
            if izvec[i + 1] < lzv:
                wcvec[izvec[i + 1] - 1] = wc[i] * rzvec[i + 1]
            if izvec[i] > 0:
                wcvec[izvec[i] - 1] = wc[i] * (1 - rzvec[i])
            # print('wcvec', wcvec)
            amps = np.dot(self.kernel.getKernel(reduced=False), wcvec)
            for ii, a in enumerate(A):
                a += np.exp(-self.fid.gates / t2[i]) * amps[ii]
        return A  # pulses * gates as complex valued array


[docs]    def response(self, par):
        fwd = self.forward(par)
        if not self.iscomplex:
            return np.abs(fwd).ravel()  # formerly pg as vector
        else:
            return np.append(fwd.real, fwd.imag)  # formerly pg as vector




[docs]class SNMRJointModelling(pg.core.ModellingBase):
    """ Joint modelling operator for multiple transmitter receiver combinations
    """

    def __init__(self, mrt=None, verbose=False):
        super(SNMRJointModelling, self).__init__(verbose)
        self.fop_list = []
        self._jacobian = pg.core.BlockMatrix()
        self.setJacobian(self._jacobian)
        # after that single createJacobians is sufficient (reference)
        self.n_data = 0
        self.mrt = mrt

[docs]    def addFOP(self, *fops):
        if isinstance(fops[0], (list, tuple)):
            fops = fops[0]

        for fop in fops:
            self.fop_list.append(fop)


[docs]    def setFOPs(self, fops):
        self.fop_list = []
        self._jacobian.clear()
        self.n_data = 0
        for fop in fops:
            self.addFOP(fop)


[docs]    def response(self, model):
        resp = pg.Vector()
        for fop in self.fop_list:
            resp = pg.cat(resp, fop.response(model))
        return resp


[docs]    def forward(self, model):
        for i, fop in enumerate(self.fop_list):
            if i == 0:
                fwrd = fop.forward(model)
            else:
                fwrd = np.append(fwrd, fop.forward(model))
        return fwrd


[docs]    def createJacobian(self, model):
        log.info('SNMRJointModelling: '
                 'createJacobian() ({} joined fops)'
                 .format(len(self.fop_list)))
        self._jacobian = pg.core.BlockMatrix()
        self.n_data = 0
        for fop in self.fop_list:
            fop.createJacobian(model)
            bla = self._jacobian.addMatrix(fop.jacobian())
            self._jacobian.addMatrixEntry(bla, int(self.n_data), 0)
            self.n_data += fop.jacobian().rows()
        self.setJacobian(self._jacobian)

        log.debug('updateData deactivated for now (fix is in place)')


        # if self.mrt is not None:
        #     self.mrt.updateData()


if __name__ == "__main__":
    pass

# The End
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  Source code for comet.snmr.survey.survey

"""
Part of comet/snmr/survey

Enhanced sounding class for SNMR data sets and supporting variables.
Sounding class can hold any number of Measurement class instances each
representing single FIDs.
"""
# COMET - COupled Magnetic resonance Electrical resistivity Tomography
# Copyright (C) 2019  Nico Skibbe

# This program is free software: you can redistribute it and/or modify
# it under the terms of the GNU General Public License as published by
# the Free Software Foundation, either version 3 of the License, or
# (at your option) any later version.

# This program is distributed in the hope that it will be useful,
# but WITHOUT ANY WARRANTY; without even the implied warranty of
# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
# GNU General Public License for more details.

# You should have received a copy of the GNU General Public License
# along with this program. If not, see <https://www.gnu.org/licenses/>.

import os
import numpy as np
from comet.snmr import misc
from comet import pyhed as ph

from scipy.io import loadmat
from pathlib import Path
import pygimli as pg


[docs]class Survey(object):
    """ Survey class for containment and handling of SNMR datasets (FIDS).
    """
    def __init__(self, earth=None, loops=None):
        # List with stored experiments (soundings/FIDs).
        self.fids = []
        # loops (transmitters and receivers)
        self.loops = np.array([], dtype=object)
        self.loop_config = None
        self.custem_config = None
        # earth incl, decl, magnitude (larmor frequency)
        self.earth = None

        self.setEarth(earth=earth)
        self.loaded_meshes = {}

    def __repr__(self):
        placeholder = ''
        nNone = sum(self.loops == None)  # elementwise comparison to None
        if nNone > 0:
            placeholder = '({} are not defined)'.format(nNone)
        return 'SNMR Survey: {} loops {}, {} soundings'.format(
            len(self.loops), placeholder, len(self.fids))

    @property
    def pulses(self):
        ''' Pulse moment vectors gathered from soundings.'''
        return self._gather('pulses')

    @property
    def gates(self):
        ''' Time gates gathered from soundings.'''
        return self._gather('gates')

    @property
    def data(self):
        ''' Complex data cube (pulses * gates) from soundings.'''
        return self._gather('data_gated')

    @property
    def error(self):
        ''' Complex error cube (pulses * gates) from soundings.'''
        return self._gather('error_gated')

    @property
    def data_phases(self):
        ''' Single data phases of the FIDs.'''
        return self._gather('data_phase')

    @property
    def response(self):
        ''' Complex data cube (pulses * gates) from soundings.'''
        return self._gather('response')

    @property
    def tx_indices(self):
        ''' Indices of the used transitter of each sounding.'''
        return self._gather('tx_index')

    @property
    def rx_indices(self):
        ''' Indices of the used receiver of each sounding.'''
        return self._gather('rx_index')

    @property
    def used_loops(self):
        _all = np.append(self.tx_indices, self.rx_indices)
        ret = np.unique(_all)
        return ret

[docs]    def addLoop(self, loop):
        """ Appends a given loop instance to the loops in survey and returns id
        """
        if isinstance(loop, (tuple, list, np.ndarray)):
            idx = []
            for lp in loop:
                idx.append(self.addLoop(lp))
        else:
            self.loops = np.append(self.loops, loop)
            idx = len(self.loops) - 1

            if self.loop_config is not None:
                self.loops[-1].config = self.loop_config

            else:
                if self.loops[-1] is not None:
                    self.loops[-1].setFrequency(self.earth.larmor)

        return idx


[docs]    def loadLoopMesh(self, savename, indices=None, dipolename=None):
        """ Loads mesh and distribute reference to given indices.
        """
        # shortcut for automatic call
        if savename is None:
            return

        # all indices
        if indices is None:
            indices = np.arange(0, len(self.loops))
        else:
            indices = np.atleast_1d(indices)

        # do for all indices
        for idx in indices:
            loop = self.loops[idx]
            if savename not in self.loaded_meshes:
                try:
                    ph.log.info('load loopmesh "{}"...'.format(savename))
                    self.loaded_meshes[savename] = pg.Mesh(savename)
                except RuntimeError as err:
                    ph.log.warning('Did not found loopmesh at "{}"'
                                   .format(savename))
                    raise err

            ph.log.log(16, f'set loopmesh "{savename}" to loop {loop!r}...')
            loop.setLoopMesh(self.loaded_meshes[savename], savename=savename)

            if dipolename is not None:
                if dipolename not in self.loaded_meshes:
                    try:
                        ph.log.info('load dipole mesh "{}"...'
                                    .format(dipolename))
                        self.loaded_meshes[dipolename] = pg.Mesh(dipolename)

                    except RuntimeError as err:
                        ph.log.warning('Did not found loopmesh at "{}"'
                                       .format(savename))
                        raise err

                loop.setDipoleMesh(self.loaded_meshes[dipolename],
                                   savename=dipolename)


[docs]    def addSounding(self, fid):
        """ Appends a given sounding instance to the sounds in survey and
        returns id
        """
        self.fids.append(fid)
        idx = len(self.fids) - 1
        return idx


[docs]    def createSounding(self, tx=0, rx=0, check_double=True):
        """ Creates a new sounding based on the given ids for tx and rx.

        Parameters
        ----------
        tx: integer [ 0 ]
            Index of the transmitter loop in loops.

        rx: integer [ 0 ]
            Index of the receiver loop in loops. Same number than tx indicates
            a coincident measurement.

        check_double: boolean [ True ]
            If True, omits creating another instance of the same fid (tx/rx
            combination). Instead the index of the original fid is returned.
            If False new fid is created and its index is returned.

        Note: tx and rx indices can be setted regardless if there is an actual
        loop in loops or just a *None* placeholder. In other words you can
        create your soundings and loops in arbitrary order.

        """
        found = np.logical_and(np.array(self.tx_indices) == tx,
                               np.array(self.rx_indices) == rx)

        if check_double and np.any(found):
            idx = np.where(found)[0][0]

        else:
            fid = FID(tx=tx, rx=rx)
            idx = self.addSounding(fid)

        return idx


[docs]    def createKernel(self, fid=0, dimension=1):
        """ Returns a initialized kernel instance for the chosen sounding.

        Parameters
        ----------
        sound_index: integer
            Index of the sounding the kernelclass is calcualting the kernel
            for. In order to calculate the kernel, pulses, tx and rx are taken
            as references from the sounding.

        Note: createKernel does not set or change any values in survey nor in
        the corresponding sounding. However when calculating, the kernel class
        will override the frequency in the given loops (tx and rx) and set it
        to the larmor frequency calculated from the earth magnetic fields
        magnitude. Use the *setEarth* method before or after you generate the
        kernel instances, but obviously before calculation.
        """
        from comet.snmr import kernel
        kern = kernel.Kernel(self, fid=fid, dimension=dimension)
        return kern


[docs]    def setEarth(self, earth=None, incl=60., decl=2.,
                 mag=48000*1e-9, rad=False):
        """ Defines the Earth in terms of inclination, declination and mag.

        Parameters
        ----------
        earth: comet.snmr.survey.Earth [ None ]
            Already initialized earth class will be setted. Or created through
            the other optional arguments.

        inclination: float [ 60. ]
            Inclination of the earth magnetic field in rad or degree.

        declination: float [ 2. ]
            Declination of the earth magnetic field in rad or degree.

        magnitude: float [48000 * 1e-9]
            Magnitude of the earth magnetic field in Tesla.

        rad: boolean [ False ]
            Input inclination and declination in rad?
        """
        if earth is not None:
            # simple setter...
            self.earth = earth

        else:
            # ...or create.
            self.earth = Earth(incl=incl,
                               decl=decl,
                               mag=mag,
                               rad=rad)

        if self.loop_config is not None:
            self.loop_config.f = self.earth.larmor

        for loop in self.loops:
            if loop is not None:
                loop.setFrequency(self.earth.larmor)
                ph.log.debug('survey.setEarth(): update loop frequencies')

        ph.log.debug('survey.setEarth():\n{}'.format(self.earth))


[docs]    def setLoopConfig(self, config, update_loop_configs=True):
        """Loop config in terms of primary field resistivity and frequency. """
        self.loop_config = config
        for loop in self.loops:
            if loop is not None:
                loop.config = config


[docs]    def setCustemConfig(self, config, update_loop_configs=True):
        self.custem_config = config
        for loop in self.loops:
            if loop is not None:
                loop.secondary_config = self.custem_config


[docs]    def setLoops(self, loops):
        toset = np.atleast_1d(loops)
        self.loops = toset


[docs]    def set1DModel(self, thk=[], res=[1000.]):
        """Modifies loop config in terms of primary field resistivity. """
        for loop in self.loops:
            loop.setModel(res, d=thk)


[docs]    def setResponse(self, array):
        """ Set a response array from e.g. an inversion as data set for
        plotting.
        """
        response = np.copy(array)
        resp_size = int(response.size)
        mult = 1

        data_size = 0
        for dat in self.data:
            data_size += np.prod(dat.shape)

        if np.isclose(resp_size, data_size):
            pass

        elif np.isclose(resp_size, 2 * data_size):
            mult = 2

        else:
            raise Exception(
                'Response shape mismatch. Got {}, expected a vector that can '
                'be reshaped to {}.'.format(np.shape(response),
                                            data_size))

        last = 0
        for fid in self.fids:
            # response = resp1.real, resp1.imag, resp2.real, ..., respN.imag
            # mult => 2
            # or response = complex(resp1), complex(resp2), ..., complex(respN)
            # mult => 1
            vec = response[last: last + fid.data_gated.size * mult]
            fid.setResponse(vec)
            last += fid.data_gated.size * mult


[docs]    def loadMRSD(self, filename, remove_df=True,
                 build_loops=False, x_offsets=None, segments=80,
                 max_length=None, tx=None, rx=None, fids=None, debug=False):
        """
        Parameters
        ----------
        filename: string
            Path to .mrsd file to be imported.

        build_loops: boolean [ True ]
            If True, the saved config in the mrsd file is used to construct
            loops for transmitter and receiver. However, the information
            in the mrsd fiel is not complete. There are some defaults we
            assume in autogenerating the loops, especially when it comes
            to figure-of-eight loops. Feel free to replace the loops
            with custom created loops of the *pyhed* library. Or switch this
            off if you only want to see the data or define all the loops
            yourself.

        x_offsets: list or None [ None ]
            One information that is missing in mrsd files, is the relative
            position of the loops to each other. Here one can fill in this
            information giving a simple list of offsets in positive x
            direction (all loops (midpoints) are placed at y=0 and z=0).
            Expect one float per used loop by the data file or raises an
            error. Ignored if None and multiple loops are found
            (in this case no loops are build at all).
            Coincident measurements do not require this, x is set to 0 by
            default.

        segments: integer [ 80 ]
            Number of dipoles used to auto build the loops.
            Ignored if *build_loops* is False or not given any *x_offsets*.

        max_length: float [ None ]
            Maximum length of a dipole when auto generating the loops.
            Overrides segments.
            Ignored if *build_loops* is False or not given any *x_offsets*.

        """
        try:
            self.loadMRSD_mat(
                filename, remove_df=remove_df, build_loops=build_loops,
                x_offsets=x_offsets, segments=segments, max_length=max_length,
                tx=tx, rx=rx, fids=fids, debug=debug)

        except NotImplementedError:
            self.loadMRSD_h5(
                filename, remove_df=remove_df, build_loops=build_loops,
                x_offsets=x_offsets, segments=segments, max_length=max_length,
                tx=tx, rx=rx, fids=fids, debug=debug)


[docs]    def loadMRSD_mat(self, filename, remove_df=True,
                     build_loops=False, x_offsets=None, segments=80,
                     max_length=None, tx=None, rx=None, fids=None, debug=False,
                     ):
        """ See loadMRSD instead. """
        ph.log.debug('load MRSD_mat')
        ph.log.info('load MRSD: {}'.format(os.path.abspath(filename)))

        # open mrsd (matlab) file and access log of processing steps
        pl = loadmat(filename, struct_as_record=False,
                     squeeze_me=True)['proclog']

        # sig has 4 entries: [noise(not gmr)][FID][T1/T2][T1/T2]
        # as we are only using FID, num = 1:
        num = 1

        rx0 = np.atleast_1d(pl.Q[0].rx)  # 0: first pulse, for general info

        # number of loops in this class so far

        numloops = len(self.loops)
        # number of soudings in data file
        number_fids = len(rx0)

        if fids is None:
            fids = np.arange(number_fids)
        else:
            fids = np.atleast_1d(fids)

        # information about receiver (index, shape, size)
        rx_info = np.atleast_1d(pl.rxinfo)

        # auto generate loops from type and size stored in mrsd
        loop_cfg = np.zeros((len(fids) + 1, 3), dtype=int)
        loop_cfg[0, :] = [pl.txinfo.channel, pl.txinfo.looptype,
                          pl.txinfo.loopsize]

        if tx is not None:
            loop_cfg[0, 0] = tx
        else:
            loop_cfg[0, 0] = numloops

        if rx is not None:
            rx = np.atleast_1d(rx)

        maxfid = max(fids)
        if maxfid >= len(rx_info):
            raise Exception('Sounding {} not available, found only {} '
                            'soundings in total (max index = {})'
                            .format(maxfid, len(rx_info), len(rx_info) - 1))

        for i, fidi in enumerate(fids):
            rxi = rx_info[fidi]

            if rx is not None:
                # set rx channel from existing loops
                rxichannel = rx[i]
            else:
                rxichannel = rxi.channel - 1 + numloops  # matlab to python

            loop_cfg[i + 1, :] = [rxichannel, rxi.looptype,
                                  rxi.loopsize]

        # find unique loop indices to append items in self.loops
        unique, rev_idx = np.unique(loop_cfg[:, 0], return_inverse=True)
        num_unique = len(unique)

        if build_loops:
            if x_offsets is None or len(x_offsets) != num_unique:
                build_loops = False
                pr = 0 if x_offsets is None else len(x_offsets)
                ph.log.warning('Warning: Wrong number of offsets ({}) for {} '
                               'loops. Sets loops to None and continue.'
                               .format(pr, num_unique))

        # preserve place for loops if new indices are detected
        max_loop_index = max(unique)
        new = max_loop_index + 1 - len(self.loops)
        if new > 0:
            for index in range(new):
                self.addLoop(None)

        # new indices in site container
        if tx is None and rx is None:
            # shift due to existing loops, start at first new loop
            site_idx = np.arange(numloops, numloops + num_unique)

        else:
            # given indices used for existing loops, start at 0
            site_idx = np.arange(0, len(self.loops))

        if build_loops:
            # auto generate loop discretizations
            for rev in range(num_unique):
                self.loops[site_idx[rev]] =\
                    createLoopFromMRS(
                        loop_cfg[rev, 1], loop_cfg[rev, 2],
                        x_offsets[rev],
                        segments=segments,
                        max_length=max_length)

        for nrxi, nrx in enumerate(fids):
            # create empty FID class for the combination of tx and rx
            # translate local indices from mrsd into global indices in class
            ph.log.log(13, 'load sounding {}'.format(nrx))

            fid = FID(tx=loop_cfg[0, 0],
                      rx=loop_cfg[nrxi + 1, 0])

            # loop turns
            fid.tx_turns = pl.txinfo.loopturns
            fid.rx_turns = rx_info[nrx].loopturns

            # set pulse moments
            fid.setPulses(np.array([q.q for q in pl.Q]))

            # times (not gated)
            raw_times = rx0[nrx].sig[num].t

            # ungated data, init array
            raw_data = np.zeros(
                (len(fid.pulses), len(raw_times)),
                dtype=type(np.atleast_1d(pl.Q[0].rx)[nrx].sig[num].V[0]))

            # ungated error, init array
            raw_error = np.zeros(
                (len(fid.pulses), len(raw_times)),
                dtype=type(np.atleast_1d(pl.Q[0].rx)[nrx].sig[num].E[0]))

            # frequency offset, init array
            fid.df = np.zeros_like(fid.pulses)

            # phases, init array
            phi = np.zeros_like(fid.pulses)

            # fill data, phases, frequency offsets and errors
            # one df and phi per pulse moment !
            for pulse in range(raw_data.shape[0]):
                rx = np.atleast_1d(pl.Q[pulse].rx)[nrx]
                raw_data[pulse] = rx.sig[num].V
                raw_error[pulse] = rx.sig[num].E
                fid.df[pulse] = rx.sig[num].fit[2]
                phi[pulse] = rx.sig[num].fit[3]

            fid.setPhases(phi)

            # find certain times that shoudn't be imported.
            # function copied from MRSmatlab, tested, same results
            minmaxt = pl.event[(pl.event[:, 0] == 101.) &  # index
                               (pl.event[:, 1] == 1) &  #
                               (pl.event[:, 2] == 0) &  #
                               (pl.event[:, 3] == 1) &  #
                               (pl.event[:, 4] == 2), 5:7]  # times: min, max
            try:
                mint_ind = np.argmin(np.abs(raw_times - minmaxt[0][0]))
            except IndexError:
                mint_ind = 0

            try:
                maxt_ind = np.argmin(np.abs(raw_times - minmaxt[0][1]))
            except IndexError:
                maxt_ind = len(raw_times) - 1

            # shortens the time, data and error vector/data_gated
            raw_times = np.array(raw_times[mint_ind:maxt_ind + 1])
            with ph.misc.temporal_printoptions():
                ph.log.debug('raw times: {} ({})'.format(raw_times,
                                                         len(raw_times)))

            raw_data = raw_data[:, mint_ind:maxt_ind + 1]
            with ph.misc.temporal_printoptions():
                ph.log.debug('raw data: {}'.format(np.shape(raw_data)))

            raw_error = raw_error[:, mint_ind:maxt_ind + 1]

            # all pulses have the same pulse duration
            fid.setPulseDuration(pl.Q[nrx].timing.tau_p1,
                                 deadtime_device=pl.Q[0].timing.tau_dead1)

            # sets ungated and unrotated data in the FID
            # together with the corresponding original times
            fid.setRawDataErrorAndTimes(raw_data, raw_error, raw_times)

            # apply some default gating
            # can be set manually again as many times as the user like
            fid.gating()
            self.addSounding(fid)


[docs]    def loadMRSD_h5(self, filename, remove_df=True,
                    build_loops=False, x_offsets=None, segments=80,
                    max_length=None, tx=None, rx=None, fids=None, debug=False):
        """ See loadMRSD instead. """
        import h5py

        ph.log.info('load MRSD: {}'.format(os.path.abspath(filename)))

        # open mrsd (matlab) file and access log of processing steps
        mat = h5py.File(filename, mode='r')
        pl = mat['proclog']

        # sig has 4 entries: [noise(not gmr)][FID][T1/T2][T1/T2]
        # as we are only using FID, num = 1:
        num = 1

        # 0: first pulse, for general info
        rx0 = np.atleast_1d(pl['Q']['rx'][0])

        # number of loops in this class so far
        numloops = len(self.loops)
        # number of soudings in data file
        number_fids = len(rx0)

        if fids is None:
            fids = np.arange(number_fids)
        else:
            fids = np.atleast_1d(fids)

        # information about receiver (index, shape, size)
        rx_info = pl['rxinfo']
        tx_info = pl['txinfo']

        # auto generate loops from type and size stored in mrsd
        loop_cfg = np.zeros((len(fids) + 1, 3), dtype=int)
        loop_cfg[0, :] = [tx_info['channel'][0, 0], tx_info['looptype'][0, 0],
                          tx_info['loopsize'][0, 0]]

        if tx is not None:
            loop_cfg[0, 0] = tx

        if rx is not None:
            rx = np.atleast_1d(rx)

        for i, rxi in enumerate(fids):  # range(len(rx_info['channel'])):

            if rx is not None:
                # set rx channel from existing loops
                rxichannel = rx[i]
            else:
                rxichannel = rx_info['channel'][rxi, 0]

            loop_cfg[i + 1, :] = [rxichannel,
                                  rx_info['looptype'][rxi, 0],
                                  rx_info['loopsize'][rxi, 0]]

        # find unique loop indices to append items in self.loops
        unique, rev_idx = np.unique(loop_cfg[:, 0], return_inverse=True)
        num_unique = len(unique)
        print(loop_cfg, unique)

        if build_loops:
            if x_offsets is None or len(x_offsets) != num_unique:
                build_loops = False
                pr = 0 if x_offsets is None else len(x_offsets)
                ph.log.warning('Warning: Wrong number of offsets ({}) for {} '
                               'loops. Sets loops to None and continue.'
                               .format(pr, num_unique))

        # preserve place for loops if new indices are detected
        max_loop_index = max(unique)
        new = max_loop_index + 1 - len(self.loops)

        if new > 0:
            for index in range(new):
                self.addLoop(None)

        # new indices in site container
        if tx is None and rx is None:
            # shift due to existing loops, start at first new loop
            site_idx = np.arange(numloops, numloops + num_unique)
        else:
            # given indices used for existing loops, start at 0
            site_idx = np.arange(0, len(self.loops))

        if build_loops:
            # auto generate loop discretizations
            for rev in range(num_unique):
                self.loops[site_idx[rev]] =\
                    createLoopFromMRS(
                        loop_cfg[rev, 1], loop_cfg[rev, 2],
                        x_offsets[rev],
                        segments=segments,
                        max_length=max_length)

        rxs = ph.misc.getAllValuesByReference(mat, pl['Q']['rx'])
        for nrxi, nrx in enumerate(fids):
            # create empty FID class for the combination of tx and rx
            # translate local indices from mrsd into global indices in class
            ph.log.log(13, 'load sounding {}'.format(nrx))

            fid = FID(tx=loop_cfg[0, 0],
                      rx=loop_cfg[nrxi + 1, 0])

            # loop turns
            fid.tx_turns = int(tx_info['loopturns'][0, 0])
            fid.rx_turns = int(rx_info['loopturns'][nrx, 0])

            # set pulse moments
            pulses = ph.misc.getAllValuesByReference(mat, pl['Q']['q'])
            fid.setPulses(pulses)

            # times (not gated)
            raw_times = ph.misc.getAllValuesByReference(
                mat, rxs[0]['sig']['t'][num][nrx])[:, 0]

            volts = ph.misc.getAllValuesByReference(
                mat, rxs[0]['sig']['V'][num][nrx])[:, 0]

            errors = ph.misc.getAllValuesByReference(
                mat, rxs[0]['sig']['E'][num][nrx])[:, 0]

            # and people say hdf5 is so nice...

            # ungated data, init array
            if volts.dtype == np.dtype([('real', '<f8'), ('imag', '<f8')]):
                dtype0 = np.complex128

            else:
                dtype0 = np.float64

            if errors.dtype == np.dtype([('real', '<f8'), ('imag', '<f8')]):
                dtype1 = np.complex128

            else:
                dtype1 = np.float64

            raw_data = np.zeros(
                (len(fid.pulses), len(raw_times)),
                dtype=dtype0)

            # ungated error, init array
            raw_error = np.zeros(
                (len(fid.pulses), len(raw_times)),
                dtype=dtype1)

            # frequency offset, init array
            fid.df = np.zeros_like(fid.pulses)

            # phases, init array
            phi = np.zeros_like(fid.pulses)

            # fill data, phases, frequency offsets and errors
            # one df and phi per pulse moment !
            for pulse in range(raw_data.shape[0]):
#                volts = ph.misc.getAllValuesByReference(
#                    mat, rxs[pulse]['sig']['V'][num][0])[:, 0]
                volts = ph.misc.getAllValuesByReference(
                    mat, rxs[pulse]['sig']['V'][num][nrx])[:, 0]
                if dtype0 == np.complex128:
                    raw_data[pulse] = volts['real'] + 1j * volts['imag']
                else:
                    raw_data[pulse] = volts

                errors = ph.misc.getAllValuesByReference(
                    mat, rxs[pulse]['sig']['E'][num][nrx])[:, 0]
                if dtype0 == np.complex128:
                    raw_error[pulse] = errors['real'] + 1j * errors['imag']
                else:
                    raw_error[pulse] = errors

                fit = ph.misc.getAllValuesByReference(
                    mat, rxs[pulse]['sig']['fit'][num][nrx])[:, 0]

                fid.df[pulse] = fit[2]
                phi[pulse] = fit[3]

            fid.setPhases(phi)

            # find certain times that shoudn't be imported.
            # function copied from MRSmatlab, tested, same results
            ev = np.array(pl['event'])
            minmaxt = ev[5:7, (ev[0] == 101.) &  # index
                              (ev[1] == 1) &  #
                              (ev[2] == 0) &  #
                              (ev[3] == 1) &  #
                              (ev[4] == 2)]  # times: min, max
            try:
                mint_ind = np.argmin(np.abs(raw_times - minmaxt[0][0]))
            except IndexError:
                mint_ind = 0

            try:
                maxt_ind = np.argmin(np.abs(raw_times - minmaxt[0][1]))
            except IndexError:
                maxt_ind = len(raw_times) - 1

            # shortens the time, data and error vector/data_gated
            raw_times = np.array(raw_times[mint_ind:maxt_ind + 1])
            raw_data = raw_data[:, mint_ind:maxt_ind + 1]
            raw_error = raw_error[:, mint_ind:maxt_ind + 1]

            # all pulses have the same pulse duration
            timing = ph.misc.getAllValuesByReference(
                mat, pl['Q']['timing'])[nrx]
            fid.setPulseDuration(timing['tau_p1'][0, 0],
                                 deadtime_device=timing['tau_dead1'][0, 0])

            # sets ungated and unrotated data in the FID
            # together with the corresponding original times
            fid.setRawDataErrorAndTimes(raw_data, raw_error, raw_times,
                                        debug=debug)

            # apply some default gating
            # can be set manually again as many times as the user like
            fid.gating()
            self.addSounding(fid)


[docs]    def loadMRSK(self, filename, tx=None, rx=None, fid=None, set_earth=True,
                 distribute_loop_config=False, x_offsets=None, segments=80,
                 max_length=None, deadtime_device=0.005, min_thk=0,
                 verbose=True, set_df=False):
        try:
            kern = self._loadMRSK_mat(
                filename, tx=tx, rx=rx, fid=fid, set_earth=set_earth,
                distribute_loop_config=distribute_loop_config,
                x_offsets=x_offsets, segments=segments,
                max_length=max_length, deadtime_device=deadtime_device,
                min_thk=min_thk, set_df=set_df, verbose=verbose)

        except NotImplementedError:
            # new matlab files are h5 files
            kern = self._loadMRSK_h5(
                filename, tx=tx, rx=rx, fid=fid, set_earth=set_earth,
                distribute_loop_config=distribute_loop_config,
                x_offsets=x_offsets, segments=segments,
                max_length=max_length, deadtime_device=deadtime_device,
                min_thk=min_thk, set_df=set_df, verbose=verbose)

        return kern


    def _loadMRSK_mat(
            self, filename, tx=None, rx=None, fid=None, set_earth=True,
            distribute_loop_config=False, x_offsets=None, segments=80,
            max_length=None, deadtime_device=0.005, min_thk=0, set_df=False,
            verbose=True):
        """
        Load .mrsk file and returns kernel class instance with the same
        parameters.
        """
        # load matlab struct
        ph.log.info('load MRSK: {}'.format(os.path.abspath(filename)))

        MAT = loadmat(filename, struct_as_record=False,
                      squeeze_me=True)
        kdata = MAT['kdata']
        measure = kdata.measure
        loop = kdata.loop
        if kdata.measure.pulsesequence not in (1, 'FID'):
            raise Exception('Cannot load other pulsesequences than FIDs.')

        if set_earth:
            self.setEarth(incl=float(kdata.earth.inkl),
                          decl=float(kdata.earth.decl),
                          mag=float(np.abs(kdata.earth.erdt)))

        # add sounding and get id
        if fid is None:
            if rx is None:
                if tx is None:
                    tx = 0

                rx = tx
            fid = FID(tx=tx, rx=rx)
            sound_id = self.addSounding(fid)

        else:
            sound_id = int(fid)
            fid = self.fids[fid]
            rx = fid.rx_index
            tx = fid.tx_index

        # add loop and get id
        if tx is None:
            if x_offsets is None:
                tx = self.addLoop(None)
                print('Warning: Please provide *loadMRSK* with tx and rx '
                      'indices or an offsets for automatic loop creation.'
                      ' Appended placeholder loop at index {} and continue.'
                      .format(tx))

            else:
                tx = self.addLoop(createLoopFromMRS(
                    kdata.loop.shape, kdata.loop.size,
                    np.atleast_1d(x_offsets)[0],
                    segments=segments, max_length=max_length))

        fid.tx_turns = int(loop.turns[0])
        fid.rx_turns = int(loop.turns[1])
        fid.setPulses(measure.pm_vec)
        fid.setPulseDuration(
            measure.taup1,
            deadtime_device=deadtime_device)

        if set_df:
            ph.log.debug('set frequency offset')
            fid.setFrequencyOffset(measure.df)
        else:
            ph.log.debug('did NOT set frequency offset')

        fid.temperature = kdata.earth.temp

        if kdata.earth.res == 1:
            # case 1/3: resistive
            rho = np.array([10000.])
            thk = []

        else:
            rho = 1./np.atleast_1d(kdata.earth.sm)

            if len(np.atleast_1d(kdata.earth.sm)) <= 2:
                # case 2/3: halfspace
                thk = np.atleast_1d(kdata.earth.zm)
            else:
                # case 3/3: layered halfspace: depths -> thicknesses
                thk = np.append(kdata.earth.zm[0], np.diff(kdata.earth.zm))

        try:
            if tx is not None and self.loops[tx] is not None:
                self.loops[tx].setModel(rho, d=thk)
        except IndexError:
            pass

        try:
            if rx is not None and self.loops[rx] is not None:
                self.loops[rx].setModel(rho, d=thk)
        except IndexError:
            pass

        kern = self.createKernel(fid=sound_id,
                                 dimension=int(kdata.measure.dim))

        kern.K = np.conjugate(kdata.K)

        zvec = np.append(np.zeros(1), -np.cumsum(kdata.model.Dz))
        kern.setZVector(zvec, min_thk=min_thk)

        return kern

    def _loadMRSK_h5(
            self, filename, tx=None, rx=None, fid=None, set_earth=True,
            distribute_loop_config=False, x_offsets=None, segments=80,
            max_length=None, deadtime_device=0.005, min_thk=0, set_df=False,
            verbose=True):
        """
        Load .mrsk file and returns kernel class instance with the same
        parameters.
        """
        import h5py
        # load matlab struct
        ph.log.info('load file: {}'.format(os.path.abspath(filename)))
        MAT = h5py.File(filename, mode='r')

        kdata = MAT['kdata']
        # Dimension
        D = int(kdata['measure']['dim'][()].squeeze())
        # Earth
        earth = kdata['earth']

        measure = kdata['measure']
        loop = kdata['loop']

        if measure['pulsesequence'][()].flat[0] != 1:
            raise Exception('Cannot load other pulsesequences than FIDs.')

        if set_earth:
            self.setEarth(incl=float(earth['inkl'][()].flat[0]),
                          decl=float(earth['decl'][()].flat[0]),
                          mag=float(np.abs(earth['erdt'][()].flat[0])),
                          rad=False)

        # add sounding and get id
        rx = rx or tx  # None -> tx
        if fid is None:
            fid = FID(tx=tx, rx=rx)
            sound_id = self.addSounding(fid)
        else:
            sound_id = int(fid)
            fid = self.fids[fid]
            rx = fid.rx_index
            tx = fid.tx_index

        # add loop and get id
        if tx is None:
            if x_offsets is None:
                tx = self.addLoop(None)
                print('Warning: Please provide *loadMRSK* with tx and rx '
                      'indices or an offsets for automatic loop creation.'
                      ' Appended placeholder loop at index {} and continue.'
                      .format(tx))

            else:
                tx = self.addLoop(createLoopFromMRS(
                    loop['shape'][()].flat[0], loop['size'][()].flat[0],
                    np.atleast_1d(x_offsets)[0],
                    segments=segments, max_length=max_length))

        fid.tx_turns = int(loop['turns'][()].flat[0])
        fid.rx_turns = int(loop['turns'][()].flat[1])
        fid.setPulses(measure['pm_vec'][()].squeeze())
        fid.setPulseDuration(
            measure['taup1'][()].flat[0],
            deadtime_device=deadtime_device)

        if set_df:
            ph.log.debug('set frequency offset')
            fid.setFrequencyOffset(measure['df'][()].flat[0])
        else:
            ph.log.debug('DID NOT set frequency offset')

        fid.temperature = earth['temp'][()].flat[0]

        if earth['res'][()].flat[0] == 1:
            # case 1/3: resistive
            rho = np.array([10000.])
            thk = []

        else:
            sm = np.atleast_1d(earth['sm'][()].squeeze())
            zm = np.atleast_1d(earth['zm'][()].squeeze())
            rho = 1./np.atleast_1d(sm)

            if len(np.atleast_1d(sm)) < 2:
                # case 2/3: halfspace
                thk = np.atleast_1d(zm)
            else:
                # case 3/3: layered halfspace: depths -> thicknesses
                thk = np.append(zm[0], np.diff(zm))

        if self.loops[tx] is not None:
            self.loops[tx].setModel(rho, d=thk)

        if self.loops[rx] is not None:
            self.loops[rx].setModel(rho, d=thk)

        kern = self.createKernel(fid=sound_id,
                                 dimension=int(D))
        kraw = kdata['K'][()].squeeze()

        # the minus sign is a convention thing
        kern.K = kraw['real'][()].squeeze().T + \
            1j * kraw['imag'][()].squeeze().T

        zvec = np.append(np.zeros(1),
                         -np.cumsum(kdata['model']['Dz'][()]))
        kern.setZVector(zvec, min_thk=min_thk)
        return kern

[docs]    def save(self, savename, save_loops=True, use_original_loop_names=False):
        savename = Path(savename).with_suffix('')
        ph.log.info('Survey.save, {} loops, {} fids, name: {}'
                    .format(len(self.loops), len(self.fids),
                            savename.with_suffix('.npz').as_posix()))

        # loops
        loop_names = []
        if save_loops:
            orig_names =\
                [None if loop is None else loop.name for loop in self.loops]
            use_orig = use_original_loop_names

            if None in self.loops or\
                    None in orig_names or\
                    len(np.unique(orig_names)) != len(self.loops):
                if use_original_loop_names:
                    ph.log.warning('survey.save: Loop names not unique, '
                                   'create new names.')

                use_orig = False

            if use_orig:
                for lp, loop in enumerate(self.loops):
                    path = savename.with_name(
                        Path(orig_names[lp]).name).as_posix()
                    loop_names.append(path)
                    loop.save(path)

            else:
                for lp, loop in enumerate(self.loops):
                    if loop is not None:
                        temp_name = '{}_loop_{}'.format(savename.stem, lp)
                        loop_names.append(
                            savename.with_name(temp_name).as_posix())
                        loop.save(savename.with_name(temp_name).as_posix())
                    else:
                        loop_names.append(None)

        # fids
        fid_names = []
        for fd, fid in enumerate(self.fids):
            temp_name2 = '{}_fid_{}.npz'.format(savename.stem, fd)
            fid_names.append(temp_name2)
            fid.save(savename.with_name(temp_name2).as_posix())

        # earth + remember names
        ph.log.debug(f'Survey.save: loop_names = {loop_names}')
        np.savez(savename.with_suffix('.npz').as_posix(),
                 mag=self.earth.magnitude,
                 incl=self.earth.inclination,
                 decl=self.earth.declination,
                 loop_names=loop_names,
                 fid_names=fid_names)


[docs]    def load(self, savename, load_meshes=True, load_loops=True):
        from comet.pyhed.IO import getItem
        savename = Path(savename)

        dir_abs = savename.parent.absolute()

        ph.log.info('Survey.load(): "{}"'.format(savename.as_posix()))

        with np.load(savename.with_suffix('.npz').as_posix(),
                     allow_pickle=True) as npz:
            self.setEarth(mag=getItem(npz, 'mag'),
                          decl=getItem(npz, 'decl'),
                          incl=getItem(npz, 'incl'),
                          rad=True)
            ph.log.log(16, self.earth)

            off_loops = len(self.loops)
            loop_names = np.atleast_1d(getItem(npz, 'loop_names'))
            ph.log.info('Survey.load(): found {} loops'
                        .format(len(loop_names)))

            ph.log.debug(f'Survey.load(): loop names {loop_names}')

            for name in loop_names:
                if name is None or load_loops is False:
                    # case 1/4: no name found
                    # case 4/4: no loading of loops per flag
                    temp = None
                elif isinstance(name, str):
                    name = Path(name)

                    pabs = name.parent.absolute()

                    if pabs != dir_abs:
                        # case 2/4: only file name or partial relative path
                        # need to get path from survey
                        temp = ph.loop.loadLoop(
                            Path(dir_abs).joinpath(name.stem).as_posix(),
                            load_meshes=False, overwrite_dir=True)
                    else:
                        # case 3/4: absolute path
                        # with subfolders provided
                        temp = ph.loop.loadLoop(name.as_posix(),
                                                load_meshes=False)

                # in any case add loop or None to list of self.loops
                self.addLoop(temp)

                # loading meshes through this enables caching
                if load_meshes and temp is not None:
                    self.loadLoopMesh(temp.loop_mesh_name, -1,
                                      dipolename=temp.dipole_mesh_name)
            if len(self.loops) > 0 and self.loops[0] is not None:
                self.setCustemConfig(self.loops[0].secondary_config,
                                     update_loop_configs=False)

            fid_names = np.atleast_1d(getItem(npz, 'fid_names'))
            ph.log.info('Survey.load(): found {} fids'.format(len(fid_names)))

            for name2 in fid_names:
                temp2 = FID()
                temp2.load(
                    savename.parent.joinpath(name2).as_posix())

                # shift if loaded npz is added to non empty survey
                temp2.setTx(temp2.tx_index + off_loops)
                temp2.setRx(temp2.rx_index + off_loops)
                self.addSounding(temp2)


[docs]    def createMRS(self, fid=0, kernel=None, mtype='smooth', dtype='complex',
                  nlay=3, lam=1000, dimension=2, **kwargs):
        from comet.snmr.modelling import MRS
        mrs = MRS(survey=self,
                  fid=fid,
                  mtype=mtype,
                  dtype=dtype,
                  kernel=kernel,  # is created if None
                  dimension=dimension,
                  **kwargs)
        return mrs


    def _gather(self, attribute):
        """ Internal function.
        Gather variables from underlaying soundings for convenience. """
        ret = []
        for fid in self.fids:
            ret.append(getattr(fid, attribute))
        return ret



[docs]class FID(object):
    """ Single SNMR experiment (sounding) using a simple
    Free Induction Decay (FID).

    Attributes to be setted directly:

    """
    def __init__(self, tx=0, rx=0, pulses=None):
        # pulse moment vector [As]
        # default pulses from MRSmatlab (convenient for synthetic stuff)
        default_pulses =\
            np.array((278, 320,  436, 540, 675, 830, 1049, 1250,
                      1460, 1760, 2106, 2458, 2925, 3391, 4004, 4677, 5473,
                      6273, 7155, 8148, 9281, 10515, 11926, 13556),
                     np.float64) / 1000.

        self.setPulses(pulses or default_pulses)

        # times [s], used for gating (not needed if gates are set manually)
        self._times = None

        # time gates midpoints [s]
        self._gates = None
        self._gates_thk = None
        self._gating_last = 50
        self._filter_last = [0., 2.]

        # temperature [K]
        self._temperature = None  # init attribute for overview
        self.temperature = 281    # fills _temperature
        # also fills self.curie
        # ca. 8 °C, middle temperature in germany ( ~ 10 meter depth)

        # transmitter
        self.tx_turns = None
        self.tx_index = None
        self.setTx(tx, turns=1)

        # receiver
        self.rx_turns = None
        self.rx_index = None
        self.setRx(rx, turns=1)

        # general frequency offset [Hz]
        self.df = None
        self.setFrequencyOffset(0.0)

        # phase per pulse moment
        # Phase needed for rotated amplitude inversions, igored for complex
        self.phi = None  # shape = pulse moments

        # phase of device (once), [-pi, pi]
        # Phase needed for complex inversions, igored for rotated amplitudes
        # (set to zero)
        self.data_phase = 0.0

        # data
        self.data_raw = None    # shape = pulse moments * times
        self.data_gated = None  # shape = pulse moments * gates

        self.raw_rotated = False  # rotated data vector flag, raw data
        self.rotated = False      # rotated data vector flag, gates only

        # error
        self.error_raw = None    # shape = pulse moments * times
        self.error_gated = None  # shape = pulse moments * gates
        self.error_weights = None

        # response
        self.response = None

        # duration pulse 1 [s]
        self.taup1 = None            # init atttribute for overview
        self.deadtime_device = None  # -""-
        self.setPulseDuration(0.04)  # default 40 ms + 5 ms device

    def __repr__(self):
        return 'FID(Tx: {}, Rx: {})'.format(self.tx_index, self.rx_index)

    @property
    def deadtime(self):
        """ Effective deadtime (device + half pulse) [s]."""
        return self.taup1 / 2. + self.deadtime_device

    @property
    def pulses(self):
        """ Pulse moment vector [As]. """
        return self._pulses

    @property
    def amperes(self):
        """ Ampere vector [A]. """
        return self._pulses / self.taup1  # internally pulses=As -> A = As/s

    @amperes.setter
    def amperes(self, vec):
        self.setPulses(vec * self.taup1)  # A in -> set As = A * s

    @property
    def times(self):
        """ Time vector [s] of raw data (including deadtime). """
        if self._times is None:
            return None
        else:
            return self._times + self.deadtime

    @property
    def gates(self):
        """ Time gate midpoint vector [s] (including deadtime). """
        if self._gates is None:
            return None
        else:
            return self._gates + self.deadtime

    @property
    def temperature(self):
        """ Middle temperature [K]. Default = 281 K (8°C or 46.4°F). """
        return self._temperature

    @temperature.setter
    def temperature(self, temperature):
        """ Expect temperature in Kelvin. """
        self._temperature = temperature
        self._curie = misc.constants.calcCurieFactor(self._temperature)

    @property
    def curie(self):
        """ Curie factor for kernel calculation.
        Read only. Calculated automatically by setting temperature.
        """
        return self._curie

[docs]    def setTx(self, index, turns=None):
        """ Define index of transmitter loop and turns. """
        self.tx_index = index
        if turns is None:
            if self.tx_turns is None:
                self.tx_turns = 1
        else:
            self.tx_turns = turns


[docs]    def setRx(self, index, turns=None):
        """ Define index of receiver loop and turns. """
        self.rx_index = index

        if turns is None:
            if self.tx_turns is None:
                self.tx_turns = 1
        else:
            self.rx_turns = turns


[docs]    def getComplexData(self):
        # stich together real and imag part of data
        # = also raveled, but twice the length!
        if self.rotated:
            ph.log.warning('getComplexData: rotatedAmplitudes used!')
            ret = self.data_gated
        else:
            if not np.isclose(self.data_phase, 0):
                # changes for rot of complex data by phase: 24.06.2020
                ph.log.log(13, 'getComplexData: {:.2f}'.format(
                    self.data_phase))
                rot_data = misc.rotData(self.data_gated,
                                        self.data_phase)
                ret = rot_data
            else:
                ph.log.log(13, 'getComplexData: no phase')
                ret = self.data_gated
        return ret


[docs]    def getRotatedAmplitudes(self):
        """ Returns Data and Error as real component of the rotated Vecs."""
        if not self.rotated:
            self.rotateAmplitudes()

        data = self.data_gated.real.ravel()  # no abs here !
        error = self.error_gated.real.ravel()

        return (data, error)


[docs]    def setRawDataErrorAndTimes(self, data, error, times, rotated=False,
                                phases=None, remove_df=True,
                                omit_regating=False):
        """
        Sets the raw (processed but ungated) data vector along with the time
        discretization and errorvector.

        Parameters
        ----------

        data: np.ndarray
            Data vector of shape (number of pulses, times). Expect complex
            valued vector.

        error: np.ndarray
            Error vector of the same shape as the data vector.

        times: np.ndarray
            Simple time vector in seconds with shape matching the dimension 1
            of the data and error vector, expect times without deadtime!

        rotated: boolean [ False ]
            Define whether the data are already rotated or not. There is no
            autodetect for that.

        phases: np.ndarray [ None ]
            Define phases as simple vector containing phases in rad. Expect one
            value per pulse.

        remove_df: boolean [ True ]
            Removes the frequency offset in the given data stored in the
            attribute **df** [Hz].

        omit_regating: boolean [ False ]
            When setting the raw data, the gated data need to be recalculated.
            By default this is done via regating with the original settings
            for the gating.

        Sets
        ----

        This functionality fills the following attributes:

        *data_raw*, *times*, *error_raw*, *raw_rotated*

        and optionally:

        *phi* (phases)

        """
        if times[0] >= self.deadtime:
            with ph.misc.temporal_printoptions(threshold=5):
                ph.log.warning(
                    'First entry for given times ({}) is greater than '
                    'deadtime of {:.4f} sec. Expect given vector to not '
                    'include deadtime.'
                    .format(np.array(times), self.deadtime))

        if np.shape(data) != np.shape(error):
            raise Exception(
                'Shape mismatch between data and error: {} != {}'
                .format(np.shape(data), np.shape(error)))

        if len(times) != np.shape(data)[1]:
            raise Exception(
                'Shape mismatch between data/error and times: {} != {}'
                .format(len(times), np.shape(data)[1]))

        self._times = times
        self.data_raw = data

        # fix frequency offset
        if remove_df:
            # check and remove this
            ph.log.debug('todo: validate fix with df')
            self.data_raw *= np.exp(-1j * 2. * np.pi * self.df[:, np.newaxis] *
                                    self.times)

        self.error_raw = error

        self.raw_rotated = rotated

        if phases is not None:
            self.setPhases(phases)

        if not omit_regating:
            self._regating()  # new raw data -> update gated data


[docs]    def setGatedDataErrorAndGates(self, data, error, gates, rotated=False,
                                  phases=None, midpoints=True):
        """
        Sets the processed and gated data vector along with the gates (time
        discretization) and error cube.

        Parameters
        ----------

        data: np.ndarray
            Data vector of shape (number of pulses, number of gates). Expect
            complex valued vector.

        error: np.ndarray
            Error vector of the same shape as the data vector.

        gates: np.ndarray
            Simple time vector in seconds with shape matching the dimension 1
            of the data and error vector. Expect gates without deadtime.

        rotated: boolean [ False ]
            Define whether the data are already rotated or not. thee is no
            autodetect for that.

        phases: np.ndarray [ None ]
            Define phases as simple vector containing phases in rad. Expect one
            value per pulse.

        midpoints: boolean [ True ]
            If True (default) the given times in the gates vector are
            interpreted as midpoint of gates. However if False the vector is
            interpreted as outer limits of the gates, so gate 1 would be
            defined between time 1 and time 2 and gate 2 between time 2 and 3
            and so on.

        Sets
        ----

        This functionality fills the following attributes:

        *data_gated*, *gates*, *error_gated*, *rotated*

        and optionally:

        *phi* (phases)

        """
        if np.shape(data) != np.shape(error):
            raise Exception(
                'Shape mismatch between data and error: {} != {}'
                .format(np.shape(data), np.shape(error)))

        if len(gates) != np.shape(data)[1]:
            raise Exception(
                'Shape mismatch between data/error and gates: {} != {}'
                .format(len(gates), np.shape(data)[1]))

        self.setGates(gates, midpoints=midpoints)
        self.data_gated = data
        self.error_gated = error
        self.rotated = rotated

        if phases is not None:
            self.setPhases(phases)


[docs]    def setPhases(self, phi):
        """
        Sets variable phi. No check for length if vector is done. See
        setGatedDataErrorAndGates or setRawDataErrorAndTimes for more details.
        """
        self.phi = phi


[docs]    def setDataPhase(self, data_phase):
        """
        Sets variable data_phase. Expect single float value for data phase in
        rad.
        """
        ph.log.log(13, 'setDataPhase: {:.2f}'.format(data_phase))
        self.data_phase = data_phase


[docs]    def setPulseDuration(self, taup, deadtime_device=0.005):
        """ Sets pulse duration [s] and internal deadtime from the device.

        Parameters
        ----------

        taup: float
            Pulse duration in seconds.

        deadtime_device: float [ 0.005 ]
            Internal deadtime of the measurement device in seconds.
            0.005 seconds are default for synthetic studies.

        Sets
        ----

        *taup1*,
        *deadtime_device*,
        *deadtime* (half pulse + deadtime_device)
        """
        self.taup1 = taup
        self.deadtime_device = deadtime_device


[docs]    def setFrequencyOffset(self, df):
        """ Sets frequency offset of tx pulse to larmor frequency.

        Expect one value per pulse or one single value (used for all pulses).
        None is treated as zero offset (internal initialization).
        """
        if df is None:
            self.df = np.zeros(len(self.pulses))

        if not isinstance(df, np.ndarray):
            self.df = np.ones(len(self.pulses)) * df

        else:
            self.df = df


[docs]    def setPulses(self, pulses):
        """ Set pulse moment vector. Expect array with float in [As].

        Sets
        ----

        *pulses*
        """
        self._pulses = np.atleast_1d(np.array(pulses, dtype=np.float))


[docs]    def setGates(self, gates, midpoints=True):
        """ Define time gates.

        Parameters
        ----------

        gates: np.ndarray
            Define gates midpoints. Expect array with float in [s]. See
            midpoints for definition of how the input array is interpreted.

        midpoints: boolean [ True ]
            If True (default) the given times in the gates vector are
            interpreted as midpoint of gates. However if False the vector is
            interpreted as outer limits of the gates, so gate 1 would be
            defined between time 1 and time 2 and gate 2 between timne 2 and 3
            and so on.

        Sets
        ----
            *gates* and *_gates_thk* if not the midpoints are given

        """
        with ph.misc.temporal_printoptions():
            ph.log.debug('setGates: {} ({})'.format(gates, len(gates)))

        if gates[0] >= self.deadtime:
            with ph.misc.temporal_printoptions(threshold=5):
                ph.log.warning(
                    'First entry for given gates ({}) is greater than '
                    'deadtime of ({} sec). Expect given vector to not include'
                    ' deadtime.'.format(np.array(gates), self.deadtime))

        if midpoints is True:
            self._gates = gates

        else:
            if not np.isclose(gates[0], 0.0):
                ph.log.warning('Had to add 0 as first entry of given time '
                               'vector in order to calculate the midpoints '
                               'of the gates. If you want to set given times '
                               'directly as midpoints use midpoints=True '
                               'in the setGates call.')
                gates = np.append([0.], gates)
            self._gates_thk = np.diff(gates)
            self._gates = gates[1:] - (self._gates_thk/2)


[docs]    def setResponse(self, array):
        """ Sets a respinse array with the same shape as the data e.g. from an
        inversion instance. For plotting only.
        """
        if np.isclose(array.size, 2 * self.data_gated.size):
            real, imag = np.split(np.array(array).flatten(), 2)
            array = real + 1j * imag

        try:
            self.response = array.reshape(self.data_gated.shape)

        except ValueError as Ex:
            ph.log.error('setResponse(): Wrong shape of input vector.')
            raise Ex


[docs]    def gating(self, num_gates=42, verbose=False):
        """
        Explanation:
        ------------

        (extracted from MRSMatlab, 2017)

        y=exp(x)
        For some interval x(a:b) the exact mean within exp(x(a:b))
        yAverage    = exp(mean(log(y(a:b))))
        t(yAverage) = mean(t(a:b))

        Problem: Logarithm is nice for exact average of exponential function.
        But signals are noise contaminated. 1. Logarithm of gaussian noise
        changes noise structure from gaussian to lorenzian. Averaging of
        lorenzian distributed noise is not zero. 2. Since noise can make signal
        negative a dc shift is added to make signals positive. This deminishes
        the accurancy of averaging in logspace. For large constant shift
        averaging in logspace becomes equivalent to average in linspace.
        However this is nice for noise structure.
        So we have a tradeoff.
        Finally, from some amount of intervals on, e.g. 20 within interval
        [0 1]/s averaging is sufficiently exact in any case.

        MMP 18/10/2011
        """
        if self.data_raw is None:
            raise Exception('No raw data for gating available.')

        # effective deadtime
        dt = self.deadtime

        assert not np.isclose(dt, 0), 'Gating: Deadtime cannot be zero.'

        # raw data
        signalBaseCorr = np.abs(10.0 * np.min(self.data_raw))
        signal = self.data_raw + signalBaseCorr
        error = self.error_raw

        # _time = time vector - deadtime
        time = np.round(self._times, decimals=10)

        if np.isclose(time[0], 0):
            logtime = np.abs(np.logspace(np.log10(time[1] + dt),
                                         np.log10(time[-1] + time[1] + dt),
                                         num_gates) - time[1]) - dt
        else:
            logtime = np.abs(np.logspace(np.log10(time[1]),
                                         np.log10(time[-1] + time[1]),
                                         num_gates) - time[1])

        indextime = np.ones_like(logtime, dtype=int)

        for i in range(len(logtime) - 1):
            indextime[i] = np.where(logtime[i] < time)[0][0]

        # ensures that timegates contain 1 data point and size is increasing
        indextime = np.cumsum(np.sort(np.diff(np.unique(indextime[:-1]))))
        indextime = np.hstack((0, indextime, len(time)))

        if ph.log.getEffectiveLevel() <= 20:
            with ph.misc.temporal_printoptions():
                ph.log.info('gating: indices {}, for {} gates'
                            .format(indextime, len(indextime) - 1))

        gateV = np.zeros((len(signal),
                          len(indextime) - 1), dtype=type(signal[0, 0]))

        gateT = []  # mean time of gate i
        gateL = []  # number of data points in gate i

        for i in range(0, len(indextime) - 1):
            gateV[:, i] = np.exp(np.mean(np.log(
                       signal[:, indextime[i]:indextime[i + 1]]),
                       axis=1))
            hlp = time[indextime[i]:indextime[i + 1]]
            gateT.append(np.mean(hlp))
            gateL.append(len(hlp))

        gateV -= signalBaseCorr
        gateT = np.array(gateT, dtype=np.float64)

        with ph.misc.temporal_printoptions():
            ph.log.info('gating: midpoints: {} ({})'
                        .format(gateT, len(gateT)))

        # set time gate midpoints
        self.setGates(gateT)

        # set data cube
        self.error_weights = np.sqrt(np.array(gateL, dtype=float))
        self.error_gated = np.tile(np.mean(error, axis=1),
                                   (len(indextime) - 1, 1)).T
        self.error_gated /= self.error_weights

        # set data cube
        self.data_gated = gateV
        self.filterGates(mint=self._filter_last[0],
                         maxt=self._filter_last[1])

        # set some flags at last
        # are these data rotated ?
        # move flag from raw data to gated data.
        self.rotated = self.raw_rotated

        # save input for automatical regating
        self._gating_last = num_gates


    def _regating(self):
        """ Reapply gating and filter to get unrotated data again. """
        self.gating(self._gating_last)

[docs]    def setRotated(self, rotated, raw_data=False):
        """ Sets rotation of data. True = rotatedAmplitudes,
        False = complex.
        """
        if self.rotated is rotated:
            pass
        else:
            if rotated:
                self.rotateAmplitudes(raw_data=raw_data)
            else:
                if self.raw_rotated:
                    raise Exception(
                        'Cannot unrotate, raw data already rotated')
                else:
                    self._regating()


[docs]    def rotateAmplitudes(self, raw_data=False):
        """
        One of the three main ways for NMR forward modelling is to use
        rotated amplitudes, instead of using the amplitudes of the complex
        data or the complex data itself. If the phase information of the noise
        free data is known (synthetic data) or fitted (e.g. monoexponential
        fit) the rotated Amplitudes (also complex, do not confuse) have the
        advantage of containing all the information in the real part (together
        with noise), where the imaginary part contians only noise and can
        therefore be discarded later.

        Can be used on gated or ungated data, however this call alters the
        raw_data!

        Parameters
        ----------
        raw_data: boolean [ True ]
            Flag to decide if raw data or gated data are rotated.
            Default is raw data, however if no raw data are

        Returns
        -------

        complex rotated raveled data.
        """
        if self.raw_rotated or (self.rotated and not raw_data):
            raise Exception('Already rotated.')

        if raw_data:
            data = self.data_raw
            # times = self.times
        else:
            data = self.data_gated
            # times = self.gates

        if data is None:
            raise Exception('No data for calculation of rotated amplitudes.')

        absolute = np.absolute(data)
        phase = np.angle(data)

        if np.shape(data) != np.shape(self.phi):
            PHI = self.phi[:, np.newaxis]
        else:
            PHI = self.phi

        if not isinstance(self.df, np.ndarray):
            self.df = np.ones(len(self.phi)) * self.df

        # this fixes offresonance!, only do this once
        # removed 04.12.2018 and fixed df offset in import data!
        # wdft = np.ones_like(data, dtype=np.float64) * 2. * np.pi
        # wdft *= self.df[:, np.newaxis]
        # wdft *= times[np.newaxis, :]

        rotreal = absolute * np.cos(phase - PHI)  # - wdft)
        rotimag = absolute * np.sin(phase - PHI)  # - wdft)

        if raw_data:
            self.data_raw = rotreal + 1j * rotimag
            self.raw_rotated = True

        else:
            self.data_gated = rotreal + 1j * rotimag
            self.rotated = True  # raw data may be still unrotated


[docs]    def filterGates(self, mint=0.0, maxt=2.0):
        """ Dismiss not desired time gates.

        Parameters
        ----------
        mint: float [0.0]
            Cut all data reqired before mint (in seconds). This is done using
            the gate midpoints including deadtime.

        maxt: float [2.0]
            Cut all data reqired after maxt (in seconds). This is done using
            the gate midpoints including deadtime.

        Append new .gating to restore old gates
        raw_data remain untouched)
        """
        # sort out nonsense gate times
        good = (self.gates <= maxt) & (self.gates >= mint)
        ph.log.log(13, 'filterGates: min t, max t: ({:.2f}, {:.2f})'
                   .format(mint, maxt))
        self.setGates(self._gates[good])
        self.error_weights = self.error_weights[good]
        self.data_gated = self.data_gated[:, good]
        self.error_gated = self.error_gated[:, good]
        self._filter_last = [mint, maxt]


[docs]    def save(self, savename):
        """
        Saves FID class instance under savename. Expect savename with ending
        .npz (numpy compressed binary data structure).
        """
        np.savez(savename,
                 data_raw=self.data_raw,
                 error_raw=self.error_raw,
                 data_gated=self.data_gated,
                 error_gated=self.error_gated,
                 error_weights=self.error_weights,
                 times=self._times,  # without deadtime
                 phi=self.phi,
                 gates=self._gates,  # without deadtime
                 gatesthk=self._gates_thk,
                 pulses=self.pulses,
                 rotated=self.rotated,
                 raw_rotated=self.raw_rotated,
                 txturns=self.tx_turns,
                 rxturns=self.rx_turns,
                 txidx=self.tx_index,
                 rxidx=self.rx_index,
                 lastgates=self._gating_last,
                 lastfilter=self._filter_last,
                 temp=self.temperature,
                 taup1=self.taup1,
                 deadtime_d=self.deadtime_device,
                 df=self.df,
                 data_phase=self.data_phase)


[docs]    def load(self, savename, df_removed=True):
        """
        Load previously saved FID class instance from savename (.npz)
        (numpy compressed binary data structure).

        Usually imported data are cleansed from frequency offsets (df) before
        saving. However there is no auto detection for that. In rare cases (if
        you know what youre doing) data are saved without removing df first.
        Then df_removed has to be set to False. Otherwise the raw data
        """
        from comet.pyhed.IO import getItem

        with np.load(savename, allow_pickle=True) as npz:

            # tx, rx
            txi = getItem(npz, 'txidx')
            txt = getItem(npz, 'txturns')
            rxi = getItem(npz, 'rxidx')
            rxt = getItem(npz, 'rxturns')
            self.setTx(txi, turns=txt)
            self.setRx(rxi, turns=rxt)

            # pulses, pulse duration and deadtime
            self.setPulses(getItem(npz, 'pulses'))
            taup = getItem(npz, 'taup1')
            dt_dev = getItem(npz, 'deadtime_d')
            self.setPulseDuration(taup, deadtime_device=dt_dev)

            # phases
            phi = getItem(npz, 'phi')
            self.data_phase = getItem(npz, 'data_phase', 0.0)

            # raw data, error, and times
            raw_data = getItem(npz, 'data_raw', None)
            raw_error = getItem(npz, 'error_raw', None)
            times = getItem(npz, 'times', None)

            rotated_raw = getItem(npz, 'raw_rotated')

            df = getItem(npz, 'df')

            if df_removed:
                self.setFrequencyOffset(0)
            else:
                self.setFrequencyOffset(df)

            if raw_data is not None:
                self.setRawDataErrorAndTimes(
                    raw_data, raw_error, times, rotated=rotated_raw,
                    phases=phi)

            if df_removed:
                self.setFrequencyOffset(df)

            # gated data, error, and gates
            self._gating_last = getItem(npz, 'lastgates')
            ph.log.debug('survey.load: last gates: {}'
                         .format(self._gating_last))
            self._filter_last = getItem(npz, 'lastfilter')
            ph.log.debug('survey.load: last filter: {}'
                         .format(self._filter_last))
            self.error_weights = getItem(npz, 'error_weights', None)

            data_gated = getItem(npz, 'data_gated', None)
            error_gated = getItem(npz, 'error_gated', None)
            gates = getItem(npz, 'gates', None)

            rotated = getItem(npz, 'rotated')

            if data_gated is None:
                if raw_data is not None:
                    self._regating()

            else:
                self.setGatedDataErrorAndGates(
                    data_gated, error_gated, gates, rotated=rotated,
                    phases=phi)

                self._gates_thk = getItem(npz, 'gatesthk')

            if self.error_weights is None and data_gated is not None:
                ph.log.warning('supposed to have error_weights. '
                               'Regating fails. To be fixed.')


                # self._regating()


[docs]class Earth(object):
    """
    Parameters
    ----------

    inclination: float [ 60. ]
        Inclination of the earth magnetic field in rad or degree.

    declination: float [ 2. ]
        Declination of the earth magnetic field in rad or degree.

    magnitude: float [48000 * 1e-9]
        Magnitude of the earth magnetic field in Tesla.

    rad: boolean [ False ]
        Input inclination and declination in rad?

    Example
    -------

    >>> from comet.snmr.survey import Earth
    >>> e = Earth(inclination=45, declination=0, magnitude=4.8*1e-5)
    >>> print(e)
    """
    def __init__(self, incl=60.,  # 60°
                 decl=2.,  # 2°
                 mag=48000*1e-9,
                 rad=False):

        self._larmor = None
        self._magnitude = None

        if rad:
            self.inclination = incl
        else:
            self.inclination = np.deg2rad(incl)

        if rad:
            self.declination = decl
        else:
            self.declination = np.deg2rad(decl)

        self.magnitude = mag

    def __repr__(self):
        return 'earth, incl: {:.1f}°, decl: {:.1f}°, mag: {:.0f} nT'.format(
            np.rad2deg(self.inclination),
            np.rad2deg(self.declination),
            self.magnitude*1e9)

    def __str__(self):
        return ('### {1} ###{0}'
                'Inclination: {2:.3f} rad ({3:.2f}°){0}'
                'Declination: {4:.3f} rad ({5:.2f}°){0}'
                'Magnitude:   {6:.0f}e-9 Tesla ({7:.2f} Hz)'
                .format(
                    '\n',
                    self.__class__.__name__.upper(),
                    self.inclination, np.rad2deg(self.inclination),
                    self.declination, np.rad2deg(self.declination),
                    self.magnitude*1e9, self.larmor))

[docs]    def copy(self):
        return Earth(inclination=self.inclination,
                     declination=self.declination,
                     magnitude=self.magnitude)


    @property
    def larmor(self):
        return self._larmor

    @larmor.setter
    def larmor(self, larmor):
        self._larmor = larmor
        self._magnitude = self._Larmor2Mag()

    @property
    def magnitude(self):
        return self._magnitude

    @magnitude.setter
    def magnitude(self, magnitude):
        self._magnitude = magnitude
        self._larmor = self._Mag2Larmor()

    def _Mag2Larmor(self):
        return misc.constants.gamma / (2 * np.pi) * self.magnitude

    def _Larmor2Mag(self):
        return self.larmor / misc.constants.gamma * 2 * np.pi

    @property
    def field(self):
        """ Static magnetic field vector from earth defined in survey."""
        incl = self.inclination
        decl = self.declination
        # Changed to B0-field definition after hertrich and braun, Nov, 2020
        # original formulation: however their z points upwards!
        # decl = self.declination
        # B0 = np.array([np.cos(incl) * np.cos(-decl),
        #                np.cos(incl) * np.sin(-decl),
        #                np.sin(incl)])
        # different definition for z: z negative downwards, which means:
        # to remain a left-handed coordinate system which means the sign of
        # the declination has to change as well
        B0 = np.array([np.cos(incl) * np.cos(decl),
                       np.cos(incl) * np.sin(decl),
                       -np.sin(incl)])
        return B0[:, np.newaxis]



[docs]def createLoopFromMRS(looptype, length, xoff, segments=80,
                      max_length=None, turns=1):
    """ Returns a loop class object out of input found in a mrsd or mrsk file.

    Parameters
    ----------
    looptype: integer
        Integer in [1, 2, 3, 4], in this range representing circular, square,
        circular eight, and square eight loop source types. Error for looptype
        < 1 and > 4.

    length:
        Length [m] of one side of the loop, or loop diameter for cicular type.

    xoff: float
        Offset [m] for loop midpoint in positive x direction.

    segments: integer [ 80 ]
        Number of segments used for discretization of the loop wire.

    max_length: integer [ None ]
        If given, replaces the segments with a number suited to ensure each
        dipole represents this distance [m] at maximum.
    """

    if looptype == 1:
        # case 1: circular
        loop = ph.loop.buildCircle(
            length/2., P=(xoff, 0, 0), num_segs=segments,
            max_length=max_length)

    elif looptype == 2:
        # case 1: square
        loop = ph.loop.buildSquare(
            length, P=(xoff, 0, 0), num_segs=segments,
            max_length=max_length)

    elif looptype == 3:
        # case 3: circular eight
        loop = ph.loop.buildFig8Circle(
            length/2., num_segs=segments, P=(xoff, 0, 0),
            max_length=max_length)

    elif looptype == 4:
        # case 4: square eight
        p1 = (-length + xoff, -length/2., 0)
        p2 = (length + xoff, length/2., 0)
        loop = ph.loop.buildFig8(
            (p1, p2), num_segs=segments, max_length=max_length)

    else:
        # if case is not recognized: None (user has to specify loop)
        print('Warning: Mhh, found found no recipie'
              ' on how to deal with looptype: {} not in (1, 2, 3, 4).'
              .format(looptype))
        print('Set corresponding loop to None, continue...')
        loop = None

    if loop is not None:
        loop.turns = turns

    return loop



if __name__ == '__main__':
    __spec__ = None
    s = Survey()
    kern = s.loadMRSK('D://borkum/borkum_data/cliwat2.mrsk', x_offsets=0)
    # kern.calculate()

    s.fids[0].save('test_fid.npz')
    s2 = FID()
    s2.load('test_fid.npz')
# The End
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