

    
      
          
            
  
Welcome to MTpy-v2 documentation!
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 [https://codecov.io/gh/MTgeophysics/mtpy-v2]mtpy provides tools for working with magnetotelluric (MT) data.  MTpy-v2 is an update version of [mtpy](https://github.com/MTgeophysics/mtpy). Many things have changed under the hood and usage is different from mtpy v1. The main difference is that there is a central data type that can hold transfer functions and then read/write to your modeling program, plot, and analyze your data.  No longer will you need a directory of EDI files and then read them in everytime you want to do something.  You only need to build a project once and save it to an MTH5 file and you are ready to go. All metadata uses [mt-metadata](https://github.com/kujaku11/mt-metadata).

Because the workflow has changed from mtpy v1, there are example notebooks to demonstrate the new workflow see Examples.


Examples
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 [https://mybinder.org/v2/gh/MTgeophysics/mtpy-v2/main]Click on the Binder badge above to interact with Jupyter Notebook examples.  There are example notebooks in



	docs/source/examples/notebooks
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Installation


Stable release


PIP

To install mt_metadata, run this command in your terminal:

$ pip install mtpy-v2





This is the preferred method to install mt_metadata, as it will always install the most recent stable release.

If you don’t have pip [https://pip.pypa.io] installed, this Python installation guide [http://docs.python-guide.org/en/latest/starting/installation/] can guide
you through the process.



Conda-Forge

To install mtpy-v2, run either of these commands in your Conda terminal (https://conda-forge.org/#about):

$ conda install -c conda-forge mtpy-v2





or

$ conda config --add channels conda-forge
$ conda config --set channel_priority strict
$ conda install mtpy-v2






Note

If you are updating mt_metadata you should use the same installer as your previous version or remove the current version and do a fresh install.






From sources

The sources for MTH5 can be downloaded from the Github repo [https://github.com/MTgeophysics/mtpy-v2].

You can either clone the public repository:

$ git clone https://github.com/MTgeophysics/mtpy-v2





Or download the tarball [https://github.com/MTgeophysics/mtpy-v2/tarball/main]:

$ curl -OJL https://github.com/MTgeophysics/mtpy-v2/tarball/main





Once you have a copy of the source, you can install it with:

$ python setup.py install









            

          

      

      

    

  

    
      
          
            
  
Usage


Examples


	MT Object
	TF Metadata

	Data

	MT.Tipper

	Visualizing

	Manipulating MT Response





	Building an MTCollection
	Test Data

	1. Initiate MTCollection

	2. Load Transfer Functions

	3. Working and Master Dataframes

	4. MTCollection vs MTData

	5. Close MTCollection





	MTData: Profile Example
	1. Open Collection

	2. Convert to MTData

	3. Plot Phase Tensor Pseudosection

	4. Plot Resistivity and Phase Pseudosections

	5. Plot Strike

	6. Rotate

	7. Interpolate

	8. Occam 2D





	MTData: Grid Example
	1. Load data

	2. Plot Station Locations

	3. Plot Phase Tensor Map

	4. Plot Resistivity and Phase Maps

	5. Plot Depth of Investigation

	6. Plot Strike

	7. Extract a Profile





	Make 3D Data Files
	Imports

	Calculate Model Errors





	Make Structured 3D Mesh
	1. Read Data File

	2. Create a Model

	3. Add Topography

	5. Write to File

	6. Write Covariance File

	7. Project Stations onto Topography












            

          

      

      

    

  

    
      
          
            
  
MT Object

MT transfer functions come in all kinds of formats and flavors. The goal of MT is to centralize and standardize an MT transfer function with common metadata and accessibility to the data. MT inherits `mt_metadata.transfer_function.core.TF <https://mt-metadata.readthedocs.io/en/latest/source/tf_structure.html>`__ which has the ability to read/write in various file types. If there is a file type that is not supported yet raise an issue in
mt-metadata [https://github.com/kujaku11/mt_metadata/issues].



	Format

	Description

	Extension

	Read

	Write





	EDI

	Common SEG format [https://library.seg.org/doi/abs/10.1190/1.1892244]

	.edi

	yes

	yes



	EMTF XML

	Anna Kelbert’s XML Format [https://library.seg.org/doi/10.1190/geo2018-0679.1] for archiving at IRIS [https://eos.org/science-updates/taking-magnetotelluric-data-out-of-the-drawer]

	.xml

	yes

	yes



	Z-Files

	Output from Gary Egberts processing code

	.zmm, .zss, .zrr

	yes

	yes



	J-Files

	Alan Jones’ format and output of Alan Chave’s BIRRP code

	.j

	yes

	no



	Zonge AVG

	Zonge International processing code output

	.avg

	yes

	no






The MT has a couple of important attributes and method that are described below as we progress through an example file. Here we will look at an EMTF XML because this format has the most comprehensive metadata so far.


[1]:





from mtpy import MT
from mt_metadata import TF_XML








[2]:





mt_object = MT(TF_XML)
mt_object.read()








TF Metadata

Important in describing the transfer function are metadata attributes, namely the location, what survey the station was collected in, timing, and how the data were processed. These are contained in logical metadata objects. For further reading on metadata objects see MT-metadata [https://mt-metadata.readthedocs.io/en/latest/source/tf_structure.html]


	MT.survey_metadata: describes the general survey details that this transfer function belongs to.


	MT.station_metadata: describes the station location, timing, runs processed, processing scheme.


	MT.station_metadata.transfer_function: describes how the data were processed.


	MT.station_metadata.runs: provides details on the runs processed, timing, sample rate, channels recorded, data logger details.


	MT.station_metadata.runs[run_id].channels: describes channel metadata including timing, sensors, location.













Survey Metadata

Survey metadata provides information about the survey ID, geographic locations, who aquired the data, is there a DOI associated with the data or publications, how the data can be used, licenses, and general information about the overall survey.


[3]:





mt_object.survey_metadata








[3]:







{
    "survey": {
        "acquired_by.author": "National Geoelectromagnetic Facility",
        "citation_dataset.authors": "Schultz, A., Pellerin, L., Bedrosian, P., Kelbert, A., Crosbie, J.",
        "citation_dataset.doi": "doi:10.17611/DP/EMTF/USMTARRAY/SOUTH",
        "citation_dataset.title": "USMTArray South Magnetotelluric Transfer Functions",
        "citation_dataset.year": "2020-2023",
        "citation_journal.doi": null,
        "comments": "copyright.acknowledgement:The USMTArray-CONUS South campaign was carried out through a cooperative agreement between\nthe U.S. Geological Survey (USGS) and Oregon State University (OSU). A subset of 40 stations\nin the SW US were funded through NASA grant 80NSSC19K0232.\nLand permitting, data acquisition, quality control and field processing were\ncarried out by Green Geophysics with project management and instrument/engineering\nsupport from OSU and Chaytus Engineering, respectively.\nProgram oversight, definitive data processing and data archiving were provided\nby the USGS Geomagnetism Program and the Geology, Geophysics and Geochemistry Science Centers.\nWe thank the U.S. Forest Service, the Bureau of Land Management, the National Park Service,\nthe Department of Defense, numerous state land offices and the many private landowners\nwho permitted land access to acquire the USMTArray data.; copyright.conditions_of_use:All data and metadata for this survey are available free of charge and may be copied freely, duplicated and further distributed provided that this data set is cited as the reference, and that the author(s) contributions are acknowledged as detailed in the Acknowledgements. Any papers cited in this file are only for reference. There is no requirement to cite these papers when the data are used. Whenever possible, we ask that the author(s) are notified prior to any publication that makes use of these data.\n While the author(s) strive to provide data and metadata of best possible quality, neither the author(s) of this data set, nor IRIS make any claims, promises, or guarantees about the accuracy, completeness, or adequacy of this information, and expressly disclaim liability for errors and omissions in the contents of this file. Guidelines about the quality or limitations of the data and metadata, as obtained from the author(s), are included for informational purposes only.; copyright.release_status:Unrestricted Release",
        "country": [
            "USA"
        ],
        "datum": "WGS84",
        "geographic_name": "CONUS South",
        "id": "CONUS South",
        "name": null,
        "northwest_corner.latitude": 34.470528,
        "northwest_corner.longitude": -108.712288,
        "project": "USMTArray",
        "project_lead.email": null,
        "project_lead.organization": null,
        "release_license": "CC0-1.0",
        "southeast_corner.latitude": 34.470528,
        "southeast_corner.longitude": -108.712288,
        "summary": "Magnetotelluric Transfer Functions",
        "time_period.end_date": "2020-10-07",
        "time_period.start_date": "2020-09-20"
    }
}








Station Metadata

Station metadata is the most important to describe the transfer function, it provides ID, location, timing and then specifics on how the data were processed, run metadata, and channel metadata.


[4]:





mt_object.station_metadata








[4]:







{
    "station": {
        "acquired_by.author": "National Geoelectromagnetic Facility",
        "channels_recorded": [
            "ex",
            "ey",
            "hx",
            "hy",
            "hz"
        ],
        "comments": "description:Magnetotelluric Transfer Functions; primary_data.filename:NMX20b_NMX20_NMW20_COR21_NMY21-NMX20b_NMX20_UTS18.png; attachment.description:The original used to produce the XML; attachment.filename:NMX20b_NMX20_NMW20_COR21_NMY21-NMX20b_NMX20_UTS18.zmm; site.data_quality_notes.comments.author:Jade Crosbie, Paul Bedrosian and Anna Kelbert; site.data_quality_notes.comments.value:great TF from 10 to 10000 secs (or longer)",
        "data_type": "mt",
        "fdsn.id": "USMTArray.NMX20.2020",
        "geographic_name": "Nations Draw, NM, USA",
        "id": "NMX20",
        "location.datum": "WGS84",
        "location.declination.epoch": "2020.0",
        "location.declination.model": "WMM",
        "location.declination.value": 9.09,
        "location.elevation": 1940.05,
        "location.latitude": 34.470528,
        "location.longitude": -108.712288,
        "orientation.angle_to_geographic_north": 0.0,
        "orientation.method": null,
        "orientation.reference_frame": "geographic",
        "provenance.archive.comments": "IRIS DMC MetaData",
        "provenance.archive.name": null,
        "provenance.archive.url": "http://www.iris.edu/mda/ZU/NMX20",
        "provenance.creation_time": "2021-03-17T14:47:44+00:00",
        "provenance.creator.author": "Jade Crosbie, Paul Bedrosian and Anna Kelbert",
        "provenance.creator.email": "pbedrosian@usgs.gov",
        "provenance.creator.name": "Jade Crosbie, Paul Bedrosian and Anna Kelbert",
        "provenance.creator.organization": "U.S. Geological Survey",
        "provenance.creator.url": "https://www.usgs.gov/natural-hazards/geomagnetism",
        "provenance.software.author": null,
        "provenance.software.name": "EMTF File Conversion Utilities 4.0",
        "provenance.software.version": null,
        "provenance.submitter.author": "Anna Kelbert",
        "provenance.submitter.email": "akelbert@usgs.gov",
        "provenance.submitter.name": "Anna Kelbert",
        "provenance.submitter.organization": "U.S. Geological Survey, Geomagnetism Program",
        "provenance.submitter.url": "https://www.usgs.gov/natural-hazards/geomagnetism",
        "release_license": "CC0-1.0",
        "run_list": [
            "NMX20a",
            "NMX20b"
        ],
        "time_period.end": "2020-10-07T20:28:00+00:00",
        "time_period.start": "2020-09-20T19:03:06+00:00",
        "transfer_function.coordinate_system": "geopgraphic",
        "transfer_function.data_quality.good_from_period": 5.0,
        "transfer_function.data_quality.good_to_period": 29127.0,
        "transfer_function.data_quality.rating.value": 5,
        "transfer_function.id": "NMX20",
        "transfer_function.processed_by.author": "Jade Crosbie, Paul Bedrosian and Anna Kelbert",
        "transfer_function.processed_by.name": "Jade Crosbie, Paul Bedrosian and Anna Kelbert",
        "transfer_function.processed_date": "1980-01-01",
        "transfer_function.processing_parameters": [],
        "transfer_function.processing_type": "Robust Multi-Station Reference",
        "transfer_function.remote_references": [
            "NMW20",
            "COR21",
            "UTS18"
        ],
        "transfer_function.runs_processed": [
            "NMX20a",
            "NMX20b"
        ],
        "transfer_function.sign_convention": "exp(+ i\\omega t)",
        "transfer_function.software.author": "Gary Egbert",
        "transfer_function.software.last_updated": "2015-08-26",
        "transfer_function.software.name": "EMTF",
        "transfer_function.software.version": null,
        "transfer_function.units": null
    }
}







Run Metadata

Run metadata is located in MT.station_metadata.runs which is a list-dictionary object that contains the runs used for processing.


[5]:





mt_object.station_metadata.runs








[5]:







OrderedDict([('NMX20a', {
    "run": {
        "channels_recorded_auxiliary": [],
        "channels_recorded_electric": [
            "ex",
            "ey"
        ],
        "channels_recorded_magnetic": [
            "hx",
            "hy",
            "hz"
        ],
        "comments": "comments.author:Isaac Sageman; comments.value:X array at 0 deg rotation. All e-lines 50m. Soft sandy dirt. Water tank ~400m NE. County Rd 601 ~200m SE. Warm sunny day.",
        "data_logger.firmware.author": null,
        "data_logger.firmware.name": null,
        "data_logger.firmware.version": null,
        "data_logger.id": "2612-01",
        "data_logger.manufacturer": "Barry Narod",
        "data_logger.timing_system.drift": 0.0,
        "data_logger.timing_system.type": "GPS",
        "data_logger.timing_system.uncertainty": 0.0,
        "data_logger.type": "NIMS",
        "data_type": "BBMT",
        "id": "NMX20a",
        "sample_rate": 1.0,
        "time_period.end": "2020-09-20T19:29:28+00:00",
        "time_period.start": "2020-09-20T19:03:06+00:00"
    }
}), ('NMX20b', {
    "run": {
        "channels_recorded_auxiliary": [],
        "channels_recorded_electric": [
            "ex",
            "ey"
        ],
        "channels_recorded_magnetic": [
            "hx",
            "hy",
            "hz"
        ],
        "comments": "comments.author:Isaac Sageman; comments.value:X array at 0 deg rotation. All e-lines 50m. Soft sandy dirt. Water tank ~400m NE. County Rd 601 ~200m SE. Warm sunny day.; errors:Found data gaps (2). Gaps of unknown length: 1 [1469160].]",
        "data_logger.firmware.author": null,
        "data_logger.firmware.name": null,
        "data_logger.firmware.version": null,
        "data_logger.id": "2612-01",
        "data_logger.manufacturer": "Barry Narod",
        "data_logger.timing_system.drift": 0.0,
        "data_logger.timing_system.type": "GPS",
        "data_logger.timing_system.uncertainty": 0.0,
        "data_logger.type": "NIMS",
        "data_type": "BBMT",
        "id": "NMX20b",
        "sample_rate": 1.0,
        "time_period.end": "2020-10-07T20:28:00+00:00",
        "time_period.start": "2020-09-20T20:12:29+00:00"
    }
})])






To access a single run you can use either the index of the run or the run.id


[6]:





mt_object.station_metadata.runs[0]








[6]:







{
    "run": {
        "channels_recorded_auxiliary": [],
        "channels_recorded_electric": [
            "ex",
            "ey"
        ],
        "channels_recorded_magnetic": [
            "hx",
            "hy",
            "hz"
        ],
        "comments": "comments.author:Isaac Sageman; comments.value:X array at 0 deg rotation. All e-lines 50m. Soft sandy dirt. Water tank ~400m NE. County Rd 601 ~200m SE. Warm sunny day.",
        "data_logger.firmware.author": null,
        "data_logger.firmware.name": null,
        "data_logger.firmware.version": null,
        "data_logger.id": "2612-01",
        "data_logger.manufacturer": "Barry Narod",
        "data_logger.timing_system.drift": 0.0,
        "data_logger.timing_system.type": "GPS",
        "data_logger.timing_system.uncertainty": 0.0,
        "data_logger.type": "NIMS",
        "data_type": "BBMT",
        "id": "NMX20a",
        "sample_rate": 1.0,
        "time_period.end": "2020-09-20T19:29:28+00:00",
        "time_period.start": "2020-09-20T19:03:06+00:00"
    }
}







[7]:





mt_object.station_metadata.runs["NMX20b"]








[7]:







{
    "run": {
        "channels_recorded_auxiliary": [],
        "channels_recorded_electric": [
            "ex",
            "ey"
        ],
        "channels_recorded_magnetic": [
            "hx",
            "hy",
            "hz"
        ],
        "comments": "comments.author:Isaac Sageman; comments.value:X array at 0 deg rotation. All e-lines 50m. Soft sandy dirt. Water tank ~400m NE. County Rd 601 ~200m SE. Warm sunny day.; errors:Found data gaps (2). Gaps of unknown length: 1 [1469160].]",
        "data_logger.firmware.author": null,
        "data_logger.firmware.name": null,
        "data_logger.firmware.version": null,
        "data_logger.id": "2612-01",
        "data_logger.manufacturer": "Barry Narod",
        "data_logger.timing_system.drift": 0.0,
        "data_logger.timing_system.type": "GPS",
        "data_logger.timing_system.uncertainty": 0.0,
        "data_logger.type": "NIMS",
        "data_type": "BBMT",
        "id": "NMX20b",
        "sample_rate": 1.0,
        "time_period.end": "2020-10-07T20:28:00+00:00",
        "time_period.start": "2020-09-20T20:12:29+00:00"
    }
}








Channel Metadata

Channel metadata is important because it describes orientation, location, sensors of each channel. These are accessed through the run. Similar to the runs direct access can be through the index or component name.


[8]:





mt_object.station_metadata.runs[0].channels[0]








[8]:







{
    "magnetic": {
        "channel_number": 0,
        "component": "hx",
        "data_quality.rating.value": 0,
        "filter.applied": [
            false
        ],
        "filter.name": [],
        "location.elevation": 0.0,
        "location.latitude": 0.0,
        "location.longitude": 0.0,
        "location.x": 0.0,
        "location.y": 0.0,
        "location.z": 0.0,
        "measurement_azimuth": 9.1,
        "measurement_tilt": 0.0,
        "sample_rate": 0.0,
        "sensor.id": "2509-23",
        "sensor.manufacturer": "Barry Narod",
        "sensor.name": "NIMS",
        "sensor.type": "fluxgate",
        "time_period.end": "2020-09-20T19:29:28+00:00",
        "time_period.start": "2020-09-20T19:03:06+00:00",
        "translated_azimuth": 9.1,
        "type": "magnetic",
        "units": null
    }
}







[9]:





mt_object.station_metadata.runs[0].channels["hy"]








[9]:







{
    "magnetic": {
        "channel_number": 0,
        "component": "hy",
        "data_quality.rating.value": 0,
        "filter.applied": [
            false
        ],
        "filter.name": [],
        "location.elevation": 0.0,
        "location.latitude": 0.0,
        "location.longitude": 0.0,
        "location.x": 0.0,
        "location.y": 0.0,
        "location.z": 0.0,
        "measurement_azimuth": 99.1,
        "measurement_tilt": 0.0,
        "sample_rate": 0.0,
        "sensor.id": "2509-23",
        "sensor.manufacturer": "Barry Narod",
        "sensor.name": "NIMS",
        "sensor.type": "fluxgate",
        "time_period.end": "2020-09-20T19:29:28+00:00",
        "time_period.start": "2020-09-20T19:03:06+00:00",
        "translated_azimuth": 99.1,
        "type": "magnetic",
        "units": null
    }
}






Or you can access the channel metadata through a convenience attribute


[10]:





mt_object.ex_metadata








[10]:







{
    "electric": {
        "channel_number": 0,
        "component": "ex",
        "data_quality.rating.value": 0,
        "dipole_length": 100.0,
        "filter.applied": [
            false
        ],
        "filter.name": [],
        "measurement_azimuth": 9.1,
        "measurement_tilt": 0.0,
        "negative.elevation": 0.0,
        "negative.id": "40201037",
        "negative.latitude": 0.0,
        "negative.longitude": 0.0,
        "negative.manufacturer": "Oregon State University",
        "negative.type": "Pb-PbCl2 kaolin gel Petiau 2 chamber type",
        "negative.x": -50.0,
        "negative.y": 0.0,
        "negative.z": 0.0,
        "positive.elevation": 0.0,
        "positive.id": "40201038",
        "positive.latitude": 0.0,
        "positive.longitude": 0.0,
        "positive.manufacturer": "Oregon State University",
        "positive.type": "Pb-PbCl2 kaolin gel Petiau 2 chamber type",
        "positive.x2": 50.0,
        "positive.y2": 0.0,
        "positive.z2": 0.0,
        "sample_rate": 0.0,
        "time_period.end": "2020-09-20T19:29:28+00:00",
        "time_period.start": "2020-09-20T19:03:06+00:00",
        "translated_azimuth": 9.1,
        "type": "electric",
        "units": null
    }
}









Metadata Summary

Metadata is important to keep track of and can be cumbersome, but helps future users of your data to actually use your data. There are a lot of fields here but the most important are ID, location, and timing.


	mt.survey_metadata.id


	mt.station_metadata.id


	mt.station_metadata.location.longitude


	mt.station_metadata.location.latitude


	mt.station_metadata.location.elevation


	mt.station_metadata.time_period.start


	mt.station_metadata.time_period.end


	mt.station_metadata.transfer_function.processing.parameters


	mt.station_metadata.runs[0].channels[component].measurement_azimuth


	mt.station_metadata.runs[0].channels[component].measurement_tilt


	mt.station_metadata.runs[0].channels[component].translated_azimuth


	mt.station_metadata.runs[0].channels[component].translated_tilt







Data

The most interesting part about a transfer function is the data. This describes how the Earth response to inducing magnetic fields. Under the hood an MT object stores a generic transfer function that has input channels (sources) and output channels (reponses) as an xarray [https://docs.xarray.dev/en/stable/index.html].

The benefit of using xarray is that it has tools for combining various statistical estimates and naturally indexes across a common index. In this case we can index along period for each of the statistical estimates (transfer function, errors, and covariances). The mt._transfer_function object is a xarray.Dataset and each statistical estimate is an xarray.DataArray.

The other benefit is that attributes can be store directly alongside the arrays for a self describing object. Here we have picked the most important attributes from the metadata to describe the transfer function. These are propogated with each statistical estimate so anytime you retreive impedance or tipper the attributes are in the xarray.

Note: You’ll see below that input channels and output channels have the same components, that’s because in order to contain the full transfer function and covariances we need a symmetric matrix. Those components that don’t have data are filled with NaNs, which is find for transfer functions because they are relatively small and not memory intensive.



Generic Transfer Function


[11]:





mt_object._transfer_function








[11]:





















<xarray.Dataset>
Dimensions:                        (output: 5, input: 5, period: 33)
Coordinates:
  * output                         (output) <U2 'ex' 'ey' 'hx' 'hy' 'hz'
  * input                          (input) <U2 'ex' 'ey' 'hx' 'hy' 'hz'
  * period                         (period) float64 4.655 5.818 ... 2.913e+04
Data variables:
    transfer_function              (period, output, input) complex128 (nan+na...
    transfer_function_error        (period, output, input) float64 nan ... nan
    transfer_function_model_error  (period, output, input) float64 nan ... nan
    inverse_signal_power           (period, output, input) complex128 (nan+na...
    residual_covariance            (period, output, input) complex128 (0.0012...
Attributes: (12/14)
    survey:             CONUS South
    project:            USMTArray
    id:                 NMX20
    name:               Nations Draw, NM, USA
    latitude:           34.470528
    longitude:          -108.712288
    ...                 ...
    datum:              WGS84
    acquired_by:        National Geoelectromagnetic Facility
    start:              2020-09-20T19:03:06+00:00
    end:                2020-10-07T20:28:00+00:00
    runs_processed:     ['NMX20a', 'NMX20b']
    coordinate_system:  geographic
xarray.Dataset
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Building an MTCollection

The first step to analyzing a set of transfer functions is to load them into an MTCollection which is just a wrapper around an MTH5 file. The advantage to doing this is that you only have to do this once from the various transfer functions that you have, which might include various flavors of EDI, EMTFXML, J-files, Z-files, AVG-files, etc. The other advantage is that now you have a database to work with: a single file where data is readily accessible vs. multiple ASCII files that need to
be read in each time you want to do something.

Using the class MT any[1] transfer function can be read into a generic transfer function container MT. If you want to adjust survey.id or other metadata attributes you can do it from the MT object.


	[^](#fn1) It works 100% of the time 50% of the time. Most transfer function files are supported but if you find one is not raise an issue [https://github.com/MTgeophysics/mtpy/issues]





Test Data

Test data can be found at mtpy-data [https://github.com/MTgeophysics/mtpy_data]. Installation instructions are included in README.


[1]:





from mtpy_data import GRID_LIST, PROFILE_LIST









1. Initiate MTCollection

First initiate an MTCollection, here we will save to our current working directory.


[1]:





from pathlib import Path
from mtpy import MT, MTCollection








[2]:





mtc = MTCollection()








[3]:





mtc.open_collection(Path().cwd().joinpath("test_mt_collection.h5"))









2. Load Transfer Functions

Step one is locating all the transfer function files you want to read in. Here we will read in a couple different folders. If you have a couple different sets of data from different surveys, the MTCollection will store each in a survey group named by the MT.survey_metadata.id. However, this isn’t a common attribute in EDI files, so if you want to separate them out add the correct survey ID.

Note: Loading transfer functions into an MTCollection can take some time so if you have over 100 be patient. But you only have to do this once.



2a. Load Profile Data

The profile data does not have a survey.id in the EDI files so we will add one.


[6]:





%%time
for fn in PROFILE_LIST:
    mt_object = MT()
    mt_object.read(fn)
    mt_object.survey_metadata.id = "profile"
    mtc.add_tf(mt_object)













23:10:19T15:45:54 | INFO | line:122 |mt_metadata.base.metadata | __eq__ | id: 106.001 != 101.001
23:10:19T15:45:54 | INFO | line:122 |mt_metadata.base.metadata | __eq__ | id: 107.001 != 102.001
23:10:19T15:45:54 | WARNING | line:1057 |mth5.mth5 | get_survey | /Experiment/Surveys/profile does not exist, check survey_list for existing names.
23:10:19T15:45:55 | INFO | line:122 |mt_metadata.base.metadata | __eq__ | id: 106.001 != 101.001
23:10:19T15:45:55 | INFO | line:122 |mt_metadata.base.metadata | __eq__ | id: 107.001 != 102.001
23:10:19T15:45:55 | INFO | line:122 |mt_metadata.base.metadata | __eq__ | id: 106.001 != 101.001
23:10:19T15:45:55 | INFO | line:122 |mt_metadata.base.metadata | __eq__ | id: 107.001 != 102.001
23:10:19T15:45:56 | INFO | line:122 |mt_metadata.base.metadata | __eq__ | id: 106.001 != 101.001
23:10:19T15:45:56 | INFO | line:122 |mt_metadata.base.metadata | __eq__ | id: 107.001 != 102.001
23:10:19T15:45:57 | INFO | line:122 |mt_metadata.base.metadata | __eq__ | id: 106.001 != 101.001
23:10:19T15:45:57 | INFO | line:122 |mt_metadata.base.metadata | __eq__ | id: 107.001 != 102.001
23:10:19T15:45:57 | INFO | line:122 |mt_metadata.base.metadata | __eq__ | id: 106.001 != 101.001
23:10:19T15:45:57 | INFO | line:122 |mt_metadata.base.metadata | __eq__ | id: 107.001 != 102.001
23:10:19T15:45:58 | INFO | line:122 |mt_metadata.base.metadata | __eq__ | id: 106.001 != 101.001
23:10:19T15:45:58 | INFO | line:122 |mt_metadata.base.metadata | __eq__ | id: 107.001 != 102.001
23:10:19T15:45:59 | INFO | line:122 |mt_metadata.base.metadata | __eq__ | id: 106.001 != 101.001
23:10:19T15:45:59 | INFO | line:122 |mt_metadata.base.metadata | __eq__ | id: 107.001 != 102.001
23:10:19T15:46:00 | INFO | line:122 |mt_metadata.base.metadata | __eq__ | id: 106.001 != 101.001
23:10:19T15:46:00 | INFO | line:122 |mt_metadata.base.metadata | __eq__ | id: 107.001 != 102.001
23:10:19T15:46:02 | INFO | line:122 |mt_metadata.base.metadata | __eq__ | id: 106.001 != 101.001
23:10:19T15:46:02 | INFO | line:122 |mt_metadata.base.metadata | __eq__ | id: 107.001 != 102.001
23:10:19T15:46:03 | INFO | line:122 |mt_metadata.base.metadata | __eq__ | id: 106.001 != 101.001
23:10:19T15:46:03 | INFO | line:122 |mt_metadata.base.metadata | __eq__ | id: 107.001 != 102.001
23:10:19T15:46:04 | INFO | line:122 |mt_metadata.base.metadata | __eq__ | id: 106.001 != 101.001
23:10:19T15:46:04 | INFO | line:122 |mt_metadata.base.metadata | __eq__ | id: 107.001 != 102.001
Wall time: 11.7 s








2b. Load Grid Data

The grid data also does not have a survey.id so we will add one.


[7]:





%%time
for fn in GRID_LIST:
    mt_object = MT()
    mt_object.read(fn)
    mt_object.survey_metadata.id = "grid"
    mtc.add_tf(mt_object)













23:10:19T15:46:29 | WARNING | line:1057 |mth5.mth5 | get_survey | /Experiment/Surveys/grid does not exist, check survey_list for existing names.
Wall time: 2min 38s









3. Working and Master Dataframes

MTCollection includes a summary table of the transfer functions that it contains in the form of a pandas.DataFrame, this is the MTCollection.master_dataframe. There is also a MTCollection.working_dataframe which is a subset of the master_dataframe that the user can specify. This allows the MTCollection to be a catch-all for all your transfer functions and then when you only want to work with a small subset from a certain survey or geographic area you can query the
master_dataframe to set the working_dataframe.


3a. Profile Working Dataframe

Here we will choose to work only with data that has a survey.id = 'profile'.


[4]:





mtc.working_dataframe = mtc.master_dataframe.loc[mtc.master_dataframe.survey == "profile"]








[5]:





mtc.working_dataframe








[5]:
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MTData: Profile Example

Now that we’ve created an MTCollection object we can use it to do the more interesting things, like analyze strike, plot phase tensors, create inputs for modeling programs.


1. Open Collection

In the previous notebook we created an MTCollection object called test_mt_collection.h5. Lets open it and get the profile.


[1]:





from pathlib import Path

from mtpy import MTCollection








[2]:





mtc = MTCollection()
mtc.open_collection(Path().cwd().joinpath("test_mt_collection.h5"))








[3]:





mtc.working_dataframe = mtc.master_dataframe.loc[
    mtc.master_dataframe.survey == "profile"
].query('station.str.startswith("15")')








[4]:





mtc.working_dataframe








[4]:
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MTData: Grid Example

It is becoming more common for MT data to be collected in a grid rather than a profile because of 3D inversions. In this example we can take a look at how to work with MT data collected on a grid. We will use the same MTCollection from the first example.


1. Load data

First we will open the MTCollection and change the working dataframe to get only those station in the ‘grid’ survey.


[1]:





from pathlib import Path
from mtpy import MTCollection








[2]:





with MTCollection() as mtc:
    mtc.open_collection(Path().cwd().joinpath("test_mt_collection.h5"))
    mtc.working_dataframe = mtc.master_dataframe.loc[mtc.master_dataframe.survey == "grid"]
    mtd = mtc.to_mt_data()













23:10:23T09:44:34 | INFO | line:760 |mth5.mth5 | close_mth5 | Flushing and closing C:\Users\jpeacock\OneDrive - DOI\Documents\GitHub\mtpy-v2\docs\source\notebooks\test_mt_collection.h5








2. Plot Station Locations

To make sure we got the data we expected, we can plot the station locations. You can change the basemap, see providers [https://contextily.readthedocs.io/en/latest/intro_guide.html#Providers] for more details


[3]:





station_plot = mtd.plot_stations()












[image: ../_images/notebooks_3_MTData_grid_5_0.png]





2a. Change basemap

Here is an example of how to change the basemap. We it to use the ESRI terrain map.


[4]:





import contextily as cx








[5]:





station_plot.cx_source = cx.providers.Esri.NatGeoWorldMap
station_plot.redraw_plot()












[image: ../_images/notebooks_3_MTData_grid_8_0.png]







3. Plot Phase Tensor Map

Now that we seem to have the correct data, lets plot phase tensor maps. These are broadband data with induction vectors, so lets plot those too. The phase tensor map is busy so lets identify key aspects.


	Ellipse shape: the ellipses often elongate in the preferred direction of current flow


	Ellipse face color: by default are colored by the parameter phimin but can be changed by setting the attribute pt_map.ellipse_colorby. The phimin gives the lower bounds on how the subsurface resistivity is changing, where reds are becoming more conductive and blues are becoming more resistive.


	Ellipse edge color: by default is colored by the skew angle which is indicative of dimensionality with high skew being 3D. Also the color indicates in which direction currents are being skewed.


	Wedges: the long axis is phimax and the short axis are phimin.


	Arrows: black are real induction vectors and blue are imaginary induction vectors.





[6]:





pt_map = mtd.plot_phase_tensor_map(
    plot_tipper="yri",
    cx_source=cx.providers.Esri.NatGeoWorldMap,
    ellipse_size=.02,
    arrow_size=.05
)












[image: ../_images/notebooks_3_MTData_grid_10_0.png]





[7]:





pt_map.plot_period = 100
pt_map.redraw_plot()












[image: ../_images/notebooks_3_MTData_grid_11_0.png]






4. Plot Resistivity and Phase Maps

An informative first order check on the data is to plot apparent resistivity and phase maps of the data. This can help identify odd stations for further investigations and get a general idea of subsurface resistivity changes. These plots are a little messy in a Jupyter Notebook.


[8]:





rp_map = mtd.plot_resistivity_phase_maps(plot_det=True, subplot_wspace=.45, marker_size=4)












[image: ../_images/notebooks_3_MTData_grid_13_0.png]





4a. Plot Diagonal Components

It can be informative to plot the diagnoal components as well, in this case they outline the basins nicely.


[9]:





rp_map.plot_xx = True
rp_map.plot_yy = True
rp_map.plot_det = False
rp_map.redraw_plot()












[image: ../_images/notebooks_3_MTData_grid_15_0.png]







5. Plot Depth of Investigation

It can also be informative to understand how deep the measurements are sensitive to. Here a Niblett-Bostick approximation is used to estimate the depth of penetration for each station at a single period.


[10]:





depth_of_penetration = mtd.plot_penetration_depth_map(subplot_wspace=.35)












[image: ../_images/notebooks_3_MTData_grid_17_0.png]






6. Plot Strike

Here we will plot all periods of estimated strike. Notice that the plot includes the strike as estimated from the invariants (left) of Weaver et al. (2002) [https://doi.org/10.1046/j.1365-246x.2000.00089.x], the phase tensor (middel) of Caldwell et al. (2004) [https://doi.org/10.1111/j.1365-246X.2004.02281.x], and the induction vector strike.

Important: The induction strike points towards good conductors so should therefore be perpendicular to the impedance strike. We left it this way as a sanity check on strike angles.



6a. Plot all periods in one plot

This plot shows all strike estimations for all stations for all periods.


[11]:





strike_plot = mtd.plot_strike()













23:10:23T09:46:19 | INFO | line:892 |mtpy.imaging.plot_strike | _plot_all_periods | Note: North is assumed to be 0 and the strike angle is measured clockwise positive.











[image: ../_images/notebooks_3_MTData_grid_19_1.png]






6b. Strike per period


[12]:





strike_plot.plot_type = 1
strike_plot.redraw_plot()













23:10:23T09:46:29 | INFO | line:793 |mtpy.imaging.plot_strike | _plot_per_period | Note: North is assumed to be 0 and the strike angle is measuredclockwise positive.











[image: ../_images/notebooks_3_MTData_grid_21_1.png]





[13]:





strike_plot.plot_orientation = "vertical"
strike_plot.redraw_plot()













23:10:23T09:47:25 | INFO | line:793 |mtpy.imaging.plot_strike | _plot_per_period | Note: North is assumed to be 0 and the strike angle is measuredclockwise positive.











[image: ../_images/notebooks_3_MTData_grid_22_1.png]







7. Extract a Profile

One adventageous way of looking at grid data is to extract profiles across interesting structures. This can be done by knowing the start and end points of the profile you would like to look at and providing a distance away from the profile line to include.

By analyzing the strike direction we can see that a profile approximately N75E would be perpendicular to geoelectric strike. Lets cut across the basins.


[17]:





mtd.utm_crs = 32611








[22]:





%%time
profile = mtd.get_profile(-118.45, 38.78, -117.85, 38.95, 5000)













Wall time: 2min 48s







[23]:





profile_stations_plot = profile.plot_stations()












[image: ../_images/notebooks_3_MTData_grid_26_0.png]
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Make 3D Data Files

Inversion programs need input data, MTpy has tools for creating model files for various modeling programs. This is an example for creating a data file for ModEM using the example grid data.


Imports


[1]:





%matplotlib widget








[2]:





from pathlib import Path

from mtpy import MTCollection








1. Load in Data

Load in the data created in the first example and get only the data collected on a grid. Turn those data into a MTData object from which we can manipulate the data.

Tip: Using the with context manager will close the MTH5 when finished. This is safer because if something goes wrong the file will always be closed and reduce the chance of corruption.



[3]:





with MTCollection() as mtc:
    mtc.open_collection(Path().cwd().joinpath("test_mt_collection.h5"))
    mtc.working_dataframe = mtc.master_dataframe.loc[mtc.master_dataframe.survey == "grid"]
    mtd = mtc.to_mt_data()













23:10:20T10:27:58 | INFO | line:760 |mth5.mth5 | close_mth5 | Flushing and closing C:\Users\jpeacock\OneDrive - DOI\Documents\GitHub\mtpy-v2\docs\source\notebooks\test_mt_collection.h5








2. Calculate Relative Locations

Most modeling programs are agnostic to geographic coordinates as they use a relative coordinate system usually with (0, 0, 0) at one of the corners or the center of the mesh. Here we assume the center of the station area is the (0, 0) point and relative locations are computed relative to the center point. All relative locations are in meters.

Important: To calculate relative locations you must set the ‘utm_epsg’ or ‘utm_crs’ if you have a custom datum. Once you set the ‘utm_crs’ or ‘utm_epsg’ easting and northing is estimated for each station in the MTData object. This can take a few seconds if there are a lot of stations.


Here we will set the EPSG number to WGS84 UTM grid 11N (32611).

Tip: To access station locations of the MTData object use MTData.station_locations. This returns a Pandas DataFrame which can be easily manipulated.


Tip: The center point is MTData.center_point and is estimated from the station locations in the MTData object. You can set the center latitude and longitude if you want to offset the center.


MTData._center_lat = new_center_latitude
MTData._center_lon = new_center_longitude
MTData._center_elev = new_center_elevation






[4]:





mtd.center_point








[4]:







MT Location:
--------------------
  Latitude (deg):   38.871946
  Longitude (deg):  -118.192737
  Elevation (m):    0.0000
  Datum crs:        epsg:4326

  Easting (m):      0.000
  Northing (m):     0.000
  UTM crs:          None

  Model Easting (m):      0.000
  Model Northing (m):     0.000
  Model Elevation (m):    0.000
  Profile Offset (m):     0.000







Station Locations

You can have a look at the station locations retreived from the MTCollection. Notice there there are no values for east and north and model_east and model_north yet.


[5]:





mtd.station_locations.head(5)








[5]:
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Make Structured 3D Mesh

A common input into 3D inversions is a structured mesh with equal cells within the station area and some padding cells. There are some tools in MTpy that can help design a mesh based on station locations, add topography or bathymetry, write to file specific for the inversion code.


[1]:





%matplotlib widget








[2]:





from pathlib import Path
from mtpy import MTData
from mtpy.modeling import StructuredGrid3D








1. Read Data File

In the previous notebook we created a data file, lets read that in and use the station locations to create a structured mesh for finite element codes like ModEM, WS3DINV, JIF3D.


[3]:





mtd = MTData()
mtd.from_modem_data(r"example_modem_data_file.dat")









2. Create a Model

Now that we have station locations we can create a 3D mesh.


[4]:





mesh = StructuredGrid3D()
mesh.station_locations = mtd.station_locations
mesh.center_point = mtd.center_point








Horizontal Set Cell Sizes

We can set the lateral cell sizes in the east and north direction. There is a trade-off between cell size, computation speed, and resolution. Ideally you would like a few cells between each station to allow the inversion to find a better solution, but you don’t want too many that it will take ages to calculate.

The example data was collected at about 8 km station spacing, so lets try 2km cell sizes within the station area.


[5]:





mesh.cell_size_east = 2000
mesh.cell_size_north = 2000








Horizontal Padding cells

There are a few different padding cells.


	pad_num is the number of padding cells of the same size as the station cells that extent outside the station area (default is 3)


	pad_east and pad_north describe the number of padding cells between the edge of the station area and the desired extent, these are calculated on an exponential distance.





[6]:





mesh.pad_east = 10
mesh.pad_north = 10








[7]:





mesh.ew_ext = 250000
mesh.ns_ext = 250000









Vertical Cells

Because MT is a diffusive method we want to have a vertical grid that increases in size as a function of depth. There are a few ways to do this. Here we provide the first layer thickness z1_layer, the number of layers n_layers and the target depth z_target_depth. Then the cells will increase geometrically from the z1_layer to z_target_depth. These data are meant to image regional structures using broadband data, so the first layer should be thin and target depth around 50 km.


[8]:





mesh.z1_layer = 10
mesh.n_layers = 50
mesh.z_target_depth = 50000









Vertical Padding cells

We also need some padding cells in the vertical direction. We can set the geometric factor if needed.


[9]:





mesh.pad_z = 5
mesh.pad_stretch_v = 1.5










Make Mesh

Now we can create the mesh and see what it looks like.


[10]:





mesh.make_mesh()













ModEM Model Object:
--------------------
        Number of stations = 59
        Mesh Parameter:
                cell_size_east:    2000
                cell_size_north:   2000
                pad_east:          10
                pad_north:         10
                pad_num:           3
                z1_layer:          10
                z_target_depth:    50000
                n_layers:          50
                res_initial_value: 100.0
        Dimensions:
                e-w: 61
                n-s: 62
                z:   51 (without 7 air layers)
        Extensions:
                e-w:  252000.0 (m)
                n-s:  250000.0 (m)
                0-z:  186682.0 (m)
--------------------






Note: in the plot below the station locations in the vertical profile show elevation, this is only if you want elevation included, it can be ignored for now. We will add topography later and project the stations properly.



[11]:





plot_mesh = mesh.plot_mesh(x_limits=(-mesh.ew_ext/2, mesh.ew_ext/2), y_limits=(-mesh.ns_ext/2, mesh.ns_ext/2))













23:10:20T12:33:26 | WARNING | line:51 |mtpy.modeling.plots.plot_mesh | _plot_topography | Cannot find topography information, skipping
23:10:20T12:33:26 | WARNING | line:99 |mtpy.modeling.plots.plot_mesh | _plot_topography_ax2 | Cannot find topography information, skipping



















3. Add Topography

In some cases its important to model topography. You can download a DEM and convert it to an ESRI ASCII file (unfortunately this is what is supported at the moment, hoping to expand). Or you can use the data elevations for a crude estimation of the elevation.

You need to add some air cells to the model to include topograpy. If you do not then only bathymetry is projected onto the mesh, which is useful for areas near the coast.

airlayer_type identifies the method to add topography cells to the model


	log_down places the top of the model at the top of the topography then increases cell sizes downwards and resets the mesh.


	log_up added topography cells with increasing sizes upwards from sea level.


	constant adds equal thickness cells from the top of topography to mean elevation within the station area. (can be computationally expensive if there’s a lot of topography.




max_elev can be set to the maximum topography height in the model, which can be useful if there are large mountains between stations that don’t need to be modeled.


[12]:





mesh.n_air_layers = 30








[13]:





mesh.add_topography_to_model(r"c:\Users\jpeacock\OneDrive - DOI\ArcGIS\westcoast_etopo.asc", airlayer_type="log_down")








[14]:





plot_topography = mesh.plot_mesh(fig_num=5, x_limits=(-mesh.ew_ext/4, mesh.ew_ext/4), y_limits=(-mesh.ns_ext/4, mesh.ns_ext/4))


















[15]:





mesh








[15]:







ModEM Model Object:
--------------------
        Number of stations = 59
        Mesh Parameter:
                cell_size_east:    2000
                cell_size_north:   2000
                pad_east:          10
                pad_north:         10
                pad_num:           3
                z1_layer:          10
                z_target_depth:    50000
                n_layers:          50
                res_initial_value: 100.0
        Dimensions:
                e-w: 61
                n-s: 62
                z:   81 (without 7 air layers)
        Extensions:
                e-w:  252000.0 (m)
                n-s:  250000.0 (m)
                0-z:  126566.0 (m)
--------------------








5. Write to File

Now write to a file. This will be in ModEM style.


[16]:





mesh.write_modem_file(save_path=Path().cwd())













23:10:20T12:33:29 | INFO | line:915 |mtpy.modeling.structured_mesh_3d | write_modem_file | Wrote file to: C:\Users\jpeacock\OneDrive - DOI\Documents\GitHub\mtpy-v2\docs\source\notebooks\ModEM_Model_File.rho








6. Write Covariance File

Now that topography is in the model, we need to freeze air cells in the covariance matrix to avoid computational issues.


[17]:





from mtpy.modeling.modem import Covariance








[18]:





cov = Covariance()
cov.write_covariance_file(model_fn=mesh.model_fn)













23:10:20T12:33:30 | INFO | line:209 |mtpy.modeling.modem.convariance | write_covariance_file | Wrote covariance file to C:\Users\jpeacock\OneDrive - DOI\Documents\GitHub\mtpy-v2\docs\source\notebooks\covariance.cov








7. Project Stations onto Topography

We need to project the stations onto topography within the model.

Hint: With ModEM and WS3DINV it is also important that if topography is included then the stations should be at the center of the cell, otherwise you get some weird results.



[19]:





mtd.center_stations(mesh)








[20]:





mtd.project_stations_on_topography(mesh)








[21]:





mtd.to_modem_data(Path().cwd().joinpath("example_modem_data_with_topography.dat"))













23:10:20T12:33:34 | WARNING | line:709 |mtpy.modeling.modem.data | _check_for_too_small_errors | Found errors with values less than 0.02 in tzx 1 times. Setting error as tzx x 0.02.
23:10:20T12:33:34 | WARNING | line:709 |mtpy.modeling.modem.data | _check_for_too_small_errors | Found errors with values less than 0.02 in tzy 1 times. Setting error as tzy x 0.02.
23:10:20T12:33:35 | INFO | line:807 |mtpy.modeling.modem.data | write_data_file | Wrote ModEM data file to C:\Users\jpeacock\OneDrive - DOI\Documents\GitHub\mtpy-v2\docs\source\notebooks\example_modem_data_with_topography.dat







[21]:







ModEM Data Object:
        Number of impedance stations: 59
        Number of tipper stations: 59
        Number of phase tensor stations: 0
        Number of periods:  168
        Period range (s):
                Min: 0.0013021
                Max: 2048
        Rotation angle:     0.0
        Data center:
                Latitude:   38.8738 deg         Northing: 4303450.5610 m
                Longitude: -118.1962 deg        Easting: 396229.6531 m
                Datum epsg: 4326                        UTM epsg:   32611
                Elevation:  -2479.0 m
        Impedance data:     True
        Tipper data:        True
        Inversion Mode:   Full_Impedance, Full_Vertical_Components







[22]:





mtd.station_locations.head(5)








[22]:
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Contributing

Contributions are welcome, and they are greatly appreciated! Every little bit
helps, and credit will always be given.

You can contribute in many ways:


Types of Contributions


Report Bugs

Report bugs at https://github.com/MTgeophysics/mtpy-v2/issues.

If you are reporting a bug, please include:


	Your operating system name and version.


	Any details about your local setup that might be helpful in troubleshooting.


	Detailed steps to reproduce the bug.






Fix Bugs

Look through the GitHub issues for bugs. Anything tagged with “bug” and “help
wanted” is open to whoever wants to implement it.



Implement Features

Look through the GitHub issues for features. Anything tagged with “enhancement”
and “help wanted” is open to whoever wants to implement it.



Write Documentation

mt_metadata could always use more documentation, whether as part of the
official mt_metadata docs, in docstrings, or even on the web in blog posts,
articles, and such.



Submit Feedback

The best way to send feedback is to file an issue at https://github.com/MTgeophysics/mtpy-v2/issues.

If you are proposing a feature:


	Explain in detail how it would work.


	Keep the scope as narrow as possible, to make it easier to implement.


	Remember that this is a volunteer-driven project, and that contributions
are welcome :)







Get Started!

Ready to contribute? Here’s how to set up mt_metadata for local development.


	Fork the mt_metadata repo on GitHub.


	Clone your fork locally:

$ git clone git@github.com:your_name_here/mtpy-v2.git







	Install your local copy into a virtualenv. Assuming you have virtualenvwrapper installed, this is how you set up your fork for local development:

$ mkvirtualenv mtpy-v2
$ cd mtpy-v2/
$ python setup.py develop







	Create a branch for local development:

$ git checkout -b name-of-your-bugfix-or-feature





Now you can make your changes locally.



	When you’re done making changes, check that your changes pass flake8 and the
tests, including testing other Python versions with tox:

$ flake8 mtpy-v2 tests
$ python setup.py test or pytest
$ tox





To get flake8 and tox, just pip install them into your virtualenv.



	Commit your changes and push your branch to GitHub:

$ git add .
$ git commit -m "Your detailed description of your changes."
$ git push origin name-of-your-bugfix-or-feature







	Submit a pull request through the GitHub website.






Pull Request Guidelines

Before you submit a pull request, check that it meets these guidelines:


	The pull request should include tests.


	If the pull request adds functionality, the docs should be updated. Put
your new functionality into a function with a docstring, and add the
feature to the list in README.rst.


	The pull request should work for Python 3.5, 3.6, 3.7 and 3.8, and for PyPy. Check
https://github.com/MTgeophysics/mtpy-v2/pulls
and make sure that the tests pass for all supported Python versions.






Tips

To run a subset of tests:

$ pytest tests.test_mtpy-v2







Deploying

A reminder for the maintainers on how to deploy.
Make sure all your changes are committed (including an entry in HISTORY.rst).
Then run:

$ bump2version patch # possible: major / minor / patch
$ git push
$ git push --tags
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2.0.0 (2023-10-01)


	First release on PyPI.
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Conventions

Some conventions that have been implemented:



	Attribute names are all lower case and word separated by ‘_’


	All times are UTC, other time zones are supported but strongly discouraged.


	Units should be in SI and when a name is required should be all lower case and spelled out, for example ‘nanotesla’ or ‘millivolts per kilometer’


	All azimuth angles should be relative to geographic north and measured positive clockwise in a right-handed coordinate system with z positive downwards.


	All angles should be in degrees


	Locations are given in latitude and longitude in decimal degrees and should all use the same well known datum.  Default is WGS84.
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class mtpy.MT(fn=None, **kwargs)

	Bases: TF, MTLocation

Basic MT container to hold all information necessary for a MT station
including the following parameters.

Impedance and Tipper element nomenclature is E/H therefore the first
letter represents the output channels and the second letter represents
the input channels.

For exampe for an input of Hx and an output of Ey the impedance tensor
element is Zyx.


	
property Tipper

	mtpy.core.z.Tipper object to hold tipper information






	
property Z

	mtpy.core.z.Z object to hold impedance tensor






	
add_model_error(comp=[], z_value=5, t_value=0.05, periods=None)

	Add error to a station’s components for given period range


	Parameters:

	
	station (string or list of strings) – name of station(s) to add error to


	comp – list of components to add data to, valid components are








zxx, zxy, zyx, zyy, tx, ty
:type comp: string or list of strings
:param periods: the period range to add to, if None all periods, otherwise
enter as a tuple as (minimum, maximum) period in seconds
:type periods: tuple (minimum, maxmum)
:return: data array with added errors
:rtype: np.ndarray

>>> d = Data()
>>> d.read_data_file(r"example/data.dat")
>>> d.data = d.add_error("mt01", comp=["zxx", "zxy", "tx"], z_value=7, t_value=.05)










	
add_white_noise(value, inplace=True)

	Add white noise to the data, useful for synthetic tests.


	Parameters:

	
	value (TYPE) – DESCRIPTION


	inplace (TYPE, optional) – DESCRIPTION, defaults to True






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
clone_empty()

	copy metadata but not the transfer function estimates






	
compute_model_t_errors(error_value=0.02, error_type='absolute', floor=False)

	Compute mode errors based on the error type



	key

	definition





	percent

	error_value * t



	absolute

	error_value







	Parameters:

	
	error_value (TYPE, optional) – DESCRIPTION, defaults to .02


	error_type (TYPE, optional) – DESCRIPTION, defaults to “absolute”


	floor (TYPE, optional) – DESCRIPTION, defaults to True






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
compute_model_z_errors(error_value=5, error_type='geometric_mean', floor=True)

	Compute mode errors based on the error type



	key

	definition





	egbert

	error_value * sqrt(Zxy * Zyx)



	geometric_mean

	error_value * sqrt(Zxy * Zyx)



	arithmetic_mean

	error_value * (Zxy + Zyx) / 2



	mean_od

	error_value * (Zxy + Zyx) / 2



	off_diagonals

	zxx_error == zxy_error, zyx_error == zyy_error



	median

	error_value * median(z)



	eigen

	error_value * mean(eigen(z))



	percent

	error_value * z



	absolute

	error_value







	Parameters:

	
	error_value (TYPE, optional) – DESCRIPTION, defaults to 5


	error_type (TYPE, optional) – DESCRIPTION, defaults to “geometric_mean”


	floor (TYPE, optional) – DESCRIPTION, defaults to True






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
copy()

	




	
property ex_metadata

	EX metadata






	
property ey_metadata

	EY metadata






	
find_flipped_phase()

	identify if the off-diagonal components are flipped from traditional
quadrants.  xy should be in the 1st quadarant (0-90 deg) and yx
should be in the 3rd quadrant (-180 to -90 deg)


	Returns:

	a dictionary of components with a bool for flipped or not
if flipped return value is True



	Return type:

	dict










	
flip_phase(zxx=False, zxy=False, zyx=False, zyy=False, tzx=False, tzy=False, inplace=False)

	Flip the phase of a station in case its plotting in the wrong quadrant


	Parameters:

	
	station (string or list) – name(s) of station to flip phase


	station – station name or list of station names


	zxx (TYPE, optional) – Z_xx, defaults to False


	zxy (TYPE, optional) – Z_xy, defaults to False


	zyy (TYPE, optional) – Z_yx, defaults to False


	zyx (TYPE, optional) – Z_yy, defaults to False


	tx (TYPE, optional) – T_zx, defaults to False


	ty (TYPE, optional) – T_zy, defaults to False






	Returns:

	new_data



	Return type:

	np.ndarray



	Returns:

	new mt_dict with components removed



	Return type:

	dictionary










	
from_dataframe(mt_df)

	fill transfer function attributes from a dataframe for a single station


	Parameters:

	df (TYPE) – DESCRIPTION



	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
property hx_metadata

	HX metadata






	
property hy_metadata

	HY metadata






	
property hz_metadata

	HZ metadata






	
interpolate(new_period, method='slinear', bounds_error=True, f_type='period', z_log_space=False, **kwargs)

	Interpolate the impedance tensor onto different frequencies


	Parameters:

	
	new_period (np.ndarray) – a 1-d array of frequencies to interpolate on
to.  Must be with in the bounds of the existing frequency range,
anything outside and an error will occur.


	method (string, optional) – method to interpolate by, defaults to “cubic”


	bounds_error (boolean, optional) – check for if input frequencies are within the
original frequencies, defaults to True


	f_type (string, defaults to 'period') – frequency type can be [ ‘frequency’ | ‘period’ ]


	**kwargs – key word arguments for interp








	Raises:

	ValueError – If input frequencies are out of bounds



	Returns:

	New MT object with interpolated values.



	Return type:

	mtpy.core.MT






Note

‘cubic’ seems to work the best, the ‘slinear’ seems to do
the same as ‘linear’ when using the interp in xarray.




	Interpolate over frequency:

	>>> mt_obj = MT()
>>> new_frequency = np.logspace(-3, 3, 20)
>>> new_mt_obj = mt_obj.interpolate(new_frequency, f_type="frequency")














	
plot_depth_of_penetration(**kwargs)

	Plot Depth of Penetration estimated from Niblett-Bostick estimation


	Parameters:

	**kwargs – DESCRIPTION





	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
plot_mt_response(**kwargs)

	Returns a mtpy.imaging.plotresponse.PlotResponse object


	Plot Response:

	>>> mt_obj = mt.MT(edi_file)
>>> pr = mt.plot_mt_response()
>>> # if you need more info on plot_mt_response
>>> help(pr)














	
plot_phase_tensor(**kwargs)

	
	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
property pt

	mtpy.analysis.pt.PhaseTensor object to hold phase tensor






	
remove_component(zxx=False, zxy=False, zyy=False, zyx=False, tzx=False, tzy=False, inplace=False)

	Remove a component for a given station(s)


	Parameters:

	
	station (string or list) – station name or list of station names


	zxx (TYPE, optional) – Z_xx, defaults to False


	zxy (TYPE, optional) – Z_xy, defaults to False


	zyy (TYPE, optional) – Z_yx, defaults to False


	zyx (TYPE, optional) – Z_yy, defaults to False


	tx (TYPE, optional) – T_zx, defaults to False


	ty (TYPE, optional) – T_zy, defaults to False






	Returns:

	new data array with components removed



	Return type:

	np.ndarray



	Returns:

	new mt_dict with components removed



	Return type:

	dictionary





>>> d = Data()
>>> d.read_data_file(r"example/data.dat")
>>> d.data, d.mt_dict = d.remove_component("mt01", zxx=True, tx=True)










	
remove_distortion(n_frequencies=None, comp='det', only_2d=False, inplace=False)

	remove distortion following Bibby et al. [2005].


	Parameters:

	n_frequencies (int) – number of frequencies to look for distortion from the
highest frequency



	Returns:

	Distortion matrix



	Return type:

	np.ndarray(2, 2, dtype=real)



	Returns:

	Z with distortion removed



	Return type:

	mtpy.core.z.Z



	Remove distortion and write new .edi file:

	>>> import mtpy.core.mt as mt
>>> mt1 = mt.MT(fn=r"/home/mt/edi_files/mt01.edi")
>>> D, new_z = mt1.remove_distortion()
>>> mt1.write_mt_file(new_fn=r"/home/mt/edi_files/mt01_dr.edi",            >>>                    new_Z=new_z)














	
remove_static_shift(ss_x=1.0, ss_y=1.0, inplace=False)

	Remove static shift from the apparent resistivity

Assume the original observed tensor Z is built by a static shift S
and an unperturbated “correct” Z0 :



	Z = S * Z0








	therefore the correct Z will be :
	
	Z0 = S^(-1) * Z









	Parameters:

	
	ss_x (float) – correction factor for x component


	ss_y (float) – correction factor for y component






	Returns:

	new Z object with static shift removed



	Return type:

	mtpy.core.z.Z






Note

The factors are in resistivity scale, so the
entries of  the matrix “S” need to be given by their
square-roots!




	Remove Static Shift:

	>>> import mtpy.core.mt as mt
>>> mt_obj = mt.MT(r"/home/mt/mt01.edi")
>>> new_z_obj = mt.remove_static_shift(ss_x=.5, ss_y=1.2)
>>> mt_obj.write_mt_file(new_fn=r"/home/mt/mt01_ss.edi",
>>> ...                   new_Z_obj=new_z_obj)














	
rotate(theta_r, inplace=True)

	Rotate the data in degrees assuming North is 0 measuring clockwise
positive to East as 90.


	Parameters:

	
	theta_r (TYPE) – DESCRIPTION


	inplace (TYPE, optional) – DESCRIPTION, defaults to True






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
property rotation_angle

	rotation angle in degrees from north






	
property rrhx_metadata

	RRHX metadata






	
property rrhy_metadata

	RRHY metadata






	
to_dataframe(utm_crs=None, cols=None)

	Create a dataframe from the transfer function for use with plotting
and modeling.


	Parameters:

	utm_crs (string, int, pyproj.CRS) – the utm zone to project station to, could be a
name, pyproj.CRS, EPSG number, or anything that pyproj.CRS can intake.










	
to_occam1d(data_filename=None, mode='det')

	write an Occam1DData data file


	Parameters:

	
	data_filename (string or Path) – path to write file, if None returns Occam1DData
object.


	mode (string, optional) – [ ‘te’, ‘tm’, ‘det’, ‘tez’, ‘tmz’, ‘detz’], defaults to “det”






	Returns:

	Occam1DData object



	Return type:

	mtpy.modeling.occam1d.Occam1DData



	Example:

	>>> mt_object = MT()
>>> mt_object.read(r"/path/to/tranfer_function/file")
>>> mt_object.compute_model_z_error()
>>> occam_data = mt_object.to_occam1d(data_filename=r"/path/to/data_file.dat")














	
to_simpeg_1d(mode='det', **kwargs)

	helper method to run a 1D inversion using Simpeg

default is smooth parameters


	To run sharp inversion:

	




>>> mt_object.to_simpeg_1d({"p_s": 2, "p_z": 0, "use_irls": True})






	To run sharp inversion adn compact:

	




>>> mt_object.to_simpeg_1d({"p_s": 0, "p_z": 0, "use_irls": True})






	Parameters:

	**kwargs – DESCRIPTION





	Returns:

	DESCRIPTION



	Return type:

	TYPE














	
class mtpy.MTCollection(working_directory=None)

	Bases: object

Collection of transfer functions

The main working variable is MTCollection.dataframe which is a property
that returns either the master dataframe that contains all the TF’s in
the MTH5 file, or the working_dataframe which is a dataframe that has
been queried in some way.  Therefore all the user has to do is set
the working directory as a subset of the master_dataframe


	Example:

	>>> mc = MTCollection()
>>> mc.open_collection(filename="path/to/example/mth5.h5")
>>> mc.working_dataframe = mc.master_dataframe.iloc[0:5]










	
add_tf(transfer_function, new_survey=None, tf_id_extra=None)

	transfer_function could be a transfer function object, a file name,
a list of either.


	Parameters:

	
	transfer_function (list, tuple, array, MTData, MT) – transfer function object


	new_survey (str, optional) – new survey name, defaults to None


	tf_id_extra (string, optional) – additional text onto existing ‘tf_id’,
defaults to None






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
apply_bbox(lon_min, lon_max, lat_min, lat_max)

	Return pandas.DataFrame of station within bounding box


	Parameters:

	
	longitude_min (float) – Minimum longitude


	longitude_max (float) – Maximum longitude


	latitude_min (float) – Minimum latitude


	latitude_max (float) – Maximum longitude






	Returns:

	Only stations within the given bounding box



	Return type:

	pandas.DataFrame










	
average_stations(cell_size_m, bounding_box=None, count=1, n_periods=48, new_file=True)

	Average nearby stations to make it easier to invert


	Parameters:

	
	cell_size_m (TYPE) – DESCRIPTION


	bounding_box (TYPE, optional) – DESCRIPTION, defaults to None


	save_dir (TYPE, optional) – DESCRIPTION, defaults to None






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
check_for_duplicates(locate='location', sig_figs=6)

	Check for duplicate station locations in a MT DataFrame


	Parameters:

	dataframe (TYPE) – DESCRIPTION



	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
close_collection()

	close mth5


	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
property dataframe

	This property returns the working dataframe or master dataframe if
the working dataframe is None.


	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
from_mt_data(mt_data, new_survey=None, tf_id_extra=None)

	Add data from a MTData object to an MTH5 collection.

Can use ‘new_survey’ to create a new survey to load to.

Can use ‘tf_id_extra’ to add a string onto the existing ‘tf_id’,
useful if data have been edited or manipulated in some way.  For
example could set ‘tf_id_extra’ = ‘rotated’ for rotated data. This will
help you organize the tf’s for each station.


	Parameters:

	
	mt_data (mtpy.core.mt_data.MTData) – MTData object


	new_survey (str, optional) – new survey name, defaults to None


	tf_id_extra (string, optional) – additional text onto existing ‘tf_id’,
defaults to None






	Raises:

	IOError – If an MTH5 is not writable raises










	
get_tf(tf_id, survey=None)

	Get transfer function


	Parameters:

	tf_id (TYPE) – DESCRIPTION



	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
has_data()

	




	
static make_file_list(mt_path, file_types=['edi'])

	Get a list of MT file from a given path


	Parameters:

	mt_path – full path to where the MT transfer functions are stored





or a list of paths
:type mt_path: string or pathlib.Path or list


	Parameters:

	file_types (list) – List of file types to look for given their extension






	Currently available file types are or will be:
	
	edi - EDI files


	zmm - EMTF output file


	j - BIRRP output file


	avg - Zonge output file













	
property master_dataframe

	This is the full summary of all transfer functions in the MTH5
file.  It is a property because if a user adds TF’s then the
master_df will be automatically updated.  the tranformation is quick
for now.






	
property mth5_filename

	




	
open_collection(filename=None, basename=None, working_directory=None, mode='a')

	Initialize an mth5


	Parameters:

	
	basename (TYPE, optional) – DESCRIPTION, defaults to “mt_collection”


	working_directory (TYPE, optional) – DESCRIPTION, defaults to None






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
plot_mt_response(tf_id, survey=None, **kwargs)

	
	Parameters:

	
	tf_id (TYPE) – DESCRIPTION


	**kwargs – DESCRIPTION








	Returns:

	DESCRIPTION



	Return type:

	TYPE





if input as list, tuple, np.ndarray, pd.series assuming first column
is tf_id, and if needed the second column should be the survey id
for that tf.






	
plot_penetration_depth_1d(tf_id, survey=None, **kwargs)

	Plot 1D penetration depth based on the Niblett-Bostick transformation

Note that data is rotated to estimated strike previous to estimation
and strike angles are interpreted for data points that are 3D.


See also

mtpy.analysis.niblettbostick.calculate_depth_of_investigation




	Parameters:

	
	tf_object (TYPE) – DESCRIPTION


	**kwargs – DESCRIPTION








	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
plot_penetration_depth_map(mt_data=None, **kwargs)

	Plot Penetration depth in map view for a single period


See also

mtpy.imaging.PlotPenetrationDepthMap




	Parameters:

	mt_data (TYPE) – DESCRIPTION



	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
plot_phase_tensor(tf_id, survey=None, **kwargs)

	plot phase tensor elements


	Parameters:

	
	tf_id (TYPE) – DESCRIPTION


	**kwargs – DESCRIPTION








	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
plot_phase_tensor_map(mt_data=None, **kwargs)

	Plot Phase tensor maps for transfer functions in the working_dataframe


See also

mtpy.imaging.PlotPhaseTensorMaps




	Parameters:

	**kwargs – DESCRIPTION





	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
plot_phase_tensor_pseudosection(mt_data=None, **kwargs)

	Plot a pseudo section of  phase tensor ellipses and induction vectors
if specified


See also

mtpy.imaging.PlotPhaseTensorPseudosection




	Parameters:

	**kwargs – DESCRIPTION





	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
plot_residual_phase_tensor(mt_data_01, mt_data_02, plot_type='map', **kwargs)

	
	Parameters:

	
	mt_data_01 (TYPE) – DESCRIPTION


	mt_data_02 (TYPE) – DESCRIPTION


	plot_type (TYPE, optional) – DESCRIPTION, defaults to “map”


	**kwargs – DESCRIPTION








	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
plot_resistivity_phase_maps(mt_data=None, **kwargs)

	Plot apparent resistivity and/or impedance phase maps from the
working dataframe


See also

mtpy.imaging.PlotResPhaseMaps




	Parameters:

	**kwargs – DESCRIPTION





	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
plot_resistivity_phase_pseudosections(mt_data=None, **kwargs)

	Plot resistivity and phase in a pseudosection along a profile line


	Parameters:

	
	mt_data (TYPE, optional) – DESCRIPTION, defaults to None


	**kwargs – DESCRIPTION








	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
plot_stations(map_epsg=4326, bounding_box=None, **kwargs)

	plot stations


	Parameters:

	**kwargs – DESCRIPTION





	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
plot_strike(mt_data=None, **kwargs)

	Plot strike angle


See also

mtpy.imaging.PlotStrike








	
to_geo_df(bounding_box=None, epsg=4326)

	Make a geopandas dataframe for easier GIS manipulation






	
to_mt_data(bounding_box=None, **kwargs)

	Get a list of transfer functions


	Parameters:

	
	tf_ids (TYPE, optional) – DESCRIPTION, defaults to None


	bounding_box (TYPE, optional) – DESCRIPTION, defaults to None






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
to_shp(filename, bounding_box=None, epsg=4326)

	
	Parameters:

	
	filename (TYPE) – DESCRIPTION


	bounding_box (TYPE, optional) – DESCRIPTION, defaults to None


	epsg (TYPE, optional) – DESCRIPTION, defaults to 4326






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
property working_directory

	








	
class mtpy.MTData(mt_list=None, **kwargs)

	Bases: OrderedDict, MTStations

Collection of MT objects as an OrderedDict where keys are formatted as
survey_id.station_id.  Has all functionality of an OrderedDict for
example can iterate of .keys(), .values() or .items.  Values are
a list of MT objects.

Inherits mtpyt.core.MTStations to deal with geographic locations
of stations.

Is not optimized yet for speed, works fine for smaller surveys, but for
large can be slow.  Might try using a dataframe as the base.


	
add_station(mt_object, survey=None, compute_relative_location=True, interpolate_periods=None, compute_model_error=False)

	Add a MT object


	Parameters:

	
	mt_object (mtpy.MT) – MT object for a single station


	survey (str, optional) – new survey name, defaults to None


	compute_relative_location (bool, optional) – Compute relative location,
can be slow if adding single stations in a loop.  If looping over
station set to False and compute at the end, defaults to True


	interpolate_periods (np.array, optional) – periods to interpolate onto, defaults to None













	
add_tf(tf, **kwargs)

	Add a MT object


	Parameters:

	
	mt_object (mtpy.MT) – MT object for a single station


	survey (str, optional) – new survey name, defaults to None


	compute_relative_location (bool, optional) – Compute relative location,
can be slow if adding single stations in a loop.  If looping over
station set to False and compute at the end, defaults to True


	interpolate_periods (np.array, optional) – periods to interpolate onto, defaults to None













	
add_white_noise(value, inplace=True)

	Add white noise to the data, useful for synthetic tests.


	Parameters:

	
	value (TYPE) – DESCRIPTION


	inplace (TYPE, optional) – DESCRIPTION, defaults to True






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
clone_empty()

	Return a copy of MTData excluding MT objects.


	Returns:

	Copy of MTData object excluding MT objects



	Return type:

	mtpy.MTData










	
compute_model_errors(z_error_value=None, z_error_type=None, z_floor=None, t_error_value=None, t_error_type=None, t_floor=None)

	Compute mode errors based on the error type



	key

	definition





	egbert

	error_value * sqrt(Zxy * Zyx)



	geometric_mean

	error_value * sqrt(Zxy * Zyx)



	arithmetic_mean

	error_value * (Zxy + Zyx) / 2



	mean_od

	error_value * (Zxy + Zyx) / 2



	off_diagonals

	zxx_err == zxy_err, zyx_err == zyy_err



	median

	error_value * median(z)



	eigen

	error_value * mean(eigen(z))



	percent

	error_value * z



	absolute

	error_value







	Parameters:

	
	z_error_value (TYPE, optional) – DESCRIPTION, defaults to 5


	z_error_type (TYPE, optional) – DESCRIPTION, defaults to “geometric_mean”


	z_floor (TYPE, optional) – DESCRIPTION, defaults to True


	t_error_value (TYPE, optional) – DESCRIPTION, defaults to 0.02


	t_error_type (TYPE, optional) – DESCRIPTION, defaults to “absolute”


	t_floor (TYPE, optional) – DESCRIPTION, defaults to True








:param : DESCRIPTION
:type : TYPE
:return: DESCRIPTION
:rtype: TYPE






	
copy()

	Deep copy of original MTData object


	Parameters:

	memo (TYPE) – DESCRIPTION



	Returns:

	Deep copy of original MTData



	Return type:

	mtpy.MTData










	
estimate_spatial_static_shift(station_key, radius, period_min, period_max, radius_units='m', shift_tolerance=0.15)

	Estimate static shift for a station by estimating the median resistivity
values for nearby stations within a radius given.  Can set the period
range to estimate the resistivity values.


	Parameters:

	
	station_key (TYPE) – DESCRIPTION


	radius (TYPE) – DESCRIPTION


	period_min (TYPE) – DESCRIPTION


	period_max (TYPE) – DESCRIPTION






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
estimate_starting_rho()

	Estimate starting resistivity from the data.
Creates a plot of the mean and median apparent resistivity values.


	Returns:

	array of the median rho per period



	Return type:

	np.ndarray(n_periods)



	Returns:

	array of the mean rho per period



	Return type:

	np.ndarray(n_periods)





>>> d = Data()
>>> d.read_data_file(r"example/data.dat")
>>> rho_median, rho_mean = d.estimate_starting_rho()










	
from_dataframe(df)

	Create an dictionary of MT objects from a dataframe


	Parameters:

	df (pandas.DataFrame) – dataframe of mt data



	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
from_modem(data_filename, survey='data', **kwargs)

	read in a modem data file


	Parameters:

	
	data_filename (TYPE) – DESCRIPTION


	**kwargs – DESCRIPTION








	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
from_modem_data(data_filename, survey='data', **kwargs)

	
	Parameters:

	
	data_filename (TYPE) – DESCRIPTION


	file_type (TYPE, optional) – DESCRIPTION, defaults to “data”


	**kwargs – DESCRIPTION








	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
from_occam2d(data_filename, file_type='data', **kwargs)

	read in occam data from a 2D data file *.dat


	Read data file and plot:

	>>> from mtpy import MTData
>>> md = MTData()
>>> md.from_occam2d_data(f"/path/to/data/file.dat")
>>> plot_stations = md.plot_stations(model_locations=True)







	Read response file:

	>>> md.from_occam2d_data(f"/path/to/response/file.dat")










Note

When reading in a response file the survey will be called
model.  So now you can have the data and model response in the
same object.








	
from_occam2d_data(data_filename, file_type='data', **kwargs)

	




	
get_nearby_stations(station_key, radius, radius_units='m')

	get stations close to a given station


	Parameters:

	
	station_key (TYPE) – DESCRIPTION


	radius (TYPE) – DESCRIPTION






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
get_periods()

	get all unique periods


	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
get_profile(x1, y1, x2, y2, radius)

	Get stations along a profile line given the (x1, y1) and (x2, y2)
coordinates within a given radius (in meters).

These can be in (longitude, latitude) or (easting, northing).
The calculation is done in UTM, therefore a UTM CRS must be input


	Parameters:

	
	x1 (TYPE) – DESCRIPTION


	y1 (TYPE) – DESCRIPTION


	x2 (TYPE) – DESCRIPTION


	y2 (TYPE) – DESCRIPTION


	radius (TYPE) – DESCRIPTION






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
get_station(station_id=None, survey_id=None, station_key=None)

	if ‘station_key’ is None, tries to find key from station_id and
‘survey_id’ using MTData._get_station_key()


	Parameters:

	
	station_key (str, optional) – full station key {survey_id}.{station_id},
defaults to None


	station_id (str, optional) – station ID, defaults to None


	survey_id (str, optional) – survey ID, defaults to None






	Raises:

	KeyError – If cannot find station_key



	Returns:

	MT object



	Return type:

	mtpy.MT










	
get_subset(station_list)

	get a subset of the data from a list of stations, could be station_id
or station_keys


	Parameters:

	station_list (list) – list of station keys as {survey_id}.{station_id}



	Returns:

	Returns just those stations within station_list



	Return type:

	mtpy.MTData










	
get_survey(survey_id)

	Get all MT objects that belong to the ‘survey_id’ from the data set.


	Parameters:

	survey_id (str) – survey ID



	Returns:

	MTData object including only those with the desired ‘survey_id’



	Return type:

	mtpy.MTData










	
interpolate(new_periods, f_type='period', inplace=True)

	Interpolate onto common period range


	Parameters:

	
	new_periods (TYPE) – DESCRIPTION


	f_type (string, defaults to 'period') – frequency type can be [ ‘frequency’ | ‘period’ ]






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
property mt_list

	List of MT objects
:rtype: list


	Type:

	return










	
property n_stations

	number of stations in MT data






	
plot_mt_response(station_key=None, station_id=None, survey_id=None, **kwargs)

	
	Parameters:

	
	tf_id (TYPE) – DESCRIPTION


	**kwargs – DESCRIPTION








	Returns:

	DESCRIPTION



	Return type:

	TYPE





if input as list, tuple, np.ndarray, pd.series assuming first column
is tf_id, and if needed the second column should be the survey id
for that tf.






	
plot_penetration_depth_1d(station_key=None, station_id=None, survey_id=None, **kwargs)

	Plot 1D penetration depth based on the Niblett-Bostick transformation

Note that data is rotated to estimated strike previous to estimation
and strike angles are interpreted for data points that are 3D.


See also

mtpy.analysis.niblettbostick.calculate_depth_of_investigation




	Parameters:

	
	tf_object (TYPE) – DESCRIPTION


	**kwargs – DESCRIPTION








	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
plot_penetration_depth_map(**kwargs)

	Plot Penetration depth in map view for a single period


See also

mtpy.imaging.PlotPenetrationDepthMap




	Parameters:

	mt_data (TYPE) – DESCRIPTION



	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
plot_phase_tensor(station_key=None, station_id=None, survey_id=None, **kwargs)

	plot phase tensor elements


	Parameters:

	
	tf_id (TYPE) – DESCRIPTION


	**kwargs – DESCRIPTION








	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
plot_phase_tensor_map(**kwargs)

	Plot Phase tensor maps for transfer functions in the working_dataframe


See also

mtpy.imaging.PlotPhaseTensorMaps




	Parameters:

	**kwargs – DESCRIPTION





	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
plot_phase_tensor_pseudosection(mt_data=None, **kwargs)

	Plot a pseudo section of  phase tensor ellipses and induction vectors
if specified


See also

mtpy.imaging.PlotPhaseTensorPseudosection




	Parameters:

	**kwargs – DESCRIPTION





	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
plot_residual_phase_tensor_maps(survey_01, survey_02, **kwargs)

	
	Parameters:

	
	survey_01 (TYPE) – DESCRIPTION


	survey_02 (TYPE) – DESCRIPTION






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
plot_resistivity_phase_maps(**kwargs)

	Plot apparent resistivity and/or impedance phase maps from the
working dataframe


See also

mtpy.imaging.PlotResPhaseMaps




	Parameters:

	**kwargs – DESCRIPTION





	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
plot_resistivity_phase_pseudosections(**kwargs)

	Plot resistivity and phase in a pseudosection along a profile line


	Parameters:

	
	mt_data (TYPE, optional) – DESCRIPTION, defaults to None


	**kwargs – DESCRIPTION








	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
plot_stations(map_epsg=4326, bounding_box=None, model_locations=False, **kwargs)

	plot stations


	Parameters:

	**kwargs – DESCRIPTION





	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
plot_strike(**kwargs)

	Plot strike angle


See also

mtpy.imaging.PlotStrike








	
remove_station(station_id, survey_id=None)

	remove a station from the dictionary based on the key


	Parameters:

	
	station_id (str) – station ID


	survey_id (str) – survey ID













	
rotate(rotation_angle, inplace=True)

	rotate the data by the given angle assuming positive clockwise with
north = 0, east = 90.


	Parameters:

	rotation_angle (TYPE) – DESCRIPTION



	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
property survey_ids

	Survey IDs for all MT objects


	Returns:

	list of survey IDs



	Return type:

	list










	
to_dataframe(utm_crs=None, cols=None)

	
	Parameters:

	
	utm_crs (TYPE, optional) – DESCRIPTION, defaults to None


	cols (TYPE, optional) – DESCRIPTION, defaults to None






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
to_geo_df(model_locations=False)

	Make a geopandas dataframe for easier GIS manipulation






	
to_modem(data_filename=None, **kwargs)

	Create a modem data file


	Parameters:

	
	data_filename (TYPE) – DESCRIPTION


	**kwargs – DESCRIPTION








	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
to_modem_data(data_filename=None, **kwargs)

	




	
to_occam2d(data_filename=None, **kwargs)

	write an Occam2D data file


	Parameters:

	
	data_filename (TYPE) – DESCRIPTION


	**kwargs – DESCRIPTION








	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
to_occam2d_data(data_filename=None, **kwargs)
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mtpy.analysis package


Submodules



mtpy.analysis.residual_phase_tensor module

Created on Wed Feb 22 14:13:57 2023

@author: jpeacock


	
class mtpy.analysis.residual_phase_tensor.ResidualPhaseTensor(pt_object1=None, pt_object2=None, residual_type='heise')

	Bases: object

PhaseTensor class - generates a Phase Tensor (PT) object DeltaPhi
DeltaPhi = 1 - Phi1^-1*Phi2


	
compute_residual_pt()

	Read in two instance of the MTpy PhaseTensor class.
Update attributes:
rpt, rpt_error, _self.pt1, _self.pt2, _self.pt1_error, _self.pt2_error






	
read_pts(pt1, pt2, pt1_error=None, pt2error=None)

	Read two PT arrays and calculate the ResPT array (incl. uncertainties).
Input:
- 2x PT array
Optional:
- 2x pt_erroror array






	
set_rpt(rpt_array)

	Set the attribute ‘rpt’ (ResidualPhaseTensor array).
Input:
ResPT array
Test for shape, but no test for consistency!






	
set_rpt_error(rpt_error_array)

	Set the attribute ‘rpt_error’ (ResidualPhaseTensor-erroror array).
Input:
ResPT-erroror array
Test for shape, but no test for consistency!











Module contents
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mtpy.core package


Subpackages



	mtpy.core.transfer_function package
	Subpackages
	mtpy.core.transfer_function.z_analysis package
	Submodules

	mtpy.core.transfer_function.z_analysis.distortion module

	mtpy.core.transfer_function.z_analysis.niblettbostick module

	mtpy.core.transfer_function.z_analysis.zinvariants module

	Module contents









	Submodules

	mtpy.core.transfer_function.base module
	TFBase
	TFBase.comps

	TFBase.copy()

	TFBase.frequency

	TFBase.from_dataframe()

	TFBase.from_xarray()

	TFBase.interpolate()

	TFBase.inverse

	TFBase.n_periods

	TFBase.period

	TFBase.rotate()

	TFBase.to_dataframe()

	TFBase.to_xarray()









	mtpy.core.transfer_function.pt module
	Phase Tensor

	PhaseTensor
	PhaseTensor.alpha

	PhaseTensor.alpha_error

	PhaseTensor.alpha_model_error

	PhaseTensor.azimuth

	PhaseTensor.azimuth_error

	PhaseTensor.azimuth_model_error

	PhaseTensor.beta

	PhaseTensor.beta_error

	PhaseTensor.beta_model_error

	PhaseTensor.det

	PhaseTensor.det_error

	PhaseTensor.det_model_error

	PhaseTensor.eccentricity

	PhaseTensor.eccentricity_error

	PhaseTensor.eccentricity_model_error

	PhaseTensor.ellipticity

	PhaseTensor.ellipticity_error

	PhaseTensor.ellipticity_model_error

	PhaseTensor.only1d

	PhaseTensor.only2d

	PhaseTensor.phimax

	PhaseTensor.phimax_error

	PhaseTensor.phimax_model_error

	PhaseTensor.phimin

	PhaseTensor.phimin_error

	PhaseTensor.phimin_model_error

	PhaseTensor.pt

	PhaseTensor.pt_error

	PhaseTensor.pt_model_error

	PhaseTensor.skew

	PhaseTensor.skew_error

	PhaseTensor.skew_model_error

	PhaseTensor.trace

	PhaseTensor.trace_error

	PhaseTensor.trace_model_error









	mtpy.core.transfer_function.tipper module
	Tipper
	Tipper.amplitude

	Tipper.amplitude_error

	Tipper.amplitude_model_error

	Tipper.angle_error

	Tipper.angle_imag

	Tipper.angle_model_error

	Tipper.angle_real

	Tipper.mag_error

	Tipper.mag_imag

	Tipper.mag_model_error

	Tipper.mag_real

	Tipper.phase

	Tipper.phase_error

	Tipper.phase_model_error

	Tipper.set_amp_phase()

	Tipper.set_mag_direction()

	Tipper.tipper

	Tipper.tipper_error

	Tipper.tipper_model_error









	mtpy.core.transfer_function.z module
	Z

	Z
	Z.det

	Z.det_error

	Z.det_model_error

	Z.estimate_depth_of_investigation()

	Z.estimate_dimensionality()

	Z.estimate_distortion()

	Z.invariants

	Z.phase

	Z.phase_det

	Z.phase_error

	Z.phase_error_det

	Z.phase_error_xx

	Z.phase_error_xy

	Z.phase_error_yx

	Z.phase_error_yy

	Z.phase_model_error

	Z.phase_model_error_det

	Z.phase_model_error_xx

	Z.phase_model_error_xy

	Z.phase_model_error_yx

	Z.phase_model_error_yy

	Z.phase_tensor

	Z.phase_xx

	Z.phase_xy

	Z.phase_yx

	Z.phase_yy

	Z.remove_distortion()

	Z.remove_ss()

	Z.res_det

	Z.res_error_det

	Z.res_error_xx

	Z.res_error_xy

	Z.res_error_yx

	Z.res_error_yy

	Z.res_model_error_det

	Z.res_model_error_xx

	Z.res_model_error_xy

	Z.res_model_error_yx

	Z.res_model_error_yy

	Z.res_xx
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Submodules



mtpy.core.mt module


	
class mtpy.core.mt.MT(fn=None, **kwargs)

	Bases: TF, MTLocation

Basic MT container to hold all information necessary for a MT station
including the following parameters.

Impedance and Tipper element nomenclature is E/H therefore the first
letter represents the output channels and the second letter represents
the input channels.

For exampe for an input of Hx and an output of Ey the impedance tensor
element is Zyx.


	
property Tipper

	mtpy.core.z.Tipper object to hold tipper information






	
property Z

	mtpy.core.z.Z object to hold impedance tensor






	
add_model_error(comp=[], z_value=5, t_value=0.05, periods=None)

	Add error to a station’s components for given period range


	Parameters:

	
	station (string or list of strings) – name of station(s) to add error to


	comp – list of components to add data to, valid components are








zxx, zxy, zyx, zyy, tx, ty
:type comp: string or list of strings
:param periods: the period range to add to, if None all periods, otherwise
enter as a tuple as (minimum, maximum) period in seconds
:type periods: tuple (minimum, maxmum)
:return: data array with added errors
:rtype: np.ndarray

>>> d = Data()
>>> d.read_data_file(r"example/data.dat")
>>> d.data = d.add_error("mt01", comp=["zxx", "zxy", "tx"], z_value=7, t_value=.05)










	
add_white_noise(value, inplace=True)

	Add white noise to the data, useful for synthetic tests.


	Parameters:

	
	value (TYPE) – DESCRIPTION


	inplace (TYPE, optional) – DESCRIPTION, defaults to True






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
clone_empty()

	copy metadata but not the transfer function estimates






	
compute_model_t_errors(error_value=0.02, error_type='absolute', floor=False)

	Compute mode errors based on the error type



	key

	definition





	percent

	error_value * t



	absolute

	error_value







	Parameters:

	
	error_value (TYPE, optional) – DESCRIPTION, defaults to .02


	error_type (TYPE, optional) – DESCRIPTION, defaults to “absolute”


	floor (TYPE, optional) – DESCRIPTION, defaults to True






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
compute_model_z_errors(error_value=5, error_type='geometric_mean', floor=True)

	Compute mode errors based on the error type



	key

	definition





	egbert

	error_value * sqrt(Zxy * Zyx)



	geometric_mean

	error_value * sqrt(Zxy * Zyx)



	arithmetic_mean

	error_value * (Zxy + Zyx) / 2



	mean_od

	error_value * (Zxy + Zyx) / 2



	off_diagonals

	zxx_error == zxy_error, zyx_error == zyy_error



	median

	error_value * median(z)



	eigen

	error_value * mean(eigen(z))



	percent

	error_value * z



	absolute

	error_value







	Parameters:

	
	error_value (TYPE, optional) – DESCRIPTION, defaults to 5


	error_type (TYPE, optional) – DESCRIPTION, defaults to “geometric_mean”


	floor (TYPE, optional) – DESCRIPTION, defaults to True






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
copy()

	




	
property ex_metadata

	EX metadata






	
property ey_metadata

	EY metadata






	
find_flipped_phase()

	identify if the off-diagonal components are flipped from traditional
quadrants.  xy should be in the 1st quadarant (0-90 deg) and yx
should be in the 3rd quadrant (-180 to -90 deg)


	Returns:

	a dictionary of components with a bool for flipped or not
if flipped return value is True



	Return type:

	dict










	
flip_phase(zxx=False, zxy=False, zyx=False, zyy=False, tzx=False, tzy=False, inplace=False)

	Flip the phase of a station in case its plotting in the wrong quadrant


	Parameters:

	
	station (string or list) – name(s) of station to flip phase


	station – station name or list of station names


	zxx (TYPE, optional) – Z_xx, defaults to False


	zxy (TYPE, optional) – Z_xy, defaults to False


	zyy (TYPE, optional) – Z_yx, defaults to False


	zyx (TYPE, optional) – Z_yy, defaults to False


	tx (TYPE, optional) – T_zx, defaults to False


	ty (TYPE, optional) – T_zy, defaults to False






	Returns:

	new_data



	Return type:

	np.ndarray



	Returns:

	new mt_dict with components removed



	Return type:

	dictionary










	
from_dataframe(mt_df)

	fill transfer function attributes from a dataframe for a single station


	Parameters:

	df (TYPE) – DESCRIPTION



	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
property hx_metadata

	HX metadata






	
property hy_metadata

	HY metadata






	
property hz_metadata

	HZ metadata






	
interpolate(new_period, method='slinear', bounds_error=True, f_type='period', z_log_space=False, **kwargs)

	Interpolate the impedance tensor onto different frequencies


	Parameters:

	
	new_period (np.ndarray) – a 1-d array of frequencies to interpolate on
to.  Must be with in the bounds of the existing frequency range,
anything outside and an error will occur.


	method (string, optional) – method to interpolate by, defaults to “cubic”


	bounds_error (boolean, optional) – check for if input frequencies are within the
original frequencies, defaults to True


	f_type (string, defaults to 'period') – frequency type can be [ ‘frequency’ | ‘period’ ]


	**kwargs – key word arguments for interp








	Raises:

	ValueError – If input frequencies are out of bounds



	Returns:

	New MT object with interpolated values.



	Return type:

	mtpy.core.MT






Note

‘cubic’ seems to work the best, the ‘slinear’ seems to do
the same as ‘linear’ when using the interp in xarray.




	Interpolate over frequency:

	>>> mt_obj = MT()
>>> new_frequency = np.logspace(-3, 3, 20)
>>> new_mt_obj = mt_obj.interpolate(new_frequency, f_type="frequency")














	
plot_depth_of_penetration(**kwargs)

	Plot Depth of Penetration estimated from Niblett-Bostick estimation


	Parameters:

	**kwargs – DESCRIPTION





	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
plot_mt_response(**kwargs)

	Returns a mtpy.imaging.plotresponse.PlotResponse object


	Plot Response:

	>>> mt_obj = mt.MT(edi_file)
>>> pr = mt.plot_mt_response()
>>> # if you need more info on plot_mt_response
>>> help(pr)














	
plot_phase_tensor(**kwargs)

	
	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
property pt

	mtpy.analysis.pt.PhaseTensor object to hold phase tensor






	
remove_component(zxx=False, zxy=False, zyy=False, zyx=False, tzx=False, tzy=False, inplace=False)

	Remove a component for a given station(s)


	Parameters:

	
	station (string or list) – station name or list of station names


	zxx (TYPE, optional) – Z_xx, defaults to False


	zxy (TYPE, optional) – Z_xy, defaults to False


	zyy (TYPE, optional) – Z_yx, defaults to False


	zyx (TYPE, optional) – Z_yy, defaults to False


	tx (TYPE, optional) – T_zx, defaults to False


	ty (TYPE, optional) – T_zy, defaults to False






	Returns:

	new data array with components removed



	Return type:

	np.ndarray



	Returns:

	new mt_dict with components removed



	Return type:

	dictionary





>>> d = Data()
>>> d.read_data_file(r"example/data.dat")
>>> d.data, d.mt_dict = d.remove_component("mt01", zxx=True, tx=True)










	
remove_distortion(n_frequencies=None, comp='det', only_2d=False, inplace=False)

	remove distortion following Bibby et al. [2005].


	Parameters:

	n_frequencies (int) – number of frequencies to look for distortion from the
highest frequency



	Returns:

	Distortion matrix



	Return type:

	np.ndarray(2, 2, dtype=real)



	Returns:

	Z with distortion removed



	Return type:

	mtpy.core.z.Z



	Remove distortion and write new .edi file:

	>>> import mtpy.core.mt as mt
>>> mt1 = mt.MT(fn=r"/home/mt/edi_files/mt01.edi")
>>> D, new_z = mt1.remove_distortion()
>>> mt1.write_mt_file(new_fn=r"/home/mt/edi_files/mt01_dr.edi",            >>>                    new_Z=new_z)














	
remove_static_shift(ss_x=1.0, ss_y=1.0, inplace=False)

	Remove static shift from the apparent resistivity

Assume the original observed tensor Z is built by a static shift S
and an unperturbated “correct” Z0 :



	Z = S * Z0








	therefore the correct Z will be :
	
	Z0 = S^(-1) * Z









	Parameters:

	
	ss_x (float) – correction factor for x component


	ss_y (float) – correction factor for y component






	Returns:

	new Z object with static shift removed



	Return type:

	mtpy.core.z.Z






Note

The factors are in resistivity scale, so the
entries of  the matrix “S” need to be given by their
square-roots!




	Remove Static Shift:

	>>> import mtpy.core.mt as mt
>>> mt_obj = mt.MT(r"/home/mt/mt01.edi")
>>> new_z_obj = mt.remove_static_shift(ss_x=.5, ss_y=1.2)
>>> mt_obj.write_mt_file(new_fn=r"/home/mt/mt01_ss.edi",
>>> ...                   new_Z_obj=new_z_obj)














	
rotate(theta_r, inplace=True)

	Rotate the data in degrees assuming North is 0 measuring clockwise
positive to East as 90.


	Parameters:

	
	theta_r (TYPE) – DESCRIPTION


	inplace (TYPE, optional) – DESCRIPTION, defaults to True






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
property rotation_angle

	rotation angle in degrees from north






	
property rrhx_metadata

	RRHX metadata






	
property rrhy_metadata

	RRHY metadata






	
to_dataframe(utm_crs=None, cols=None)

	Create a dataframe from the transfer function for use with plotting
and modeling.


	Parameters:

	utm_crs (string, int, pyproj.CRS) – the utm zone to project station to, could be a
name, pyproj.CRS, EPSG number, or anything that pyproj.CRS can intake.










	
to_occam1d(data_filename=None, mode='det')

	write an Occam1DData data file


	Parameters:

	
	data_filename (string or Path) – path to write file, if None returns Occam1DData
object.


	mode (string, optional) – [ ‘te’, ‘tm’, ‘det’, ‘tez’, ‘tmz’, ‘detz’], defaults to “det”






	Returns:

	Occam1DData object



	Return type:

	mtpy.modeling.occam1d.Occam1DData



	Example:

	>>> mt_object = MT()
>>> mt_object.read(r"/path/to/tranfer_function/file")
>>> mt_object.compute_model_z_error()
>>> occam_data = mt_object.to_occam1d(data_filename=r"/path/to/data_file.dat")














	
to_simpeg_1d(mode='det', **kwargs)

	helper method to run a 1D inversion using Simpeg

default is smooth parameters


	To run sharp inversion:

	




>>> mt_object.to_simpeg_1d({"p_s": 2, "p_z": 0, "use_irls": True})






	To run sharp inversion adn compact:

	




>>> mt_object.to_simpeg_1d({"p_s": 0, "p_z": 0, "use_irls": True})






	Parameters:

	**kwargs – DESCRIPTION





	Returns:

	DESCRIPTION



	Return type:

	TYPE















mtpy.core.mt_collection module

Collection of MT stations

Created on Mon Jan 11 15:36:38 2021


	copyright:

	Jared Peacock (jpeacock@usgs.gov)



	license:

	MIT






	
class mtpy.core.mt_collection.MTCollection(working_directory=None)

	Bases: object

Collection of transfer functions

The main working variable is MTCollection.dataframe which is a property
that returns either the master dataframe that contains all the TF’s in
the MTH5 file, or the working_dataframe which is a dataframe that has
been queried in some way.  Therefore all the user has to do is set
the working directory as a subset of the master_dataframe


	Example:

	>>> mc = MTCollection()
>>> mc.open_collection(filename="path/to/example/mth5.h5")
>>> mc.working_dataframe = mc.master_dataframe.iloc[0:5]










	
add_tf(transfer_function, new_survey=None, tf_id_extra=None)

	transfer_function could be a transfer function object, a file name,
a list of either.


	Parameters:

	
	transfer_function (list, tuple, array, MTData, MT) – transfer function object


	new_survey (str, optional) – new survey name, defaults to None


	tf_id_extra (string, optional) – additional text onto existing ‘tf_id’,
defaults to None






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
apply_bbox(lon_min, lon_max, lat_min, lat_max)

	Return pandas.DataFrame of station within bounding box


	Parameters:

	
	longitude_min (float) – Minimum longitude


	longitude_max (float) – Maximum longitude


	latitude_min (float) – Minimum latitude


	latitude_max (float) – Maximum longitude






	Returns:

	Only stations within the given bounding box



	Return type:

	pandas.DataFrame










	
average_stations(cell_size_m, bounding_box=None, count=1, n_periods=48, new_file=True)

	Average nearby stations to make it easier to invert


	Parameters:

	
	cell_size_m (TYPE) – DESCRIPTION


	bounding_box (TYPE, optional) – DESCRIPTION, defaults to None


	save_dir (TYPE, optional) – DESCRIPTION, defaults to None






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
check_for_duplicates(locate='location', sig_figs=6)

	Check for duplicate station locations in a MT DataFrame


	Parameters:

	dataframe (TYPE) – DESCRIPTION



	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
close_collection()

	close mth5


	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
property dataframe

	This property returns the working dataframe or master dataframe if
the working dataframe is None.


	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
from_mt_data(mt_data, new_survey=None, tf_id_extra=None)

	Add data from a MTData object to an MTH5 collection.

Can use ‘new_survey’ to create a new survey to load to.

Can use ‘tf_id_extra’ to add a string onto the existing ‘tf_id’,
useful if data have been edited or manipulated in some way.  For
example could set ‘tf_id_extra’ = ‘rotated’ for rotated data. This will
help you organize the tf’s for each station.


	Parameters:

	
	mt_data (mtpy.core.mt_data.MTData) – MTData object


	new_survey (str, optional) – new survey name, defaults to None


	tf_id_extra (string, optional) – additional text onto existing ‘tf_id’,
defaults to None






	Raises:

	IOError – If an MTH5 is not writable raises










	
get_tf(tf_id, survey=None)

	Get transfer function


	Parameters:

	tf_id (TYPE) – DESCRIPTION



	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
has_data()

	




	
static make_file_list(mt_path, file_types=['edi'])

	Get a list of MT file from a given path


	Parameters:

	mt_path – full path to where the MT transfer functions are stored





or a list of paths
:type mt_path: string or pathlib.Path or list


	Parameters:

	file_types (list) – List of file types to look for given their extension






	Currently available file types are or will be:
	
	edi - EDI files


	zmm - EMTF output file


	j - BIRRP output file


	avg - Zonge output file













	
property master_dataframe

	This is the full summary of all transfer functions in the MTH5
file.  It is a property because if a user adds TF’s then the
master_df will be automatically updated.  the tranformation is quick
for now.






	
property mth5_filename

	




	
open_collection(filename=None, basename=None, working_directory=None, mode='a')

	Initialize an mth5


	Parameters:

	
	basename (TYPE, optional) – DESCRIPTION, defaults to “mt_collection”


	working_directory (TYPE, optional) – DESCRIPTION, defaults to None






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
plot_mt_response(tf_id, survey=None, **kwargs)

	
	Parameters:

	
	tf_id (TYPE) – DESCRIPTION


	**kwargs – DESCRIPTION








	Returns:

	DESCRIPTION



	Return type:

	TYPE





if input as list, tuple, np.ndarray, pd.series assuming first column
is tf_id, and if needed the second column should be the survey id
for that tf.






	
plot_penetration_depth_1d(tf_id, survey=None, **kwargs)

	Plot 1D penetration depth based on the Niblett-Bostick transformation

Note that data is rotated to estimated strike previous to estimation
and strike angles are interpreted for data points that are 3D.


See also

mtpy.analysis.niblettbostick.calculate_depth_of_investigation




	Parameters:

	
	tf_object (TYPE) – DESCRIPTION


	**kwargs – DESCRIPTION








	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
plot_penetration_depth_map(mt_data=None, **kwargs)

	Plot Penetration depth in map view for a single period


See also

mtpy.imaging.PlotPenetrationDepthMap




	Parameters:

	mt_data (TYPE) – DESCRIPTION



	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
plot_phase_tensor(tf_id, survey=None, **kwargs)

	plot phase tensor elements


	Parameters:

	
	tf_id (TYPE) – DESCRIPTION


	**kwargs – DESCRIPTION








	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
plot_phase_tensor_map(mt_data=None, **kwargs)

	Plot Phase tensor maps for transfer functions in the working_dataframe


See also

mtpy.imaging.PlotPhaseTensorMaps




	Parameters:

	**kwargs – DESCRIPTION





	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
plot_phase_tensor_pseudosection(mt_data=None, **kwargs)

	Plot a pseudo section of  phase tensor ellipses and induction vectors
if specified


See also

mtpy.imaging.PlotPhaseTensorPseudosection




	Parameters:

	**kwargs – DESCRIPTION





	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
plot_residual_phase_tensor(mt_data_01, mt_data_02, plot_type='map', **kwargs)

	
	Parameters:

	
	mt_data_01 (TYPE) – DESCRIPTION


	mt_data_02 (TYPE) – DESCRIPTION


	plot_type (TYPE, optional) – DESCRIPTION, defaults to “map”


	**kwargs – DESCRIPTION








	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
plot_resistivity_phase_maps(mt_data=None, **kwargs)

	Plot apparent resistivity and/or impedance phase maps from the
working dataframe


See also

mtpy.imaging.PlotResPhaseMaps




	Parameters:

	**kwargs – DESCRIPTION





	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
plot_resistivity_phase_pseudosections(mt_data=None, **kwargs)

	Plot resistivity and phase in a pseudosection along a profile line


	Parameters:

	
	mt_data (TYPE, optional) – DESCRIPTION, defaults to None


	**kwargs – DESCRIPTION








	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
plot_stations(map_epsg=4326, bounding_box=None, **kwargs)

	plot stations


	Parameters:

	**kwargs – DESCRIPTION





	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
plot_strike(mt_data=None, **kwargs)

	Plot strike angle


See also

mtpy.imaging.PlotStrike








	
to_geo_df(bounding_box=None, epsg=4326)

	Make a geopandas dataframe for easier GIS manipulation






	
to_mt_data(bounding_box=None, **kwargs)

	Get a list of transfer functions


	Parameters:

	
	tf_ids (TYPE, optional) – DESCRIPTION, defaults to None


	bounding_box (TYPE, optional) – DESCRIPTION, defaults to None






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
to_shp(filename, bounding_box=None, epsg=4326)

	
	Parameters:

	
	filename (TYPE) – DESCRIPTION


	bounding_box (TYPE, optional) – DESCRIPTION, defaults to None


	epsg (TYPE, optional) – DESCRIPTION, defaults to 4326






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
property working_directory

	









mtpy.core.mt_data module

Created on Mon Oct 10 11:58:56 2022

@author: jpeacock


	
class mtpy.core.mt_data.MTData(mt_list=None, **kwargs)

	Bases: OrderedDict, MTStations

Collection of MT objects as an OrderedDict where keys are formatted as
survey_id.station_id.  Has all functionality of an OrderedDict for
example can iterate of .keys(), .values() or .items.  Values are
a list of MT objects.

Inherits mtpyt.core.MTStations to deal with geographic locations
of stations.

Is not optimized yet for speed, works fine for smaller surveys, but for
large can be slow.  Might try using a dataframe as the base.


	
add_station(mt_object, survey=None, compute_relative_location=True, interpolate_periods=None, compute_model_error=False)

	Add a MT object


	Parameters:

	
	mt_object (mtpy.MT) – MT object for a single station


	survey (str, optional) – new survey name, defaults to None


	compute_relative_location (bool, optional) – Compute relative location,
can be slow if adding single stations in a loop.  If looping over
station set to False and compute at the end, defaults to True


	interpolate_periods (np.array, optional) – periods to interpolate onto, defaults to None













	
add_tf(tf, **kwargs)

	Add a MT object


	Parameters:

	
	mt_object (mtpy.MT) – MT object for a single station


	survey (str, optional) – new survey name, defaults to None


	compute_relative_location (bool, optional) – Compute relative location,
can be slow if adding single stations in a loop.  If looping over
station set to False and compute at the end, defaults to True


	interpolate_periods (np.array, optional) – periods to interpolate onto, defaults to None













	
add_white_noise(value, inplace=True)

	Add white noise to the data, useful for synthetic tests.


	Parameters:

	
	value (TYPE) – DESCRIPTION


	inplace (TYPE, optional) – DESCRIPTION, defaults to True






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
clone_empty()

	Return a copy of MTData excluding MT objects.


	Returns:

	Copy of MTData object excluding MT objects



	Return type:

	mtpy.MTData










	
compute_model_errors(z_error_value=None, z_error_type=None, z_floor=None, t_error_value=None, t_error_type=None, t_floor=None)

	Compute mode errors based on the error type



	key

	definition





	egbert

	error_value * sqrt(Zxy * Zyx)



	geometric_mean

	error_value * sqrt(Zxy * Zyx)



	arithmetic_mean

	error_value * (Zxy + Zyx) / 2



	mean_od

	error_value * (Zxy + Zyx) / 2



	off_diagonals

	zxx_err == zxy_err, zyx_err == zyy_err



	median

	error_value * median(z)



	eigen

	error_value * mean(eigen(z))



	percent

	error_value * z



	absolute

	error_value







	Parameters:

	
	z_error_value (TYPE, optional) – DESCRIPTION, defaults to 5


	z_error_type (TYPE, optional) – DESCRIPTION, defaults to “geometric_mean”


	z_floor (TYPE, optional) – DESCRIPTION, defaults to True


	t_error_value (TYPE, optional) – DESCRIPTION, defaults to 0.02


	t_error_type (TYPE, optional) – DESCRIPTION, defaults to “absolute”


	t_floor (TYPE, optional) – DESCRIPTION, defaults to True








:param : DESCRIPTION
:type : TYPE
:return: DESCRIPTION
:rtype: TYPE






	
copy()

	Deep copy of original MTData object


	Parameters:

	memo (TYPE) – DESCRIPTION



	Returns:

	Deep copy of original MTData



	Return type:

	mtpy.MTData










	
estimate_spatial_static_shift(station_key, radius, period_min, period_max, radius_units='m', shift_tolerance=0.15)

	Estimate static shift for a station by estimating the median resistivity
values for nearby stations within a radius given.  Can set the period
range to estimate the resistivity values.


	Parameters:

	
	station_key (TYPE) – DESCRIPTION


	radius (TYPE) – DESCRIPTION


	period_min (TYPE) – DESCRIPTION


	period_max (TYPE) – DESCRIPTION






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
estimate_starting_rho()

	Estimate starting resistivity from the data.
Creates a plot of the mean and median apparent resistivity values.


	Returns:

	array of the median rho per period



	Return type:

	np.ndarray(n_periods)



	Returns:

	array of the mean rho per period



	Return type:

	np.ndarray(n_periods)





>>> d = Data()
>>> d.read_data_file(r"example/data.dat")
>>> rho_median, rho_mean = d.estimate_starting_rho()










	
from_dataframe(df)

	Create an dictionary of MT objects from a dataframe


	Parameters:

	df (pandas.DataFrame) – dataframe of mt data



	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
from_modem(data_filename, survey='data', **kwargs)

	read in a modem data file


	Parameters:

	
	data_filename (TYPE) – DESCRIPTION


	**kwargs – DESCRIPTION








	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
from_modem_data(data_filename, survey='data', **kwargs)

	
	Parameters:

	
	data_filename (TYPE) – DESCRIPTION


	file_type (TYPE, optional) – DESCRIPTION, defaults to “data”


	**kwargs – DESCRIPTION








	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
from_occam2d(data_filename, file_type='data', **kwargs)

	read in occam data from a 2D data file *.dat


	Read data file and plot:

	>>> from mtpy import MTData
>>> md = MTData()
>>> md.from_occam2d_data(f"/path/to/data/file.dat")
>>> plot_stations = md.plot_stations(model_locations=True)







	Read response file:

	>>> md.from_occam2d_data(f"/path/to/response/file.dat")










Note

When reading in a response file the survey will be called
model.  So now you can have the data and model response in the
same object.








	
from_occam2d_data(data_filename, file_type='data', **kwargs)

	




	
get_nearby_stations(station_key, radius, radius_units='m')

	get stations close to a given station


	Parameters:

	
	station_key (TYPE) – DESCRIPTION


	radius (TYPE) – DESCRIPTION






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
get_periods()

	get all unique periods


	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
get_profile(x1, y1, x2, y2, radius)

	Get stations along a profile line given the (x1, y1) and (x2, y2)
coordinates within a given radius (in meters).

These can be in (longitude, latitude) or (easting, northing).
The calculation is done in UTM, therefore a UTM CRS must be input


	Parameters:

	
	x1 (TYPE) – DESCRIPTION


	y1 (TYPE) – DESCRIPTION


	x2 (TYPE) – DESCRIPTION


	y2 (TYPE) – DESCRIPTION


	radius (TYPE) – DESCRIPTION






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
get_station(station_id=None, survey_id=None, station_key=None)

	if ‘station_key’ is None, tries to find key from station_id and
‘survey_id’ using MTData._get_station_key()


	Parameters:

	
	station_key (str, optional) – full station key {survey_id}.{station_id},
defaults to None


	station_id (str, optional) – station ID, defaults to None


	survey_id (str, optional) – survey ID, defaults to None






	Raises:

	KeyError – If cannot find station_key



	Returns:

	MT object



	Return type:

	mtpy.MT










	
get_subset(station_list)

	get a subset of the data from a list of stations, could be station_id
or station_keys


	Parameters:

	station_list (list) – list of station keys as {survey_id}.{station_id}



	Returns:

	Returns just those stations within station_list



	Return type:

	mtpy.MTData










	
get_survey(survey_id)

	Get all MT objects that belong to the ‘survey_id’ from the data set.


	Parameters:

	survey_id (str) – survey ID



	Returns:

	MTData object including only those with the desired ‘survey_id’



	Return type:

	mtpy.MTData










	
interpolate(new_periods, f_type='period', inplace=True)

	Interpolate onto common period range


	Parameters:

	
	new_periods (TYPE) – DESCRIPTION


	f_type (string, defaults to 'period') – frequency type can be [ ‘frequency’ | ‘period’ ]






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
property mt_list

	List of MT objects
:rtype: list


	Type:

	return










	
property n_stations

	number of stations in MT data






	
plot_mt_response(station_key=None, station_id=None, survey_id=None, **kwargs)

	
	Parameters:

	
	tf_id (TYPE) – DESCRIPTION


	**kwargs – DESCRIPTION








	Returns:

	DESCRIPTION



	Return type:

	TYPE





if input as list, tuple, np.ndarray, pd.series assuming first column
is tf_id, and if needed the second column should be the survey id
for that tf.






	
plot_penetration_depth_1d(station_key=None, station_id=None, survey_id=None, **kwargs)

	Plot 1D penetration depth based on the Niblett-Bostick transformation

Note that data is rotated to estimated strike previous to estimation
and strike angles are interpreted for data points that are 3D.


See also

mtpy.analysis.niblettbostick.calculate_depth_of_investigation




	Parameters:

	
	tf_object (TYPE) – DESCRIPTION


	**kwargs – DESCRIPTION








	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
plot_penetration_depth_map(**kwargs)

	Plot Penetration depth in map view for a single period


See also

mtpy.imaging.PlotPenetrationDepthMap




	Parameters:

	mt_data (TYPE) – DESCRIPTION



	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
plot_phase_tensor(station_key=None, station_id=None, survey_id=None, **kwargs)

	plot phase tensor elements


	Parameters:

	
	tf_id (TYPE) – DESCRIPTION


	**kwargs – DESCRIPTION








	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
plot_phase_tensor_map(**kwargs)

	Plot Phase tensor maps for transfer functions in the working_dataframe


See also

mtpy.imaging.PlotPhaseTensorMaps




	Parameters:

	**kwargs – DESCRIPTION





	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
plot_phase_tensor_pseudosection(mt_data=None, **kwargs)

	Plot a pseudo section of  phase tensor ellipses and induction vectors
if specified


See also

mtpy.imaging.PlotPhaseTensorPseudosection




	Parameters:

	**kwargs – DESCRIPTION





	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
plot_residual_phase_tensor_maps(survey_01, survey_02, **kwargs)

	
	Parameters:

	
	survey_01 (TYPE) – DESCRIPTION


	survey_02 (TYPE) – DESCRIPTION






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
plot_resistivity_phase_maps(**kwargs)

	Plot apparent resistivity and/or impedance phase maps from the
working dataframe


See also

mtpy.imaging.PlotResPhaseMaps




	Parameters:

	**kwargs – DESCRIPTION





	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
plot_resistivity_phase_pseudosections(**kwargs)

	Plot resistivity and phase in a pseudosection along a profile line


	Parameters:

	
	mt_data (TYPE, optional) – DESCRIPTION, defaults to None


	**kwargs – DESCRIPTION








	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
plot_stations(map_epsg=4326, bounding_box=None, model_locations=False, **kwargs)

	plot stations


	Parameters:

	**kwargs – DESCRIPTION





	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
plot_strike(**kwargs)

	Plot strike angle


See also

mtpy.imaging.PlotStrike








	
remove_station(station_id, survey_id=None)

	remove a station from the dictionary based on the key


	Parameters:

	
	station_id (str) – station ID


	survey_id (str) – survey ID













	
rotate(rotation_angle, inplace=True)

	rotate the data by the given angle assuming positive clockwise with
north = 0, east = 90.


	Parameters:

	rotation_angle (TYPE) – DESCRIPTION



	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
property survey_ids

	Survey IDs for all MT objects


	Returns:

	list of survey IDs



	Return type:

	list










	
to_dataframe(utm_crs=None, cols=None)

	
	Parameters:

	
	utm_crs (TYPE, optional) – DESCRIPTION, defaults to None


	cols (TYPE, optional) – DESCRIPTION, defaults to None






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
to_geo_df(model_locations=False)

	Make a geopandas dataframe for easier GIS manipulation






	
to_modem(data_filename=None, **kwargs)

	Create a modem data file


	Parameters:

	
	data_filename (TYPE) – DESCRIPTION


	**kwargs – DESCRIPTION








	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
to_modem_data(data_filename=None, **kwargs)

	




	
to_occam2d(data_filename=None, **kwargs)

	write an Occam2D data file


	Parameters:

	
	data_filename (TYPE) – DESCRIPTION


	**kwargs – DESCRIPTION








	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
to_occam2d_data(data_filename=None, **kwargs)

	









mtpy.core.mt_dataframe module

Created on Sun Oct  2 13:20:28 2022

@author: jpeacock


	
class mtpy.core.mt_dataframe.MTDataFrame(data=None, n_entries=0, **kwargs)

	Bases: object

Dataframe for a single station

Tried subclassing pandas.DataFrame, but that turned out to not be straight
forward, so when with compilation instead.

Think about having period as an index?


	
property datum_epsg

	




	
property east

	station






	
property elevation

	




	
property frequency

	Get frequencies


	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
from_t_object(t_object)

	Fill tipper
:param tipper: DESCRIPTION
:type tipper: TYPE
:param tipper_error: DESCRIPTION
:type tipper_error: TYPE
:param index: DESCRIPTION
:type index: TYPE
:return: DESCRIPTION
:rtype: TYPE






	
from_z_object(z_object)

	Fill impedance
:param impedance: DESCRIPTION
:type impedance: TYPE
:param index: DESCRIPTION
:type index: TYPE
:return: DESCRIPTION
:rtype: TYPE






	
get_station_df(station=None)

	get a single station df


	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
property impedance

	Impedance elements






	
property latitude

	




	
property longitude

	




	
property model_east

	




	
property model_elevation

	




	
property model_north

	




	
property nonzero_items

	return number of non zero entries






	
property north

	




	
property period

	Get frequencies


	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
property profile_offset

	




	
property size

	




	
property station

	station name






	
property station_locations

	




	
property survey

	survey name






	
to_t_object()

	To a tipper object


	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
to_z_object()

	fill z_object from dataframe

Need to have the components this way for transposing the elements so
that the shape is (nf, 2, 2)






	
property utm_epsg

	









mtpy.core.mt_location module

Might think about adding declination

Created on Mon Oct  3 15:04:12 2022

@author: jpeacock


	
class mtpy.core.mt_location.MTLocation(survey_metadata=None, **kwargs)

	Bases: object

Location for a MT site or point measurement


	
compute_model_location(center_location)

	compute model location based on model center and model epsg


	Parameters:

	model_center (TYPE) – DESCRIPTION



	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
copy()

	




	
property datum_crs

	




	
property datum_epsg

	




	
property datum_name

	




	
property east

	easting






	
property elevation

	




	
from_json(filename)

	read in json formatted location


	Parameters:

	filename (TYPE) – DESCRIPTION



	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
get_elevation_from_national_map()

	Get elevation from DEM data of the US National Map.  Plan to extend
this to the globe.

Pulls data from the USGS national map DEM


	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
property latitude

	




	
property longitude

	




	
property model_east

	




	
property model_elevation

	




	
property model_north

	




	
property north

	northing






	
project_onto_profile_line(profile_slope, profile_intersection)

	
	Parameters:

	
	profile_slope (TYPE) – DESCRIPTION


	profile_intersection (TYPE) – DESCRIPTION


	units (TYPE, optional) – DESCRIPTION, defaults to “deg”






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
to_json(filename)

	write out information to a json file


	Parameters:

	filename (TYPE) – DESCRIPTION



	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
property utm_crs

	




	
property utm_epsg

	




	
property utm_name

	




	
property utm_zone

	









mtpy.core.mt_stations module


ModEM

# Generate files for ModEM

# revised by JP 2017
# revised by AK 2017 to bring across functionality from ak branch



	
class mtpy.core.mt_stations.MTStations(utm_epsg, datum_epsg=None, **kwargs)

	Bases: object

Object to deal with station location and geographic projection.

Geographic projections are done using pyproj.CRS objects.

Takes in a list of mtpy.core.mt.MT objects which are inherit
mtpy.core.mt_location.MTLocation objects, which deal with
transformation of point data using pyproj.


	
property center_point

	calculate the center point from the given station locations

If _center attributes are set, that is returned as the center point.

Otherwise, looks for non-zero locations in E-N first, then Lat/Lon and
estimates the center point as (max - min) / 2.


	Returns:

	Center point



	Return type:

	mtpy.core.MTLocation










	
center_stations(model_obj)

	Center station locations to the middle of cells, is useful for
topography cause it reduces edge effects of stations close to cell edges.
Recalculates rel_east, rel_north to center of model cell.


	Parameters:

	model_obj (mtpy.modeling.modem.Model) – mtpy.modeling.Structured object of the model










	
compute_relative_locations()

	Calculate model station locations relative to the center point in meters.

Uses mtpy.core.MTLocation.compute_model_location to calculate the
relative distance.

Computes inplace.






	
copy()

	create a deep copy of the MTStations object.


Note

At the moment this is very slow because it is making a lot
of deep copies.  Use sparingly.




	Returns:

	deep copy of MTStation object



	Return type:

	mtpy.core.mt_stations.MTStations










	
property datum_crs

	Datum CRS object
:rtype: pyproj.CRS


	Type:

	return










	
property datum_epsg

	Datum EPSG number
:rtype: int


	Type:

	return










	
property datum_name

	Datum well known name
:rtype: str


	Type:

	return










	
generate_profile(units='deg')

	Estimate a profile from the data
:return: DESCRIPTION
:rtype: TYPE






	
generate_profile_from_strike(strike, units='deg')

	Estimate a profile line from a given geoelectric strike


	Parameters:

	units (TYPE, optional) – DESCRIPTION, defaults to “deg”



	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
property model_epsg

	model epsg number from the model_crs object
:rtype: int


	Type:

	return










	
project_stations_on_topography(model_object, air_resistivity=1000000000000.0, sea_resistivity=0.3, ocean_bottom=False)

	Project stations on topography of a given model


	Parameters:

	
	model_obj (mtpy.modeling.modem.Model) – mtpy.modeling.modem.Model object of the model


	air_resistivity (float) – resistivity value of air cells in the model


	sea_resistivity (float) – resistivity of sea


	ocean_bottom (boolean) – If True places stations at bottom of sea cells








Recaluclates rel_elev






	
rotate_stations(rotation_angle)

	Rotate stations model postions only assuming N is 0 and east is 90.


Note

Computes in place and rotates according to already set
rotation angle.  Therefore if the station locations have already been
rotated the function will rotate the already rotate stations.  For
example if you rotate the stations 15 degrees, then again by 20 degrees
the resulting station locations will be 35 degrees rotated from the
original locations.




	Parameters:

	rotation_angle (float) – rotation angle in degrees assuming N=0, E=90.
Positive clockwise.










	
property station_locations

	Dataframe of station location information
:rtype: pandas.DataFrame


	Type:

	return










	
to_csv(csv_fn, geometry=False)

	Write a shape file of the station locations using geopandas which only takes
in epsg numbers


	Parameters:

	csv_fn (string) – full path to new shapefile










	
to_geopd()

	create a geopandas dataframe


	Returns:

	Geopandas DataFrame with points from latitude and longitude



	Return type:

	geopandas.DataFrame










	
to_shp(shp_fn)

	Write a shape file of the station locations using geopandas which only takes
in epsg numbers


	Parameters:

	shp_fn (string) – full path to new shapefile










	
to_vtk(vtk_fn=None, vtk_save_path=None, vtk_fn_basename='ModEM_stations', geographic=False, shift_east=0, shift_north=0, shift_elev=0, units='km', coordinate_system='nez+')

	
	Parameters:

	
	vtk_save_path (string or Path, optional) – directory to save vtk file to, defaults to None


	vtk_fn_basename – filename basename of vtk file, note that .vtr








extension is automatically added, defaults to “ModEM_stations”
:type vtk_fn_basename: string, optional
:param geographic: If true puts the grid on geographic coordinates based
on the model_utm_zone, defaults to False
:type geographic: boolean, optional
:param shift_east: shift in east directions in meters, defaults to 0
:type shift_east: float, optional
:param shift_north: shift in north direction in meters, defaults to 0
:type shift_north: float, optional
:param shift_elev: shift in elevation + down in meters, defaults to 0
:type shift_elev: float, optional
:param units: Units of the spatial grid [ km | m | ft ], defaults to “km”
:type units: string, optional
:type : string
:param coordinate_system: coordinate system for the station, either the
normal MT right-hand coordinate system with z+ down or the sinister
z- down [ nez+ | enz- ], defaults to nez+
:return: full path to VTK file
:rtype: Path

Write VTK file
>>> md.write_vtk_station_file(vtk_fn_basename=”modem_stations”)

Write VTK file in geographic coordinates
>>> md.write_vtk_station_file(vtk_fn_basename=”modem_stations”,
>>> …                       geographic=True)

Write VTK file in geographic coordinates with z+ up
>>> md.write_vtk_station_file(vtk_fn_basename=”modem_stations”,
>>> …                       geographic=True,
>>> …                       coordinate_system=’enz-‘)






	
property utm_crs

	UTM CRS object
:rtype: pyproj.CRS


	Type:

	return










	
property utm_epsg

	UTM EPSG number
:rtype: int


	Type:

	return










	
property utm_name

	UTM CRS name
:rtype: string


	Type:

	return










	
property utm_zone

	UTM Zone number
:rtype: str


	Type:

	return















Module contents


	
class mtpy.core.MTDataFrame(data=None, n_entries=0, **kwargs)

	Bases: object

Dataframe for a single station

Tried subclassing pandas.DataFrame, but that turned out to not be straight
forward, so when with compilation instead.

Think about having period as an index?


	
property datum_epsg

	




	
property east

	station






	
property elevation

	




	
property frequency

	Get frequencies


	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
from_t_object(t_object)

	Fill tipper
:param tipper: DESCRIPTION
:type tipper: TYPE
:param tipper_error: DESCRIPTION
:type tipper_error: TYPE
:param index: DESCRIPTION
:type index: TYPE
:return: DESCRIPTION
:rtype: TYPE






	
from_z_object(z_object)

	Fill impedance
:param impedance: DESCRIPTION
:type impedance: TYPE
:param index: DESCRIPTION
:type index: TYPE
:return: DESCRIPTION
:rtype: TYPE






	
get_station_df(station=None)

	get a single station df


	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
property impedance

	Impedance elements






	
property latitude

	




	
property longitude

	




	
property model_east

	




	
property model_elevation

	




	
property model_north

	




	
property nonzero_items

	return number of non zero entries






	
property north

	




	
property period

	Get frequencies


	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
property profile_offset

	




	
property size

	




	
property station

	station name






	
property station_locations

	




	
property survey

	survey name






	
to_t_object()

	To a tipper object


	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
to_z_object()

	fill z_object from dataframe

Need to have the components this way for transposing the elements so
that the shape is (nf, 2, 2)






	
property utm_epsg

	








	
class mtpy.core.MTLocation(survey_metadata=None, **kwargs)

	Bases: object

Location for a MT site or point measurement


	
compute_model_location(center_location)

	compute model location based on model center and model epsg


	Parameters:

	model_center (TYPE) – DESCRIPTION



	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
copy()

	




	
property datum_crs

	




	
property datum_epsg

	




	
property datum_name

	




	
property east

	easting






	
property elevation

	




	
from_json(filename)

	read in json formatted location


	Parameters:

	filename (TYPE) – DESCRIPTION



	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
get_elevation_from_national_map()

	Get elevation from DEM data of the US National Map.  Plan to extend
this to the globe.

Pulls data from the USGS national map DEM


	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
property latitude

	




	
property longitude

	




	
property model_east

	




	
property model_elevation

	




	
property model_north

	




	
property north

	northing






	
project_onto_profile_line(profile_slope, profile_intersection)

	
	Parameters:

	
	profile_slope (TYPE) – DESCRIPTION


	profile_intersection (TYPE) – DESCRIPTION


	units (TYPE, optional) – DESCRIPTION, defaults to “deg”






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
to_json(filename)

	write out information to a json file


	Parameters:

	filename (TYPE) – DESCRIPTION



	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
property utm_crs

	




	
property utm_epsg

	




	
property utm_name

	




	
property utm_zone

	








	
class mtpy.core.MTStations(utm_epsg, datum_epsg=None, **kwargs)

	Bases: object

Object to deal with station location and geographic projection.

Geographic projections are done using pyproj.CRS objects.

Takes in a list of mtpy.core.mt.MT objects which are inherit
mtpy.core.mt_location.MTLocation objects, which deal with
transformation of point data using pyproj.


	
property center_point

	calculate the center point from the given station locations

If _center attributes are set, that is returned as the center point.

Otherwise, looks for non-zero locations in E-N first, then Lat/Lon and
estimates the center point as (max - min) / 2.


	Returns:

	Center point



	Return type:

	mtpy.core.MTLocation










	
center_stations(model_obj)

	Center station locations to the middle of cells, is useful for
topography cause it reduces edge effects of stations close to cell edges.
Recalculates rel_east, rel_north to center of model cell.


	Parameters:

	model_obj (mtpy.modeling.modem.Model) – mtpy.modeling.Structured object of the model










	
compute_relative_locations()

	Calculate model station locations relative to the center point in meters.

Uses mtpy.core.MTLocation.compute_model_location to calculate the
relative distance.

Computes inplace.






	
copy()

	create a deep copy of the MTStations object.


Note

At the moment this is very slow because it is making a lot
of deep copies.  Use sparingly.




	Returns:

	deep copy of MTStation object



	Return type:

	mtpy.core.mt_stations.MTStations










	
property datum_crs

	Datum CRS object
:rtype: pyproj.CRS


	Type:

	return










	
property datum_epsg

	Datum EPSG number
:rtype: int


	Type:

	return










	
property datum_name

	Datum well known name
:rtype: str


	Type:

	return










	
generate_profile(units='deg')

	Estimate a profile from the data
:return: DESCRIPTION
:rtype: TYPE






	
generate_profile_from_strike(strike, units='deg')

	Estimate a profile line from a given geoelectric strike


	Parameters:

	units (TYPE, optional) – DESCRIPTION, defaults to “deg”



	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
property model_epsg

	model epsg number from the model_crs object
:rtype: int


	Type:

	return










	
project_stations_on_topography(model_object, air_resistivity=1000000000000.0, sea_resistivity=0.3, ocean_bottom=False)

	Project stations on topography of a given model


	Parameters:

	
	model_obj (mtpy.modeling.modem.Model) – mtpy.modeling.modem.Model object of the model


	air_resistivity (float) – resistivity value of air cells in the model


	sea_resistivity (float) – resistivity of sea


	ocean_bottom (boolean) – If True places stations at bottom of sea cells








Recaluclates rel_elev






	
rotate_stations(rotation_angle)

	Rotate stations model postions only assuming N is 0 and east is 90.


Note

Computes in place and rotates according to already set
rotation angle.  Therefore if the station locations have already been
rotated the function will rotate the already rotate stations.  For
example if you rotate the stations 15 degrees, then again by 20 degrees
the resulting station locations will be 35 degrees rotated from the
original locations.




	Parameters:

	rotation_angle (float) – rotation angle in degrees assuming N=0, E=90.
Positive clockwise.










	
property station_locations

	Dataframe of station location information
:rtype: pandas.DataFrame


	Type:

	return










	
to_csv(csv_fn, geometry=False)

	Write a shape file of the station locations using geopandas which only takes
in epsg numbers


	Parameters:

	csv_fn (string) – full path to new shapefile










	
to_geopd()

	create a geopandas dataframe


	Returns:

	Geopandas DataFrame with points from latitude and longitude



	Return type:

	geopandas.DataFrame










	
to_shp(shp_fn)

	Write a shape file of the station locations using geopandas which only takes
in epsg numbers


	Parameters:

	shp_fn (string) – full path to new shapefile










	
to_vtk(vtk_fn=None, vtk_save_path=None, vtk_fn_basename='ModEM_stations', geographic=False, shift_east=0, shift_north=0, shift_elev=0, units='km', coordinate_system='nez+')

	
	Parameters:

	
	vtk_save_path (string or Path, optional) – directory to save vtk file to, defaults to None


	vtk_fn_basename – filename basename of vtk file, note that .vtr








extension is automatically added, defaults to “ModEM_stations”
:type vtk_fn_basename: string, optional
:param geographic: If true puts the grid on geographic coordinates based
on the model_utm_zone, defaults to False
:type geographic: boolean, optional
:param shift_east: shift in east directions in meters, defaults to 0
:type shift_east: float, optional
:param shift_north: shift in north direction in meters, defaults to 0
:type shift_north: float, optional
:param shift_elev: shift in elevation + down in meters, defaults to 0
:type shift_elev: float, optional
:param units: Units of the spatial grid [ km | m | ft ], defaults to “km”
:type units: string, optional
:type : string
:param coordinate_system: coordinate system for the station, either the
normal MT right-hand coordinate system with z+ down or the sinister
z- down [ nez+ | enz- ], defaults to nez+
:return: full path to VTK file
:rtype: Path

Write VTK file
>>> md.write_vtk_station_file(vtk_fn_basename=”modem_stations”)

Write VTK file in geographic coordinates
>>> md.write_vtk_station_file(vtk_fn_basename=”modem_stations”,
>>> …                       geographic=True)

Write VTK file in geographic coordinates with z+ up
>>> md.write_vtk_station_file(vtk_fn_basename=”modem_stations”,
>>> …                       geographic=True,
>>> …                       coordinate_system=’enz-‘)






	
property utm_crs

	UTM CRS object
:rtype: pyproj.CRS


	Type:

	return










	
property utm_epsg

	UTM EPSG number
:rtype: int


	Type:

	return










	
property utm_name

	UTM CRS name
:rtype: string


	Type:

	return










	
property utm_zone

	UTM Zone number
:rtype: str


	Type:

	return














	
class mtpy.core.PhaseTensor(z=None, z_error=None, z_model_error=None, frequency=None, pt=None, pt_error=None, pt_model_error=None)

	Bases: TFBase

PhaseTensor class - generates a Phase Tensor (phase tensor) object.

Methods  include reading and writing from and to edi-objects, rotations
combinations of Z instances, as well as
calculation of invariants, inverse, amplitude/phase,…

phase tensor is a complex array of the form (n_freq, 2, 2),
with indices in the following order:



	phase tensor_xx: (0,0)


	phase tensor_xy: (0,1)


	phase tensor_yx: (1,0)


	phase tensor_yy: (1,1)







All internal methods are based on (Caldwell et al.,2004) and
(Bibby et al.,2005), in which they use the canonical cartesian 2D
reference (x1, x2). However, all components, coordinates,
and angles for in- and outputs are given in the geographical
reference frame:



	x-axis = North


	y-axis = East


	z-axis = Down







Therefore, all results from using those methods are consistent
(angles are referenced from North rather than x1).


	
property alpha

	Principal axis angle (strike) of phase tensor in degrees






	
property alpha_error

	Principal axis angle error of phase tensor in degrees






	
property alpha_model_error

	Principal axis angle model error of phase tensor in degrees






	
property azimuth

	Azimuth angle related to geoelectric strike in degrees






	
property azimuth_error

	Azimuth angle error related to geoelectric strike in degrees






	
property azimuth_model_error

	Azimuth angle model error related to geoelectric strike in degrees






	
property beta

	3D-dimensionality angle Beta (invariant) of phase tensor in degrees






	
property beta_error

	3D-dimensionality angle error Beta of phase tensor in degrees






	
property beta_model_error

	3D-dimensionality angle model error Beta of phase tensor in degrees






	
property det

	Determinant of phase tensor






	
property det_error

	Determinant error of phase tensor






	
property det_model_error

	Determinant model erro of phase tensor






	
property eccentricity

	eccentricty estimation of dimensionality






	
property eccentricity_error

	Error in eccentricity estimation






	
property eccentricity_model_error

	Error in eccentricity estimation






	
property ellipticity

	Ellipticity of the phase tensor, related to dimesionality






	
property ellipticity_error

	Ellipticity error of the phase tensor, related to dimesionality






	
property ellipticity_model_error

	Ellipticity model error of the phase tensor, related to dimesionality






	
property only1d

	Return phase tensor in 1D form.

If phase tensor is not 1D per se, the diagonal elements are set to zero,
the off-diagonal elements keep their signs, but their absolute is
set to the mean of the original phase tensor off-diagonal absolutes.






	
property only2d

	Return phase tensor in 2D form.

If phase tensor is not 2D per se, the diagonal elements are set to zero.






	
property phimax

	Maximum phase calculated according to Bibby et al. 2005:

Phi_max = Pi2 + Pi1






	
property phimax_error

	Maximum phase error






	
property phimax_model_error

	Maximum phase model error






	
property phimin

	minimum phase calculated according to Bibby et al. 2005:

Phi_min = Pi2 - Pi1






	
property phimin_error

	minimum phase error






	
property phimin_model_error

	minimum phase model error






	
property pt

	Phase tensor array






	
property pt_error

	Phase tensor error






	
property pt_model_error

	Phase tensor model error






	
property skew

	3D-dimensionality skew angle of phase tensor in degrees






	
property skew_error

	3D-dimensionality skew angle error of phase tensor in degrees






	
property skew_model_error

	3D-dimensionality skew angle model error of phase tensor in degrees






	
property trace

	Trace of phase tensor






	
property trace_error

	Trace error of phase tensor






	
property trace_model_error

	Trace model error of phase tensor










	
class mtpy.core.Tipper(tipper=None, tipper_error=None, frequency=None, tipper_model_error=None)

	Bases: TFBase

Tipper class –> generates a Tipper-object.

Errors are given as standard deviations (sqrt(VAR))


	Parameters:

	
	tipper (np.ndarray((nf, 1, 2), dtype='complex')) – tipper array in the shape of [Tx, Ty]
default is None


	tipper_error (np.ndarray((nf, 1, 2))) – array of estimated tipper errors
in the shape of [Tx, Ty].
Must be the same shape as tipper.
default is None


	frequency (np.ndarray(nf)) – array of frequencyuencies corresponding to the tipper elements.
Must be same length as tipper.
default is None










	Attributes

	Description





	frequency

	array of frequencyuencies corresponding to elements of z



	rotation_angle

	angle of which data is rotated by



	tipper

	tipper array



	tipper_error

	tipper error array








	Methods

	Description





	mag_direction

	computes magnitude and direction of real and imaginary
induction arrows.



	amp_phase

	computes amplitude and phase of Tx and Ty.



	rotate

	rotates the data by the given angle







	
property amplitude

	




	
property amplitude_error

	




	
property amplitude_model_error

	




	
property angle_error

	




	
property angle_imag

	




	
property angle_model_error

	




	
property angle_real

	




	
property mag_error

	




	
property mag_imag

	




	
property mag_model_error

	




	
property mag_real

	




	
property phase

	




	
property phase_error

	




	
property phase_model_error

	




	
set_amp_phase(r, phi)

	Set values for amplitude(r) and argument (phi - in degrees).


	Updates the attributes:
	
	tipper


	tipper_error













	
set_mag_direction(mag_real, ang_real, mag_imag, ang_imag)

	computes the tipper from the magnitude and direction of the real
and imaginary components.

Updates tipper

No error propagation yet






	
property tipper

	




	
property tipper_error

	




	
property tipper_model_error

	








	
class mtpy.core.Z(z=None, z_error=None, frequency=None, z_model_error=None)

	Bases: TFBase

Z class - generates an impedance tensor (Z) object.

Z is a complex array of the form (n_frequency, 2, 2),
with indices in the following order:



	Zxx: (0,0)


	Zxy: (0,1)


	Zyx: (1,0)


	Zyy: (1,1)







All errors are given as standard deviations (sqrt(VAR))


	Parameters:

	
	z (numpy.ndarray(n_frequency, 2, 2)) – array containing complex impedance values


	z_error (numpy.ndarray(n_frequency, 2, 2)) – array containing error values (standard deviation)
of impedance tensor elements


	frequency (np.ndarray(n_frequency)) – array of frequencyuency values corresponding to impedance
tensor elements.









Create Impedance from scracth

>>> import mtpy.core import Z
>>> import numpy as np
>>> z_test = np.array([[0+0j, 1+1j], [-1-1j, 0+0j]])
>>> z_object = Z(z=z_test, frequency=[1])
>>> z_object.rotate(45)
>>> z_object.resistivity







Create from resistivity and phase

>>> z_object = Z()
>>> z_object.set_resistivity_phase(
    np.array([[5, 100], [100, 5]]),
    np.array([[90, 45], [-135, -90]]),
    np.array([1])
    )
>>> z_object.z
array([[[ 3.06161700e-16 +5.j, 1.58113883e+01+15.8113883j],
        [-1.58113883e+01-15.8113883j, 3.06161700e-16 -5.j ]]])






	
property det

	determinant of impedance






	
property det_error

	Return the determinant of impedance error






	
property det_model_error

	Return the determinant of impedance model error






	
estimate_depth_of_investigation()

	estimate depth of investigation


	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
estimate_dimensionality(skew_threshold=5, eccentricity_threshold=0.1)

	Estimate dimensionality of the impedance tensor from parameters such
as strike and phase tensor eccentricity


	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
estimate_distortion(n_frequencies=None, comp='det', only_2d=False)

	
	Parameters:

	
	n_frequencies (TYPE, optional) – DESCRIPTION, defaults to 20


	comp (TYPE, optional) – DESCRIPTION, defaults to “det”








:param : DESCRIPTION
:type : TYPE
:return: DESCRIPTION
:rtype: TYPE






	
property invariants

	Weaver Invariants






	
property phase

	phase of impedance






	
property phase_det

	phase determinant






	
property phase_error

	phase error of impedance

Uncertainty in phase (in degrees) is computed by defining a circle around
the z vector in the complex plane. The uncertainty is the absolute angle
between the vector to (x,y) and the vector between the origin and the
tangent to the circle.






	
property phase_error_det

	phase error determinant






	
property phase_error_xx

	phase error of xx component






	
property phase_error_xy

	phase error of xy component






	
property phase_error_yx

	phase error of yx component






	
property phase_error_yy

	phase error of yy component






	
property phase_model_error

	phase model error of impedance






	
property phase_model_error_det

	phase model error determinant






	
property phase_model_error_xx

	phase model error of xx component






	
property phase_model_error_xy

	phase model error of xy component






	
property phase_model_error_yx

	phase model error of yx component






	
property phase_model_error_yy

	phase model error of yy component






	
property phase_tensor

	Phase tensor object based on impedance






	
property phase_xx

	phase of xx component






	
property phase_xy

	phase of xy component






	
property phase_yx

	phase of yx component






	
property phase_yy

	phase of yy component






	
remove_distortion(distortion_tensor=None, distortion_error_tensor=None, n_frequencies=None, comp='det', only_2d=False, inplace=False)

	Remove distortion D form an observed impedance tensor Z to obtain
the uperturbed “correct” Z0:
Z = D * Z0

Propagation of errors/uncertainties included


	Parameters:

	
	distortion_tensor (np.ndarray(2, 2, dtype=real)) – real distortion tensor as a 2x2


	distortion_error_tensor (np.ndarray(2, 2, dtype=real),) – default is None


	inplace (boolean) – Update the current object or return a new impedance






	Returns:

	input distortion tensor



	Return type:

	np.ndarray(2, 2, dtype=’real’)



	Returns:

	impedance tensor with distorion removed



	Return type:

	np.ndarray(num_frequency, 2, 2, dtype=’complex’)



	Returns:

	impedance tensor error after distortion is removed



	Return type:

	np.ndarray(num_frequency, 2, 2, dtype=’complex’)



	Example:

	>>> distortion = np.array([[1.2, .5],[.35, 2.1]])
>>> d, new_z, new_z_error = z_obj.remove_distortion(distortion)














	
remove_ss(reduce_res_factor_x=1.0, reduce_res_factor_y=1.0, inplace=False)

	Remove the static shift by providing the respective correction factors
for the resistivity in the x and y components.
(Factors can be determined by using the “Analysis” module for the
impedance tensor)

Assume the original observed tensor Z is built by a static shift S
and an unperturbated “correct” Z0 :



	Z = S * Z0








	therefore the correct Z will be :
	
	Z0 = S^(-1) * Z









	Parameters:

	
	reduce_res_factor_x (float or iterable list or array) – static shift factor to be applied to x
components (ie z[:, 0, :]).  This is assumed to be in resistivity scale


	reduce_res_factor_y (float or iterable list or array) – static shift factor to be applied to y
components (ie z[:, 1, :]).  This is assumed to be in resistivity scale


	inplace (boolean) – Update the current object or return a new impedance






	Returns:

	static shift matrix,



	Return type:

	np.ndarray ((2, 2))



	Returns:

	corrected Z if inplace is False



	Return type:

	mtpy.core.z.Z






Note

The factors are in resistivity scale, so the entries of the
matrix “S” need to be given by their square-roots!








	
property res_det

	resistivity determinant






	
property res_error_det

	resistivity error determinant






	
property res_error_xx

	resistivity error of xx component






	
property res_error_xy

	resistivity error of xy component






	
property res_error_yx

	resistivity error of yx component






	
property res_error_yy

	resistivity error of yy component






	
property res_model_error_det

	resistivity model error determinant






	
property res_model_error_xx

	resistivity model error of xx component






	
property res_model_error_xy

	resistivity model error of xy component






	
property res_model_error_yx

	resistivity model error of yx component






	
property res_model_error_yy

	resistivity model error of yy component






	
property res_xx

	resistivity of xx component






	
property res_xy

	resistivity of xy component






	
property res_yx

	resistivity of yx component






	
property res_yy

	resistivity of yy component






	
property resistivity

	resistivity of impedance






	
property resistivity_error

	resistivity error of impedance

By standard error propagation, relative error in resistivity is
2*relative error in z amplitude.






	
property resistivity_model_error

	resistivity model error of impedance






	
set_resistivity_phase(resistivity, phase, frequency, res_error=None, phase_error=None, res_model_error=None, phase_model_error=None)

	Set values for resistivity (res - in Ohm m) and phase
(phase - in degrees), including error propagation.


	Parameters:

	
	resistivity (np.ndarray(num_frequency, 2, 2)) – resistivity array in Ohm-m


	phase (np.ndarray(num_frequency, 2, 2)) – phase array in degrees


	frequency (np.ndarray(num_frequency)) – frequency array in Hz


	res_error (np.ndarray(num_frequency, 2, 2)) – resistivity error array in Ohm-m


	phase_error (np.ndarray(num_frequency, 2, 2)) – phase error array in degrees









Note

The error propogation is causal, meaning the apparent
resistivity error and phase error are linked through a Taylor exampsion
approximation where the phase error is estimated from the apparent
resistivity error.  Therefore if you set the phase error
you will likely not get back the same phase error.








	
property z

	Impedance tensor

np.ndarray(nfrequency, 2, 2)






	
property z_error

	error of impedance tensor array as standard deviation






	
property z_model_error

	model error of impedance tensor array as standard deviation
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mtpy.core.transfer_function package


Subpackages



	mtpy.core.transfer_function.z_analysis package
	Submodules

	mtpy.core.transfer_function.z_analysis.distortion module
	find_distortion()

	remove_distortion_from_z_object()





	mtpy.core.transfer_function.z_analysis.niblettbostick module
	calculate_depth_of_investigation()

	calculate_depth_sensitivity()

	calculate_niblett_bostick_depth()

	calculate_niblett_bostick_resistivity_derivatives()

	calculate_niblett_bostick_resistivity_weidelt()





	mtpy.core.transfer_function.z_analysis.zinvariants module
	ZInvariants
	ZInvariants.anisotropic_imag

	ZInvariants.anisotropic_real

	ZInvariants.dimensionality

	ZInvariants.electric_twist

	ZInvariants.has_impedance()

	ZInvariants.normalizing_imag

	ZInvariants.normalizing_real

	ZInvariants.phase_distortion

	ZInvariants.strike

	ZInvariants.strike_error

	ZInvariants.structure_3d









	Module contents
	ZInvariants
	ZInvariants.anisotropic_imag

	ZInvariants.anisotropic_real

	ZInvariants.dimensionality

	ZInvariants.electric_twist

	ZInvariants.has_impedance()

	ZInvariants.normalizing_imag

	ZInvariants.normalizing_real

	ZInvariants.phase_distortion

	ZInvariants.strike

	ZInvariants.strike_error

	ZInvariants.structure_3d





	calculate_depth_of_investigation()

	find_distortion()

	remove_distortion_from_z_object()















Submodules



mtpy.core.transfer_function.base module


	Updated 11/2020 for logging and formating (J. Peacock).
	
	ToDo: add functionality for covariance matrix









	
class mtpy.core.transfer_function.base.TFBase(tf=None, tf_error=None, frequency=None, tf_model_error=None, **kwargs)

	Bases: object

Generic transfer function object that uses xarray as its base container
for the data.


	
property comps

	




	
copy()

	




	
property frequency

	frequencyuencies for each impedance tensor element

Units are Hz.






	
from_dataframe(dataframe)

	fill from a pandas dataframe with the appropriate columns


	Parameters:

	dataframe (TYPE) – DESCRIPTION



	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
from_xarray(dataset)

	fill from an xarray dataset


	Parameters:

	dataset (TYPE) – DESCRIPTION



	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
interpolate(new_periods, inplace=False, method='slinear', na_method='pchip', log_space=False, extrapolate=False, **kwargs)

	interpolate onto a new period range.  The way this works is that NaNs
are first interpolated using method na_method along the original
period map. This allows us to use xarray tools for interpolation. If we
drop NaNs using xarray it drops each column or row that has a single
NaN and removes way too much data. Therefore interpolating NaNs first
keeps most of the data.  Then a 1D interpolation is done for the
new_periods using method method.

‘pchip’ seems to work best when using xr.interpolate_na

Set log_space=True if the object being interpolated is in log space,
like impedance. It seems that functions that are naturally in log-space
cause issues with the interpolators so taking the log of the function
seems to produce better results.


	Parameters:

	
	new_periods (np.ndarray, list) – new periods to interpolate on to


	inplace (bool, optional) – Interpolate inplace, defaults to False


	method (string, optional) – method for 1D linear interpolation options are
[“linear”, “nearest”, “zero”, “slinear”, “quadratic”, “cubic”],
defaults to “slinear”


	na_method (string, optional) – method to interpolate NaNs along original periods
options are {“linear”, “nearest”, “zero”, “slinear”, “quadratic”,
“cubic”, “polynomial”, “barycentric”, “krogh”, “pchip”, “spline”,
“akima”}, defaults to “pchip”


	log_space (bool, optional) – Set to true if function is naturally logarithmic,
defaults to False


	extrapolate (bool) – extrapolate past original period range, default is
False. If set to True be careful cause the values are not great.


	**kwargs – keyword args passed to interpolation methods








	Returns:

	interpolated object



	Return type:

	mtpy.core.transfer_fuction.base.TFBase






See also

xarray.DataArray.interpolate_na and
xarray.DataArray.interp








	
property inverse

	Return the inverse of transfer function.

(no error propagtaion included yet)






	
property n_periods

	




	
property period

	periods in seconds






	
rotate(alpha, inplace=False)

	Rotate transfer function array by angle alpha.

Rotation angle must be given in degrees. All angles are referenced
to geographic North, positive in clockwise direction.
(Mathematically negative!)

In non-rotated state, X refs to North and Y to East direction.






	
to_dataframe()

	Return a pandas dataframe with the appropriate columns as a single
index, or multi-index?


	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
to_xarray()

	To an xarray dataset


	Returns:

	DESCRIPTION



	Return type:

	TYPE















mtpy.core.transfer_function.pt module


Phase Tensor

Following Caldwell et al, 2004

Originally written by Stephan Thiel in Matlab
translated to Python by Lars Krieger

Revised by J. Peacock 2022 to fit with version 2.



	
class mtpy.core.transfer_function.pt.PhaseTensor(z=None, z_error=None, z_model_error=None, frequency=None, pt=None, pt_error=None, pt_model_error=None)

	Bases: TFBase

PhaseTensor class - generates a Phase Tensor (phase tensor) object.

Methods  include reading and writing from and to edi-objects, rotations
combinations of Z instances, as well as
calculation of invariants, inverse, amplitude/phase,…

phase tensor is a complex array of the form (n_freq, 2, 2),
with indices in the following order:



	phase tensor_xx: (0,0)


	phase tensor_xy: (0,1)


	phase tensor_yx: (1,0)


	phase tensor_yy: (1,1)







All internal methods are based on (Caldwell et al.,2004) and
(Bibby et al.,2005), in which they use the canonical cartesian 2D
reference (x1, x2). However, all components, coordinates,
and angles for in- and outputs are given in the geographical
reference frame:



	x-axis = North


	y-axis = East


	z-axis = Down







Therefore, all results from using those methods are consistent
(angles are referenced from North rather than x1).


	
property alpha

	Principal axis angle (strike) of phase tensor in degrees






	
property alpha_error

	Principal axis angle error of phase tensor in degrees






	
property alpha_model_error

	Principal axis angle model error of phase tensor in degrees






	
property azimuth

	Azimuth angle related to geoelectric strike in degrees






	
property azimuth_error

	Azimuth angle error related to geoelectric strike in degrees






	
property azimuth_model_error

	Azimuth angle model error related to geoelectric strike in degrees






	
property beta

	3D-dimensionality angle Beta (invariant) of phase tensor in degrees






	
property beta_error

	3D-dimensionality angle error Beta of phase tensor in degrees






	
property beta_model_error

	3D-dimensionality angle model error Beta of phase tensor in degrees






	
property det

	Determinant of phase tensor






	
property det_error

	Determinant error of phase tensor






	
property det_model_error

	Determinant model erro of phase tensor






	
property eccentricity

	eccentricty estimation of dimensionality






	
property eccentricity_error

	Error in eccentricity estimation






	
property eccentricity_model_error

	Error in eccentricity estimation






	
property ellipticity

	Ellipticity of the phase tensor, related to dimesionality






	
property ellipticity_error

	Ellipticity error of the phase tensor, related to dimesionality






	
property ellipticity_model_error

	Ellipticity model error of the phase tensor, related to dimesionality






	
property only1d

	Return phase tensor in 1D form.

If phase tensor is not 1D per se, the diagonal elements are set to zero,
the off-diagonal elements keep their signs, but their absolute is
set to the mean of the original phase tensor off-diagonal absolutes.






	
property only2d

	Return phase tensor in 2D form.

If phase tensor is not 2D per se, the diagonal elements are set to zero.






	
property phimax

	Maximum phase calculated according to Bibby et al. 2005:

Phi_max = Pi2 + Pi1






	
property phimax_error

	Maximum phase error






	
property phimax_model_error

	Maximum phase model error






	
property phimin

	minimum phase calculated according to Bibby et al. 2005:

Phi_min = Pi2 - Pi1






	
property phimin_error

	minimum phase error






	
property phimin_model_error

	minimum phase model error






	
property pt

	Phase tensor array






	
property pt_error

	Phase tensor error






	
property pt_model_error

	Phase tensor model error






	
property skew

	3D-dimensionality skew angle of phase tensor in degrees






	
property skew_error

	3D-dimensionality skew angle error of phase tensor in degrees






	
property skew_model_error

	3D-dimensionality skew angle model error of phase tensor in degrees






	
property trace

	Trace of phase tensor






	
property trace_error

	Trace error of phase tensor






	
property trace_model_error

	Trace model error of phase tensor











mtpy.core.transfer_function.tipper module

Created on Fri Oct  7 23:25:57 2022

@author: jpeacock


	
class mtpy.core.transfer_function.tipper.Tipper(tipper=None, tipper_error=None, frequency=None, tipper_model_error=None)

	Bases: TFBase

Tipper class –> generates a Tipper-object.

Errors are given as standard deviations (sqrt(VAR))


	Parameters:

	
	tipper (np.ndarray((nf, 1, 2), dtype='complex')) – tipper array in the shape of [Tx, Ty]
default is None


	tipper_error (np.ndarray((nf, 1, 2))) – array of estimated tipper errors
in the shape of [Tx, Ty].
Must be the same shape as tipper.
default is None


	frequency (np.ndarray(nf)) – array of frequencyuencies corresponding to the tipper elements.
Must be same length as tipper.
default is None










	Attributes

	Description





	frequency

	array of frequencyuencies corresponding to elements of z



	rotation_angle

	angle of which data is rotated by



	tipper

	tipper array



	tipper_error

	tipper error array








	Methods

	Description





	mag_direction

	computes magnitude and direction of real and imaginary
induction arrows.



	amp_phase

	computes amplitude and phase of Tx and Ty.



	rotate

	rotates the data by the given angle







	
property amplitude

	




	
property amplitude_error

	




	
property amplitude_model_error

	




	
property angle_error

	




	
property angle_imag

	




	
property angle_model_error

	




	
property angle_real

	




	
property mag_error

	




	
property mag_imag

	




	
property mag_model_error

	




	
property mag_real

	




	
property phase

	




	
property phase_error

	




	
property phase_model_error

	




	
set_amp_phase(r, phi)

	Set values for amplitude(r) and argument (phi - in degrees).


	Updates the attributes:
	
	tipper


	tipper_error













	
set_mag_direction(mag_real, ang_real, mag_imag, ang_imag)

	computes the tipper from the magnitude and direction of the real
and imaginary components.

Updates tipper

No error propagation yet






	
property tipper

	




	
property tipper_error

	




	
property tipper_model_error

	









mtpy.core.transfer_function.z module


Z

Container for the Impedance Tensor

Originally written by Jared Peacock Lars Krieger
Updated 2022 by J. Peacock to work with new framework



	
class mtpy.core.transfer_function.z.Z(z=None, z_error=None, frequency=None, z_model_error=None)

	Bases: TFBase

Z class - generates an impedance tensor (Z) object.

Z is a complex array of the form (n_frequency, 2, 2),
with indices in the following order:



	Zxx: (0,0)


	Zxy: (0,1)


	Zyx: (1,0)


	Zyy: (1,1)







All errors are given as standard deviations (sqrt(VAR))


	Parameters:

	
	z (numpy.ndarray(n_frequency, 2, 2)) – array containing complex impedance values


	z_error (numpy.ndarray(n_frequency, 2, 2)) – array containing error values (standard deviation)
of impedance tensor elements


	frequency (np.ndarray(n_frequency)) – array of frequencyuency values corresponding to impedance
tensor elements.









Create Impedance from scracth

>>> import mtpy.core import Z
>>> import numpy as np
>>> z_test = np.array([[0+0j, 1+1j], [-1-1j, 0+0j]])
>>> z_object = Z(z=z_test, frequency=[1])
>>> z_object.rotate(45)
>>> z_object.resistivity







Create from resistivity and phase

>>> z_object = Z()
>>> z_object.set_resistivity_phase(
    np.array([[5, 100], [100, 5]]),
    np.array([[90, 45], [-135, -90]]),
    np.array([1])
    )
>>> z_object.z
array([[[ 3.06161700e-16 +5.j, 1.58113883e+01+15.8113883j],
        [-1.58113883e+01-15.8113883j, 3.06161700e-16 -5.j ]]])






	
property det

	determinant of impedance






	
property det_error

	Return the determinant of impedance error






	
property det_model_error

	Return the determinant of impedance model error






	
estimate_depth_of_investigation()

	estimate depth of investigation


	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
estimate_dimensionality(skew_threshold=5, eccentricity_threshold=0.1)

	Estimate dimensionality of the impedance tensor from parameters such
as strike and phase tensor eccentricity


	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
estimate_distortion(n_frequencies=None, comp='det', only_2d=False)

	
	Parameters:

	
	n_frequencies (TYPE, optional) – DESCRIPTION, defaults to 20


	comp (TYPE, optional) – DESCRIPTION, defaults to “det”








:param : DESCRIPTION
:type : TYPE
:return: DESCRIPTION
:rtype: TYPE






	
property invariants

	Weaver Invariants






	
property phase

	phase of impedance






	
property phase_det

	phase determinant






	
property phase_error

	phase error of impedance

Uncertainty in phase (in degrees) is computed by defining a circle around
the z vector in the complex plane. The uncertainty is the absolute angle
between the vector to (x,y) and the vector between the origin and the
tangent to the circle.






	
property phase_error_det

	phase error determinant






	
property phase_error_xx

	phase error of xx component






	
property phase_error_xy

	phase error of xy component






	
property phase_error_yx

	phase error of yx component






	
property phase_error_yy

	phase error of yy component






	
property phase_model_error

	phase model error of impedance






	
property phase_model_error_det

	phase model error determinant






	
property phase_model_error_xx

	phase model error of xx component






	
property phase_model_error_xy

	phase model error of xy component






	
property phase_model_error_yx

	phase model error of yx component






	
property phase_model_error_yy

	phase model error of yy component






	
property phase_tensor

	Phase tensor object based on impedance






	
property phase_xx

	phase of xx component






	
property phase_xy

	phase of xy component






	
property phase_yx

	phase of yx component






	
property phase_yy

	phase of yy component






	
remove_distortion(distortion_tensor=None, distortion_error_tensor=None, n_frequencies=None, comp='det', only_2d=False, inplace=False)

	Remove distortion D form an observed impedance tensor Z to obtain
the uperturbed “correct” Z0:
Z = D * Z0

Propagation of errors/uncertainties included


	Parameters:

	
	distortion_tensor (np.ndarray(2, 2, dtype=real)) – real distortion tensor as a 2x2


	distortion_error_tensor (np.ndarray(2, 2, dtype=real),) – default is None


	inplace (boolean) – Update the current object or return a new impedance






	Returns:

	input distortion tensor



	Return type:

	np.ndarray(2, 2, dtype=’real’)



	Returns:

	impedance tensor with distorion removed



	Return type:

	np.ndarray(num_frequency, 2, 2, dtype=’complex’)



	Returns:

	impedance tensor error after distortion is removed



	Return type:

	np.ndarray(num_frequency, 2, 2, dtype=’complex’)



	Example:

	>>> distortion = np.array([[1.2, .5],[.35, 2.1]])
>>> d, new_z, new_z_error = z_obj.remove_distortion(distortion)














	
remove_ss(reduce_res_factor_x=1.0, reduce_res_factor_y=1.0, inplace=False)

	Remove the static shift by providing the respective correction factors
for the resistivity in the x and y components.
(Factors can be determined by using the “Analysis” module for the
impedance tensor)

Assume the original observed tensor Z is built by a static shift S
and an unperturbated “correct” Z0 :



	Z = S * Z0








	therefore the correct Z will be :
	
	Z0 = S^(-1) * Z









	Parameters:

	
	reduce_res_factor_x (float or iterable list or array) – static shift factor to be applied to x
components (ie z[:, 0, :]).  This is assumed to be in resistivity scale


	reduce_res_factor_y (float or iterable list or array) – static shift factor to be applied to y
components (ie z[:, 1, :]).  This is assumed to be in resistivity scale


	inplace (boolean) – Update the current object or return a new impedance






	Returns:

	static shift matrix,



	Return type:

	np.ndarray ((2, 2))



	Returns:

	corrected Z if inplace is False



	Return type:

	mtpy.core.z.Z






Note

The factors are in resistivity scale, so the entries of the
matrix “S” need to be given by their square-roots!








	
property res_det

	resistivity determinant






	
property res_error_det

	resistivity error determinant






	
property res_error_xx

	resistivity error of xx component






	
property res_error_xy

	resistivity error of xy component






	
property res_error_yx

	resistivity error of yx component






	
property res_error_yy

	resistivity error of yy component






	
property res_model_error_det

	resistivity model error determinant






	
property res_model_error_xx

	resistivity model error of xx component






	
property res_model_error_xy

	resistivity model error of xy component






	
property res_model_error_yx

	resistivity model error of yx component






	
property res_model_error_yy

	resistivity model error of yy component






	
property res_xx

	resistivity of xx component






	
property res_xy

	resistivity of xy component






	
property res_yx

	resistivity of yx component






	
property res_yy

	resistivity of yy component






	
property resistivity

	resistivity of impedance






	
property resistivity_error

	resistivity error of impedance

By standard error propagation, relative error in resistivity is
2*relative error in z amplitude.






	
property resistivity_model_error

	resistivity model error of impedance






	
set_resistivity_phase(resistivity, phase, frequency, res_error=None, phase_error=None, res_model_error=None, phase_model_error=None)

	Set values for resistivity (res - in Ohm m) and phase
(phase - in degrees), including error propagation.


	Parameters:

	
	resistivity (np.ndarray(num_frequency, 2, 2)) – resistivity array in Ohm-m


	phase (np.ndarray(num_frequency, 2, 2)) – phase array in degrees


	frequency (np.ndarray(num_frequency)) – frequency array in Hz


	res_error (np.ndarray(num_frequency, 2, 2)) – resistivity error array in Ohm-m


	phase_error (np.ndarray(num_frequency, 2, 2)) – phase error array in degrees









Note

The error propogation is causal, meaning the apparent
resistivity error and phase error are linked through a Taylor exampsion
approximation where the phase error is estimated from the apparent
resistivity error.  Therefore if you set the phase error
you will likely not get back the same phase error.








	
property z

	Impedance tensor

np.ndarray(nfrequency, 2, 2)






	
property z_error

	error of impedance tensor array as standard deviation






	
property z_model_error

	model error of impedance tensor array as standard deviation












Module contents


	
class mtpy.core.transfer_function.PhaseTensor(z=None, z_error=None, z_model_error=None, frequency=None, pt=None, pt_error=None, pt_model_error=None)

	Bases: TFBase

PhaseTensor class - generates a Phase Tensor (phase tensor) object.

Methods  include reading and writing from and to edi-objects, rotations
combinations of Z instances, as well as
calculation of invariants, inverse, amplitude/phase,…

phase tensor is a complex array of the form (n_freq, 2, 2),
with indices in the following order:



	phase tensor_xx: (0,0)


	phase tensor_xy: (0,1)


	phase tensor_yx: (1,0)


	phase tensor_yy: (1,1)







All internal methods are based on (Caldwell et al.,2004) and
(Bibby et al.,2005), in which they use the canonical cartesian 2D
reference (x1, x2). However, all components, coordinates,
and angles for in- and outputs are given in the geographical
reference frame:



	x-axis = North


	y-axis = East


	z-axis = Down







Therefore, all results from using those methods are consistent
(angles are referenced from North rather than x1).


	
property alpha

	Principal axis angle (strike) of phase tensor in degrees






	
property alpha_error

	Principal axis angle error of phase tensor in degrees






	
property alpha_model_error

	Principal axis angle model error of phase tensor in degrees






	
property azimuth

	Azimuth angle related to geoelectric strike in degrees






	
property azimuth_error

	Azimuth angle error related to geoelectric strike in degrees






	
property azimuth_model_error

	Azimuth angle model error related to geoelectric strike in degrees






	
property beta

	3D-dimensionality angle Beta (invariant) of phase tensor in degrees






	
property beta_error

	3D-dimensionality angle error Beta of phase tensor in degrees






	
property beta_model_error

	3D-dimensionality angle model error Beta of phase tensor in degrees






	
property det

	Determinant of phase tensor






	
property det_error

	Determinant error of phase tensor






	
property det_model_error

	Determinant model erro of phase tensor






	
property eccentricity

	eccentricty estimation of dimensionality






	
property eccentricity_error

	Error in eccentricity estimation






	
property eccentricity_model_error

	Error in eccentricity estimation






	
property ellipticity

	Ellipticity of the phase tensor, related to dimesionality






	
property ellipticity_error

	Ellipticity error of the phase tensor, related to dimesionality






	
property ellipticity_model_error

	Ellipticity model error of the phase tensor, related to dimesionality






	
property only1d

	Return phase tensor in 1D form.

If phase tensor is not 1D per se, the diagonal elements are set to zero,
the off-diagonal elements keep their signs, but their absolute is
set to the mean of the original phase tensor off-diagonal absolutes.






	
property only2d

	Return phase tensor in 2D form.

If phase tensor is not 2D per se, the diagonal elements are set to zero.






	
property phimax

	Maximum phase calculated according to Bibby et al. 2005:

Phi_max = Pi2 + Pi1






	
property phimax_error

	Maximum phase error






	
property phimax_model_error

	Maximum phase model error






	
property phimin

	minimum phase calculated according to Bibby et al. 2005:

Phi_min = Pi2 - Pi1






	
property phimin_error

	minimum phase error






	
property phimin_model_error

	minimum phase model error






	
property pt

	Phase tensor array






	
property pt_error

	Phase tensor error






	
property pt_model_error

	Phase tensor model error






	
property skew

	3D-dimensionality skew angle of phase tensor in degrees






	
property skew_error

	3D-dimensionality skew angle error of phase tensor in degrees






	
property skew_model_error

	3D-dimensionality skew angle model error of phase tensor in degrees






	
property trace

	Trace of phase tensor






	
property trace_error

	Trace error of phase tensor






	
property trace_model_error

	Trace model error of phase tensor










	
class mtpy.core.transfer_function.Tipper(tipper=None, tipper_error=None, frequency=None, tipper_model_error=None)

	Bases: TFBase

Tipper class –> generates a Tipper-object.

Errors are given as standard deviations (sqrt(VAR))


	Parameters:

	
	tipper (np.ndarray((nf, 1, 2), dtype='complex')) – tipper array in the shape of [Tx, Ty]
default is None


	tipper_error (np.ndarray((nf, 1, 2))) – array of estimated tipper errors
in the shape of [Tx, Ty].
Must be the same shape as tipper.
default is None


	frequency (np.ndarray(nf)) – array of frequencyuencies corresponding to the tipper elements.
Must be same length as tipper.
default is None










	Attributes

	Description





	frequency

	array of frequencyuencies corresponding to elements of z



	rotation_angle

	angle of which data is rotated by



	tipper

	tipper array



	tipper_error

	tipper error array








	Methods

	Description





	mag_direction

	computes magnitude and direction of real and imaginary
induction arrows.



	amp_phase

	computes amplitude and phase of Tx and Ty.



	rotate

	rotates the data by the given angle







	
property amplitude

	




	
property amplitude_error

	




	
property amplitude_model_error

	




	
property angle_error

	




	
property angle_imag

	




	
property angle_model_error

	




	
property angle_real

	




	
property mag_error

	




	
property mag_imag

	




	
property mag_model_error

	




	
property mag_real

	




	
property phase

	




	
property phase_error

	




	
property phase_model_error

	




	
set_amp_phase(r, phi)

	Set values for amplitude(r) and argument (phi - in degrees).


	Updates the attributes:
	
	tipper


	tipper_error













	
set_mag_direction(mag_real, ang_real, mag_imag, ang_imag)

	computes the tipper from the magnitude and direction of the real
and imaginary components.

Updates tipper

No error propagation yet






	
property tipper

	




	
property tipper_error

	




	
property tipper_model_error

	








	
class mtpy.core.transfer_function.Z(z=None, z_error=None, frequency=None, z_model_error=None)

	Bases: TFBase

Z class - generates an impedance tensor (Z) object.

Z is a complex array of the form (n_frequency, 2, 2),
with indices in the following order:



	Zxx: (0,0)


	Zxy: (0,1)


	Zyx: (1,0)


	Zyy: (1,1)







All errors are given as standard deviations (sqrt(VAR))


	Parameters:

	
	z (numpy.ndarray(n_frequency, 2, 2)) – array containing complex impedance values


	z_error (numpy.ndarray(n_frequency, 2, 2)) – array containing error values (standard deviation)
of impedance tensor elements


	frequency (np.ndarray(n_frequency)) – array of frequencyuency values corresponding to impedance
tensor elements.









Create Impedance from scracth

>>> import mtpy.core import Z
>>> import numpy as np
>>> z_test = np.array([[0+0j, 1+1j], [-1-1j, 0+0j]])
>>> z_object = Z(z=z_test, frequency=[1])
>>> z_object.rotate(45)
>>> z_object.resistivity







Create from resistivity and phase

>>> z_object = Z()
>>> z_object.set_resistivity_phase(
    np.array([[5, 100], [100, 5]]),
    np.array([[90, 45], [-135, -90]]),
    np.array([1])
    )
>>> z_object.z
array([[[ 3.06161700e-16 +5.j, 1.58113883e+01+15.8113883j],
        [-1.58113883e+01-15.8113883j, 3.06161700e-16 -5.j ]]])






	
property det

	determinant of impedance






	
property det_error

	Return the determinant of impedance error






	
property det_model_error

	Return the determinant of impedance model error






	
estimate_depth_of_investigation()

	estimate depth of investigation


	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
estimate_dimensionality(skew_threshold=5, eccentricity_threshold=0.1)

	Estimate dimensionality of the impedance tensor from parameters such
as strike and phase tensor eccentricity


	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
estimate_distortion(n_frequencies=None, comp='det', only_2d=False)

	
	Parameters:

	
	n_frequencies (TYPE, optional) – DESCRIPTION, defaults to 20


	comp (TYPE, optional) – DESCRIPTION, defaults to “det”








:param : DESCRIPTION
:type : TYPE
:return: DESCRIPTION
:rtype: TYPE






	
property invariants

	Weaver Invariants






	
property phase

	phase of impedance






	
property phase_det

	phase determinant






	
property phase_error

	phase error of impedance

Uncertainty in phase (in degrees) is computed by defining a circle around
the z vector in the complex plane. The uncertainty is the absolute angle
between the vector to (x,y) and the vector between the origin and the
tangent to the circle.






	
property phase_error_det

	phase error determinant






	
property phase_error_xx

	phase error of xx component






	
property phase_error_xy

	phase error of xy component






	
property phase_error_yx

	phase error of yx component






	
property phase_error_yy

	phase error of yy component






	
property phase_model_error

	phase model error of impedance






	
property phase_model_error_det

	phase model error determinant






	
property phase_model_error_xx

	phase model error of xx component






	
property phase_model_error_xy

	phase model error of xy component






	
property phase_model_error_yx

	phase model error of yx component






	
property phase_model_error_yy

	phase model error of yy component






	
property phase_tensor

	Phase tensor object based on impedance






	
property phase_xx

	phase of xx component






	
property phase_xy

	phase of xy component






	
property phase_yx

	phase of yx component






	
property phase_yy

	phase of yy component






	
remove_distortion(distortion_tensor=None, distortion_error_tensor=None, n_frequencies=None, comp='det', only_2d=False, inplace=False)

	Remove distortion D form an observed impedance tensor Z to obtain
the uperturbed “correct” Z0:
Z = D * Z0

Propagation of errors/uncertainties included


	Parameters:

	
	distortion_tensor (np.ndarray(2, 2, dtype=real)) – real distortion tensor as a 2x2


	distortion_error_tensor (np.ndarray(2, 2, dtype=real),) – default is None


	inplace (boolean) – Update the current object or return a new impedance






	Returns:

	input distortion tensor



	Return type:

	np.ndarray(2, 2, dtype=’real’)



	Returns:

	impedance tensor with distorion removed



	Return type:

	np.ndarray(num_frequency, 2, 2, dtype=’complex’)



	Returns:

	impedance tensor error after distortion is removed



	Return type:

	np.ndarray(num_frequency, 2, 2, dtype=’complex’)



	Example:

	>>> distortion = np.array([[1.2, .5],[.35, 2.1]])
>>> d, new_z, new_z_error = z_obj.remove_distortion(distortion)














	
remove_ss(reduce_res_factor_x=1.0, reduce_res_factor_y=1.0, inplace=False)

	Remove the static shift by providing the respective correction factors
for the resistivity in the x and y components.
(Factors can be determined by using the “Analysis” module for the
impedance tensor)

Assume the original observed tensor Z is built by a static shift S
and an unperturbated “correct” Z0 :



	Z = S * Z0








	therefore the correct Z will be :
	
	Z0 = S^(-1) * Z









	Parameters:

	
	reduce_res_factor_x (float or iterable list or array) – static shift factor to be applied to x
components (ie z[:, 0, :]).  This is assumed to be in resistivity scale


	reduce_res_factor_y (float or iterable list or array) – static shift factor to be applied to y
components (ie z[:, 1, :]).  This is assumed to be in resistivity scale


	inplace (boolean) – Update the current object or return a new impedance






	Returns:

	static shift matrix,



	Return type:

	np.ndarray ((2, 2))



	Returns:

	corrected Z if inplace is False



	Return type:

	mtpy.core.z.Z






Note

The factors are in resistivity scale, so the entries of the
matrix “S” need to be given by their square-roots!








	
property res_det

	resistivity determinant






	
property res_error_det

	resistivity error determinant






	
property res_error_xx

	resistivity error of xx component






	
property res_error_xy

	resistivity error of xy component






	
property res_error_yx

	resistivity error of yx component






	
property res_error_yy

	resistivity error of yy component






	
property res_model_error_det

	resistivity model error determinant






	
property res_model_error_xx

	resistivity model error of xx component






	
property res_model_error_xy

	resistivity model error of xy component






	
property res_model_error_yx

	resistivity model error of yx component






	
property res_model_error_yy

	resistivity model error of yy component






	
property res_xx

	resistivity of xx component






	
property res_xy

	resistivity of xy component






	
property res_yx

	resistivity of yx component






	
property res_yy

	resistivity of yy component






	
property resistivity

	resistivity of impedance






	
property resistivity_error

	resistivity error of impedance

By standard error propagation, relative error in resistivity is
2*relative error in z amplitude.






	
property resistivity_model_error

	resistivity model error of impedance






	
set_resistivity_phase(resistivity, phase, frequency, res_error=None, phase_error=None, res_model_error=None, phase_model_error=None)

	Set values for resistivity (res - in Ohm m) and phase
(phase - in degrees), including error propagation.


	Parameters:

	
	resistivity (np.ndarray(num_frequency, 2, 2)) – resistivity array in Ohm-m


	phase (np.ndarray(num_frequency, 2, 2)) – phase array in degrees


	frequency (np.ndarray(num_frequency)) – frequency array in Hz


	res_error (np.ndarray(num_frequency, 2, 2)) – resistivity error array in Ohm-m


	phase_error (np.ndarray(num_frequency, 2, 2)) – phase error array in degrees









Note

The error propogation is causal, meaning the apparent
resistivity error and phase error are linked through a Taylor exampsion
approximation where the phase error is estimated from the apparent
resistivity error.  Therefore if you set the phase error
you will likely not get back the same phase error.








	
property z

	Impedance tensor

np.ndarray(nfrequency, 2, 2)






	
property z_error

	error of impedance tensor array as standard deviation






	
property z_model_error

	model error of impedance tensor array as standard deviation
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mtpy.core.transfer_function.z_analysis package


Submodules



mtpy.core.transfer_function.z_analysis.distortion module

mtpy/analysis/distortion.py

Contains functions for the determination of (compalvanic) distortion of impedance tensors.
The methods used follow Bibby et al 2005.
As it has been pointed out in that paper, there are various possibilities for
constrainincomp the solution, esp. in the 2D case.

Here we just implement the ‘most basic’ variety for the calculation of the
distortion tensor. Other methods can be implemented, but since the optimal assumptions and
constraints depend on the application, the actual place for further functions
is in an independent, personalised module.

Alcomporithm Details:
Findincomp the distortion of a Z array. Usincomp the phase tensor
so, Z arrays are transformed into PTs first), followincomp Bibby et al. 2005.

First, try to find periods that indicate 1D. From them determine D incl.
the comp-factor by calculatiincomp a weicomphted mean. The comp is assumed in order to
cater for the missincomp unknown in the system, it is here set to det(X)^0.5.
After that is found, the function no_distortion from the Z module can be
called to obtain the unperturbated recompional impedance tensor.

Second, if there are no 1D sections: Find the strike angle, then rotate the
Z to the principal axis. In order to do that, use the rotate(-strike) method
of the Z module. Then take the real part of the rotated Z. As in the 1D case,
we need an assumption to compet rid of the (2) unknowns:
set det(D) = P and det(D) = T, where P,T can be chosen. Common choice is to
set  one of P,T to an arbitrary value (e.comp. 1). Then check, for which values
of the other parameter  S^2 = T^2+4*P*X_12*X_21/det(X) > 0 holds.

@UofA, 2013  (LK)

Edited by JP, 2016


	
mtpy.core.transfer_function.z_analysis.distortion.find_distortion(z_object, comp='det', only_2d=False)

	find optimal distortion tensor from z object

automatically determine the dimensionality over all frequencies, then find
the appropriate distortion tensor D


	Parameters:

	
	**z_object** (mtpy.core.z object) – 


	**comp** ([ 'det' | '01' | '10 ]) – type of distortion correction
default is ‘det’


	**num_freq** (int) – number of frequencies to look for distortion from
the index 0
default is None, meanincomp all frequencies are used


	**dim_array** (list) – list of dimensions for each frequency
default is None, meanincomp calculated from data






	Returns:

	
	**distortion** (np.ndarray(2, 2)) – distortion array all real values


	**distortion_error** (np.ndarray(2, 2)) – distortion error array










Examples


	Estimate Distortion:

	>>> import mtpy.analysis.distortion as distortion
>>> dis, dis_error = distortion.find_distortion(z_object, num_freq=12)














	
mtpy.core.transfer_function.z_analysis.distortion.remove_distortion_from_z_object(z_object, distortion_tensor, distortion_error_tensor=None, logger=None)

	Remove distortion D form an observed impedance tensor Z to obtain
the uperturbed “correct” Z0:
Z = D * Z0

Propagation of errors/uncertainties included


	Parameters:

	
	distortion_tensor (np.ndarray(2, 2, dtype=real)) – real distortion tensor as a 2x2


	distortion_error_tensor (np.ndarray(2, 2, dtype=real),) – default is None


	inplace (boolean) – Update the current object or return a new impedance






	Returns:

	input distortion tensor



	Return type:

	np.ndarray(2, 2, dtype=’real’)



	Returns:

	impedance tensor with distorion removed



	Return type:

	np.ndarray(num_frequency, 2, 2, dtype=’complex’)



	Returns:

	impedance tensor error after distortion is removed



	Return type:

	np.ndarray(num_frequency, 2, 2, dtype=’complex’)



	Example:

	>>> distortion = np.array([[1.2, .5],[.35, 2.1]])
>>> d, new_z, new_z_error = z_obj.remove_distortion(distortion)















mtpy.core.transfer_function.z_analysis.niblettbostick module

mtpy/mtpy/analysis/niblettbostick.py

Contains functions for the calculation of the Niblett-Bostick transformation of
impedance tensors.

The methods follow
- Niblett
- Bostick
- Jones
- J. RODRIGUEZ, F.J. ESPARZA, E. GOMEZ-TREVINO

Niblett-Bostick transformations are possible in 1D and 2D.

@UofA, 2013 (LK)

Updated 2022-09 JP


	
mtpy.core.transfer_function.z_analysis.niblettbostick.calculate_depth_of_investigation(z_object)

	Determine an array of Z_nb (depth dependent Niblett-Bostick transformed Z)
from the 1D and 2D parts of an impedance tensor array Z.

The calculation of the Z_nb needs 6 steps:



	Determine the dimensionality of the Z(T), discard all 3D parts


	Rotate all Z(T) to TE/TM setup (T_parallel/T_ortho)


	Transform every component individually by Niblett-Bostick


	collect the respective 2 components each for equal/similar depths


	interprete them as TE_nb/TM_nb


	set up Z_nb(depth)







If 1D layers occur inbetween 2D layers, the strike angle is undefined therein.
We take an - arbitrarily chosen - linear interpolation of strike angle for
these layers, with the values varying between the angles of the bounding
upper and lower 2D layers (linearly w.r.t. the periods).

Use the output for instance for the determination of
NB-transformed phase tensors.


Note

No propagation of errors implemented yet!




	Parameters:

	*z_object* (mtpy.core.z object) – 



	Returns:

	*depth_array* –



	dtype=[‘period’, ‘depth_min’, ‘depth_max’,
	’resistivity_min’, ‘resistivity_max’])









	numpy structured array with keywords.
	
	period    –> period in s


	depth_min –> minimum depth estimated (m)


	depth_max –> maximum depth estimated (m)


	resistivity_min –> minimum resistivity estimated (Ohm-m)


	resistivity_max –> maximum resistivity estimated (Ohm-m)












	Return type:

	np.ndarray(num_periods,





Example

>>> import mtpy.analysis.niblettbostick as nb
>>> depth_array = nb.calculate_znb(z_object=z1)
>>> # plot the results
>>> import matplotlib.pyplot as plt
>>> fig = plt.figure()
>>> ax = fig.add_subplot(1,1,1)
>>> ax.semilogy(depth_array['depth_min'], depth_array['period'])
>>> ax.semilogy(depth_array['depth_max'], depth_array['period'])
>>> plt.show()










	
mtpy.core.transfer_function.z_analysis.niblettbostick.calculate_depth_sensitivity(depth, period, rho=100)

	compute sensitivty S(z,sigma, omega)= -kz*exp(-2*kz).
The result is independent of sigma and freq.
:param z:
:param sigma_conduct:
:param freq:
:return: the sensitivity vslue






	
mtpy.core.transfer_function.z_analysis.niblettbostick.calculate_niblett_bostick_depth(resistivity, period)

	Use the Niblett-Bostick approximation for depth of penetration in meters


	Parameters:

	resistivity (TYPE) – DESCRIPTION



	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
mtpy.core.transfer_function.z_analysis.niblettbostick.calculate_niblett_bostick_resistivity_derivatives(resistivity, period)

	Convert a period-dependent pair of resistivity/phase (Ohm meters/rad)
into resistivity/depth (Ohm meters/meters)

The conversion uses derivatives.


	Parameters:

	
	resistivity (TYPE) – DESCRIPTION


	period (TYPE) – DESCRIPTION






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
mtpy.core.transfer_function.z_analysis.niblettbostick.calculate_niblett_bostick_resistivity_weidelt(resistivity, phase)

	Convert a period-dependent pair of resistivity/phase (Ohm meters/rad)
into resistivity/depth (Ohm meters/meters)

The conversion uses the simplified transformation without derivatives.


	Parameters:

	
	resistivity (TYPE) – DESCRIPTION


	phase (TYPE) – DESCRIPTION






	Returns:

	DESCRIPTION



	Return type:

	TYPE











mtpy.core.transfer_function.z_analysis.zinvariants module

Created on Wed May 08 09:40:42 2013

Originally written by Stephan Thiel in Matlab 2005
translated to Python by Lars Krieger

Revised by J. Peacock 2023 to fit with version 2.


	
class mtpy.core.transfer_function.z_analysis.zinvariants.ZInvariants(z=None)

	Bases: object

Calculates invariants from Weaver et al. [2000, 2003].  At the moment it
does not calculate the error for each invariant, only the strike.


	Parameters:

	z (complex np.array(nf,2,2)) – impedance tensor array






Further reading



	Weaver, J. T., Agarwal, A. K., Lilley, F. E. M., 2000,
	Characterization of the magnetotelluric tensor in terms of its
invariants, Geophysical Journal International, 141, 321–336.



	Weaver, J. T., Agarwal, A. K., Lilley, F. E. M., 2003,
	The relationship between the magnetotelluric tensor invariants and
the phase tensor of Caldwell, Bibby and Brown,
presented at 3D Electromagnetics III, ASEG, paper 43.



	Lilley, F. E. M, 1998, Magnetotelluric tensor dcomposition: 1: Theory
	for a basic procedure, Geophysics, 63, 1885–1897.



	Lilley, F. E. M, 1998, Magnetotelluric tensor dcomposition: 2: Examples
	of a basic procedure, Geophysics, 63, 1898–1907.



	Szarka, L. and Menvielle, M., 1997, Analysis of rotational invariants
	of the magnetotelluric impedance tensor, Geophysical Journal
International, 129, 133–142.









	
property anisotropic_imag

	inv 4






	
property anisotropic_real

	inv 3






	
property dimensionality

	q






	
property electric_twist

	inv 5






	
has_impedance()

	




	
property normalizing_imag

	inv 2






	
property normalizing_real

	inv 1






	
property phase_distortion

	inv 6






	
property strike

	




	
property strike_error

	




	
property structure_3d

	inv 7












Module contents


	
class mtpy.core.transfer_function.z_analysis.ZInvariants(z=None)

	Bases: object

Calculates invariants from Weaver et al. [2000, 2003].  At the moment it
does not calculate the error for each invariant, only the strike.


	Parameters:

	z (complex np.array(nf,2,2)) – impedance tensor array






Further reading



	Weaver, J. T., Agarwal, A. K., Lilley, F. E. M., 2000,
	Characterization of the magnetotelluric tensor in terms of its
invariants, Geophysical Journal International, 141, 321–336.



	Weaver, J. T., Agarwal, A. K., Lilley, F. E. M., 2003,
	The relationship between the magnetotelluric tensor invariants and
the phase tensor of Caldwell, Bibby and Brown,
presented at 3D Electromagnetics III, ASEG, paper 43.



	Lilley, F. E. M, 1998, Magnetotelluric tensor dcomposition: 1: Theory
	for a basic procedure, Geophysics, 63, 1885–1897.



	Lilley, F. E. M, 1998, Magnetotelluric tensor dcomposition: 2: Examples
	of a basic procedure, Geophysics, 63, 1898–1907.



	Szarka, L. and Menvielle, M., 1997, Analysis of rotational invariants
	of the magnetotelluric impedance tensor, Geophysical Journal
International, 129, 133–142.









	
property anisotropic_imag

	inv 4






	
property anisotropic_real

	inv 3






	
property dimensionality

	q






	
property electric_twist

	inv 5






	
has_impedance()

	




	
property normalizing_imag

	inv 2






	
property normalizing_real

	inv 1






	
property phase_distortion

	inv 6






	
property strike

	




	
property strike_error

	




	
property structure_3d

	inv 7











	
mtpy.core.transfer_function.z_analysis.calculate_depth_of_investigation(z_object)

	Determine an array of Z_nb (depth dependent Niblett-Bostick transformed Z)
from the 1D and 2D parts of an impedance tensor array Z.

The calculation of the Z_nb needs 6 steps:



	Determine the dimensionality of the Z(T), discard all 3D parts


	Rotate all Z(T) to TE/TM setup (T_parallel/T_ortho)


	Transform every component individually by Niblett-Bostick


	collect the respective 2 components each for equal/similar depths


	interprete them as TE_nb/TM_nb


	set up Z_nb(depth)







If 1D layers occur inbetween 2D layers, the strike angle is undefined therein.
We take an - arbitrarily chosen - linear interpolation of strike angle for
these layers, with the values varying between the angles of the bounding
upper and lower 2D layers (linearly w.r.t. the periods).

Use the output for instance for the determination of
NB-transformed phase tensors.


Note

No propagation of errors implemented yet!




	Parameters:

	*z_object* (mtpy.core.z object) – 



	Returns:

	*depth_array* –



	dtype=[‘period’, ‘depth_min’, ‘depth_max’,
	’resistivity_min’, ‘resistivity_max’])









	numpy structured array with keywords.
	
	period    –> period in s


	depth_min –> minimum depth estimated (m)


	depth_max –> maximum depth estimated (m)


	resistivity_min –> minimum resistivity estimated (Ohm-m)


	resistivity_max –> maximum resistivity estimated (Ohm-m)












	Return type:

	np.ndarray(num_periods,





Example

>>> import mtpy.analysis.niblettbostick as nb
>>> depth_array = nb.calculate_znb(z_object=z1)
>>> # plot the results
>>> import matplotlib.pyplot as plt
>>> fig = plt.figure()
>>> ax = fig.add_subplot(1,1,1)
>>> ax.semilogy(depth_array['depth_min'], depth_array['period'])
>>> ax.semilogy(depth_array['depth_max'], depth_array['period'])
>>> plt.show()










	
mtpy.core.transfer_function.z_analysis.find_distortion(z_object, comp='det', only_2d=False)

	find optimal distortion tensor from z object

automatically determine the dimensionality over all frequencies, then find
the appropriate distortion tensor D


	Parameters:

	
	**z_object** (mtpy.core.z object) – 


	**comp** ([ 'det' | '01' | '10 ]) – type of distortion correction
default is ‘det’


	**num_freq** (int) – number of frequencies to look for distortion from
the index 0
default is None, meanincomp all frequencies are used


	**dim_array** (list) – list of dimensions for each frequency
default is None, meanincomp calculated from data






	Returns:

	
	**distortion** (np.ndarray(2, 2)) – distortion array all real values


	**distortion_error** (np.ndarray(2, 2)) – distortion error array










Examples


	Estimate Distortion:

	>>> import mtpy.analysis.distortion as distortion
>>> dis, dis_error = distortion.find_distortion(z_object, num_freq=12)














	
mtpy.core.transfer_function.z_analysis.remove_distortion_from_z_object(z_object, distortion_tensor, distortion_error_tensor=None, logger=None)

	Remove distortion D form an observed impedance tensor Z to obtain
the uperturbed “correct” Z0:
Z = D * Z0

Propagation of errors/uncertainties included


	Parameters:

	
	distortion_tensor (np.ndarray(2, 2, dtype=real)) – real distortion tensor as a 2x2


	distortion_error_tensor (np.ndarray(2, 2, dtype=real),) – default is None


	inplace (boolean) – Update the current object or return a new impedance






	Returns:

	input distortion tensor



	Return type:

	np.ndarray(2, 2, dtype=’real’)



	Returns:

	impedance tensor with distorion removed



	Return type:

	np.ndarray(num_frequency, 2, 2, dtype=’complex’)



	Returns:

	impedance tensor error after distortion is removed



	Return type:

	np.ndarray(num_frequency, 2, 2, dtype=’complex’)



	Example:

	>>> distortion = np.array([[1.2, .5],[.35, 2.1]])
>>> d, new_z, new_z_error = z_obj.remove_distortion(distortion)
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mtpy.imaging package


Subpackages



	mtpy.imaging.mtplot_tools package
	Submodules

	mtpy.imaging.mtplot_tools.arrows module
	MTArrows





	mtpy.imaging.mtplot_tools.base module
	PlotBase
	PlotBase.plot()

	PlotBase.redraw_plot()

	PlotBase.save_plot()

	PlotBase.update_plot()





	PlotBaseMaps
	PlotBaseMaps.add_raster()

	PlotBaseMaps.get_interp1d_functions_t()

	PlotBaseMaps.get_interp1d_functions_z()

	PlotBaseMaps.interpolate_to_map()





	PlotBaseProfile
	PlotBaseProfile.rotation_angle









	mtpy.imaging.mtplot_tools.ellipses module
	MTEllipse
	MTEllipse.ellipse_cmap_bounds

	MTEllipse.ellipse_cmap_n_segments

	MTEllipse.ellipse_properties

	MTEllipse.get_color_map()

	MTEllipse.get_pt_color_array()

	MTEllipse.get_range()









	mtpy.imaging.mtplot_tools.map_interpolation_tools module
	get_plot_xy()

	griddata_interpolate()

	in_hull()

	interpolate_to_map()

	interpolate_to_map_griddata()

	interpolate_to_map_triangulate()

	triangulate_interpolation()





	mtpy.imaging.mtplot_tools.plot_settings module
	PlotSettings
	PlotSettings.arrow_imag_properties

	PlotSettings.arrow_real_properties

	PlotSettings.det_error_bar_properties

	PlotSettings.font_dict

	PlotSettings.make_pt_cb()

	PlotSettings.period_label_dict

	PlotSettings.set_period_limits()

	PlotSettings.set_phase_limits()

	PlotSettings.set_resistivity_limits()

	PlotSettings.text_dict

	PlotSettings.xy_error_bar_properties

	PlotSettings.yx_error_bar_properties









	mtpy.imaging.mtplot_tools.plotters module
	add_raster()

	plot_errorbar()

	plot_phase()

	plot_pt_lateral()

	plot_resistivity()

	plot_tipper_lateral()





	mtpy.imaging.mtplot_tools.utils module
	add_colorbar_axis()

	get_log_tick_labels()

	get_period_limits()

	make_color_list()

	make_value_str()

	round_to_step()





	Module contents
	MTArrows

	MTEllipse
	MTEllipse.ellipse_cmap_bounds

	MTEllipse.ellipse_cmap_n_segments

	MTEllipse.ellipse_properties

	MTEllipse.get_color_map()

	MTEllipse.get_pt_color_array()

	MTEllipse.get_range()





	PlotBase
	PlotBase.plot()

	PlotBase.redraw_plot()

	PlotBase.save_plot()

	PlotBase.update_plot()





	PlotBaseMaps
	PlotBaseMaps.add_raster()

	PlotBaseMaps.get_interp1d_functions_t()

	PlotBaseMaps.get_interp1d_functions_z()

	PlotBaseMaps.interpolate_to_map()





	PlotBaseProfile
	PlotBaseProfile.rotation_angle





	PlotSettings
	PlotSettings.arrow_imag_properties

	PlotSettings.arrow_real_properties

	PlotSettings.det_error_bar_properties

	PlotSettings.font_dict

	PlotSettings.make_pt_cb()

	PlotSettings.period_label_dict

	PlotSettings.set_period_limits()

	PlotSettings.set_phase_limits()

	PlotSettings.set_resistivity_limits()

	PlotSettings.text_dict

	PlotSettings.xy_error_bar_properties

	PlotSettings.yx_error_bar_properties





	add_raster()

	get_log_tick_labels()

	griddata_interpolate()

	interpolate_to_map()

	plot_errorbar()

	plot_phase()

	plot_pt_lateral()

	plot_resistivity()

	plot_tipper_lateral()

	triangulate_interpolation()















Submodules



mtpy.imaging.mtcolors module

Created on Tue May 14 18:05:59 2013

@author: jpeacock-pr


	
class mtpy.imaging.mtcolors.FixPointNormalize(vmin=None, vmax=None, sealevel=0, col_val=0.21875, clip=False)

	Bases: Normalize

Inspired by https://stackoverflow.com/questions/20144529/shifted-colorbar-matplotlib
Subclassing Normalize to obtain a colormap with a fixpoint
somewhere in the middle of the colormap.
This may be useful for a terrain map, to set the “sea level”
to a color in the blue/turquise range.






	
mtpy.imaging.mtcolors.cmap_discretize(cmap, N)

	Return a discrete colormap from the continuous colormap cmap.


cmap: colormap instance, eg. cm.jet.
N: number of colors.





	Example
	x = resize(arange(100), (5,100))
djet = cmap_discretize(cm.jet, 5)
imshow(x, cmap=djet)










	
mtpy.imaging.mtcolors.get_color(cvar, cmap)

	gets the color to plot for the given color map






	
mtpy.imaging.mtcolors.get_plot_color(colorx, comp, cmap, ckmin=None, ckmax=None, bounds=None)

	gets the color for the given compnent, color array and cmap

Note: we now use the linearSegmentedColorMap objects, instead of the get_color function






	
mtpy.imaging.mtcolors.register_cmaps(cmap_dict)

	





mtpy.imaging.plot_mt_response module


plot_mt_response

Plots the resistivity and phase for different modes and components

Created 2017

@author: jpeacock



	
class mtpy.imaging.plot_mt_response.PlotMTResponse(z_object=None, t_object=None, pt_obj=None, station='MT Response', **kwargs)

	Bases: PlotBase

Plots Resistivity and phase for the different modes of the MT response.  At
the moment it supports the input of an .edi file. Other formats that will
be supported are the impedance tensor and errors with an array of periods
and .j format.

The normal use is to input an .edi file, however it would seem that not
everyone uses this format, so you can input the data and put it into
arrays or objects like class mtpy.core.z.Z.  Or if the data is in
resistivity and phase format they can be input as arrays or a class
mtpy.imaging.mtplot.ResPhase.  Or you can put it into a class
mtpy.imaging.mtplot.MTplot.

The plot places the apparent resistivity in log scale in the top panel(s),
depending on the plot_num.  The phase is below this, note that 180 degrees
has been added to the yx phase so the xy and yx phases plot in the same
quadrant.  Both the resistivity and phase share the same x-axis which is in
log period, short periods on the left to long periods on the right.  So
if you zoom in on the plot both plots will zoom in to the same
x-coordinates.  If there is tipper information, you can plot the tipper
as a third panel at the bottom, and also shares the x-axis.  The arrows are
in the convention of pointing towards a conductor.  The xx and yy
components can be plotted as well, this adds two panels on the right.
Here the phase is left unwrapped.  Other parameters can be added as
subplots such as strike, skew and phase tensor ellipses.

To manipulate the plot you can change any of the attributes listed below
and call redraw_plot().  If you know more aout matplotlib and want to
change axes parameters, that can be done by changing the parameters in the
axes attributes and then call update_plot(), note the plot must be open.


	
property period

	plot period






	
plot()

	plotResPhase(filename,fig_num) will plot the apparent resistivity and
phase for a single station.






	
property plot_model_error

	




	
property rotation_angle

	









mtpy.imaging.plot_mt_responses module

plots multiple MT responses simultaneously

Created on Thu May 30 17:02:39 2013
@author: jpeacock-pr

YG: the code there is massey, todo may need to rewrite it sometime


	
class mtpy.imaging.plot_mt_responses.PlotMultipleResponses(mt_data, **kwargs)

	Bases: PlotBase

plots multiple MT responses simultaneously either in single plots or in
one plot of sub-figures or in a single plot with subfigures for each
component.


Arguments:



	fn_listlist of filenames to plot
	ie. [fn_1, fn_2, …], default is None



	plot_num[ 1 | 2 | 3 ]
	
	1 for just Ex/By and Ey/Bx default


	2 for all 4 components


	3 for off diagonal plus the determinant






	plot_style[ ‘1’ | ‘all’ | ‘compare’ ]
	
	determines the plotting style:
	
	
	‘1’ for plotting each station in a different
	figure. default







	
	‘all’ for plotting each station in a subplot
	all in the same figure







	
	‘compare’ for comparing the responses all in
	one plot.  Here the responses are
colored from dark to light.  This
plot can get messy if too many stations
are plotted.





















	
plot()

	plot the apparent resistivity and phase






	
property plot_model_error

	




	
property rotation_angle

	










mtpy.imaging.plot_penetration_depth_1d module

Created on Thu Sep 22 10:58:58 2022

@author: jpeacock


	
class mtpy.imaging.plot_penetration_depth_1d.PlotPenetrationDepth1D(tf, **kwargs)

	Bases: PlotBase

Plot the depth of penetration based on the Niblett-Bostick approximation.


	
property depth_units

	




	
plot()

	plot the depth of investigation as a 1d plot with period on the y-axis
and depth on the x axis


	Returns:

	DESCRIPTION



	Return type:

	TYPE















mtpy.imaging.plot_penetration_depth_map module

Created on Thu Sep 22 10:58:58 2022

@author: jpeacock


	
class mtpy.imaging.plot_penetration_depth_map.PlotPenetrationDepthMap(mt_data, **kwargs)

	Bases: PlotBaseMaps

Plot the depth of penetration based on the Niblett-Bostick approximation.


	
property depth_units

	




	
plot()

	plot the depth of investigation as a 1d plot with period on the y-axis
and depth on the x axis


	Returns:

	DESCRIPTION



	Return type:

	TYPE















mtpy.imaging.plot_phase_tensor_maps module

Plot phase tensor map in Lat-Lon Coordinate System


	Revision History:
	Created by @author: jpeacock-pr on Thu May 30 18:20:04 2013

Modified by Fei.Zhang@ga.gov.au 2017-03:


	brenainn.moushall 26-03-2020 15:07:14 AEDT:
	Add plotting of geotiff as basemap background.





Updated 2022 by J. Peacock to work with v2



	Using rasterio to plot geotiffs


	factorized


	using interp function for faster plotting.












	
class mtpy.imaging.plot_phase_tensor_maps.PlotPhaseTensorMaps(mt_data, **kwargs)

	Bases: PlotBaseMaps

Plots phase tensor ellipses in map view from a list of edi files


	
property map_scale

	




	
plot(fig=None, save_path=None, show=True, raster_file=None, raster_kwargs={})

	Plots the phase tensor map.
:param fig: optional figure object
:param save_path: path to folder for saving plots
:param show: show plots if True
:param raster_dict: dictionary containing information for a raster


to be plotted below the phase tensors.









	
property rotation_angle

	




	
property skew_cmap_bounds

	skew bounds for a segmented colorbar











mtpy.imaging.plot_phase_tensor_pseudosection module

Created on Thu May 30 18:10:55 2013

@author: jpeacock-pr


	
class mtpy.imaging.plot_phase_tensor_pseudosection.PlotPhaseTensorPseudoSection(mt_data, **kwargs)

	Bases: PlotBaseProfile

PlotPhaseTensorPseudoSection will plot the phase tensor ellipses in a
pseudo section format

To get a list of .edi files that you want to plot –>
:Example:

>>> import mtpy.imaging.mtplot as mtplot
>>> import os
>>> edipath = r"/home/EDIfiles"
>>> edilist = [os.path.join(edipath,edi) for edi in os.listdir(edipath)
>>> ...       if edi.find('.edi')>0]






	If you want to plot minimum phase colored from blue to red in a range of





20 to 70 degrees you can do it one of two ways–>




1)
:Example:

>>> edict = {'range':(20,70), 'cmap':'mt_bl2gr2rd','colorby':'phimin'}
>>> pt1 = mtplot.plot_pt_pseudosection(fn_list=edilist,
                                       ellipse_dict=edict)





2)
:Example:

>>> pt1 = mtplot.plot_pt_pseudosection(fn_list=edilist, plot_yn='n')
>>> pt1.ellipse_colorby = 'phimin'
>>> pt1.ellipse_cmap = 'mt_bl2gr2rd'
>>> pt1.ellipse_range = (20,70)
>>> pt1.plot()






	If you want to add real induction arrows that are scaled by 10 and point





away from a conductor –>





	Example:

	>>> pt1.plot_tipper = 'yr'
>>> pt1.arrow_size = 10
>>> pt1.arrow_direction = -1
>>> pt1.redraw_plot()










	If you want to save the plot as a pdf with a generic name –>





	Example:

	::
>>> pt1.save_figure(r”/home/PTFigures”, file_format=’pdf’, dpi=300)
File saved to ‘/home/PTFigures/PTPseudoSection.pdf’






	
plot()

	plots the phase tensor pseudo section.  See class doc string for
more details.











mtpy.imaging.plot_pseudosection module

Created on Thu May 30 18:39:58 2013

@author: jpeacock-pr


	
class mtpy.imaging.plot_pseudosection.PlotResPhasePseudoSection(mt_data, **kwargs)

	Bases: PlotBaseProfile

plot a resistivity and phase pseudo section for different components

Need to input one of the following lists:


	
plot()

	
	Returns:

	DESCRIPTION



	Return type:

	TYPE















mtpy.imaging.plot_pt module

Created on Thu May 30 17:07:50 2013

@author: jpeacock


	
class mtpy.imaging.plot_pt.PlotPhaseTensor(pt_object, station=None, **kwargs)

	Bases: PlotBase

Will plot phase tensor, strike angle, min and max phase angle,
azimuth, skew, and ellipticity as subplots on one plot.  It can plot
the resistivity tensor along side the phase tensor for comparison.


	
plot(rotation_angle=None)

	plots the phase tensor elements






	
property rotation_angle

	









mtpy.imaging.plot_residual_pt_maps module


PlotResidualPhaseTensor


*plots the residual phase tensor for two different sets of measurments




Created on Wed Oct 16 14:56:04 2013

@author: jpeacock-pr



	
class mtpy.imaging.plot_residual_pt_maps.PlotResidualPTMaps(mt_data_01, mt_data_02, frequencies=array([1.00000000e-03, 1.42510267e-03, 2.03091762e-03, 2.89426612e-03, 4.12462638e-03, 5.87801607e-03, 8.37677640e-03, 1.19377664e-02, 1.70125428e-02, 2.42446202e-02, 3.45510729e-02, 4.92388263e-02, 7.01703829e-02, 1.00000000e-01, 1.42510267e-01, 2.03091762e-01, 2.89426612e-01, 4.12462638e-01, 5.87801607e-01, 8.37677640e-01, 1.19377664e+00, 1.70125428e+00, 2.42446202e+00, 3.45510729e+00, 4.92388263e+00, 7.01703829e+00, 1.00000000e+01, 1.42510267e+01, 2.03091762e+01, 2.89426612e+01, 4.12462638e+01, 5.87801607e+01, 8.37677640e+01, 1.19377664e+02, 1.70125428e+02, 2.42446202e+02, 3.45510729e+02, 4.92388263e+02, 7.01703829e+02, 1.00000000e+03]), **kwargs)

	Bases: PlotBase

This will plot residual phase tensors in a map for a single frequency.
The data is read in and stored in 2 ways, one as a list ResidualPhaseTensor
object for each matching station and the other in a structured array with
all the important information.  The structured array is the one that is
used for plotting.  It is computed each time plot() is called so if it is
manipulated it is reset.  The array is sorted by relative offset, so no
special order of input is needed for the file names.  However, the
station names should be verbatim between surveys, otherwise it will not
work.

The residual phase tensor is calculated as I-(Phi_2)^-1 (Phi_1)

The default coloring is by the geometric mean as sqrt(Phi_min*Phi_max),
which defines the percent change between measurements.

There are a lot of parameters to change how the plot looks, have a look
below if you figure looks a little funny.  The most useful will be
ellipse_size

The ellipses are normalized by the largest Phi_max of the survey.


	Example:

	>>> import mtpy.imaging.mtplot as mtplot
>>> import os
>>> edipath1 = r"/home/EDIfiles1"
>>> edilist1 = [os.path.join(edipath1,edi) for edi in os.listdir(edipath1)
>>> ...       if edi.find('.edi')>0]
>>> edipath2 = r"/home/EDIfiles2"
>>> edilist2 = [os.path.join(edipath2,edi) for edi in os.listdir(edipath2)
>>> ...       if edi.find('.edi')>0]
>>> # color by phimin with a range of 0-5 deg
>>> ptmap = mtplot.plot_residual_pt_maps(edilist1, edilist2, freqspot=10,
>>> ...                                  ellipse_dict={'size':1,
>>> ...                                              'range':(0,5)})
>>>
>>> #
>>> #---add an image---
>>> ptmap.image_file = r"/home/Maps/Basemap.jpg"
>>> ptmap.image_extent = (0,10,0,10)
>>> ptmap.redraw_plot()
>>> #
>>> #---Save the plot---
>>> ptmap.save_plot(r"/home/EDIfiles",file_format='pdf')
>>> 'Saved figure to /home/EDIfile/PTMaps/PTmap_phimin_10.0_Hz.pdf'







	Example:

	>>> #change the axis label and grid color
>>> ptmap.ax.set_xlabel('Latitude (deg)')
>>> ptmap.ax.grid(which='major', color=(.5,1,0))
>>> ptmap.update_plot()







	Example:

	>>> # plot seismic hypocenters from a file
>>> lat, lon, depth = np.loadtxt(r"/home/seismic_hypocenter.txt")
>>> ptmap.ax.scatter(lon, lat, marker='o')










	
property map_scale

	




	
plot()

	plot residual phase tensor






	
property rotation_angle

	









mtpy.imaging.plot_residual_pt_ps module


PlotResidualPhaseTensorPseudoSection


*plots the residual phase tensor for two different sets of measurments




Created on Wed Oct 16 14:56:04 2013

@author: jpeacock-pr



	
class mtpy.imaging.plot_residual_pt_ps.PlotResidualPTPseudoSection(mt_data_01, mt_data_02, frequencies=array([1.00000000e-03, 1.42510267e-03, 2.03091762e-03, 2.89426612e-03, 4.12462638e-03, 5.87801607e-03, 8.37677640e-03, 1.19377664e-02, 1.70125428e-02, 2.42446202e-02, 3.45510729e-02, 4.92388263e-02, 7.01703829e-02, 1.00000000e-01, 1.42510267e-01, 2.03091762e-01, 2.89426612e-01, 4.12462638e-01, 5.87801607e-01, 8.37677640e-01, 1.19377664e+00, 1.70125428e+00, 2.42446202e+00, 3.45510729e+00, 4.92388263e+00, 7.01703829e+00, 1.00000000e+01, 1.42510267e+01, 2.03091762e+01, 2.89426612e+01, 4.12462638e+01, 5.87801607e+01, 8.37677640e+01, 1.19377664e+02, 1.70125428e+02, 2.42446202e+02, 3.45510729e+02, 4.92388263e+02, 7.01703829e+02, 1.00000000e+03]), **kwargs)

	Bases: PlotBaseProfile

This will plot residual phase tensors in a pseudo section.  The data is
read in and stored in 2 ways, one as a list ResidualPhaseTensor object for
each matching station and the other in a structured array with all the
important information.  The structured array is the one that is used for
plotting.  It is computed each time plot() is called so if it is
manipulated it is reset.  The array is sorted by relative offset, so no
special order of input is needed for the file names.  However, the
station names should be verbatim between surveys, otherwise it will not
work.

The residual phase tensor is calculated as I-(Phi_2)^-1 (Phi_1)

The default coloring is by the geometric mean as sqrt(Phi_min*Phi_max),
which defines the percent change between measurements.

There are a lot of parameters to change how the plot looks, have a look
below if you figure looks a little funny.  The most useful will be
xstretch, ystretch and ellipse_size

The ellipses are normalized by the largest Phi_max of the survey.

To get a list of .edi files that you want to plot –>
:Example:

>>> import mtpy.imaging.mtplot as mtplot
>>> import os
>>> edipath1 = r"/home/EDIfiles1"
>>> edilist1 = [os.path.join(edipath1,edi) for edi in os.listdir(edipath1)
>>> ...       if edi.find('.edi')>0]
>>> edipath2 = r"/home/EDIfiles2"
>>> edilist2 = [os.path.join(edipath2,edi) for edi in os.listdir(edipath2)
>>> ...       if edi.find('.edi')>0]
>>> # color by phimin with a range of 0-5 deg






	If you want to plot geometric mean colored from white to orange in a
range of 0 to 10 percent you can do it one of two ways–>




1)
:Example:

>>> edict = {'range':(0,10), 'cmap':'mt_wh2or',                      'colorby':'geometric_mean', 'size':10}
>>> pt1 = mtplot.residual_pt_ps(edilist1, edilst2, ellipse_dict=edict)





2)
:Example:

>>> pt1 = mtplot.residual_pt_ps(edilist1, edilst2, ellipse_dict=edict,                                        plot_yn='n')
>>> pt1.ellipse_colorby = 'geometric_mean'
>>> pt1.ellipse_cmap = 'mt_wh2or'
>>> pt1.ellipse_range = (0, 10)
>>> pt1.ellipse_size = 10
>>> pt1.plot()






	If you want to save the plot as a pdf with a generic name –>





	Example:

	::
>>> pt1.save_figure(r”/home/PTFigures”, file_format=’pdf’, dpi=300)
File saved to ‘/home/PTFigures/PTPseudoSection.pdf’






	
get_pt_color_array(rpt_array)

	Get the appropriat color by array






	
plot()

	plot residual phase tensor






	
property rotation_angle

	









mtpy.imaging.plot_resphase_maps module


	Description:
	Plots resistivity and phase maps for a given frequency





References:

CreationDate:   4/19/18
Developer:      rakib.hassan@ga.gov.au


	Revision History:
	
	LastUpdate:     4/19/18   RH
	2022-09 JP










	
class mtpy.imaging.plot_resphase_maps.PlotResPhaseMaps(mt_data, **kwargs)

	Bases: PlotBaseMaps

Plots apparent resistivity and phase in map view from a list of edi files


Arguments:



	fn_listlist of strings
	full paths to .edi files to plot



	fig_sizetuple or list (x, y) in inches
	dimensions of the figure box in inches, this is a default
unit of matplotlib.  You can use this so make the plot
fit the figure box to minimize spaces from the plot axes
to the figure box.  default is [8, 8]



	mapscale[ ‘deg’ | ‘m’ | ‘km’ ]
	Scale of the map coordinates.


	‘deg’ –> degrees in latitude and longitude


	‘m’ –> meters for easting and northing


	‘km’ –> kilometers for easting and northing






	plot_yn[ ‘y’ | ‘n’ ]
	*’y’ to plot on creating an instance

*’n’ to not plot on creating an instance



	titlestring
	figure title



	dpiint
	dots per inch of the resolution. default is 300



	font_sizefloat
	size of the font that labels the plot, 2 will be added
to this number for the axis labels.









	
property map_units

	




	
plot()

	










mtpy.imaging.plot_spectrogram module


plotft


*PlotTF –> will plot a time frequency distribution of your choice




Created on Mon Aug 19 16:24:29 2013

@author: jpeacock



	
class mtpy.imaging.plot_spectrogram.PlotTF(time_series, tf_type='smethod', **kwargs)

	Bases: object

class to plot Time-Frequency


	
plot()

	plot the time frequency distribution






	
redraw_plot()

	use this function if you updated some attributes and want to re-plot.


	Example:

	::
>>> tf1.plot_type = ‘tf’
>>> tf1.redraw_plot()










	
save_figure(save_fn, file_format='pdf', orientation='portrait', fig_dpi=None, close_plot='y')

	save_plot will save the figure to save_fn.


Arguments:



	save_fnstring
	full path to save figure to, can be input as
* directory path -> the directory path to save to


in which the file will be saved as
save_fn/TF_tftype.file_format





	full path -> file will be save to the given
path.  If you use this option then the format
will be assumed to be provided by the path






	file_format[ pdf | eps | jpg | png | svg ]
	file type of saved figure pdf,svg,eps…



	orientation[ landscape | portrait ]
	orientation in which the file will be saved
default is portrait



	fig_dpiint
	The resolution in dots-per-inch the file will be
saved.  If None then the dpi will be that at
which the figure was made.  I don’t think that
it can be larger than dpi of the figure.



	close_plot[ y | n ]
	
	‘y’ will close the plot after saving.


	‘n’ will leave plot open












	Example:

	::
>>> # save plot as a jpg
>>> tf1.save_plot(r’/home/MT/figures’, file_format=’jpg’)











	
update_plot()

	update any parameters that where changed using the built-in draw from
canvas.

Use this if you change an of the .fig or axes properties


	Example:

	>>> # to change the grid lines to be on the major ticks and gray
>>> tf1.ax.grid(True, which='major', color=(.5,.5,.5))
>>> tf1.update_plot()



















mtpy.imaging.plot_stations module


PlotStations

Plots station locations in map view.

Created on Fri Jun 07 18:20:00 2013

@author: jpeacock-pr



	
class mtpy.imaging.plot_stations.PlotStations(geo_df, **kwargs)

	Bases: PlotBase

plot station locations in map view.

Uses contextily to get the basemap.
See https://contextily.readthedocs.io/en/latest/index.html for more
information about options.


	
plot()

	
	Parameters:

	
	cx_source (TYPE, optional) – DESCRIPTION, defaults to cx.providers.USGS.USTopo


	cx_zoom (TYPE, optional) – DESCRIPTION, defaults to None






	Returns:

	DESCRIPTION



	Return type:

	TYPE















mtpy.imaging.plot_strike module

Created on Thu May 30 18:28:24 2013

@author: jpeacock-pr


	
class mtpy.imaging.plot_strike.PlotStrike(mt_data, **kwargs)

	Bases: PlotBase


PlotStrike will plot the strike estimated from the invariants, phase tensor
and the tipper in either a rose diagram of xy plot

plots the strike angle as determined by phase tensor azimuth (Caldwell et
al. [2004]) and invariants of the impedance tensor (Weaver et al. [2003]).

The data is split into decades where the histogram for each is plotted in
the form of a rose diagram with a range of 0 to 180 degrees.
Where 0 is North and 90 is East.   The median angle of the period band is
set in polar diagram.  The top row is the strike estimated from
the invariants of the impedance tensor.  The bottom row is the azimuth
estimated from the phase tensor.  If tipper is ‘y’ then the 3rd row is the
strike determined from the tipper, which is orthogonal to the induction
arrow direction.



	param fs:

	font size for labels of plotting. Default is 10



	param rot_z:

	angle of rotation clockwise positive. Default is 0



	param period_tolerance:

	float
Tolerance level to match periods from different edi files.
Default is 0.05



	param text_pad:

	padding of the angle label at the bottom of each
polar diagram.  Default is 1.65



	param text_size:

	font size



	param plot_range:

	[ ‘data’ | (period_min,period_max) ]
period range to estimate the strike angle. Options are:



	
	‘data’ for estimating the strike for all periods
	in the data.







	(pmin,pmax) for period min and period max, input as
(log10(pmin),log10(pmax))









	param plot_type:

	[ 1 | 2 ]
- 1 to plot individual decades in one plot
- 2 to plot all period ranges into one polar diagram


for each strike angle estimation






	param plot_tipper:

	[ True | False ]
- True to plot the tipper strike
- False to not plot tipper strike



	param pt_error_floor:

	Maximum error in degrees that is allowed to
estimate strike. Default is None allowing all
estimates to be used.



	param fold:

	[ True | False ]
* True to plot only from 0 to 180
* False to plot from 0 to 360



	param plot_orthogonal:

	[ True | False]
* True to plot the orthogonal strike directions
* False to not



	param color:

	[ True | False ]
* True to plot shade colors
* False to plot all in one color



	param color_inv:

	color of invariants plots



	param color_pt:

	color of phase tensor plots



	param color_tip:

	color of tipper plots



	param ring_spacing:

	spacing of rings in polar plots



	param ring_limits:

	(min count, max count) set each plot have these
limits



	param plot_orientation:

	[ ‘h’ | ‘v’ ] horizontal or vertical plots









	Example:

	








	)
	>>> #---Turn on Tipper
>>> strike.plot_tipper = True
>>> #---Plot only main directions
>>> strike.plot_orthogonal = False
>>> # Redraw plot
>>> strike.redraw_plot()
>>> # plot only from 0-180
>>> strike.fold = True
>>> strike.redraw_plot()
>>> #---save the plot---
>>> strike.save_plot(r"/home/Figures")










	
get_estimate(estimate, period_range=None)

	




	
get_mean(estimate_df)

	get mean value






	
get_median(estimate_df)

	get median value






	
get_mode(estimate_df)

	get mode from a historgram






	
get_plot_array(estimate, period_range=None)

	get a plot array that has the min and max angles






	
get_stats(estimate, period_range=None)

	print stats nicely






	
make_strike_df()

	make strike array


Note

Polar plots assume the azimuth is an angle measured
counterclockwise positive from x = 0.  Therefore all angles
are calculated as 90 - angle to make them conform to the
polar plot convention.








	
plot(show=True)

	plot Strike angles as rose plots






	
property rotation_angle

	









Module contents


	
class mtpy.imaging.PlotMTResponse(z_object=None, t_object=None, pt_obj=None, station='MT Response', **kwargs)

	Bases: PlotBase

Plots Resistivity and phase for the different modes of the MT response.  At
the moment it supports the input of an .edi file. Other formats that will
be supported are the impedance tensor and errors with an array of periods
and .j format.

The normal use is to input an .edi file, however it would seem that not
everyone uses this format, so you can input the data and put it into
arrays or objects like class mtpy.core.z.Z.  Or if the data is in
resistivity and phase format they can be input as arrays or a class
mtpy.imaging.mtplot.ResPhase.  Or you can put it into a class
mtpy.imaging.mtplot.MTplot.

The plot places the apparent resistivity in log scale in the top panel(s),
depending on the plot_num.  The phase is below this, note that 180 degrees
has been added to the yx phase so the xy and yx phases plot in the same
quadrant.  Both the resistivity and phase share the same x-axis which is in
log period, short periods on the left to long periods on the right.  So
if you zoom in on the plot both plots will zoom in to the same
x-coordinates.  If there is tipper information, you can plot the tipper
as a third panel at the bottom, and also shares the x-axis.  The arrows are
in the convention of pointing towards a conductor.  The xx and yy
components can be plotted as well, this adds two panels on the right.
Here the phase is left unwrapped.  Other parameters can be added as
subplots such as strike, skew and phase tensor ellipses.

To manipulate the plot you can change any of the attributes listed below
and call redraw_plot().  If you know more aout matplotlib and want to
change axes parameters, that can be done by changing the parameters in the
axes attributes and then call update_plot(), note the plot must be open.


	
property period

	plot period






	
plot()

	plotResPhase(filename,fig_num) will plot the apparent resistivity and
phase for a single station.






	
property plot_model_error

	




	
property rotation_angle

	








	
class mtpy.imaging.PlotMultipleResponses(mt_data, **kwargs)

	Bases: PlotBase

plots multiple MT responses simultaneously either in single plots or in
one plot of sub-figures or in a single plot with subfigures for each
component.


Arguments:



	fn_listlist of filenames to plot
	ie. [fn_1, fn_2, …], default is None



	plot_num[ 1 | 2 | 3 ]
	
	1 for just Ex/By and Ey/Bx default


	2 for all 4 components


	3 for off diagonal plus the determinant






	plot_style[ ‘1’ | ‘all’ | ‘compare’ ]
	
	determines the plotting style:
	
	
	‘1’ for plotting each station in a different
	figure. default







	
	‘all’ for plotting each station in a subplot
	all in the same figure







	
	‘compare’ for comparing the responses all in
	one plot.  Here the responses are
colored from dark to light.  This
plot can get messy if too many stations
are plotted.





















	
plot()

	plot the apparent resistivity and phase






	
property plot_model_error

	




	
property rotation_angle

	









	
class mtpy.imaging.PlotPenetrationDepth1D(tf, **kwargs)

	Bases: PlotBase

Plot the depth of penetration based on the Niblett-Bostick approximation.


	
property depth_units

	




	
plot()

	plot the depth of investigation as a 1d plot with period on the y-axis
and depth on the x axis


	Returns:

	DESCRIPTION



	Return type:

	TYPE














	
class mtpy.imaging.PlotPenetrationDepthMap(mt_data, **kwargs)

	Bases: PlotBaseMaps

Plot the depth of penetration based on the Niblett-Bostick approximation.


	
property depth_units

	




	
plot()

	plot the depth of investigation as a 1d plot with period on the y-axis
and depth on the x axis


	Returns:

	DESCRIPTION



	Return type:

	TYPE














	
class mtpy.imaging.PlotPhaseTensor(pt_object, station=None, **kwargs)

	Bases: PlotBase

Will plot phase tensor, strike angle, min and max phase angle,
azimuth, skew, and ellipticity as subplots on one plot.  It can plot
the resistivity tensor along side the phase tensor for comparison.


	
plot(rotation_angle=None)

	plots the phase tensor elements






	
property rotation_angle

	








	
class mtpy.imaging.PlotPhaseTensorMaps(mt_data, **kwargs)

	Bases: PlotBaseMaps

Plots phase tensor ellipses in map view from a list of edi files


	
property map_scale

	




	
plot(fig=None, save_path=None, show=True, raster_file=None, raster_kwargs={})

	Plots the phase tensor map.
:param fig: optional figure object
:param save_path: path to folder for saving plots
:param show: show plots if True
:param raster_dict: dictionary containing information for a raster


to be plotted below the phase tensors.









	
property rotation_angle

	




	
property skew_cmap_bounds

	skew bounds for a segmented colorbar










	
class mtpy.imaging.PlotPhaseTensorPseudoSection(mt_data, **kwargs)

	Bases: PlotBaseProfile

PlotPhaseTensorPseudoSection will plot the phase tensor ellipses in a
pseudo section format

To get a list of .edi files that you want to plot –>
:Example:

>>> import mtpy.imaging.mtplot as mtplot
>>> import os
>>> edipath = r"/home/EDIfiles"
>>> edilist = [os.path.join(edipath,edi) for edi in os.listdir(edipath)
>>> ...       if edi.find('.edi')>0]






	If you want to plot minimum phase colored from blue to red in a range of





20 to 70 degrees you can do it one of two ways–>




1)
:Example:

>>> edict = {'range':(20,70), 'cmap':'mt_bl2gr2rd','colorby':'phimin'}
>>> pt1 = mtplot.plot_pt_pseudosection(fn_list=edilist,
                                       ellipse_dict=edict)





2)
:Example:

>>> pt1 = mtplot.plot_pt_pseudosection(fn_list=edilist, plot_yn='n')
>>> pt1.ellipse_colorby = 'phimin'
>>> pt1.ellipse_cmap = 'mt_bl2gr2rd'
>>> pt1.ellipse_range = (20,70)
>>> pt1.plot()






	If you want to add real induction arrows that are scaled by 10 and point





away from a conductor –>





	Example:

	>>> pt1.plot_tipper = 'yr'
>>> pt1.arrow_size = 10
>>> pt1.arrow_direction = -1
>>> pt1.redraw_plot()










	If you want to save the plot as a pdf with a generic name –>





	Example:

	::
>>> pt1.save_figure(r”/home/PTFigures”, file_format=’pdf’, dpi=300)
File saved to ‘/home/PTFigures/PTPseudoSection.pdf’






	
plot()

	plots the phase tensor pseudo section.  See class doc string for
more details.










	
class mtpy.imaging.PlotResPhaseMaps(mt_data, **kwargs)

	Bases: PlotBaseMaps

Plots apparent resistivity and phase in map view from a list of edi files


Arguments:



	fn_listlist of strings
	full paths to .edi files to plot



	fig_sizetuple or list (x, y) in inches
	dimensions of the figure box in inches, this is a default
unit of matplotlib.  You can use this so make the plot
fit the figure box to minimize spaces from the plot axes
to the figure box.  default is [8, 8]



	mapscale[ ‘deg’ | ‘m’ | ‘km’ ]
	Scale of the map coordinates.


	‘deg’ –> degrees in latitude and longitude


	‘m’ –> meters for easting and northing


	‘km’ –> kilometers for easting and northing






	plot_yn[ ‘y’ | ‘n’ ]
	*’y’ to plot on creating an instance

*’n’ to not plot on creating an instance



	titlestring
	figure title



	dpiint
	dots per inch of the resolution. default is 300



	font_sizefloat
	size of the font that labels the plot, 2 will be added
to this number for the axis labels.









	
property map_units

	




	
plot()

	









	
class mtpy.imaging.PlotResPhasePseudoSection(mt_data, **kwargs)

	Bases: PlotBaseProfile

plot a resistivity and phase pseudo section for different components

Need to input one of the following lists:


	
plot()

	
	Returns:

	DESCRIPTION



	Return type:

	TYPE














	
class mtpy.imaging.PlotResidualPTMaps(mt_data_01, mt_data_02, frequencies=array([1.00000000e-03, 1.42510267e-03, 2.03091762e-03, 2.89426612e-03, 4.12462638e-03, 5.87801607e-03, 8.37677640e-03, 1.19377664e-02, 1.70125428e-02, 2.42446202e-02, 3.45510729e-02, 4.92388263e-02, 7.01703829e-02, 1.00000000e-01, 1.42510267e-01, 2.03091762e-01, 2.89426612e-01, 4.12462638e-01, 5.87801607e-01, 8.37677640e-01, 1.19377664e+00, 1.70125428e+00, 2.42446202e+00, 3.45510729e+00, 4.92388263e+00, 7.01703829e+00, 1.00000000e+01, 1.42510267e+01, 2.03091762e+01, 2.89426612e+01, 4.12462638e+01, 5.87801607e+01, 8.37677640e+01, 1.19377664e+02, 1.70125428e+02, 2.42446202e+02, 3.45510729e+02, 4.92388263e+02, 7.01703829e+02, 1.00000000e+03]), **kwargs)

	Bases: PlotBase

This will plot residual phase tensors in a map for a single frequency.
The data is read in and stored in 2 ways, one as a list ResidualPhaseTensor
object for each matching station and the other in a structured array with
all the important information.  The structured array is the one that is
used for plotting.  It is computed each time plot() is called so if it is
manipulated it is reset.  The array is sorted by relative offset, so no
special order of input is needed for the file names.  However, the
station names should be verbatim between surveys, otherwise it will not
work.

The residual phase tensor is calculated as I-(Phi_2)^-1 (Phi_1)

The default coloring is by the geometric mean as sqrt(Phi_min*Phi_max),
which defines the percent change between measurements.

There are a lot of parameters to change how the plot looks, have a look
below if you figure looks a little funny.  The most useful will be
ellipse_size

The ellipses are normalized by the largest Phi_max of the survey.


	Example:

	>>> import mtpy.imaging.mtplot as mtplot
>>> import os
>>> edipath1 = r"/home/EDIfiles1"
>>> edilist1 = [os.path.join(edipath1,edi) for edi in os.listdir(edipath1)
>>> ...       if edi.find('.edi')>0]
>>> edipath2 = r"/home/EDIfiles2"
>>> edilist2 = [os.path.join(edipath2,edi) for edi in os.listdir(edipath2)
>>> ...       if edi.find('.edi')>0]
>>> # color by phimin with a range of 0-5 deg
>>> ptmap = mtplot.plot_residual_pt_maps(edilist1, edilist2, freqspot=10,
>>> ...                                  ellipse_dict={'size':1,
>>> ...                                              'range':(0,5)})
>>>
>>> #
>>> #---add an image---
>>> ptmap.image_file = r"/home/Maps/Basemap.jpg"
>>> ptmap.image_extent = (0,10,0,10)
>>> ptmap.redraw_plot()
>>> #
>>> #---Save the plot---
>>> ptmap.save_plot(r"/home/EDIfiles",file_format='pdf')
>>> 'Saved figure to /home/EDIfile/PTMaps/PTmap_phimin_10.0_Hz.pdf'







	Example:

	>>> #change the axis label and grid color
>>> ptmap.ax.set_xlabel('Latitude (deg)')
>>> ptmap.ax.grid(which='major', color=(.5,1,0))
>>> ptmap.update_plot()







	Example:

	>>> # plot seismic hypocenters from a file
>>> lat, lon, depth = np.loadtxt(r"/home/seismic_hypocenter.txt")
>>> ptmap.ax.scatter(lon, lat, marker='o')










	
property map_scale

	




	
plot()

	plot residual phase tensor






	
property rotation_angle

	








	
class mtpy.imaging.PlotResidualPTPseudoSection(mt_data_01, mt_data_02, frequencies=array([1.00000000e-03, 1.42510267e-03, 2.03091762e-03, 2.89426612e-03, 4.12462638e-03, 5.87801607e-03, 8.37677640e-03, 1.19377664e-02, 1.70125428e-02, 2.42446202e-02, 3.45510729e-02, 4.92388263e-02, 7.01703829e-02, 1.00000000e-01, 1.42510267e-01, 2.03091762e-01, 2.89426612e-01, 4.12462638e-01, 5.87801607e-01, 8.37677640e-01, 1.19377664e+00, 1.70125428e+00, 2.42446202e+00, 3.45510729e+00, 4.92388263e+00, 7.01703829e+00, 1.00000000e+01, 1.42510267e+01, 2.03091762e+01, 2.89426612e+01, 4.12462638e+01, 5.87801607e+01, 8.37677640e+01, 1.19377664e+02, 1.70125428e+02, 2.42446202e+02, 3.45510729e+02, 4.92388263e+02, 7.01703829e+02, 1.00000000e+03]), **kwargs)

	Bases: PlotBaseProfile

This will plot residual phase tensors in a pseudo section.  The data is
read in and stored in 2 ways, one as a list ResidualPhaseTensor object for
each matching station and the other in a structured array with all the
important information.  The structured array is the one that is used for
plotting.  It is computed each time plot() is called so if it is
manipulated it is reset.  The array is sorted by relative offset, so no
special order of input is needed for the file names.  However, the
station names should be verbatim between surveys, otherwise it will not
work.

The residual phase tensor is calculated as I-(Phi_2)^-1 (Phi_1)

The default coloring is by the geometric mean as sqrt(Phi_min*Phi_max),
which defines the percent change between measurements.

There are a lot of parameters to change how the plot looks, have a look
below if you figure looks a little funny.  The most useful will be
xstretch, ystretch and ellipse_size

The ellipses are normalized by the largest Phi_max of the survey.

To get a list of .edi files that you want to plot –>
:Example:

>>> import mtpy.imaging.mtplot as mtplot
>>> import os
>>> edipath1 = r"/home/EDIfiles1"
>>> edilist1 = [os.path.join(edipath1,edi) for edi in os.listdir(edipath1)
>>> ...       if edi.find('.edi')>0]
>>> edipath2 = r"/home/EDIfiles2"
>>> edilist2 = [os.path.join(edipath2,edi) for edi in os.listdir(edipath2)
>>> ...       if edi.find('.edi')>0]
>>> # color by phimin with a range of 0-5 deg






	If you want to plot geometric mean colored from white to orange in a
range of 0 to 10 percent you can do it one of two ways–>




1)
:Example:

>>> edict = {'range':(0,10), 'cmap':'mt_wh2or',                      'colorby':'geometric_mean', 'size':10}
>>> pt1 = mtplot.residual_pt_ps(edilist1, edilst2, ellipse_dict=edict)





2)
:Example:

>>> pt1 = mtplot.residual_pt_ps(edilist1, edilst2, ellipse_dict=edict,                                        plot_yn='n')
>>> pt1.ellipse_colorby = 'geometric_mean'
>>> pt1.ellipse_cmap = 'mt_wh2or'
>>> pt1.ellipse_range = (0, 10)
>>> pt1.ellipse_size = 10
>>> pt1.plot()






	If you want to save the plot as a pdf with a generic name –>





	Example:

	::
>>> pt1.save_figure(r”/home/PTFigures”, file_format=’pdf’, dpi=300)
File saved to ‘/home/PTFigures/PTPseudoSection.pdf’






	
get_pt_color_array(rpt_array)

	Get the appropriat color by array






	
plot()

	plot residual phase tensor






	
property rotation_angle

	








	
class mtpy.imaging.PlotStations(geo_df, **kwargs)

	Bases: PlotBase

plot station locations in map view.

Uses contextily to get the basemap.
See https://contextily.readthedocs.io/en/latest/index.html for more
information about options.


	
plot()

	
	Parameters:

	
	cx_source (TYPE, optional) – DESCRIPTION, defaults to cx.providers.USGS.USTopo


	cx_zoom (TYPE, optional) – DESCRIPTION, defaults to None






	Returns:

	DESCRIPTION



	Return type:

	TYPE














	
class mtpy.imaging.PlotStrike(mt_data, **kwargs)

	Bases: PlotBase


PlotStrike will plot the strike estimated from the invariants, phase tensor
and the tipper in either a rose diagram of xy plot

plots the strike angle as determined by phase tensor azimuth (Caldwell et
al. [2004]) and invariants of the impedance tensor (Weaver et al. [2003]).

The data is split into decades where the histogram for each is plotted in
the form of a rose diagram with a range of 0 to 180 degrees.
Where 0 is North and 90 is East.   The median angle of the period band is
set in polar diagram.  The top row is the strike estimated from
the invariants of the impedance tensor.  The bottom row is the azimuth
estimated from the phase tensor.  If tipper is ‘y’ then the 3rd row is the
strike determined from the tipper, which is orthogonal to the induction
arrow direction.



	param fs:

	font size for labels of plotting. Default is 10



	param rot_z:

	angle of rotation clockwise positive. Default is 0



	param period_tolerance:

	float
Tolerance level to match periods from different edi files.
Default is 0.05



	param text_pad:

	padding of the angle label at the bottom of each
polar diagram.  Default is 1.65



	param text_size:

	font size



	param plot_range:

	[ ‘data’ | (period_min,period_max) ]
period range to estimate the strike angle. Options are:



	
	‘data’ for estimating the strike for all periods
	in the data.







	(pmin,pmax) for period min and period max, input as
(log10(pmin),log10(pmax))









	param plot_type:

	[ 1 | 2 ]
- 1 to plot individual decades in one plot
- 2 to plot all period ranges into one polar diagram


for each strike angle estimation






	param plot_tipper:

	[ True | False ]
- True to plot the tipper strike
- False to not plot tipper strike



	param pt_error_floor:

	Maximum error in degrees that is allowed to
estimate strike. Default is None allowing all
estimates to be used.



	param fold:

	[ True | False ]
* True to plot only from 0 to 180
* False to plot from 0 to 360



	param plot_orthogonal:

	[ True | False]
* True to plot the orthogonal strike directions
* False to not



	param color:

	[ True | False ]
* True to plot shade colors
* False to plot all in one color



	param color_inv:

	color of invariants plots



	param color_pt:

	color of phase tensor plots



	param color_tip:

	color of tipper plots



	param ring_spacing:

	spacing of rings in polar plots



	param ring_limits:

	(min count, max count) set each plot have these
limits



	param plot_orientation:

	[ ‘h’ | ‘v’ ] horizontal or vertical plots









	Example:

	








	)
	>>> #---Turn on Tipper
>>> strike.plot_tipper = True
>>> #---Plot only main directions
>>> strike.plot_orthogonal = False
>>> # Redraw plot
>>> strike.redraw_plot()
>>> # plot only from 0-180
>>> strike.fold = True
>>> strike.redraw_plot()
>>> #---save the plot---
>>> strike.save_plot(r"/home/Figures")










	
get_estimate(estimate, period_range=None)

	




	
get_mean(estimate_df)

	get mean value






	
get_median(estimate_df)

	get median value






	
get_mode(estimate_df)

	get mode from a historgram






	
get_plot_array(estimate, period_range=None)

	get a plot array that has the min and max angles






	
get_stats(estimate, period_range=None)

	print stats nicely






	
make_strike_df()

	make strike array


Note

Polar plots assume the azimuth is an angle measured
counterclockwise positive from x = 0.  Therefore all angles
are calculated as 90 - angle to make them conform to the
polar plot convention.








	
plot(show=True)

	plot Strike angles as rose plots






	
property rotation_angle
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mtpy.imaging.mtplot_tools package


Submodules



mtpy.imaging.mtplot_tools.arrows module

Created on Sun Sep 25 15:16:31 2022

@author: jpeacock


	
class mtpy.imaging.mtplot_tools.arrows.MTArrows(**kwargs)

	Bases: object

Helper class to read a dictionary of arrow properties


Arguments:


	
	‘size’float
	multiplier to scale the arrow. default is 5







	
	‘head_length’float
	length of the arrow head default is
1.5







	
	‘head_width’float
	width of the arrow head default is
1.5







	
	‘lw’float
	line width of the arrow default is .5







	
	‘color’tuple (real, imaginary)
	color of the arrows for real and imaginary







	
	‘threshold’: float
	threshold of which any arrow larger than
this number will not be plotted, helps
clean up if the data is not good.
default is 1, note this is before
scaling by ‘size’







	
	‘direction[ 0 | 1 ]
	
	0 for arrows to point toward a conductor


	1 for arrow to point away from conductor



















mtpy.imaging.mtplot_tools.base module

Base classes for plotting classes


	author:

	jpeacock






	
class mtpy.imaging.mtplot_tools.base.PlotBase(**kwargs)

	Bases: PlotSettings

base class for plotting objects


	
plot()

	




	
redraw_plot()

	use this function if you updated some attributes and want to re-plot.


	Example:

	>>> # change the color and marker of the xy components
>>> p1.xy_color = (.5,.5,.9)
>>> p1.xy_marker = '*'
>>> p1.redraw_plot()














	
save_plot(save_fn, file_format='pdf', orientation='portrait', fig_dpi=None, close_plot=True)

	save_plot will save the figure to save_fn.


Arguments:



	save_fnstring
	full path to save figure to, can be input as
* directory path -> the directory path to save to


in which the file will be saved as
save_fn/station_name_ResPhase.file_format





	full path -> file will be save to the given
path.  If you use this option then the format
will be assumed to be provided by the path






	file_format[ pdf | eps | jpg | png | svg ]
	file type of saved figure pdf,svg,eps…



	orientation[ landscape | portrait ]
	orientation in which the file will be saved
default is portrait



	fig_dpiint
	The resolution in dots-per-inch the file will be
saved.  If None then the fig_dpi will be that at
which the figure was made.  I don’t think that
it can be larger than fig_dpi of the figure.



	close_plot[ true | false ]
	
	True will close the plot after saving.


	False will leave plot open












	Example:

	>>> # to save plot as jpg
>>> p1.save_plot(r'/home/MT/figures', file_format='jpg')















	
update_plot()

	update any parameters that where changed using the built-in draw from
canvas.

Use this if you change an of the .fig or axes properties


	Example:

	>>> [ax.grid(True, which='major') for ax in [p1.axr,p1.axp]]
>>> p1.update_plot()


















	
class mtpy.imaging.mtplot_tools.base.PlotBaseMaps(**kwargs)

	Bases: PlotBase

Base object for plot classes that use map views, includes methods for
interpolation.


	
add_raster(ax, raster_fn, add_colorbar=True, **kwargs)

	Add a raster to an axis using rasterio


	Parameters:

	
	ax (TYPE) – DESCRIPTION


	raster_fn (TYPE) – DESCRIPTION


	add_colorbar (TYPE, optional) – DESCRIPTION, defaults to True


	**kwargs – DESCRIPTION








	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
static get_interp1d_functions_t(tf, interp_type='slinear')

	
	Parameters:

	interp_type (TYPE, optional) – DESCRIPTION, defaults to “slinear”



	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
static get_interp1d_functions_z(tf, interp_type='slinear')

	
	Parameters:

	interp_type (TYPE, optional) – DESCRIPTION, defaults to “slinear”



	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
interpolate_to_map(plot_array, component)

	interpolate points onto a 2d map.


	Parameters:

	
	plot_array (TYPE) – DESCRIPTION


	component (TYPE) – DESCRIPTION


	cell_size (TYPE, optional) – DESCRIPTION, defaults to 0.002


	n_padding_cells (TYPE, optional) – DESCRIPTION, defaults to 10


	interpolation_method (TYPE, optional) – DESCRIPTION, defaults to “delaunay”






	Returns:

	DESCRIPTION



	Return type:

	TYPE














	
class mtpy.imaging.mtplot_tools.base.PlotBaseProfile(tf_list, **kwargs)

	Bases: PlotBase

Base object for profile plots like pseudo sections.


	
property rotation_angle

	









mtpy.imaging.mtplot_tools.ellipses module

Created on Sun Sep 25 15:19:16 2022

@author: jpeacock


	
class mtpy.imaging.mtplot_tools.ellipses.MTEllipse(**kwargs)

	Bases: object

helper class for getting ellipse properties from an input dictionary


Arguments:


	
	‘size’ -> size of ellipse in points
	default is .25







	
	‘colorby’[ ‘phimin’ | ‘phimax’ | ‘beta’ |
	‘skew_seg’ | ‘phidet’ | ‘ellipticity’ ]


	‘phimin’ -> colors by minimum phase


	‘phimax’ -> colors by maximum phase


	‘skew’ -> colors by skew


	
	‘skew_seg’ -> colors by skew in
	discrete segments
defined by the range







	
	‘normalized_skew’ -> colors by
	normalized_skew
see Booker, 2014







	
	‘normalized_skew_seg’ -> colors by
	normalized_skew
discrete segments
defined by the range







	
	‘phidet’ -> colors by determinant of
	the phase tensor







	‘ellipticity’ -> colors by ellipticity




default is ‘phimin’







	
	‘range’tuple (min, max, step)
	Need to input at least the min and max
and if using ‘skew_seg’ to plot
discrete values input step as well
default depends on ‘colorby’







	
	‘cmap’[ ‘mt_yl2rd’ | ‘mt_bl2yl2rd’ |
	
‘mt_wh2bl’ | ‘mt_rd2bl’ |
‘mt_bl2wh2rd’ | ‘mt_seg_bl2wh2rd’ |
‘mt_rd2gr2bl’]





	‘mt_yl2rd’       –> yellow to red


	‘mt_bl2yl2rd’    –> blue to yellow to red


	‘mt_wh2bl’       –> white to blue


	‘mt_rd2bl’       –> red to blue


	‘mt_bl2wh2rd’    –> blue to white to red


	‘mt_bl2gr2rd’    –> blue to green to red


	‘mt_rd2gr2bl’    –> red to green to blue


	
	‘mt_seg_bl2wh2rd’ –> discrete blue to
	white to red


















	
property ellipse_cmap_bounds

	




	
property ellipse_cmap_n_segments

	




	
property ellipse_properties

	




	
get_color_map()

	get a color map






	
get_pt_color_array(pt_object)

	Get the appropriat color by array






	
get_range()

	get an appropriate range for the colorby












mtpy.imaging.mtplot_tools.map_interpolation_tools module

Created on Sun Sep 25 15:06:58 2022

@author: jpeacock


	
mtpy.imaging.mtplot_tools.map_interpolation_tools.get_plot_xy(plot_array, cell_size, n_padding_cells)

	Get plot x and plot y from a plot array to interpolate on to


	Parameters:

	
	plot_array (TYPE) – DESCRIPTION


	cell_size (TYPE) – DESCRIPTION


	n_padding_cells (TYPE) – DESCRIPTION






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
mtpy.imaging.mtplot_tools.map_interpolation_tools.griddata_interpolate(x, y, values, new_x, new_y, interpolation_method='cubic')

	
	Parameters:

	
	x (TYPE) – DESCRIPTION


	y (TYPE) – DESCRIPTION


	value (TYPE) – DESCRIPTION


	new_x (TYPE) – DESCRIPTION


	new_y (TYPE) – DESCRIPTION


	interpolation_method (TYPE, optional) – DESCRIPTION, defaults to “cubic”






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
mtpy.imaging.mtplot_tools.map_interpolation_tools.in_hull(p, hull)

	Test if points in p are within the convex hull






	
mtpy.imaging.mtplot_tools.map_interpolation_tools.interpolate_to_map(plot_array, component, cell_size=0.002, n_padding_cells=10, interpolation_method='delaunay', interpolation_power=5, nearest_neighbors=7)

	
	Parameters:

	
	plot_array (TYPE) – DESCRIPTION


	component (TYPE) – DESCRIPTION


	cell_size (TYPE, optional) – DESCRIPTION, defaults to .002


	n_padding_cells (TYPE, optional) – DESCRIPTION, defaults to 10


	interpolation_method (TYPE, optional) – DESCRIPTION, defaults to “delaunay”






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
mtpy.imaging.mtplot_tools.map_interpolation_tools.interpolate_to_map_griddata(plot_array, component, cell_size=0.002, n_padding_cells=10, interpolation_method='cubic')

	Interpolate using scipy.interpolate.griddata


	Parameters:

	
	plot_array (TYPE) – DESCRIPTION


	component (TYPE) – DESCRIPTION


	cell_size (TYPE, optional) – DESCRIPTION, defaults to .002


	n_padding_cells (TYPE, optional) – DESCRIPTION, defaults to 10






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
mtpy.imaging.mtplot_tools.map_interpolation_tools.interpolate_to_map_triangulate(plot_array, component, cell_size=0.002, n_padding_cells=10, nearest_neighbors=7, interp_pow=4)

	plot_array must have key words:



	latitude: latitude in decimal degrees of measured points


	longitude: longitude in decimal degrees of measured points


	values should have the proper name of the input component. For
example if you are plotting the resistivity of the xy component then
the keyword should be ‘res_xy’








	Parameters:

	
	plot_x (np.ndarray) – desired regular x locations to interpolate to


	plot_y (np.ndarray) – desired regular x locations to interpolate to


	plot_array (np.ndarray) – structured array, see above


	component (string) – component or keyword of the plot_array to plot


	cell_size (TYPE, optional) – size of cells , defaults to 0.002


	n_padding_cells (TYPE, optional) – DESCRIPTION, defaults to 10


	nearest_neighbors (TYPE, optional) – DESCRIPTION, defaults to 7


	interp_pow (TYPE, optional) – DESCRIPTION, defaults to 4






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
mtpy.imaging.mtplot_tools.map_interpolation_tools.triangulate_interpolation(x, y, values, padded_x, padded_y, new_x, new_y, nearest_neighbors=7, interp_pow=4)

	
	Parameters:

	
	x (TYPE) – DESCRIPTION


	y (TYPE) – DESCRIPTION


	values (TYPE) – DESCRIPTION


	new_x (TYPE) – DESCRIPTION


	new_y (TYPE) – DESCRIPTION








:param : DESCRIPTION
:type : TYPE
:return: DESCRIPTION
:rtype: TYPE







mtpy.imaging.mtplot_tools.plot_settings module

Created on Sun Sep 25 15:20:43 2022

@author: jpeacock


	
class mtpy.imaging.mtplot_tools.plot_settings.PlotSettings(**kwargs)

	Bases: MTArrows, MTEllipse

Hold all the plot settings that one might need


	
property arrow_imag_properties

	




	
property arrow_real_properties

	




	
property det_error_bar_properties

	xy error bar properties for xy mode
:return: DESCRIPTION
:rtype: TYPE






	
property font_dict

	




	
make_pt_cb(ax)

	




	
property period_label_dict

	log 10 labels


	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
set_period_limits(period)

	set period limits


	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
set_phase_limits(phase, mode='od')

	




	
set_resistivity_limits(resistivity, mode='od', scale='log')

	set resistivity limits


	Parameters:

	
	resistivity (TYPE) – DESCRIPTION


	mode (TYPE, optional) – DESCRIPTION, defaults to “od”






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
property text_dict

	




	
property xy_error_bar_properties

	xy error bar properties for xy mode
:return: DESCRIPTION
:rtype: TYPE






	
property yx_error_bar_properties

	xy error bar properties for xy mode
:return: DESCRIPTION
:rtype: TYPE











mtpy.imaging.mtplot_tools.plotters module

Simple plotters elements that can be assembled in various plotting classes

Created on Sun Sep 25 15:27:28 2022


	author:

	jpeacock






	
mtpy.imaging.mtplot_tools.plotters.add_raster(ax, raster_fn, add_colorbar=True, **kwargs)

	Add a raster to an axis using rasterio


	Parameters:

	
	raster_fn (TYPE) – DESCRIPTION


	**kwargs – DESCRIPTION








	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
mtpy.imaging.mtplot_tools.plotters.plot_errorbar(ax, x_array, y_array, y_error=None, x_error=None, **kwargs)

	convinience function to make an error bar instance


Arguments:



	axmatplotlib.axes instance
	axes to put error bar plot on



	x_arraynp.ndarray(nx)
	array of x values to plot



	y_arraynp.ndarray(nx)
	array of y values to plot



	y_errornp.ndarray(nx)
	array of errors in y-direction to plot



	x_errornp.ndarray(ns)
	array of error in x-direction to plot



	colorstring or (r, g, b)
	color of marker, line and error bar



	markerstring
	marker type to plot data as



	mewstring
	marker edgewidth



	msfloat
	size of marker



	lsstring
	line style between markers



	lwfloat
	width of line between markers



	e_capsizefloat
	size of error bar cap



	e_capthickfloat
	thickness of error bar cap



	pickerfloat
	radius in points to be able to pick a point.










Returns:



	errorbar_objectmatplotlib.Axes.errorbar
	error bar object containing line data,
errorbars, etc.














	
mtpy.imaging.mtplot_tools.plotters.plot_phase(ax, period, phase, error, yx=False, **properties)

	plot apparent resistivity to the given axis with given properties


	Parameters:

	
	ax (TYPE) – DESCRIPTION


	resistivity (TYPE) – DESCRIPTION


	period (TYPE) – DESCRIPTION


	**properties – DESCRIPTION








	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
mtpy.imaging.mtplot_tools.plotters.plot_pt_lateral(ax, pt_obj, color_array, ellipse_properties, y_shift=0, fig=None, edge_color=None, n_index=0)

	
	Parameters:

	
	ax (TYPE) – DESCRIPTION


	pt_obj (TYPE) – DESCRIPTION


	color_array (TYPE) – DESCRIPTION


	ellipse_properties (TYPE) – DESCRIPTION


	bounds (TYPE, optional) – DESCRIPTION, defaults to None






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
mtpy.imaging.mtplot_tools.plotters.plot_resistivity(ax, period, resistivity, error, **properties)

	plot apparent resistivity to the given axis with given properties


	Parameters:

	
	ax (TYPE) – DESCRIPTION


	resistivity (TYPE) – DESCRIPTION


	period (TYPE) – DESCRIPTION


	**properties – DESCRIPTION








	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
mtpy.imaging.mtplot_tools.plotters.plot_tipper_lateral(axt, t_obj, plot_tipper, real_properties, imag_properties, font_size=6, legend=True, zero_reference=False)

	
	Parameters:

	
	axt (TYPE) – DESCRIPTION


	t_obj (TYPE) – DESCRIPTION






	Returns:

	DESCRIPTION



	Return type:

	TYPE











mtpy.imaging.mtplot_tools.utils module

Utility functions for plotting

Created on Sun Sep 25 15:49:01 2022


	author:

	jpeacock






	
mtpy.imaging.mtplot_tools.utils.add_colorbar_axis(ax, fig)

	




	
mtpy.imaging.mtplot_tools.utils.get_log_tick_labels(ax, spacing=1)

	
	Parameters:

	ax (TYPE) – DESCRIPTION



	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
mtpy.imaging.mtplot_tools.utils.get_period_limits(period)

	




	
mtpy.imaging.mtplot_tools.utils.make_color_list(cbax, nseg, ckmin, ckmax, ckstep)

	




	
mtpy.imaging.mtplot_tools.utils.make_value_str(value, value_list=None, spacing='{0:^8}', value_format='{0: .2f}', append=False, add=False)

	helper function for writing values to a file, takes in a value and either
appends or adds value to value_list according to the spacing and format of
the string.


Arguments:


value : float

value_list : list of values converted to strings


	spacingspacing of the string that the value will be converted
	to.



	value_formatformat of the string that the value is being
	coverted to.



	append[ True | False]
	if True then appends the value to value list



	add[ True | False ]
	if True adds value string to the other value strings in
value_list










Returns:



	value_listthe input value_list with the new value either
	added or appended.





or

value_str : value string if add and append are false










	
mtpy.imaging.mtplot_tools.utils.round_to_step(num, base=5)

	





Module contents


	
class mtpy.imaging.mtplot_tools.MTArrows(**kwargs)

	Bases: object

Helper class to read a dictionary of arrow properties


Arguments:


	
	‘size’float
	multiplier to scale the arrow. default is 5







	
	‘head_length’float
	length of the arrow head default is
1.5







	
	‘head_width’float
	width of the arrow head default is
1.5







	
	‘lw’float
	line width of the arrow default is .5







	
	‘color’tuple (real, imaginary)
	color of the arrows for real and imaginary







	
	‘threshold’: float
	threshold of which any arrow larger than
this number will not be plotted, helps
clean up if the data is not good.
default is 1, note this is before
scaling by ‘size’







	
	‘direction[ 0 | 1 ]
	
	0 for arrows to point toward a conductor


	1 for arrow to point away from conductor


















	
class mtpy.imaging.mtplot_tools.MTEllipse(**kwargs)

	Bases: object

helper class for getting ellipse properties from an input dictionary


Arguments:


	
	‘size’ -> size of ellipse in points
	default is .25







	
	‘colorby’[ ‘phimin’ | ‘phimax’ | ‘beta’ |
	‘skew_seg’ | ‘phidet’ | ‘ellipticity’ ]


	‘phimin’ -> colors by minimum phase


	‘phimax’ -> colors by maximum phase


	‘skew’ -> colors by skew


	
	‘skew_seg’ -> colors by skew in
	discrete segments
defined by the range







	
	‘normalized_skew’ -> colors by
	normalized_skew
see Booker, 2014







	
	‘normalized_skew_seg’ -> colors by
	normalized_skew
discrete segments
defined by the range







	
	‘phidet’ -> colors by determinant of
	the phase tensor







	‘ellipticity’ -> colors by ellipticity




default is ‘phimin’







	
	‘range’tuple (min, max, step)
	Need to input at least the min and max
and if using ‘skew_seg’ to plot
discrete values input step as well
default depends on ‘colorby’







	
	‘cmap’[ ‘mt_yl2rd’ | ‘mt_bl2yl2rd’ |
	
‘mt_wh2bl’ | ‘mt_rd2bl’ |
‘mt_bl2wh2rd’ | ‘mt_seg_bl2wh2rd’ |
‘mt_rd2gr2bl’]





	‘mt_yl2rd’       –> yellow to red


	‘mt_bl2yl2rd’    –> blue to yellow to red


	‘mt_wh2bl’       –> white to blue


	‘mt_rd2bl’       –> red to blue


	‘mt_bl2wh2rd’    –> blue to white to red


	‘mt_bl2gr2rd’    –> blue to green to red


	‘mt_rd2gr2bl’    –> red to green to blue


	
	‘mt_seg_bl2wh2rd’ –> discrete blue to
	white to red


















	
property ellipse_cmap_bounds

	




	
property ellipse_cmap_n_segments

	




	
property ellipse_properties

	




	
get_color_map()

	get a color map






	
get_pt_color_array(pt_object)

	Get the appropriat color by array






	
get_range()

	get an appropriate range for the colorby











	
class mtpy.imaging.mtplot_tools.PlotBase(**kwargs)

	Bases: PlotSettings

base class for plotting objects


	
plot()

	




	
redraw_plot()

	use this function if you updated some attributes and want to re-plot.


	Example:

	>>> # change the color and marker of the xy components
>>> p1.xy_color = (.5,.5,.9)
>>> p1.xy_marker = '*'
>>> p1.redraw_plot()














	
save_plot(save_fn, file_format='pdf', orientation='portrait', fig_dpi=None, close_plot=True)

	save_plot will save the figure to save_fn.


Arguments:



	save_fnstring
	full path to save figure to, can be input as
* directory path -> the directory path to save to


in which the file will be saved as
save_fn/station_name_ResPhase.file_format





	full path -> file will be save to the given
path.  If you use this option then the format
will be assumed to be provided by the path






	file_format[ pdf | eps | jpg | png | svg ]
	file type of saved figure pdf,svg,eps…



	orientation[ landscape | portrait ]
	orientation in which the file will be saved
default is portrait



	fig_dpiint
	The resolution in dots-per-inch the file will be
saved.  If None then the fig_dpi will be that at
which the figure was made.  I don’t think that
it can be larger than fig_dpi of the figure.



	close_plot[ true | false ]
	
	True will close the plot after saving.


	False will leave plot open












	Example:

	>>> # to save plot as jpg
>>> p1.save_plot(r'/home/MT/figures', file_format='jpg')















	
update_plot()

	update any parameters that where changed using the built-in draw from
canvas.

Use this if you change an of the .fig or axes properties


	Example:

	>>> [ax.grid(True, which='major') for ax in [p1.axr,p1.axp]]
>>> p1.update_plot()


















	
class mtpy.imaging.mtplot_tools.PlotBaseMaps(**kwargs)

	Bases: PlotBase

Base object for plot classes that use map views, includes methods for
interpolation.


	
add_raster(ax, raster_fn, add_colorbar=True, **kwargs)

	Add a raster to an axis using rasterio


	Parameters:

	
	ax (TYPE) – DESCRIPTION


	raster_fn (TYPE) – DESCRIPTION


	add_colorbar (TYPE, optional) – DESCRIPTION, defaults to True


	**kwargs – DESCRIPTION








	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
static get_interp1d_functions_t(tf, interp_type='slinear')

	
	Parameters:

	interp_type (TYPE, optional) – DESCRIPTION, defaults to “slinear”



	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
static get_interp1d_functions_z(tf, interp_type='slinear')

	
	Parameters:

	interp_type (TYPE, optional) – DESCRIPTION, defaults to “slinear”



	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
interpolate_to_map(plot_array, component)

	interpolate points onto a 2d map.


	Parameters:

	
	plot_array (TYPE) – DESCRIPTION


	component (TYPE) – DESCRIPTION


	cell_size (TYPE, optional) – DESCRIPTION, defaults to 0.002


	n_padding_cells (TYPE, optional) – DESCRIPTION, defaults to 10


	interpolation_method (TYPE, optional) – DESCRIPTION, defaults to “delaunay”






	Returns:

	DESCRIPTION



	Return type:

	TYPE














	
class mtpy.imaging.mtplot_tools.PlotBaseProfile(tf_list, **kwargs)

	Bases: PlotBase

Base object for profile plots like pseudo sections.


	
property rotation_angle

	








	
class mtpy.imaging.mtplot_tools.PlotSettings(**kwargs)

	Bases: MTArrows, MTEllipse

Hold all the plot settings that one might need


	
property arrow_imag_properties

	




	
property arrow_real_properties

	




	
property det_error_bar_properties

	xy error bar properties for xy mode
:return: DESCRIPTION
:rtype: TYPE






	
property font_dict

	




	
make_pt_cb(ax)

	




	
property period_label_dict

	log 10 labels


	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
set_period_limits(period)

	set period limits


	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
set_phase_limits(phase, mode='od')

	




	
set_resistivity_limits(resistivity, mode='od', scale='log')

	set resistivity limits


	Parameters:

	
	resistivity (TYPE) – DESCRIPTION


	mode (TYPE, optional) – DESCRIPTION, defaults to “od”






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
property text_dict

	




	
property xy_error_bar_properties

	xy error bar properties for xy mode
:return: DESCRIPTION
:rtype: TYPE






	
property yx_error_bar_properties

	xy error bar properties for xy mode
:return: DESCRIPTION
:rtype: TYPE










	
mtpy.imaging.mtplot_tools.add_raster(ax, raster_fn, add_colorbar=True, **kwargs)

	Add a raster to an axis using rasterio


	Parameters:

	
	raster_fn (TYPE) – DESCRIPTION


	**kwargs – DESCRIPTION








	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
mtpy.imaging.mtplot_tools.get_log_tick_labels(ax, spacing=1)

	
	Parameters:

	ax (TYPE) – DESCRIPTION



	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
mtpy.imaging.mtplot_tools.griddata_interpolate(x, y, values, new_x, new_y, interpolation_method='cubic')

	
	Parameters:

	
	x (TYPE) – DESCRIPTION


	y (TYPE) – DESCRIPTION


	value (TYPE) – DESCRIPTION


	new_x (TYPE) – DESCRIPTION


	new_y (TYPE) – DESCRIPTION


	interpolation_method (TYPE, optional) – DESCRIPTION, defaults to “cubic”






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
mtpy.imaging.mtplot_tools.interpolate_to_map(plot_array, component, cell_size=0.002, n_padding_cells=10, interpolation_method='delaunay', interpolation_power=5, nearest_neighbors=7)

	
	Parameters:

	
	plot_array (TYPE) – DESCRIPTION


	component (TYPE) – DESCRIPTION


	cell_size (TYPE, optional) – DESCRIPTION, defaults to .002


	n_padding_cells (TYPE, optional) – DESCRIPTION, defaults to 10


	interpolation_method (TYPE, optional) – DESCRIPTION, defaults to “delaunay”






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
mtpy.imaging.mtplot_tools.plot_errorbar(ax, x_array, y_array, y_error=None, x_error=None, **kwargs)

	convinience function to make an error bar instance


Arguments:



	axmatplotlib.axes instance
	axes to put error bar plot on



	x_arraynp.ndarray(nx)
	array of x values to plot



	y_arraynp.ndarray(nx)
	array of y values to plot



	y_errornp.ndarray(nx)
	array of errors in y-direction to plot



	x_errornp.ndarray(ns)
	array of error in x-direction to plot



	colorstring or (r, g, b)
	color of marker, line and error bar



	markerstring
	marker type to plot data as



	mewstring
	marker edgewidth



	msfloat
	size of marker



	lsstring
	line style between markers



	lwfloat
	width of line between markers



	e_capsizefloat
	size of error bar cap



	e_capthickfloat
	thickness of error bar cap



	pickerfloat
	radius in points to be able to pick a point.










Returns:



	errorbar_objectmatplotlib.Axes.errorbar
	error bar object containing line data,
errorbars, etc.














	
mtpy.imaging.mtplot_tools.plot_phase(ax, period, phase, error, yx=False, **properties)

	plot apparent resistivity to the given axis with given properties


	Parameters:

	
	ax (TYPE) – DESCRIPTION


	resistivity (TYPE) – DESCRIPTION


	period (TYPE) – DESCRIPTION


	**properties – DESCRIPTION








	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
mtpy.imaging.mtplot_tools.plot_pt_lateral(ax, pt_obj, color_array, ellipse_properties, y_shift=0, fig=None, edge_color=None, n_index=0)

	
	Parameters:

	
	ax (TYPE) – DESCRIPTION


	pt_obj (TYPE) – DESCRIPTION


	color_array (TYPE) – DESCRIPTION


	ellipse_properties (TYPE) – DESCRIPTION


	bounds (TYPE, optional) – DESCRIPTION, defaults to None






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
mtpy.imaging.mtplot_tools.plot_resistivity(ax, period, resistivity, error, **properties)

	plot apparent resistivity to the given axis with given properties


	Parameters:

	
	ax (TYPE) – DESCRIPTION


	resistivity (TYPE) – DESCRIPTION


	period (TYPE) – DESCRIPTION


	**properties – DESCRIPTION








	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
mtpy.imaging.mtplot_tools.plot_tipper_lateral(axt, t_obj, plot_tipper, real_properties, imag_properties, font_size=6, legend=True, zero_reference=False)

	
	Parameters:

	
	axt (TYPE) – DESCRIPTION


	t_obj (TYPE) – DESCRIPTION






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
mtpy.imaging.mtplot_tools.triangulate_interpolation(x, y, values, padded_x, padded_y, new_x, new_y, nearest_neighbors=7, interp_pow=4)

	
	Parameters:

	
	x (TYPE) – DESCRIPTION


	y (TYPE) – DESCRIPTION


	values (TYPE) – DESCRIPTION


	new_x (TYPE) – DESCRIPTION


	new_y (TYPE) – DESCRIPTION








:param : DESCRIPTION
:type : TYPE
:return: DESCRIPTION
:rtype: TYPE
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mtpy.modeling.errors module

Created on Tue Oct 11 16:01:37 2022

@author: jpeacock


	
class mtpy.modeling.errors.ModelErrors(data=None, measurement_error=None, **kwargs)

	Bases: object


	
compute_absolute_error()

	
	Parameters:

	
	data (TYPE) – DESCRIPTION


	error_value (TYPE) – DESCRIPTION






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
compute_arithmetic_mean_error()

	error_value * (Zxy + Zyx) / 2


	Parameters:

	
	data (TYPE) – DESCRIPTION


	error_value (TYPE) – DESCRIPTION






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
compute_eigen_value_error()

	error_value * eigen(data).mean()


	Parameters:

	
	data (TYPE) – DESCRIPTION


	error_value (TYPE) – DESCRIPTION






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
compute_error(data=None, error_type=None, error_value=None, floor=None)

	
	Parameters:

	
	data (TYPE, optional) – DESCRIPTION, defaults to None


	error_type (TYPE, optional) – DESCRIPTION, defaults to None


	error_value (TYPE, optional) – DESCRIPTION, defaults to None


	floor (TYPE, optional) – DESCRIPTION, defaults to None






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
compute_geometric_mean_error()

	error_value * sqrt(Zxy * Zyx)


	Parameters:

	
	data (TYPE) – DESCRIPTION


	error_value (TYPE) – DESCRIPTION






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
compute_median_error()

	median(array) * error_value


	Parameters:

	
	array (TYPE) – DESCRIPTION


	error_value (TYPE) – DESCRIPTION






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
compute_percent_error()

	Percent error


	Parameters:

	
	data (TYPE) – DESCRIPTION


	percent (TYPE) – DESCRIPTION






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
compute_row_error()

	set zxx and zxy the same error and zyy and zyx the same error


	Parameters:

	
	data (TYPE) – DESCRIPTION


	error_value (TYPE) – DESCRIPTION


	floor (TYPE, optional) – DESCRIPTION, defaults to True






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
property data

	




	
property error_parameters

	




	
property error_type

	




	
property error_value

	




	
property floor

	




	
mask_zeros(data)

	mask zeros


	Parameters:

	data (TYPE) – DESCRIPTION



	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
property measurement_error

	




	
property mode

	




	
resize_output(error_array)

	resize the error estimtion to the same size as the input data


	Parameters:

	error_array (TYPE) – DESCRIPTION



	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
set_floor(error_array)

	Set error floor


	Parameters:

	
	array – DESCRIPTION


	floor (TYPE) – DESCRIPTION






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
use_measurement_error()

	




	
validate_array_shape(data)

	
	Parameters:

	data (TYPE) – DESCRIPTION



	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
validate_percent(value)

	Make sure the percent is a decimal


	Parameters:

	value (TYPE) – DESCRIPTION



	Returns:

	DESCRIPTION



	Return type:

	TYPE















mtpy.modeling.gocad module

Created on Fri Dec 09 15:50:53 2016

@author: Alison Kirkby

read and write gocad objects


	
class mtpy.modeling.gocad.Sgrid(**kwargs)

	Bases: object

class to read and write gocad sgrid files

need to provide:
workdir = working directory
fn = filename for the sgrid
resistivity = 3d numpy array containing resistivity values, shape (ny,nx,nz)
grid_xyz = tuple containing x,y,z locations of edges of cells for each


resistivity value. Each item in tuple has shape (ny+1,nx+1,nz+1)





	
read_sgrid_file(headerfn=None)

	




	
write_sgrid_file()

	









mtpy.modeling.mare2dem module



mtpy.modeling.mesh_tools module

Created on Wed Oct 25 09:35:31 2017

@author: Alison Kirkby

functions to assist with mesh generation


	
mtpy.modeling.mesh_tools.get_nearest_index(array, value)

	Return the index of the nearest value to the provided value in an array:



	inputs:
	array = array or list of values
value = target value













	
mtpy.modeling.mesh_tools.get_padding_cells(cell_width, max_distance, num_cells, stretch)

	get padding cells, which are exponentially increasing to a given
distance.  Make sure that each cell is larger than the one previously.


	Parameters:

	
	**cell_width** (float) – width of grid cell (m)


	**max_distance** (float) – maximum distance the grid will extend (m)


	**num_cells** (int) – number of padding cells


	**stretch** (float) – base geometric factor






	Returns:

	**padding** – array of padding cells for one side



	Return type:

	np.ndarray










	
mtpy.modeling.mesh_tools.get_padding_cells2(cell_width, core_max, max_distance, num_cells)

	get padding cells, which are exponentially increasing to a given
distance.  Make sure that each cell is larger than the one previously.






	
mtpy.modeling.mesh_tools.get_padding_from_stretch(cell_width, pad_stretch, num_cells)

	get padding cells using pad stretch factor






	
mtpy.modeling.mesh_tools.get_rounding(cell_width)

	Get the rounding number given the cell width. Will be one significant number less
than the cell width. This reduces weird looking meshes.


	Parameters:

	cell_width (float) – Width of mesh cell



	Returns:

	digit to round to



	Return type:

	int





1>>> from mtpy.utils.mesh_tools import get_rounding
2>>> get_rounding(9)
30
4>>> get_rounding(90)
5-1
6>>> get_rounding(900)
7-2
8>>> get_rounding(9000)
9-3










	
mtpy.modeling.mesh_tools.get_station_buffer(grid_east, grid_north, station_east, station_north, buf=10000.0)

	get cells within a specified distance (buf) of the stations
returns a 2D boolean (True/False) array






	
mtpy.modeling.mesh_tools.grid_centre(grid_edges)

	calculate the grid centres from an array that defines grid edges
:param grid_edges: array containing grid edges
:returns: grid_centre: centre points of grid






	
mtpy.modeling.mesh_tools.interpolate_elevation_to_grid(grid_east, grid_north, utm_epsg=None, datum_epsg=4326, surface_file=None, surface=None, method='linear', fast=True, buffer=1)

	# Note: this documentation is outdated and seems to be copied from
#  model.interpolate_elevation2. It needs to be updated. This
#  funciton does not update a dictionary but returns an array of
#  elevation data.

project a surface to the model grid and add resulting elevation data
to a dictionary called surface_dict. Assumes the surface is in lat/long
coordinates (wgs84)
The ‘fast’ method extracts a subset of the elevation data that falls within the
mesh-bounds and interpolates them onto mesh nodes. This approach significantly
speeds up (~ x5) the interpolation procedure.

returns
nothing returned, but surface data are added to surface_dict under
the key given by surfacename.

inputs
choose to provide either surface_file (path to file) or surface (tuple).
If both are provided then surface tuple takes priority.

surface elevations are positive up, and relative to sea level.
surface file format is:

ncols         3601
nrows         3601
xllcorner     -119.00013888889 (longitude of lower left)
yllcorner     36.999861111111  (latitude of lower left)
cellsize      0.00027777777777778
NODATA_value  -9999
elevation data W –> E
N
|
V
S

Alternatively, provide a tuple with:
(lon,lat,elevation)
where elevation is a 2D array (shape (ny,nx)) containing elevation
points (order S -> N, W -> E)
and lon, lat are either 1D arrays containing list of longitudes and
latitudes (in the case of a regular grid) or 2D arrays with same shape
as elevation array containing longitude and latitude of each point.

other inputs:
surfacename = name of surface for putting into dictionary
surface_epsg = epsg number of input surface, default is 4326 for lat/lon(wgs84)
method = interpolation method. Default is ‘nearest’, if model grid is
dense compared to surface points then choose ‘linear’ or ‘cubic’






	
mtpy.modeling.mesh_tools.make_log_increasing_array(z1_layer, target_depth, n_layers, increment_factor=0.9)

	create depth array with log increasing cells, down to target depth,
inputs are z1_layer thickness, target depth, number of layers (n_layers)






	
mtpy.modeling.mesh_tools.rotate_mesh(grid_east, grid_north, origin, rotation_angle, return_centre=False)

	rotate a mesh defined by grid_east and grid_north.


	Parameters:

	
	grid_east – 1d array defining the edges of the mesh in the east-west direction


	grid_north – 1d array defining the edges of the mesh in the north-south direction


	origin – real-world position of the (0,0) point in grid_east, grid_north


	rotation_angle – angle in degrees to rotate the grid by


	return_centre – True/False option to return points on centre of grid instead of grid edges






	Returns:

	grid_east, grid_north - 2d arrays describing the east and north coordinates
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class mtpy.modeling.occam1d.Occam1DData(mt_dataframe, **kwargs)

	Bases: object

reads and writes occam 1D data files



	Attributes

	Description





	_data_fn

	basename of data file default is Occam1DDataFile



	_header_line

	header line for description of data columns



	_ss

	string spacing default is 6*’ ‘



	_string_fmt

	format of data default is ‘+.6e’



	data

	array of data



	data_fn

	full path to data file



	freq

	frequency array of data



	mode

	mode to invert for [ ‘TE’ | ‘TM’ | ‘det’ ]



	phase_te

	array of TE phase



	phase_tm

	array of TM phase



	res_te

	array of TE apparent resistivity



	res_tm

	array of TM apparent resistivity



	resp_fn

	full path to response file



	save_path

	path to save files to








	Methods

	Description





	write_data_file

	write an Occam1D data file



	read_data_file

	read an Occam1D data file



	read_resp_file

	read a .resp file output by Occam1D







	Example:

	>>> import mtpy.modeling.occam1d as occam1d
>>> #--> make a data file for TE mode
>>> d1 = occam1d.Data()
>>> d1.write_data_file(edi_file=r'/home/MT/mt01.edi', res_err=10, phase_err=2.5,
>>> ...                save_path=r"/home/occam1d/mt01/TE", mode='TE')










	
property mode

	




	
property mode_01

	




	
property mode_02

	




	
read_data_file(data_fn)

	reads a 1D data file


Arguments:


data_fn : full path to data file






Returns:


Occam1D.rpdict : dictionary with keys:


‘freq’ : an array of frequencies with length nf


	‘resxy’TE resistivity array with shape (nf,4) for (0) data,
	
	dataerr, (2) model, (3) modelerr






	‘resyx’TM resistivity array with shape (nf,4) for (0) data,
	
	dataerr, (2) model, (3) modelerr






	‘phasexy’TE phase array with shape (nf,4) for (0) data,
	
	dataerr, (2) model, (3) modelerr






	‘phaseyx’TM phase array with shape (nf,4) for (0) data,
	
	dataerr, (2) model, (3) modelerr















	Example:

	>>> old = occam1d.Data()
>>> old.data_fn = r"/home/Occam1D/Line1/Inv1_TE/MT01TE.dat"
>>> old.read_data_file()















	
read_resp_file(resp_fn=None, data_fn=None)

	
read response file


resp_fn : full path to response file

data_fn : full path to data file





freq : an array of frequencies with length nf


	res_teTE resistivity array with shape (nf,4) for (0) data,
	
	dataerr, (2) model, (3) modelerr






	res_tmTM resistivity array with shape (nf,4) for (0) data,
	
	dataerr, (2) model, (3) modelerr






	phase_teTE phase array with shape (nf,4) for (0) data,
	
	dataerr, (2) model, (3) modelerr






	phase_tmTM phase array with shape (nf,4) for (0) data,
	
	dataerr, (2) model, (3) modelerr















	Example:

	::
>>> o1d = occam1d.Data()
>>> o1d.data_fn = r”/home/occam1d/mt01/TE/Occam1D_DataFile_TE.dat”
>>> o1d.read_resp_file(r”/home/occam1d/mt01/TE/TE_7.resp”)










	
write_data_file(filename, mode='det', remove_outofquadrant=False)

	make1Ddatafile will write a data file for Occam1D


Arguments:



	rp_tuplenp.ndarray (freq, res, res_err, phase, phase_err)
	with res, phase having shape (num_freq, 2, 2).



	edi_filestring
	full path to edi file to be modeled.



	save_pathstring
	path to save the file, if None set to dirname of
station if edipath = None.  Otherwise set to
dirname of edipath.



	thetarfloat
	rotation angle to rotate Z. Clockwise positive and N=0
default = 0



	mode[ ‘te’ | ‘tm’ | ‘det’]
	
	mode to model can be (*default*=’both’):
	
	‘te’ for just TE mode (res/phase)


	‘tm’ for just TM mode (res/phase)


	
	‘det’ for the determinant of Z (converted to
	res/phase)













add ‘z’ to any of these options to model
impedance tensor values instead of res/phase



	res_errfloat
	errorbar for resistivity values.  Can be set to (
default = ‘data’):


	‘data’ for errorbars from the data


	percent number ex. 10 for ten percent






	phase_errfloat
	errorbar for phase values.  Can be set to (
default = ‘data’):



	‘data’ for errorbars from the data


	percent number ex. 10 for ten percent









	res_errorfloor: float
	error floor for resistivity values
in percent



	phase_errorfloor: float
	error floor for phase in degrees



	remove_outofquadrant: True/False; option to remove the resistivity and
	phase values for points with phases out
of the 1st/3rd quadrant (occam requires
0 < phase < 90 degrees; phases in the 3rd
quadrant are shifted to the first by
adding 180 degrees)









	Example:

	>>> import mtpy.modeling.occam1d as occam1d
>>> #--> make a data file
>>> d1 = occam1d.Data()
>>> d1.write_data_file(edi_file=r'/home/MT/mt01.edi', res_err=10,
>>> ...                phase_err=2.5, mode='TE',
>>> ...                save_path=r"/home/occam1d/mt01/TE")



















	
class mtpy.modeling.occam1d.Occam1DModel(model_fn=None, **kwargs)

	Bases: object

read and write the model file fo Occam1D

All depth measurements are in meters.



	Attributes

	Description





	_model_fn

	basename for model file default is Model1D



	_ss

	string spacing in model file default is 3*’ ‘



	_string_fmt

	format of model layers default is ‘.0f’



	air_layer_height

	height of air layer default is 10000



	bottom_layer

	bottom of the model default is 50000



	itdict

	dictionary of values from iteration file



	iter_fn

	full path to iteration file



	model_depth

	array of model depths



	model_fn

	full path to model file



	model_penalty

	array of penalties for each model layer



	model_preference_penalty

	array of model preference penalties for each layer



	model_prefernce

	array of preferences for each layer



	model_res

	array of resistivities for each layer



	n_layers

	number of layers in the model



	num_params

	number of parameters to invert for (n_layers+2)



	pad_z

	padding of model at depth default is 5 blocks



	save_path

	path to save files



	target_depth

	depth of target to investigate



	z1_layer

	depth of first layer default is 10








	Methods

	Description





	write_model_file

	write an Occam1D model file, where depth increases
on a logarithmic scale



	read_model_file

	read an Occam1D model file



	read_iter_file

	read an .iter file output by Occam1D







	Example:

	>>> #--> make a model file
>>> m1 = occam1d.Model()
>>> m1.write_model_file(save_path=r"/home/occam1d/mt01/TE")










	
read_iter_file(iter_fn=None, model_fn=None)

	read an 1D iteration file


Arguments:


imode : mode to read from






Returns:


Occam1D.itdict : dictionary with keys of the header:


	model_resfills this array with the appropriate
	values (0) for data, (1) for model









	Example:

	>>> m1 = occam1d.Model()
>>> m1.model_fn = r"/home/occam1d/mt01/TE/Model1D"
>>> m1.read_iter_file(r"/home/Occam1D/Inv1_TE/M01TE_15.iter")















	
read_model_file(model_fn=None)

	will read in model 1D file


Arguments:


modelfn : full path to model file






Fills attributes:



	model_depth’ : depth of model in meters


	model_res : value of resisitivity


	model_penalty : penalty


	model_preference : preference


	model_penalty_preference : preference penalty








	Example:

	>>> m1 = occam1d.Model()
>>> m1.savepath = r"/home/Occam1D/Line1/Inv1_TE"
>>> m1.read_model_file()















	
write_model_file(save_path=None, **kwargs)

	Makes a 1D model file for Occam1D.


Arguments:



	save_path :path to save file to, if just path saved as
	savepathmodel.mod, if None defaults to dirpath





n_layers : number of layers

bottom_layer : depth of bottom layer in meters

target_depth : depth to target under investigation

pad_z : padding on bottom of model past target_depth

z1_layer : depth of first layer in meters

air_layer_height : height of air layers in meters






Returns:


Occam1D.modelfn = full path to model file




..Note: This needs to be redone.


	Example:

	>>> old = occam.Occam1D()
>>> old.make1DModelFile(savepath=r"/home/Occam1D/Line1/Inv1_TE",
>>>                     nlayers=50,bottomlayer=10000,z1layer=50)
>>> Wrote Model file: /home/Occam1D/Line1/Inv1_TE/Model1D



















	
class mtpy.modeling.occam1d.Occam1DRun(startup_fn=None, occam_path=None, **kwargs)

	Bases: object

run occam 1d from python given the correct files and location of occam1d
executable


	
run_occam1d()

	








	
class mtpy.modeling.occam1d.Occam1DStartup(data_fn=None, model_fn=None, **kwargs)

	Bases: object

read and write input files for Occam1D



	Attributes

	Description





	_ss

	string spacing



	_startup_fn

	basename of startup file default is OccamStartup1D



	data_fn

	full path to data file



	debug_level

	debug level default is 1



	description

	description of inversion for your self
default is 1D_Occam_Inv



	max_iter

	maximum number of iterations default is 20



	model_fn

	full path to model file



	rough_type

	roughness type default is 1



	save_path

	full path to save files to



	start_iter

	first iteration number default is 0



	start_lagrange

	starting lagrange number on log scale
default is 5



	start_misfit

	starting misfit value default is 100



	start_rho

	starting resistivity value (halfspace) in log scale
default is 100



	start_rough

	starting roughness (ignored by Occam1D)
default is 1E7



	startup_fn

	full path to startup file



	target_rms

	target rms default is 1.0







	
property data_fn

	




	
property model_fn

	




	
read_startup_file(startup_fn)

	reads in a 1D input file


Arguments:


inputfn : full path to input file






Returns:


Occam1D.indict : dictionary with keys following the header and


‘res’ : an array of resistivity values








	Example:

	>>> old = occam.Occam1d()
>>> old.savepath = r"/home/Occam1D/Line1/Inv1_TE"
>>> old.read1DInputFile()















	
write_startup_file(save_path=None, **kwargs)

	Make a 1D input file for Occam 1D


Arguments:



	savepathfull path to save input file to, if just path then
	saved as savepath/input



	model_fnfull path to model file, if None then assumed to be in
	savepath/model.mod



	data_fnfull path to data file, if None then assumed to be
	in savepath/TE.dat or TM.dat





rough_type : roughness type. default = 0

max_iter : maximum number of iterations. default = 20

target_rms : target rms value. default = 1.0


	start_rhostarting resistivity value on linear scale.
	default = 100





description : description of the inversion.


	start_lagrangestarting Lagrange multiplier for smoothness.
	default = 5





start_rough : starting roughness value. default = 1E7


	debuglevelsomething to do with how Fortran debuggs the code
	Almost always leave at default = 1



	start_iterthe starting iteration number, handy if the
	starting model is from a previous run.
default = 0





start_misfit : starting misfit value. default = 100






Returns:


Occam1D.inputfn : full path to input file.





	Example:

	>>> old = occam.Occam1D()
>>> old.make1DdataFile('MT01',edipath=r"/home/Line1",
>>>                    savepath=r"/home/Occam1D/Line1/Inv1_TE",
>>>                    mode='TE')
>>> Wrote Data File: /home/Occam1D/Line1/Inv1_TE/MT01TE.dat
>>>
>>> old.make1DModelFile(savepath=r"/home/Occam1D/Line1/Inv1_TE",
>>>                     nlayers=50,bottomlayer=10000,z1layer=50)
>>> Wrote Model file: /home/Occam1D/Line1/Inv1_TE/Model1D
>>>
>>> old.make1DInputFile(rhostart=10,targetrms=1.5,maxiter=15)
>>> Wrote Input File: /home/Occam1D/Line1/Inv1_TE/Input1D



















	
class mtpy.modeling.occam1d.Plot1DResponse(data_te_fn=None, data_tm_fn=None, model_fn=None, resp_te_fn=None, resp_tm_fn=None, iter_te_fn=None, iter_tm_fn=None, **kwargs)

	Bases: object

plot the 1D response and model.  Plots apparent resisitivity and phase
in different subplots with the model on the far right.  You can plot both
TE and TM modes together along with different iterations of the model.
These will be plotted in different colors or shades of gray depneng on
color_scale.


	Example:

	>>> import mtpy.modeling.occam1d as occam1d
>>> p1 = occam1d.Plot1DResponse(plot_yn='n')
>>> p1.data_te_fn = r"/home/occam1d/mt01/TE/Occam_DataFile_TE.dat"
>>> p1.data_tm_fn = r"/home/occam1d/mt01/TM/Occam_DataFile_TM.dat"
>>> p1.model_fn = r"/home/occam1d/mt01/TE/Model1D"
>>> p1.iter_te_fn = [r"/home/occam1d/mt01/TE/TE_{0}.iter".format(ii)
>>> ...              for ii in range(5,10)]
>>> p1.iter_tm_fn = [r"/home/occam1d/mt01/TM/TM_{0}.iter".format(ii)
>>> ...              for ii in range(5,10)]
>>> p1.resp_te_fn = [r"/home/occam1d/mt01/TE/TE_{0}.resp".format(ii)
>>> ...              for ii in range(5,10)]
>>> p1.resp_tm_fn = [r"/home/occam1d/mt01/TM/TM_{0}.resp".format(ii)
>>> ...              for ii in range(5,10)]
>>> p1.plot()











	Attributes

	Description





	axm

	matplotlib.axes instance for model subplot



	axp

	matplotlib.axes instance for phase subplot



	axr

	matplotlib.axes instance for app. res subplot



	color_mode

	[ ‘color’ | ‘bw’ ]



	cted

	color of TE data markers



	ctem

	color of TM data markers



	ctmd

	color of TE model markers



	ctmm

	color of TM model markers



	data_te_fn

	full path to data file for TE mode



	data_tm_fn

	full path to data file for TM mode



	depth_limits

	(min, max) limits for depth plot in depth_units



	depth_scale

	[ ‘log’ | ‘linear’ ] default is linear



	depth_units

	[ ‘m’ | ‘km’ ] *default is ‘km’



	e_capsize

	capsize of error bars



	e_capthick

	cap thickness of error bars



	fig

	matplotlib.figure instance for plot



	fig_dpi

	resolution in dots-per-inch for figure



	fig_num

	number of figure instance



	fig_size

	size of figure in inches [width, height]



	font_size

	size of axes tick labels, axes labels are +2



	grid_alpha

	transparency of grid



	grid_color

	color of grid



	iter_te_fn

	full path or list of .iter files for TE mode



	iter_tm_fn

	full path or list of .iter files for TM mode



	lw

	width of lines for model



	model_fn

	full path to model file



	ms

	marker size



	mted

	marker for TE data



	mtem

	marker for TM data



	mtmd

	marker for TE model



	mtmm

	marker for TM model



	phase_limits

	(min, max) limits on phase in degrees



	phase_major_ticks

	spacing for major ticks in phase



	phase_minor_ticks

	spacing for minor ticks in phase



	plot_yn

	[ ‘y’ | ‘n’ ] plot on instantiation



	res_limits

	limits of resistivity in linear scale



	resp_te_fn

	full path or list of .resp files for TE mode



	resp_tm_fn

	full path or list of .iter files for TM mode



	subplot_bottom

	spacing of subplots from bottom of figure



	subplot_hspace

	height spacing between subplots



	subplot_left

	spacing of subplots from left of figure



	subplot_right

	spacing of subplots from right of figure



	subplot_top

	spacing of subplots from top of figure



	subplot_wspace

	width spacing between subplots



	title_str

	title of plot







	
plot()

	plot data, response and model






	
redraw_plot()

	redraw plot if parameters were changed

use this function if you updated some attributes and want to re-plot.


	Example:

	>>> # change the color and marker of the xy components
>>> import mtpy.modeling.occam2d as occam2d
>>> ocd = occam2d.Occam2DData(r"/home/occam2d/Data.dat")
>>> p1 = ocd.plotAllResponses()
>>> #change line width
>>> p1.lw = 2
>>> p1.redraw_plot()














	
save_figure(save_fn, file_format='pdf', orientation='portrait', fig_dpi=None, close_plot='y')

	save_plot will save the figure to save_fn.


Arguments:



	save_fnstring
	full path to save figure to, can be input as
* directory path -> the directory path to save to


in which the file will be saved as
save_fn/station_name_PhaseTensor.file_format





	full path -> file will be save to the given
path.  If you use this option then the format
will be assumed to be provided by the path






	file_format[ pdf | eps | jpg | png | svg ]
	file type of saved figure pdf,svg,eps…



	orientation[ landscape | portrait ]
	orientation in which the file will be saved
default is portrait



	fig_dpiint
	The resolution in dots-per-inch the file will be
saved.  If None then the dpi will be that at
which the figure was made.  I don’t think that
it can be larger than dpi of the figure.



	close_plot[ y | n ]
	
	‘y’ will close the plot after saving.


	‘n’ will leave plot open












	Example:

	>>> # to save plot as jpg
>>> import mtpy.modeling.occam2d as occam2d
>>> dfn = r"/home/occam2d/Inv1/data.dat"
>>> ocd = occam2d.Occam2DData(dfn)
>>> ps1 = ocd.plotPseudoSection()
>>> ps1.save_plot(r'/home/MT/figures', file_format='jpg')















	
update_plot(fig)

	update any parameters that where changed using the built-in draw from
canvas.

Use this if you change an of the .fig or axes properties


	Example:

	>>> # to change the grid lines to only be on the major ticks
>>> import mtpy.modeling.occam2d as occam2d
>>> dfn = r"/home/occam2d/Inv1/data.dat"
>>> ocd = occam2d.Occam2DData(dfn)
>>> ps1 = ocd.plotAllResponses()
>>> [ax.grid(True, which='major') for ax in [ps1.axrte,ps1.axtep]]
>>> ps1.update_plot()


















	
class mtpy.modeling.occam1d.PlotOccam1DL2(dir_path, model_fn, **kwargs)

	Bases: PlotBase

plot L2 curve of iteration vs rms and roughness


Arguments:



	rms_arrstructured array with keys:
	
	‘iteration’ –> for iteration number (int)


	‘rms’ –> for rms (float)


	‘roughness’ –> for roughness (float)













	Keywords/attributes

	Description





	ax1

	matplotlib.axes instance for rms vs iteration



	ax2

	matplotlib.axes instance for roughness vs rms



	fig

	matplotlib.figure instance



	fig_dpi

	resolution of figure in dots-per-inch



	fig_num

	number of figure instance



	fig_size

	size of figure in inches (width, height)



	font_size

	size of axes tick labels, axes labels is +2



	plot_yn

	[ ‘y’ | ‘n’]
‘y’ –> to plot on instantiation
‘n’ –> to not plot on instantiation



	rms_arr

	structure np.array as described above



	rms_color

	color of rms marker and line



	rms_lw

	line width of rms line



	rms_marker

	marker for rms values



	rms_marker_size

	size of marker for rms values



	rms_mean_color

	color of mean line



	rms_median_color

	color of median line



	rough_color

	color of roughness line and marker



	rough_font_size

	font size for iteration number inside roughness
marker



	rough_lw

	line width for roughness line



	rough_marker

	marker for roughness



	rough_marker_size

	size of marker for roughness



	subplot_bottom

	subplot spacing from bottom



	subplot_left

	subplot spacing from left



	subplot_right

	subplot spacing from right



	subplot_top

	subplot spacing from top







	
plot()

	plot L2 curve












mtpy.modeling.occam2d module


	
class mtpy.modeling.occam2d.Mesh(station_locations=None, **kwargs)

	Bases: object

deals only with the finite element mesh.  Builds a finite element mesh
based on given parameters defined below.  The mesh reads in the station
locations, finds the center and makes the relative location of the
furthest left hand station 0.  The mesh increases in depth logarithmically
as required by the physics of MT.  Also, the model extends horizontally
and vertically with padding cells in order to fullfill the assumption of
the forward operator that at the edges the structure is 1D.  Stations are
place on the horizontal nodes as required by Wannamaker’s forward
operator.

Mesh has the ability to create a mesh that incorporates topography given
a elevation profile.  It adds more cells to the mesh with thickness
z1_layer.  It then sets the values of the triangular elements according to
the elevation value at that location.  If the elevation covers less than
50% of the triangular cell, then the cell value is set to that of air


Note

Mesh is inhereted by Regularization, so the mesh can also be
be built from there, same as the example below.




Arguments:



	Key Words/Attributes

	Description





	air_key

	letter associated with the value of air
default is 0



	air_value

	value given to an air cell, default is 1E13



	cell_width

	width of cells with in station area in meters
default is 100



	elevation_profile

	elevation profile along the profile line.
given as np.ndarray(nx, 2), where the elements
are x_location, elevation.  If elevation profile
is given add_elevation is called automatically.
default is None



	mesh_fn

	full path to mesh file.



	mesh_values

	letter values of each triangular mesh element
if the cell is free value is ?



	n_layers

	number of vertical layers in mesh
default is 90



	num_x_pad_cells

	number of horizontal padding cells outside the
the station area that will increase in size
by x_pad_multiplier. default is 7



	num_x_pad_small_cells

	number of horizonal padding cells just outside
the station area with width cell_width.  This is
to extend the station area if needed.
default is 2



	num_z_pad_cells

	number of vertical padding cells below
z_target_depth down to z_bottom. default is 5



	rel_station_locations

	relative station locations within the mesh.  The
locations are relative to the center of the station
area.  default is None, filled later



	save_path

	full path to save mesh file to.
default is current working directory.



	station_locations

	location of stations in meters, can be on a
relative grid or in UTM.



	x_grid

	location of horizontal grid nodes in meters



	x_nodes

	relative spacing between grid nodes



	x_pad_multiplier

	horizontal padding cells will increase by this
multiple out to the edge of the grid.
default is 1.5



	z1_layer

	thickness of the first layer in the model.
Should be at least 1/4 of the first skin depth
default is 10



	z_bottom

	bottom depth of the model (m).  Needs to be large
enough to be 1D at the edge.
default is 200000.0



	z_grid

	location of vertical nodes in meters



	z_nodes

	relative distance between vertical nodes in meters



	z_target_depth

	depth to deepest target of interest.  Below this
depth cells will be padded to z_bottom








	Methods

	Description





	add_elevation

	adds elevation to the mesh given elevation
profile.



	build_mesh

	builds the mesh given the attributes of Mesh.  If
elevation_profile is not None, add_elevation is
called inside build_mesh



	plot_mesh

	plots the built mesh with station location.



	read_mesh_file

	reads in an existing mesh file and populates the
appropriate attributes.



	write_mesh_file

	writes a mesh file to save_path







	Example:

	>>> import mtpy.modeling.occam2d as occcam2d
>>> edipath = r"/home/mt/edi_files"
>>> slist = ['mt{0:03}'.format(ss) for ss in range(20)]
>>> ocd = occam2d.Data(edi_path=edipath, station_list=slist)
>>> ocd.save_path = r"/home/occam/Line1/Inv1"
>>> ocd.write_data_file()
>>> ocm = occam2d.Mesh(ocd.station_locations)
>>> # add in elevation
>>> ocm.elevation_profile = ocd.elevation_profile
>>> # change number of layers
>>> ocm.n_layers = 110
>>> # change cell width in station area
>>> ocm.cell_width = 200
>>> ocm.build_mesh()
>>> ocm.plot_mesh()
>>> ocm.save_path = ocd.save_path
>>> ocm.write_mesh_file()










	
add_elevation(elevation_profile=None)

	the elevation model needs to be in relative coordinates and be a
numpy.ndarray(2, num_elevation_points) where the first column is
the horizontal location and the second column is the elevation at
that location.

If you have a elevation model use Profile to project the elevation
information onto the profile line

To build the elevation I’m going to add the elevation to the top
of the model which will add cells to the mesh. there might be a better
way to do this, but this is the first attempt. So I’m going to assume
that the first layer of the mesh without elevation is the minimum
elevation and blocks will be added to max elevation at an increment
according to z1_layer


Note

the elevation model should be symmetrical ie, starting
at the first station and ending on the last station, so for
now any elevation outside the station area will be ignored
and set to the elevation of the station at the extremities.
This is not ideal but works for now.




Arguments:



	elevation_profilenp.ndarray(2, num_elev_points)
	
	1st row is for profile location


	2nd row is for elevation values













Computes:



	mesh_valuesmesh values, setting anything above topography
	to the key for air, which for Occam is ‘0’














	
build_mesh()

	Build the finite element mesh given the parameters defined by the
attributes of Mesh.  Computes relative station locations by finding
the center of the station area and setting the middle to 0.  Mesh
blocks are built by calculating the distance between stations and
putting evenly spaced blocks between the stations being close to
cell_width.  This places a horizontal node at the station location.
If the spacing between stations is smaller than
cell_width, a horizontal node is placed between the stations to be
sure the model has room to change between the station.

If elevation_profile is given, add_elevation is called to add
topography into the mesh.


	Populates attributes:
	
	mesh_values


	rel_station_locations


	x_grid


	x_nodes


	z_grid


	z_nodes









	Example:

	::
>>> import mtpy.modeling.occam2d as occcam2d
>>> edipath = r”/home/mt/edi_files”
>>> slist = [‘mt{0:03}’.format(ss) for ss in range(20)]
>>> ocd = occam2d.Data(edi_path=edipath, station_list=slist)
>>> ocd.save_path = r”/home/occam/Line1/Inv1”
>>> ocd.write_data_file()
>>> ocm = occam2d.Mesh(ocd.station_locations)
>>> # add in elevation
>>> ocm.elevation_profile = ocd.elevation_profile
>>> # change number of layers
>>> ocm.n_layers = 110
>>> # change cell width in station area
>>> ocm.cell_width = 200
>>> ocm.build_mesh()










	
plot_mesh(**kwargs)

	Plot built mesh with station locations.



	Key Words

	Description





	depth_scale

	[ ‘km’ | ‘m’ ] scale of mesh plot.
default is ‘km’



	fig_dpi

	dots-per-inch resolution of the figure
default is 300



	fig_num

	number of the figure instance
default is ‘Mesh’



	fig_size

	size of figure in inches (width, height)
default is [5, 5]



	fs

	size of font of axis tick labels, axis labels are
fs+2. default is 6



	ls

	[ ‘-’ | ‘.’ | ‘:’ ] line style of mesh lines
default is ‘-’



	marker

	marker of stations
default
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Submodules



mtpy.modeling.modem.config module


ModEM

# Generate files for ModEM

# revised by JP 2017
# revised by AK 2017 to bring across functionality from ak branch



	
class mtpy.modeling.modem.config.ModEMConfig(**kwargs)

	Bases: object

read and write configuration files for how each inversion is run


	
add_dict(fn=None, obj=None)

	add dictionary based on file name or object






	
write_config_file(save_dir=None, config_fn_basename='ModEM_inv.cfg')

	write a config file based on provided information











mtpy.modeling.modem.control_fwd module


ModEM

# Generate files for ModEM

# revised by JP 2017
# revised by AK 2017 to bring across functionality from ak branch



	
class mtpy.modeling.modem.control_fwd.ControlFwd(**kwargs)

	Bases: object

read and write control file for

This file controls how the inversion starts and how it is run


	
property control_fn

	




	
read_control_file(control_fn=None)

	read in a control file






	
write_control_file(control_fn=None, save_path=None, fn_basename=None)

	write control file


Arguments:



	control_fnstring
	full path to save control file to
default is save_path/fn_basename



	save_pathstring
	directory path to save control file to
default is cwd



	fn_basenamestring
	basename of control file
default is control.inv



















mtpy.modeling.modem.control_inv module


ModEM

# Generate files for ModEM

# revised by JP 2017
# revised by AK 2017 to bring across functionality from ak branch



	
class mtpy.modeling.modem.control_inv.ControlInv(**kwargs)

	Bases: object

read and write control file for how the inversion starts and how it is run


	
property control_fn

	




	
read_control_file(control_fn=None)

	read in a control file






	
write_control_file(control_fn=None, save_path=None, fn_basename=None)

	write control file


Arguments:



	control_fnstring
	full path to save control file to
default is save_path/fn_basename



	save_pathstring
	directory path to save control file to
default is cwd



	fn_basenamestring
	basename of control file
default is control.inv



















mtpy.modeling.modem.convariance module


ModEM

# Generate files for ModEM

# revised by JP 2017
# revised by AK 2017 to bring across functionality from ak branch



	
class mtpy.modeling.modem.convariance.Covariance(grid_dimensions=None, **kwargs)

	Bases: object

read and write covariance files


	
property cov_fn

	




	
get_parameters()

	




	
read_cov_file(cov_fn)

	read a covariance file






	
write_cov_vtk_file(cov_vtk_fn, model_fn=None, grid_east=None, grid_north=None, grid_z=None)

	write a vtk file of the covariance to match things up






	
write_covariance_file(cov_fn=None, save_path=None, fn_basename=None, res_model=None, sea_water=0.3, air=1000000000000.0)

	write a covariance file











mtpy.modeling.modem.data module


ModEM

# Generate files for ModEM

# revised by JP 2017
# revised by AK 2017 to bring across functionality from ak branch
# revised by JP 2021 adding functionality and updating.
# revised by JP 2022 to work with new structure of a central object



	
class mtpy.modeling.modem.data.Data(dataframe=None, center_point=None, **kwargs)

	Bases: object

Data will read and write .dat files for ModEM and convert a WS data file
to ModEM format.


	..note: :: the data is interpolated onto the given periods such that all
	stations invert for the same periods.  The interpolation is
a linear interpolation of each of the real and imaginary parts
of the impedance tensor and induction tensor.
See mtpy.core.mt.MT.interpolate for more details






	Parameters:

	edi_list – list of edi files to read







	Attributes

	Description





	_dtype

	internal variable defining the data type of
data_array



	_logger

	python logging object that put messages in logging
format defined in logging configure file, see MtPyLog
for more information



	_t_shape

	internal variable defining shape of tipper array in
_dtype



	_z_shape

	internal variable defining shape of Z array in
_dtype



	center_position

	(east, north, evel) for center point of station
array.  All stations are relative to this location
for plotting purposes.



	comp_index_dict

	dictionary for index values of component of Z and T



	station_locations

	Stations object



	data_array

	numpy.ndarray (num_stations) structured to store
data.  keys are:



	station –> station name


	lat –> latitude in decimal degrees


	lon –> longitude in decimal degrees


	elev –> elevation (m)


	
	rel_east – > relative east location to
	center_position (m)







	
	rel_north –> relative north location to
	center_position (m)







	east –> UTM east (m)


	north –> UTM north (m)


	zone –> UTM zone


	
	z –> impedance tensor array with shape
	(num_freq, 2, 2)







	
	z_err –> impedance tensor error array with
	shape (num_freq, 2, 2)







	
	tip –> Tipper array with shape
	(num_freq, 1, 2)







	
	tipperr –> Tipper array with shape
	(num_freq, 1, 2)















	data_fn

	full path to data file



	data_period_list

	period list from all the data



	edi_list

	list of full paths to edi files



	error_type_tipper

	[ ‘abs’ | ‘floor’ ]
default is ‘abs’



	error_type_z

	[ ‘egbert’ | ‘mean_od’ | ‘eigen’ | ‘median’]
default is ‘egbert_floor’



	add ‘_floor’ to any of the above to set the
error as an error floor, otherwise all
components are give weighted the same


	
	‘egbert’  sets error to
	error_value_z * sqrt(abs(zxy*zyx))







	
	‘mean_od’ sets error to
	error_value_z * mean([Zxy, Zyx])
(non zeros)







	
	‘eigen’   sets error to
	error_value_z * eigenvalues(Z[ii])







	
	‘median’  sets error to
	error_value_z * median([Zxx, Zxy, Zyx, Zyy])
(non zeros)












A 2x2 numpy array of error_type_z can be specified to
explicitly set the error_type_z for each component.




	error_value_z

	percentage to multiply Z by to set error
default is 5 for 5% of Z as error
A 2x2 numpy array of values can be specified to
explicitly set the error_value_z for each component.



	error_value_tipper

	absolute error between 0 and 1.



	fn_basename

	basename of data file. default is ‘ModEM_Data.dat’



	formatting

	[‘1’ | ‘2’], format of the output data file, default is ‘1’



	header_strings

	strings for header of data file following the format
outlined in the ModEM documentation



	inv_comp_dict

	dictionary of inversion components



	inv_mode

	
	inversion mode, options are: default is ‘1’
	
	
	‘1’ –> for ‘Full_Impedance’ and
	‘Full_Vertical_Components’







	‘2’ –> ‘Full_Impedance’


	
	‘3’ –> ‘Off_Diagonal_Impedance’ and
	‘Full_Vertical_Components’







	‘4’ –> ‘Off_Diagonal_Impedance’


	‘5’ –> ‘Full_Vertical_Components’


	‘6’ –> ‘Full_Interstation_TF’


	‘7’ –> ‘Off_Diagonal_Rho_Phase’











	inv_mode_dict

	dictionary for inversion modes



	max_num_periods

	maximum number of periods



	model_epsg

	epsg code for model projection, provide this to
project model to non-utm coordinates. Find the epsg
code for your projection on
http://spatialreference.org/ref/ or google search
epsg “your projection”



	model_utm_zone

	alternative to model_epsg, choose a utm zone to
project all sites to (e.g. ‘55S’)



	mt_dict

	dictionary of mtpy.core.mt.MT objects with keys
being station names



	period_buffer

	float or int
if specified, apply a buffer so that interpolation doesn’t
stretch too far over periods



	period_dict

	dictionary of period index for period_list



	period_list

	list of periods to invert for



	period_max

	maximum value of period to invert for



	period_min

	minimum value of period to invert for



	period_buffer

	
	buffer so that interpolation doesn’t stretch too far
	over periods. Provide a float or integer factor,
greater than which interpolation will not stretch.
e.g. 1.5 means only interpolate to a maximum of
1.5 times each side of each frequency value








	rotate_angle

	Angle to rotate data to assuming 0 is N and E is 90



	save_path

	path to save data file to



	units

	[ [V/m]/[T] | [mV/km]/[nT] | Ohm ] units of Z
default is [mV/km]/[nT]



	wave_sign_impedance

	[ + | - ] sign of time dependent wave.
default is ‘+’ as positive downwards.



	wave_sign_tipper

	[ + | - ] sign of time dependent wave.
default is ‘+’ as positive downwards.







	Example 1 –> create inversion period list:

	>>> from pathlib import Path
>>> import mtpy.modeling.modem as modem
>>> edi_path = Path(r"/home/mt/edi_files")
>>> edi_list = list(edi_path.glob("*.edi"))
>>> md = modem.Data(edi_list, period_min=.1, period_max=300,        >>> ...             max_num_periods=12)
>>> md.write_data_file(save_path=r"/home/modem/inv1")
>>> md







	Example 2 –> set inverions period list from data:

	>>> md = modem.Data(edi_list)
>>> #get period list from an .edi file
>>> inv_period_list = 1./md.mt_dict["mt01"].Z.freq
>>> #invert for every third period in inv_period_list
>>> inv_period_list = inv_period_list[np.arange(0, len(inv_period_list, 3))]
>>> md.period_list = inv_period_list
>>> md.write_data_file(save_path=r"/home/modem/inv1")







	Example 3 –> change error values:

	>>> mdr.error_type = 'floor'
>>> mdr.error_floor = 10
>>> mdr.error_tipper = .03
>>> mdr.write_data_file(save_path=r"/home/modem/inv2")







	Example 4 –> change inversion type:

	>>> mdr.inv_mode = '3'
>>> mdr.write_data_file(save_path=r"/home/modem/inv2")







	Example 5 –> rotate data:

	>>> md.rotation_angle = 60
>>> md.write_data_file(save_path=r"/home/modem/Inv1")
>>> # or
>>> md.write_data_file(save_path=r"/home/modem/Inv1",                                rotation_angle=60)










	
property data_filename

	




	
property dataframe

	




	
fix_data_file(fn=None, n=3)

	A newer compiled version of Modem outputs slightly different headers
This aims to convert that into the older format


	Parameters:

	
	fn (TYPE, optional) – DESCRIPTION, defaults to None


	n (TYPE, optional) – DESCRIPTION, defaults to 3






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
get_n_stations(mode)

	




	
property model_parameters

	




	
property n_periods

	




	
property period

	




	
read_data_file(data_fn)

	
	Parameters:

	data_fn (string or Path) – full path to data file name



	Raises:

	ValueError – If cannot compute component






	Fills attributes:
	
	data_array


	period_list


	mt_dict








>>> md = Data()
>>> md.read_data_file(r"/home/modem_data.dat")
>>> md
ModEM Data Object:
    Number of stations: 169
    Number of periods:  22
    Period range:
            Min: 0.01 s
            Max: 15230.2 s
    Rotation angle:     0.0
    Data center:
             latitude:  39.6351 deg
             longitude: -119.8039 deg
             Elevation: 0.0 m
             Easting:   259368.9746 m
             Northing:  4391021.1981 m
             UTM zone:  11S
    Model EPSG:         None
    Model UTM zone:     None
    Impedance data:     True
    Tipper data:        True










	
write_data_file(file_name=None, save_path=None, fn_basename=None, elevation=False)

	
	Parameters:

	
	save_path (string or Path, optional) – full directory to save file to, defaults to None


	fn_basename (string, optional) – Basename of the saved file, defaults to None


	elevation (boolean, optional) – If True adds in elevation from ‘rel_elev’ column in data
array, defaults to False






	Raises:

	
	NotImplementedError – If the inversion mode is not supported


	ValueError – mtpy.utils.exceptions.ValueError if a parameter








is missing
:return: full path to data file
:rtype: Path

1>>> from pathlib import Path
2>>> import mtpy.modeling.modem as modem
3>>> edi_path = Path(r"/home/mt/edi_files")
4>>> edi_list = list(edi_path.glob("*.ed"))
5>>> md = modem.Data(edi_list, period_min=.1, period_max=300,            >>> ...             max_num_periods=12)
6>>> md.write_data_file(save_path=r"/home/modem/inv1")
7/home/modem/inv1/ModemDataFile.dat















mtpy.modeling.modem.data_model_analysis module



mtpy.modeling.modem.exception module


ModEM

# Generate files for ModEM

# revised by JP 2017
# revised by AK 2017 to bring across functionality from ak branch



	
exception mtpy.modeling.modem.exception.DataError

	Bases: ModEMError

Raise for ModEM Data class specific exceptions






	
exception mtpy.modeling.modem.exception.ModEMError

	Bases: Exception







mtpy.modeling.modem.model module


ModEM

# Generate files for ModEM

# revised by JP 2017
# revised by AK 2017 to bring across functionality from ak branch
# revised by JP 2021 updating functionality and updating docs



	
class mtpy.modeling.modem.model.Model(station_locations=None, center_point=None, **kwargs)

	Bases: object

make and read a FE mesh grid


	The mesh assumes the coordinate system where:
	x == North
y == East
z == + down





All dimensions are in meters.

The mesh is created by first making a regular grid around the station area,
then padding cells are added that exponentially increase to the given
extensions.  Depth cell increase on a log10 scale to the desired depth,
then padding cells are added that increase exponentially.


	Parameters:

	**station_object** (mtpy.modeling.modem.Stations object) – 
See also

mtpy.modeling.modem.Stations









Examples


	Example 1 –> create mesh first then data file:

	>>> import mtpy.modeling.modem as modem
>>> import os
>>> # 1) make a list of all .edi files that will be inverted for
>>> edi_path = r"/home/EDI_Files"
>>> edi_list = [os.path.join(edi_path, edi)






for edi in os.listdir(edi_path)




>>> ...         if edi.find('.edi') > 0]
>>> # 2) Make a Stations object
>>> stations_obj = modem.Stations()
>>> stations_obj.get_station_locations_from_edi(edi_list)
>>> # 3) make a grid from the stations themselves with 200m cell spacing
>>> mmesh = modem.Model(station_obj)
>>> # change cell sizes
>>> mmesh.cell_size_east = 200,
>>> mmesh.cell_size_north = 200
>>> mmesh.ns_ext = 300000 # north-south extension
>>> mmesh.ew_ext = 200000 # east-west extension of model
>>> mmesh.make_mesh()
>>> # check to see if the mesh is what you think it should be
>>> msmesh.plot_mesh()
>>> # all is good write the mesh file
>>> msmesh.write_model_file(save_path=r"/home/modem/Inv1")
>>> # create data file
>>> md = modem.Data(edi_list, station_locations=mmesh.station_locations)
>>> md.write_data_file(save_path=r"/home/modem/Inv1")







	Example 2 –> Rotate Mesh:

	>>> mmesh.mesh_rotation_angle = 60
>>> mmesh.make_mesh()










Note

ModEM assumes all coordinates are relative to North and East, and
does not accommodate mesh rotations, therefore, here the rotation
is of the stations, which essentially does the same thing.  You
will need to rotate you data to align with the ‘new’ coordinate
system.





	Attributes

	Description





	_logger

	python logging object that put messages in logging
format defined in logging configure file, see MtPyLog
more information



	cell_number_ew

	optional for user to specify the total number of sells
on the east-west direction. default is None



	cell_number_ns

	optional for user to specify the total number of sells
on the north-south direction. default is None



	cell_size_east

	mesh block width in east direction
default is 500



	cell_size_north

	mesh block width in north direction
default is 500



	grid_center

	center of the mesh grid



	grid_east

	overall distance of grid nodes in east direction



	grid_north

	overall distance of grid nodes in north direction



	grid_z

	overall distance of grid nodes in z direction



	model_fn

	full path to initial file name



	model_fn_basename

	default name for the model file name



	n_air_layers

	number of air layers in the model. default is 0



	n_layers

	total number of vertical layers in model



	nodes_east

	relative distance between nodes in east direction



	nodes_north

	relative distance between nodes in north direction



	nodes_z

	relative distance between nodes in east direction



	pad_east

	number of cells for padding on E and W sides
default is 7



	pad_north

	number of cells for padding on S and N sides
default is 7



	pad_num

	number of cells with cell_size with outside of
station area.  default is 3



	pad_method

	method to use to create padding:
extent1, extent2 - calculate based on ew_ext and
ns_ext
stretch - calculate based on pad_stretch factors



	pad_stretch_h

	multiplicative number for padding in horizontal
direction.



	pad_stretch_v

	padding cells N & S will be pad_root_north**(x)



	pad_z

	number of cells for padding at bottom
default is 4



	ew_ext

	E-W extension of model in meters



	ns_ext

	N-S extension of model in meters



	res_scale

	
	scaling method of res, supports
	‘loge’ - for log e format
‘log’ or ‘log10’ - for log with base 10
‘linear’ - linear scale





default is ‘loge’




	res_list

	list of resistivity values for starting model



	res_model

	starting resistivity model



	res_initial_value

	resistivity initial value for the resistivity model
default is 100



	mesh_rotation_angle

	Angle to rotate the grid to. Angle is measured
positve clockwise assuming North is 0 and east is 90.
default is None



	save_path

	path to save file to



	sea_level

	sea level in grid_z coordinates. default is 0



	station_locations

	location of stations



	title

	title in initial file



	z1_layer

	first layer thickness



	z_bottom

	absolute bottom of the model default is 300,000



	z_target_depth

	Depth of deepest target, default is 50,000







	
add_layers_to_mesh(n_add_layers=None, layer_thickness=None, where='top')

	Function to add constant thickness layers to the top or bottom of mesh.
Note: It is assumed these layers are added before the topography. If
you want to add topography layers, use function add_topography_to_model


	Parameters:

	
	n_add_layers – integer, number of layers to add


	layer_thickness – real value or list/array. Thickness of layers,
defaults to z1 layer. Can provide a single value
or a list/array containing multiple layer
thicknesses.


	where – where to add, top or bottom













	
add_topography_from_data(interp_method='nearest', air_resistivity=1000000000000.0, topography_buffer=None, airlayer_type='log_up')

	Wrapper around add_topography_to_model that allows creating
a surface model from EDI data. The Data grid and station
elevations will be used to make a ‘surface’ tuple that will
be passed to add_topography_to_model so a surface model
can be interpolated from it.

The surface tuple is of format (lon, lat, elev) containing
station locations.


	Parameters:

	
	data_object (mtpy.modeling.ModEM.data.Data) – A ModEm data
object that has been filled with data from EDI files.


	interp_method (str, optional) – Same as
add_topography_to_model.


	air_resistivity (float, optional) – Same as
add_topography_to_model.


	topography_buffer (float) – Same as
add_topography_to_model.


	airlayer_type (str, optional) – Same as
add_topography_to_model.













	
add_topography_to_model(topography_file=None, surface=None, topography_array=None, interp_method='nearest', air_resistivity=1000000000000.0, topography_buffer=None, airlayer_type='log_up', max_elev=None, shift_east=0, shift_north=0)

	if air_layers is non-zero, will add topo: read in topograph file,
make a surface model.

Call project_stations_on_topography in the end, which will re-write
the .dat file.

If n_airlayers is zero, then cannot add topo data, only bathymetry is needed.


	Parameters:

	
	topography_file – file containing topography (arcgis ascii grid)


	topography_array – alternative to topography_file - array of
elevation values on model grid


	interp_method – interpolation method for topography,
‘nearest’, ‘linear’, or ‘cubic’


	air_resistivity – resistivity value to assign to air


	topography_buffer – buffer around stations to calculate minimum
and maximum topography value to use for
meshing


	airlayer_type – how to set air layer thickness - options are
‘constant’ for constant air layer thickness,
or ‘log’, for logarithmically increasing air
layer thickness upward













	
assign_resistivity_from_surface_data(top_surface, bottom_surface, resistivity_value)

	assign resistivity value to all points above or below a surface
requires the surface_dict attribute to exist and contain data for
surface key (can get this information from ascii file using
project_surface)

inputs
surface_name = name of surface (must correspond to key in surface_dict)
resistivity_value = value to assign
where = ‘above’ or ‘below’ - assign resistivity above or below the


surface









	
interpolate_elevation(surface_file=None, surface=None, get_surface_name=False, method='nearest', fast=True, shift_north=0, shift_east=0)

	project a surface to the model grid and add resulting elevation data
to a dictionary called surface_dict. Assumes the surface is in lat/long
coordinates (wgs84)

returns
nothing returned, but surface data are added to surface_dict under
the key given by surface_name.

inputs
choose to provide either surface_file (path to file) or surface (tuple).
If both are provided then surface tuple takes priority.

surface elevations are positive up, and relative to sea level.
surface file format is:

ncols         3601
nrows         3601
xllcorner     -119.00013888889 (longitude of lower left)
yllcorner     36.999861111111  (latitude of lower left)
cellsize      0.00027777777777778
NODATA_value  -9999
elevation data W –> E
N
|
V
S

Alternatively, provide a tuple with:
(lon,lat,elevation)
where elevation is a 2D array (shape (ny,nx)) containing elevation
points (order S -> N, W -> E)
and lon, lat are either 1D arrays containing list of longitudes and
latitudes (in the case of a regular grid) or 2D arrays with same shape
as elevation array containing longitude and latitude of each point.

other inputs:
surface_epsg = epsg number of input surface, default is 4326 for lat/lon(wgs84)
method = interpolation method. Default is ‘nearest’, if model grid is
dense compared to surface points then choose ‘linear’ or ‘cubic’






	
make_mesh(verbose=True)

	create finite element mesh according to user-input parameters.


	The mesh is built by:
	
	Making a regular grid within the station area.


	Adding pad_num of cell_width cells outside of station area


	Adding padding cells to given extension and number of padding
cells.


	Making vertical cells starting with z1_layer increasing
logarithmically (base 10) to z_target_depth and num_layers.


	Add vertical padding cells to desired extension.


	Check to make sure none of the stations lie on a node.
If they do then move the node by .02*cell_width













	
make_z_mesh(n_layers=None)

	new version of make_z_mesh. make_z_mesh and M






	
property model_epsg

	




	
property model_fn

	




	
property model_parameters

	get important model parameters to write to a file for documentation
later.






	
property nodes_east

	




	
property nodes_north

	




	
property nodes_z

	




	
property plot_east

	




	
plot_mesh(**kwargs)

	Plot model mesh


	Parameters:

	plot_topography (TYPE, optional) – DESCRIPTION, defaults to False



	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
property plot_north

	




	
property plot_z

	




	
read_gocad_sgrid_file(sgrid_header_file, air_resistivity=1e+39, sea_resistivity=0.3, sgrid_positive_up=True)

	read a gocad sgrid file and put this info into a ModEM file.
Note: can only deal with grids oriented N-S or E-W at this stage,
with orthogonal coordinates






	
read_model_file(model_fn=None)

	read an initial file and return the pertinent information including
grid positions in coordinates relative to the center point (0,0) and
starting model.

Note that the way the model file is output, it seems is that the
blocks are setup as

ModEM:                           WS:
———-                      —–
0—–> N_north                 0——–>N_east
|                               |
|                               |
V                               V
N_east                          N_north


Arguments:


model_fn : full path to initializing file.






Outputs:



	nodes_northnp.array(nx)
	array of nodes in S –> N direction



	nodes_eastnp.array(ny)
	array of nodes in the W –> E direction



	nodes_znp.array(nz)
	array of nodes in vertical direction positive downwards



	res_modeldictionary
	dictionary of the starting model with keys as layers



	res_listlist
	list of resistivity values in the model



	titlestring
	title string














	
property save_path

	




	
write_geosoft_xyz(save_fn, c_east=0, c_north=0, c_z=0, pad_north=0, pad_east=0, pad_z=0)

	Write an XYZ file readable by Geosoft

All input units are in meters.


	Parameters:

	
	save_fn (string or Path) – full path to save file to


	c_east (float, optional) – center point in the east direction, defaults to 0


	c_north (float, optional) – center point in the north direction, defaults to 0


	c_z (float, optional) – center point elevation, defaults to 0


	pad_north (int, optional) – number of cells to cut from the north-south edges, defaults to 0


	pad_east (int, optional) – number of cells to cut from the east-west edges, defaults to 0


	pad_z (int, optional) – number of cells to cut from the bottom, defaults to 0













	
write_gocad_sgrid_file(fn=None, origin=[0, 0, 0], clip=0, no_data_value=-99999)

	write a model to gocad sgrid

optional inputs:


	fn = filename to save to. File extension (‘.sg’) will be appended.
	default is the model name with extension removed





origin = real world [x,y,z] location of zero point in model grid
clip = how much padding to clip off the edge of the model for export,


provide one integer value or list of 3 integers for x,y,z directions




no_data_value = no data value to put in sgrid






	
write_model_file(**kwargs)

	will write an initial file for ModEM.

Note that x is assumed to be S –> N, y is assumed to be W –> E and
z is positive downwards.  This means that index [0, 0, 0] is the
southwest corner of the first layer.  Therefore if you build a model
by hand the layer block will look as it should in map view.

Also, the xgrid, ygrid and zgrid are assumed to be the relative
distance between neighboring nodes.  This is needed because wsinv3d
builds the  model from the bottom SW corner assuming the cell width
from the init file.


Key Word Arguments:



	nodes_northnp.array(nx)
	block dimensions (m) in the N-S direction.
Note that the code reads the grid assuming that
index=0 is the southern most point.



	nodes_eastnp.array(ny)
	block dimensions (m) in the E-W direction.
Note that the code reads in the grid assuming that
index=0 is the western most point.



	nodes_znp.array(nz)
	block dimensions (m) in the vertical direction.
This is positive downwards.



	save_pathstring
	Path to where the initial file will be saved
to save_path/model_fn_basename



	model_fn_basenamestring
	basename to save file to
default is ModEM_Model.ws
file is saved at save_path/model_fn_basename



	titlestring
	Title that goes into the first line
default is Model File written by MTpy.modeling.modem



	res_modelnp.array((nx,ny,nz))
	Prior resistivity model.


Note

again that the modeling code



assumes that the first row it reads in is the southern
most row and the first column it reads in is the
western most column.  Similarly, the first plane it
reads in is the Earth’s surface.



	res_starting_valuefloat
	starting model resistivity value,
assumes a half space in Ohm-m
default is 100 Ohm-m



	res_scale[ ‘loge’ | ‘log’ | ‘log10’ | ‘linear’ ]
	scale of resistivity.  In the ModEM code it
converts everything to Loge,
default is ‘loge’














	
write_out_file(save_fn, geographic_east, geographic_north, geographic_elevation)

	will write an .out file for LeapFrog.

Note that y is assumed to be S –> N, e is assumed to be W –> E and
z is positive upwards.  This means that index [0, 0, 0] is the
southwest corner of the first layer.


	Parameters:

	
	save_fn (string or Path) – full path to save file to


	geographic_east (float) – geographic center in easting (meters)


	geographic_north (float) – geographic center in northing (meters)


	geographic_elevation (float) – elevation of geographic center (meters)






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
write_ubc_files(basename, c_east=0, c_north=0, c_z=0)

	Write a UBC .msh and .mod file


	Parameters:

	
	save_fn (TYPE) – DESCRIPTION


	c_east (TYPE, optional) – DESCRIPTION, defaults to 0


	c_north (TYPE, optional) – DESCRIPTION, defaults to 0


	c_z (TYPE, optional) – DESCRIPTION, defaults to 0






	Returns:

	DESCRIPTION



	Return type:

	TYPE






Note

not complete yet.








	
write_vtk_file(vtk_save_path=None, vtk_fn_basename='ModEM_model_res', shift_east=0, shift_north=0, shift_z=0, units='km', coordinate_system='nez+', label='resistivity')

	Write a VTK file to plot in 3D rendering programs like Paraview


	Parameters:

	
	vtk_save_path (string or Path, optional) – directory to save vtk file to, defaults to None


	vtk_fn_basename – filename basename of vtk file, note that .vtr








extension is automatically added, defaults to “ModEM_stations”
:type vtk_fn_basename: string, optional
:type geographic: boolean, optional
:param shift_east: shift in east directions in meters, defaults to 0
:type shift_east: float, optional
:param shift_north: shift in north direction in meters, defaults to 0
:type shift_north: float, optional
:param shift_z: shift in elevation + down in meters, defaults to 0
:type shift_z: float, optional
:param units: Units of the spatial grid [ km | m | ft ], defaults to “km”
:type units: string, optional
:type : string
:param coordinate_system: coordinate system for the station, either the
normal MT right-hand coordinate system with z+ down or the sinister
z- down [ nez+ | enz- ], defaults to nez+
:return: full path to VTK file
:rtype: Path

Write VTK file
>>> model.write_vtk_file(vtk_fn_basename=”modem_model”)

Write VTK file in geographic coordinates with z+ up
>>> model.write_vtk_station_file(vtk_fn_basename=”modem_model”,
>>> …                          coordinate_system=’enz-‘)






	
write_xyres(save_path=None, location_type='EN', origin=[0, 0], model_epsg=None, depth_index='all', outfile_basename='DepthSlice', log_res=False, clip=[0, 0])

	write files containing depth slice data (x, y, res for each depth)


	origin = x,y coordinate of zero point of ModEM_grid, or name of file
	containing this info (full path or relative to model files)





save_path = path to save to, default is the model object save path
location_type = ‘EN’ or ‘LL’ xy points saved as eastings/northings or


longitude/latitude, if ‘LL’ need to also provide model_epsg




model_epsg = epsg number that was used to project the model
outfile_basename = string for basename for saving the depth slices.
log_res = True/False - option to save resistivity values as log10


instead of linear




clip = number of cells to clip on each of the east/west and north/south edges






	
write_xyzres(savefile=None, location_type='EN', origin=[0, 0], model_epsg=None, log_res=False, model_utm_zone=None, clip=[0, 0])

	save a model file as a space delimited x y z res file











mtpy.modeling.modem.model_manipulator module



mtpy.modeling.modem.phase_tensor_maps module



mtpy.modeling.modem.plot_response module



mtpy.modeling.modem.plot_rms_maps module



mtpy.modeling.modem.plot_slices module



mtpy.modeling.modem.residual module


ModEM

residuals class to contain RMS information

revised by JP 2017
revised by AK 2017 to bring across functionality from ak branch



	
class mtpy.modeling.modem.residual.Residual(**kwargs)

	Bases: Data

class to contain residuals for each data point, and rms values for each
station



	Attributes/Key Words

	Description





	work_dir

	


	residual_fn

	full path to data file



	residual_array

	numpy.ndarray (num_stations) structured to store
data.  keys are:



	station –> station name


	lat –> latitude in decimal degrees


	lon –> longitude in decimal degrees


	elev –> elevation (m)


	
	rel_east – > relative east location to
	center_position (m)







	
	rel_north –> relative north location to
	center_position (m)







	east –> UTM east (m)


	north –> UTM north (m)


	zone –> UTM zone


	
	z –> impedance tensor residual (measured - modelled)
	(num_freq, 2, 2)







	
	z_err –> impedance tensor error array with
	shape (num_freq, 2, 2)







	
	tip –> Tipper residual (measured - modelled)
	(num_freq, 1, 2)







	
	tipperr –> Tipper array with shape
	(num_freq, 1, 2)















	rms

	


	rms_array

	numpy.ndarray structured to store station
location values and rms.  Keys are:



	station –> station name


	east –> UTM east (m)


	north –> UTM north (m)


	lat –> latitude in decimal degrees


	lon –> longitude in decimal degrees


	elev –> elevation (m)


	zone –> UTM zone


	
	rel_east – > relative east location to
	center_position (m)







	
	rel_north –> relative north location to
	center_position (m)







	
	rms –> root-mean-square residual for each
	station















	rms_tip

	


	rms_z

	






	
calculate_rms()

	add columns for rms
:return: DESCRIPTION
:rtype: TYPE






	
plot_rms(**kwargs)

	plot RMS in different views


	Parameters:

	**kwargs – DESCRIPTION





	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
plot_rms_per_period(plot_type='all', **kwargs)

	
	Parameters:

	**kwargs – DESCRIPTION





	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
read_residual_file(residual_fn)

	
	Parameters:

	residual_fn (TYPE, optional) – DESCRIPTION, defaults to None



	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
property rms_per_period_all

	RMS per period






	
property rms_per_period_per_component

	RMS per period by component


	Returns:

	DESCRIPTION



	Return type:

	TYPE















mtpy.modeling.modem.station module


ModEM

# Generate files for ModEM

# revised by JP 2017
# revised by AK 2017 to bring across functionality from ak branch



	
class mtpy.modeling.modem.station.Stations(**kwargs)

	Bases: object

station locations class


	
calculate_rel_locations(shift_east=0, shift_north=0)

	put station in a coordinate system relative to
(shift_east, shift_north)
(+) shift right or up
(-) shift left or down






	
property center_point

	calculate the center point from the given station locations


	Returns:

	**center_location** – structured array of length 1
dtype includes (east, north, zone, lat, lon)



	Return type:

	np.ndarray










	
property east

	




	
property elev

	




	
get_station_locations(input_list)

	get station locations from a list of edi files


	Parameters:

	**input_list** (list) – list of edi file names, or mt_objects



	Return type:

	* fills station_locations array










	
property lat

	




	
property lon

	




	
property model_epsg

	




	
property model_utm_zone

	




	
property north

	




	
property rel_east

	




	
property rel_elev

	




	
property rel_north

	




	
rotate_stations(rotation_angle)

	Rotate stations assuming N is 0


	Parameters:

	**rotation_angle** (float) – angle in degrees assuming N is 0



	Returns:

	because you will still need the original locations for plotting
later.



	Return type:

	* refils rel_east and rel_north in station_locations.  Does this










	
property station

	




	
to_csv(csv_fn, epsg=None, default_epsg=4326, geometry=False)

	Write a shape file of the station locations using geopandas which only takes
in epsg numbers


	Parameters:

	
	shp_fn (string) – full path to new shapefile


	epsg (integer, defaults to None) – EPSG number to project to


	default_epsg – the default EPSG number that the stations are








referenced to
:type default_epsg: integer, defaults to 4326






	
to_geopd(epsg=None, default_epsg=4326)

	create a geopandas dataframe


	Parameters:

	
	epsg (integer, defaults to None) – EPSG number to project to


	default_epsg – the default EPSG number that the stations are








referenced to
:type default_epsg: integer, defaults to 4326






	
to_shp(shp_fn, epsg=None, default_epsg=4326)

	Write a shape file of the station locations using geopandas which only takes
in epsg numbers


	Parameters:

	
	shp_fn (string) – full path to new shapefile


	epsg (integer, defaults to None) – EPSG number to project to


	default_epsg – the default EPSG number that the stations are








referenced to
:type default_epsg: integer, defaults to 4326






	
property utm_zone

	









Module contents


	
class mtpy.modeling.modem.ControlFwd(**kwargs)

	Bases: object

read and write control file for

This file controls how the inversion starts and how it is run


	
property control_fn

	




	
read_control_file(control_fn=None)

	read in a control file






	
write_control_file(control_fn=None, save_path=None, fn_basename=None)

	write control file


Arguments:



	control_fnstring
	full path to save control file to
default is save_path/fn_basename



	save_pathstring
	directory path to save control file to
default is cwd



	fn_basenamestring
	basename of control file
default is control.inv


















	
class mtpy.modeling.modem.ControlInv(**kwargs)

	Bases: object

read and write control file for how the inversion starts and how it is run


	
property control_fn

	




	
read_control_file(control_fn=None)

	read in a control file






	
write_control_file(control_fn=None, save_path=None, fn_basename=None)

	write control file


Arguments:



	control_fnstring
	full path to save control file to
default is save_path/fn_basename



	save_pathstring
	directory path to save control file to
default is cwd



	fn_basenamestring
	basename of control file
default is control.inv


















	
class mtpy.modeling.modem.Covariance(grid_dimensions=None, **kwargs)

	Bases: object

read and write covariance files


	
property cov_fn

	




	
get_parameters()

	




	
read_cov_file(cov_fn)

	read a covariance file






	
write_cov_vtk_file(cov_vtk_fn, model_fn=None, grid_east=None, grid_north=None, grid_z=None)

	write a vtk file of the covariance to match things up






	
write_covariance_file(cov_fn=None, save_path=None, fn_basename=None, res_model=None, sea_water=0.3, air=1000000000000.0)

	write a covariance file










	
class mtpy.modeling.modem.Data(dataframe=None, center_point=None, **kwargs)

	Bases: object

Data will read and write .dat files for ModEM and convert a WS data file
to ModEM format.


	..note: :: the data is interpolated onto the given periods such that all
	stations invert for the same periods.  The interpolation is
a linear interpolation of each of the real and imaginary parts
of the impedance tensor and induction tensor.
See mtpy.core.mt.MT.interpolate for more details






	Parameters:

	edi_list – list of edi files to read







	Attributes

	Description





	_dtype

	internal variable defining the data type of
data_array



	_logger

	python logging object that put messages in logging
format defined in logging configure file, see MtPyLog
for more information



	_t_shape

	internal variable defining shape of tipper array in
_dtype



	_z_shape

	internal variable defining shape of Z array in
_dtype



	center_position

	(east, north, evel) for center point of station
array.  All stations are relative to this location
for plotting purposes.



	comp_index_dict

	dictionary for index values of component of Z and T



	station_locations

	Stations object



	data_array

	numpy.ndarray (num_stations) structured to store
data.  keys are:



	station –> station name


	lat –> latitude in decimal degrees


	lon –> longitude in decimal degrees


	elev –> elevation (m)


	
	rel_east – > relative east location to
	center_position (m)







	
	rel_north –> relative north location to
	center_position (m)







	east –> UTM east (m)


	north –> UTM north (m)


	zone –> UTM zone


	
	z –> impedance tensor array with shape
	(num_freq, 2, 2)







	
	z_err –> impedance tensor error array with
	shape (num_freq, 2, 2)







	
	tip –> Tipper array with shape
	(num_freq, 1, 2)







	
	tipperr –> Tipper array with shape
	(num_freq, 1, 2)















	data_fn

	full path to data file



	data_period_list

	period list from all the data



	edi_list

	list of full paths to edi files



	error_type_tipper

	[ ‘abs’ | ‘floor’ ]
default is ‘abs’



	error_type_z

	[ ‘egbert’ | ‘mean_od’ | ‘eigen’ | ‘median’]
default is ‘egbert_floor’



	add ‘_floor’ to any of the above to set the
error as an error floor, otherwise all
components are give weighted the same


	
	‘egbert’  sets error to
	error_value_z * sqrt(abs(zxy*zyx))







	
	‘mean_od’ sets error to
	error_value_z * mean([Zxy, Zyx])
(non zeros)







	
	‘eigen’   sets error to
	error_value_z * eigenvalues(Z[ii])







	
	‘median’  sets error to
	error_value_z * median([Zxx, Zxy, Zyx, Zyy])
(non zeros)












A 2x2 numpy array of error_type_z can be specified to
explicitly set the error_type_z for each component.




	error_value_z

	percentage to multiply Z by to set error
default is 5 for 5% of Z as error
A 2x2 numpy array of values can be specified to
explicitly set the error_value_z for each component.



	error_value_tipper

	absolute error between 0 and 1.



	fn_basename

	basename of data file. default is ‘ModEM_Data.dat’



	formatting

	[‘1’ | ‘2’], format of the output data file, default is ‘1’



	header_strings

	strings for header of data file following the format
outlined in the ModEM documentation



	inv_comp_dict

	dictionary of inversion components



	inv_mode

	
	inversion mode, options are: default is ‘1’
	
	
	‘1’ –> for ‘Full_Impedance’ and
	‘Full_Vertical_Components’







	‘2’ –> ‘Full_Impedance’


	
	‘3’ –> ‘Off_Diagonal_Impedance’ and
	‘Full_Vertical_Components’







	‘4’ –> ‘Off_Diagonal_Impedance’


	‘5’ –> ‘Full_Vertical_Components’


	‘6’ –> ‘Full_Interstation_TF’


	‘7’ –> ‘Off_Diagonal_Rho_Phase’











	inv_mode_dict

	dictionary for inversion modes



	max_num_periods

	maximum number of periods



	model_epsg

	epsg code for model projection, provide this to
project model to non-utm coordinates. Find the epsg
code for your projection on
http://spatialreference.org/ref/ or google search
epsg “your projection”



	model_utm_zone

	alternative to model_epsg, choose a utm zone to
project all sites to (e.g. ‘55S’)



	mt_dict

	dictionary of mtpy.core.mt.MT objects with keys
being station names



	period_buffer

	float or int
if specified, apply a buffer so that interpolation doesn’t
stretch too far over periods



	period_dict

	dictionary of period index for period_list



	period_list

	list of periods to invert for



	period_max

	maximum value of period to invert for



	period_min

	minimum value of period to invert for



	period_buffer

	
	buffer so that interpolation doesn’t stretch too far
	over periods. Provide a float or integer factor,
greater than which interpolation will not stretch.
e.g. 1.5 means only interpolate to a maximum of
1.5 times each side of each frequency value








	rotate_angle

	Angle to rotate data to assuming 0 is N and E is 90



	save_path

	path to save data file to



	units

	[ [V/m]/[T] | [mV/km]/[nT] | Ohm ] units of Z
default is [mV/km]/[nT]



	wave_sign_impedance

	[ + | - ] sign of time dependent wave.
default is ‘+’ as positive downwards.



	wave_sign_tipper

	[ + | - ] sign of time dependent wave.
default is ‘+’ as positive downwards.







	Example 1 –> create inversion period list:

	>>> from pathlib import Path
>>> import mtpy.modeling.modem as modem
>>> edi_path = Path(r"/home/mt/edi_files")
>>> edi_list = list(edi_path.glob("*.edi"))
>>> md = modem.Data(edi_list, period_min=.1, period_max=300,        >>> ...             max_num_periods=12)
>>> md.write_data_file(save_path=r"/home/modem/inv1")
>>> md







	Example 2 –> set inverions period list from data:

	>>> md = modem.Data(edi_list)
>>> #get period list from an .edi file
>>> inv_period_list = 1./md.mt_dict["mt01"].Z.freq
>>> #invert for every third period in inv_period_list
>>> inv_period_list = inv_period_list[np.arange(0, len(inv_period_list, 3))]
>>> md.period_list = inv_period_list
>>> md.write_data_file(save_path=r"/home/modem/inv1")







	Example 3 –> change error values:

	>>> mdr.error_type = 'floor'
>>> mdr.error_floor = 10
>>> mdr.error_tipper = .03
>>> mdr.write_data_file(save_path=r"/home/modem/inv2")







	Example 4 –> change inversion type:

	>>> mdr.inv_mode = '3'
>>> mdr.write_data_file(save_path=r"/home/modem/inv2")







	Example 5 –> rotate data:

	>>> md.rotation_angle = 60
>>> md.write_data_file(save_path=r"/home/modem/Inv1")
>>> # or
>>> md.write_data_file(save_path=r"/home/modem/Inv1",                                rotation_angle=60)










	
property data_filename

	




	
property dataframe

	




	
fix_data_file(fn=None, n=3)

	A newer compiled version of Modem outputs slightly different headers
This aims to convert that into the older format


	Parameters:

	
	fn (TYPE, optional) – DESCRIPTION, defaults to None


	n (TYPE, optional) – DESCRIPTION, defaults to 3






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
get_n_stations(mode)

	




	
property model_parameters

	




	
property n_periods

	




	
property period

	




	
read_data_file(data_fn)

	
	Parameters:

	data_fn (string or Path) – full path to data file name



	Raises:

	ValueError – If cannot compute component






	Fills attributes:
	
	data_array


	period_list


	mt_dict








>>> md = Data()
>>> md.read_data_file(r"/home/modem_data.dat")
>>> md
ModEM Data Object:
    Number of stations: 169
    Number of periods:  22
    Period range:
            Min: 0.01 s
            Max: 15230.2 s
    Rotation angle:     0.0
    Data center:
             latitude:  39.6351 deg
             longitude: -119.8039 deg
             Elevation: 0.0 m
             Easting:   259368.9746 m
             Northing:  4391021.1981 m
             UTM zone:  11S
    Model EPSG:         None
    Model UTM zone:     None
    Impedance data:     True
    Tipper data:        True










	
write_data_file(file_name=None, save_path=None, fn_basename=None, elevation=False)

	
	Parameters:

	
	save_path (string or Path, optional) – full directory to save file to, defaults to None


	fn_basename (string, optional) – Basename of the saved file, defaults to None


	elevation (boolean, optional) – If True adds in elevation from ‘rel_elev’ column in data
array, defaults to False






	Raises:

	
	NotImplementedError – If the inversion mode is not supported


	ValueError – mtpy.utils.exceptions.ValueError if a parameter








is missing
:return: full path to data file
:rtype: Path

1>>> from pathlib import Path
2>>> import mtpy.modeling.modem as modem
3>>> edi_path = Path(r"/home/mt/edi_files")
4>>> edi_list = list(edi_path.glob("*.ed"))
5>>> md = modem.Data(edi_list, period_min=.1, period_max=300,            >>> ...             max_num_periods=12)
6>>> md.write_data_file(save_path=r"/home/modem/inv1")
7/home/modem/inv1/ModemDataFile.dat














	
exception mtpy.modeling.modem.DataError

	Bases: ModEMError

Raise for ModEM Data class specific exceptions






	
class mtpy.modeling.modem.ModEMConfig(**kwargs)

	Bases: object

read and write configuration files for how each inversion is run


	
add_dict(fn=None, obj=None)

	add dictionary based on file name or object






	
write_config_file(save_dir=None, config_fn_basename='ModEM_inv.cfg')

	write a config file based on provided information










	
exception mtpy.modeling.modem.ModEMError

	Bases: Exception






	
class mtpy.modeling.modem.Model(station_locations=None, center_point=None, **kwargs)

	Bases: object

make and read a FE mesh grid


	The mesh assumes the coordinate system where:
	x == North
y == East
z == + down





All dimensions are in meters.

The mesh is created by first making a regular grid around the station area,
then padding cells are added that exponentially increase to the given
extensions.  Depth cell increase on a log10 scale to the desired depth,
then padding cells are added that increase exponentially.


	Parameters:

	**station_object** (mtpy.modeling.modem.Stations object) – 
See also

mtpy.modeling.modem.Stations









Examples


	Example 1 –> create mesh first then data file:

	>>> import mtpy.modeling.modem as modem
>>> import os
>>> # 1) make a list of all .edi files that will be inverted for
>>> edi_path = r"/home/EDI_Files"
>>> edi_list = [os.path.join(edi_path, edi)






for edi in os.listdir(edi_path)




>>> ...         if edi.find('.edi') > 0]
>>> # 2) Make a Stations object
>>> stations_obj = modem.Stations()
>>> stations_obj.get_station_locations_from_edi(edi_list)
>>> # 3) make a grid from the stations themselves with 200m cell spacing
>>> mmesh = modem.Model(station_obj)
>>> # change cell sizes
>>> mmesh.cell_size_east = 200,
>>> mmesh.cell_size_north = 200
>>> mmesh.ns_ext = 300000 # north-south extension
>>> mmesh.ew_ext = 200000 # east-west extension of model
>>> mmesh.make_mesh()
>>> # check to see if the mesh is what you think it should be
>>> msmesh.plot_mesh()
>>> # all is good write the mesh file
>>> msmesh.write_model_file(save_path=r"/home/modem/Inv1")
>>> # create data file
>>> md = modem.Data(edi_list, station_locations=mmesh.station_locations)
>>> md.write_data_file(save_path=r"/home/modem/Inv1")







	Example 2 –> Rotate Mesh:

	>>> mmesh.mesh_rotation_angle = 60
>>> mmesh.make_mesh()










Note

ModEM assumes all coordinates are relative to North and East, and
does not accommodate mesh rotations, therefore, here the rotation
is of the stations, which essentially does the same thing.  You
will need to rotate you data to align with the ‘new’ coordinate
system.





	Attributes

	Description





	_logger

	python logging object that put messages in logging
format defined in logging configure file, see MtPyLog
more information



	cell_number_ew

	optional for user to specify the total number of sells
on the east-west direction. default is None



	cell_number_ns

	optional for user to specify the total number of sells
on the north-south direction. default is None



	cell_size_east

	mesh block width in east direction
default is 500



	cell_size_north

	mesh block width in north direction
default is 500



	grid_center

	center of the mesh grid



	grid_east

	overall distance of grid nodes in east direction



	grid_north

	overall distance of grid nodes in north direction



	grid_z

	overall distance of grid nodes in z direction



	model_fn

	full path to initial file name



	model_fn_basename

	default name for the model file name



	n_air_layers

	number of air layers in the model. default is 0



	n_layers

	total number of vertical layers in model



	nodes_east

	relative distance between nodes in east direction



	nodes_north

	relative distance between nodes in north direction



	nodes_z

	relative distance between nodes in east direction



	pad_east

	number of cells for padding on E and W sides
default is 7



	pad_north

	number of cells for padding on S and N sides
default is 7



	pad_num

	number of cells with cell_size with outside of
station area.  default is 3



	pad_method

	method to use to create padding:
extent1, extent2 - calculate based on ew_ext and
ns_ext
stretch - calculate based on pad_stretch factors



	pad_stretch_h

	multiplicative number for padding in horizontal
direction.



	pad_stretch_v

	padding cells N & S will be pad_root_north**(x)



	pad_z

	number of cells for padding at bottom
default is 4



	ew_ext

	E-W extension of model in meters



	ns_ext

	N-S extension of model in meters



	res_scale

	
	scaling method of res, supports
	‘loge’ - for log e format
‘log’ or ‘log10’ - for log with base 10
‘linear’ - linear scale





default is ‘loge’




	res_list

	list of resistivity values for starting model



	res_model

	starting resistivity model



	res_initial_value

	resistivity initial value for the resistivity model
default is 100



	mesh_rotation_angle

	Angle to rotate the grid to. Angle is measured
positve clockwise assuming North is 0 and east is 90.
default is None



	save_path

	path to save file to



	sea_level

	sea level in grid_z coordinates. default is 0



	station_locations

	location of stations



	title

	title in initial file



	z1_layer

	first layer thickness



	z_bottom

	absolute bottom of the model default is 300,000



	z_target_depth

	Depth of deepest target, default is 50,000







	
add_layers_to_mesh(n_add_layers=None, layer_thickness=None, where='top')

	Function to add constant thickness layers to the top or bottom of mesh.
Note: It is assumed these layers are added before the topography. If
you want to add topography layers, use function add_topography_to_model


	Parameters:

	
	n_add_layers – integer, number of layers to add


	layer_thickness – real value or list/array. Thickness of layers,
defaults to z1 layer. Can provide a single value
or a list/array containing multiple layer
thicknesses.


	where – where to add, top or bottom













	
add_topography_from_data(interp_method='nearest', air_resistivity=1000000000000.0, topography_buffer=None, airlayer_type='log_up')

	Wrapper around add_topography_to_model that allows creating
a surface model from EDI data. The Data grid and station
elevations will be used to make a ‘surface’ tuple that will
be passed to add_topography_to_model so a surface model
can be interpolated from it.

The surface tuple is of format (lon, lat, elev) containing
station locations.


	Parameters:

	
	data_object (mtpy.modeling.ModEM.data.Data) – A ModEm data
object that has been filled with data from EDI files.


	interp_method (str, optional) – Same as
add_topography_to_model.


	air_resistivity (float, optional) – Same as
add_topography_to_model.


	topography_buffer (float) – Same as
add_topography_to_model.


	airlayer_type (str, optional) – Same as
add_topography_to_model.













	
add_topography_to_model(topography_file=None, surface=None, topography_array=None, interp_method='nearest', air_resistivity=1000000000000.0, topography_buffer=None, airlayer_type='log_up', max_elev=None, shift_east=0, shift_north=0)

	if air_layers is non-zero, will add topo: read in topograph file,
make a surface model.

Call project_stations_on_topography in the end, which will re-write
the .dat file.

If n_airlayers is zero, then cannot add topo data, only bathymetry is needed.


	Parameters:

	
	topography_file – file containing topography (arcgis ascii grid)


	topography_array – alternative to topography_file - array of
elevation values on model grid


	interp_method – interpolation method for topography,
‘nearest’, ‘linear’, or ‘cubic’


	air_resistivity – resistivity value to assign to air


	topography_buffer – buffer around stations to calculate minimum
and maximum topography value to use for
meshing


	airlayer_type – how to set air layer thickness - options are
‘constant’ for constant air layer thickness,
or ‘log’, for logarithmically increasing air
layer thickness upward













	
assign_resistivity_from_surface_data(top_surface, bottom_surface, resistivity_value)

	assign resistivity value to all points above or below a surface
requires the surface_dict attribute to exist and contain data for
surface key (can get this information from ascii file using
project_surface)

inputs
surface_name = name of surface (must correspond to key in surface_dict)
resistivity_value = value to assign
where = ‘above’ or ‘below’ - assign resistivity above or below the


surface









	
interpolate_elevation(surface_file=None, surface=None, get_surface_name=False, method='nearest', fast=True, shift_north=0, shift_east=0)

	project a surface to the model grid and add resulting elevation data
to a dictionary called surface_dict. Assumes the surface is in lat/long
coordinates (wgs84)

returns
nothing returned, but surface data are added to surface_dict under
the key given by surface_name.

inputs
choose to provide either surface_file (path to file) or surface (tuple).
If both are provided then surface tuple takes priority.

surface elevations are positive up, and relative to sea level.
surface file format is:

ncols         3601
nrows         3601
xllcorner     -119.00013888889 (longitude of lower left)
yllcorner     36.999861111111  (latitude of lower left)
cellsize      0.00027777777777778
NODATA_value  -9999
elevation data W –> E
N
|
V
S

Alternatively, provide a tuple with:
(lon,lat,elevation)
where elevation is a 2D array (shape (ny,nx)) containing elevation
points (order S -> N, W -> E)
and lon, lat are either 1D arrays containing list of longitudes and
latitudes (in the case of a regular grid) or 2D arrays with same shape
as elevation array containing longitude and latitude of each point.

other inputs:
surface_epsg = epsg number of input surface, default is 4326 for lat/lon(wgs84)
method = interpolation method. Default is ‘nearest’, if model grid is
dense compared to surface points then choose ‘linear’ or ‘cubic’






	
make_mesh(verbose=True)

	create finite element mesh according to user-input parameters.


	The mesh is built by:
	
	Making a regular grid within the station area.


	Adding pad_num of cell_width cells outside of station area


	Adding padding cells to given extension and number of padding
cells.


	Making vertical cells starting with z1_layer increasing
logarithmically (base 10) to z_target_depth and num_layers.


	Add vertical padding cells to desired extension.


	Check to make sure none of the stations lie on a node.
If they do then move the node by .02*cell_width













	
make_z_mesh(n_layers=None)

	new version of make_z_mesh. make_z_mesh and M






	
property model_epsg

	




	
property model_fn

	




	
property model_parameters

	get important model parameters to write to a file for documentation
later.






	
property nodes_east

	




	
property nodes_north

	




	
property nodes_z

	




	
property plot_east

	




	
plot_mesh(**kwargs)

	Plot model mesh


	Parameters:

	plot_topography (TYPE, optional) – DESCRIPTION, defaults to False



	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
property plot_north

	




	
property plot_z

	




	
read_gocad_sgrid_file(sgrid_header_file, air_resistivity=1e+39, sea_resistivity=0.3, sgrid_positive_up=True)

	read a gocad sgrid file and put this info into a ModEM file.
Note: can only deal with grids oriented N-S or E-W at this stage,
with orthogonal coordinates






	
read_model_file(model_fn=None)

	read an initial file and return the pertinent information including
grid positions in coordinates relative to the center point (0,0) and
starting model.

Note that the way the model file is output, it seems is that the
blocks are setup as

ModEM:                           WS:
———-                      —–
0—–> N_north                 0——–>N_east
|                               |
|                               |
V                               V
N_east                          N_north


Arguments:


model_fn : full path to initializing file.






Outputs:



	nodes_northnp.array(nx)
	array of nodes in S –> N direction



	nodes_eastnp.array(ny)
	array of nodes in the W –> E direction



	nodes_znp.array(nz)
	array of nodes in vertical direction positive downwards



	res_modeldictionary
	dictionary of the starting model with keys as layers



	res_listlist
	list of resistivity values in the model



	titlestring
	title string














	
property save_path

	




	
write_geosoft_xyz(save_fn, c_east=0, c_north=0, c_z=0, pad_north=0, pad_east=0, pad_z=0)

	Write an XYZ file readable by Geosoft

All input units are in meters.


	Parameters:

	
	save_fn (string or Path) – full path to save file to


	c_east (float, optional) – center point in the east direction, defaults to 0


	c_north (float, optional) – center point in the north direction, defaults to 0


	c_z (float, optional) – center point elevation, defaults to 0


	pad_north (int, optional) – number of cells to cut from the north-south edges, defaults to 0


	pad_east (int, optional) – number of cells to cut from the east-west edges, defaults to 0


	pad_z (int, optional) – number of cells to cut from the bottom, defaults to 0













	
write_gocad_sgrid_file(fn=None, origin=[0, 0, 0], clip=0, no_data_value=-99999)

	write a model to gocad sgrid

optional inputs:


	fn = filename to save to. File extension (‘.sg’) will be appended.
	default is the model name with extension removed





origin = real world [x,y,z] location of zero point in model grid
clip = how much padding to clip off the edge of the model for export,


provide one integer value or list of 3 integers for x,y,z directions




no_data_value = no data value to put in sgrid






	
write_model_file(**kwargs)

	will write an initial file for ModEM.

Note that x is assumed to be S –> N, y is assumed to be W –> E and
z is positive downwards.  This means that index [0, 0, 0] is the
southwest corner of the first layer.  Therefore if you build a model
by hand the layer block will look as it should in map view.

Also, the xgrid, ygrid and zgrid are assumed to be the relative
distance between neighboring nodes.  This is needed because wsinv3d
builds the  model from the bottom SW corner assuming the cell width
from the init file.


Key Word Arguments:



	nodes_northnp.array(nx)
	block dimensions (m) in the N-S direction.
Note that the code reads the grid assuming that
index=0 is the southern most point.



	nodes_eastnp.array(ny)
	block dimensions (m) in the E-W direction.
Note that the code reads in the grid assuming that
index=0 is the western most point.



	nodes_znp.array(nz)
	block dimensions (m) in the vertical direction.
This is positive downwards.



	save_pathstring
	Path to where the initial file will be saved
to save_path/model_fn_basename



	model_fn_basenamestring
	basename to save file to
default is ModEM_Model.ws
file is saved at save_path/model_fn_basename



	titlestring
	Title that goes into the first line
default is Model File written by MTpy.modeling.modem



	res_modelnp.array((nx,ny,nz))
	Prior resistivity model.


Note

again that the modeling code



assumes that the first row it reads in is the southern
most row and the first column it reads in is the
western most column.  Similarly, the first plane it
reads in is the Earth’s surface.



	res_starting_valuefloat
	starting model resistivity value,
assumes a half space in Ohm-m
default is 100 Ohm-m



	res_scale[ ‘loge’ | ‘log’ | ‘log10’ | ‘linear’ ]
	scale of resistivity.  In the ModEM code it
converts everything to Loge,
default is ‘loge’














	
write_out_file(save_fn, geographic_east, geographic_north, geographic_elevation)

	will write an .out file for LeapFrog.

Note that y is assumed to be S –> N, e is assumed to be W –> E and
z is positive upwards.  This means that index [0, 0, 0] is the
southwest corner of the first layer.


	Parameters:

	
	save_fn (string or Path) – full path to save file to


	geographic_east (float) – geographic center in easting (meters)


	geographic_north (float) – geographic center in northing (meters)


	geographic_elevation (float) – elevation of geographic center (meters)






	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
write_ubc_files(basename, c_east=0, c_north=0, c_z=0)

	Write a UBC .msh and .mod file


	Parameters:

	
	save_fn (TYPE) – DESCRIPTION


	c_east (TYPE, optional) – DESCRIPTION, defaults to 0


	c_north (TYPE, optional) – DESCRIPTION, defaults to 0


	c_z (TYPE, optional) – DESCRIPTION, defaults to 0






	Returns:

	DESCRIPTION



	Return type:

	TYPE






Note

not complete yet.








	
write_vtk_file(vtk_save_path=None, vtk_fn_basename='ModEM_model_res', shift_east=0, shift_north=0, shift_z=0, units='km', coordinate_system='nez+', label='resistivity')

	Write a VTK file to plot in 3D rendering programs like Paraview


	Parameters:

	
	vtk_save_path (string or Path, optional) – directory to save vtk file to, defaults to None


	vtk_fn_basename – filename basename of vtk file, note that .vtr








extension is automatically added, defaults to “ModEM_stations”
:type vtk_fn_basename: string, optional
:type geographic: boolean, optional
:param shift_east: shift in east directions in meters, defaults to 0
:type shift_east: float, optional
:param shift_north: shift in north direction in meters, defaults to 0
:type shift_north: float, optional
:param shift_z: shift in elevation + down in meters, defaults to 0
:type shift_z: float, optional
:param units: Units of the spatial grid [ km | m | ft ], defaults to “km”
:type units: string, optional
:type : string
:param coordinate_system: coordinate system for the station, either the
normal MT right-hand coordinate system with z+ down or the sinister
z- down [ nez+ | enz- ], defaults to nez+
:return: full path to VTK file
:rtype: Path

Write VTK file
>>> model.write_vtk_file(vtk_fn_basename=”modem_model”)

Write VTK file in geographic coordinates with z+ up
>>> model.write_vtk_station_file(vtk_fn_basename=”modem_model”,
>>> …                          coordinate_system=’enz-‘)






	
write_xyres(save_path=None, location_type='EN', origin=[0, 0], model_epsg=None, depth_index='all', outfile_basename='DepthSlice', log_res=False, clip=[0, 0])

	write files containing depth slice data (x, y, res for each depth)


	origin = x,y coordinate of zero point of ModEM_grid, or name of file
	containing this info (full path or relative to model files)





save_path = path to save to, default is the model object save path
location_type = ‘EN’ or ‘LL’ xy points saved as eastings/northings or


longitude/latitude, if ‘LL’ need to also provide model_epsg




model_epsg = epsg number that was used to project the model
outfile_basename = string for basename for saving the depth slices.
log_res = True/False - option to save resistivity values as log10


instead of linear




clip = number of cells to clip on each of the east/west and north/south edges






	
write_xyzres(savefile=None, location_type='EN', origin=[0, 0], model_epsg=None, log_res=False, model_utm_zone=None, clip=[0, 0])

	save a model file as a space delimited x y z res file










	
class mtpy.modeling.modem.Residual(**kwargs)

	Bases: Data

class to contain residuals for each data point, and rms values for each
station



	Attributes/Key Words

	Description





	work_dir

	


	residual_fn

	full path to data file



	residual_array

	numpy.ndarray (num_stations) structured to store
data.  keys are:



	station –> station name


	lat –> latitude in decimal degrees


	lon –> longitude in decimal degrees


	elev –> elevation (m)


	
	rel_east – > relative east location to
	center_position (m)







	
	rel_north –> relative north location to
	center_position (m)







	east –> UTM east (m)


	north –> UTM north (m)


	zone –> UTM zone


	
	z –> impedance tensor residual (measured - modelled)
	(num_freq, 2, 2)







	
	z_err –> impedance tensor error array with
	shape (num_freq, 2, 2)







	
	tip –> Tipper residual (measured - modelled)
	(num_freq, 1, 2)







	
	tipperr –> Tipper array with shape
	(num_freq, 1, 2)















	rms

	


	rms_array

	numpy.ndarray structured to store station
location values and rms.  Keys are:



	station –> station name


	east –> UTM east (m)


	north –> UTM north (m)


	lat –> latitude in decimal degrees


	lon –> longitude in decimal degrees


	elev –> elevation (m)


	zone –> UTM zone


	
	rel_east – > relative east location to
	center_position (m)







	
	rel_north –> relative north location to
	center_position (m)







	
	rms –> root-mean-square residual for each
	station















	rms_tip

	


	rms_z

	






	
calculate_rms()

	add columns for rms
:return: DESCRIPTION
:rtype: TYPE






	
plot_rms(**kwargs)

	plot RMS in different views


	Parameters:

	**kwargs – DESCRIPTION





	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
plot_rms_per_period(plot_type='all', **kwargs)

	
	Parameters:

	**kwargs – DESCRIPTION





	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
read_residual_file(residual_fn)

	
	Parameters:

	residual_fn (TYPE, optional) – DESCRIPTION, defaults to None



	Returns:

	DESCRIPTION



	Return type:

	TYPE










	
property rms_per_period_all

	RMS per period






	
property rms_per_period_per_component

	RMS per period by component


	Returns:

	DESCRIPTION



	Return type:

	TYPE
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Submodules



mtpy.modeling.occam2d.data module

Created on Tue Mar  7 19:01:14 2023

@author: jpeacock


	
class mtpy.modeling.occam2d.data.Occam2DData(dataframe=None, center_point=None, **kwargs)

	Bases: object

Reads and writes data files and more.

Inherets Profile, so the intended use is to use Data to project stations
onto a profile, then write the data file.



	Model Modes

	Description





	1 or log_all

	Log resistivity of TE and TM plus Tipper



	2 or log_te_tip

	Log resistivity of TE plus Tipper



	3 or log_tm_tip

	Log resistivity of TM plus Tipper



	4 or log_te_tm

	Log resistivity of TE and TM



	5 or log_te

	Log resistivity of TE



	6 or log_tm

	Log resistivity of TM



	7 or all

	TE, TM and Tipper



	8 or te_tip

	TE plus Tipper



	9 or tm_tip

	TM plus Tipper



	10 or te_tm

	TE and TM mode



	11 or te

	TE mode



	12 or tm

	TM mode



	13 or tip

	Only Tipper







	Example Write Data File:

	>>> from mtpy.modeling.occam2d import Data
>>> occam_data_object = Data()
>>> occam_data_object.read_data_file(r"path/to/data/file.dat")
>>> occam_data_object.model_mode = 2
>>> occam_data_object.write_data_file(r"path/to/new/data/file_te.dat")










	
property data_filename

	




	
property dataframe

	




	
property frequencies

	




	
mask_from_datafile(mask_datafn)

	reads a separate data file and applies mask from this data file.
mask_datafn needs to have exactly the same frequencies, and station names
must match exactly.






	
property n_data

	




	
property n_frequencies

	




	
property n_stations

	




	
property offsets

	




	
read_data_file(data_fn=None)

	
	Read in an existing data file and populate appropriate attributes
	
	data


	data_list


	freq


	station_list


	station_locations









Arguments:



	data_fnstring
	full path to data file
default is None and set to save_path/fn_basename









	Example:

	>>> import mtpy.modeling.occam2d as occam2d
>>> ocd = occam2d.Data()
>>> ocd.read_data_file(r"/home/Occam2D/Line1/Inv1/Data.dat")















	
property stations

	




	
write_data_file(data_fn=None)

	Write a data file.


Arguments:



	data_fnstring
	full path to data file.
default is save_path/fn_basename








If there data is None, then _fill_data is called to create a profile,
rotate data and get all the necessary data.  This way you can use
write_data_file directly without going through the steps of projecting
the stations, etc.


	Example:

	::
>>> edipath = r”/home/mt/edi_files”
>>> slst = [‘mt{0:03}’.format(ss) for ss in range(1, 20)]
>>> ocd = occam2d.Data(edi_path=edipath, station_list=slst)
>>> ocd.save_path = r”/home/occam/line1/inv1”
>>> ocd.write_data_file()
















mtpy.modeling.occam2d.mesh module

Created on Tue Mar  7 18:02:57 2023

@author: jpeacock


	
class mtpy.modeling.occam2d.mesh.Mesh(station_locations=None, **kwargs)

	Bases: object

deals only with the finite element mesh.  Builds a finite element mesh
based on given parameters defined below.  The mesh reads in the station
locations, finds the center and makes the relative location of the
furthest left hand station 0.  The mesh increases in depth logarithmically
as required by the physics of MT.  Also, the model extends horizontally
and vertically with padding cells in order to fullfill the assumption of
the forward operator that at the edges the structure is 1D.  Stations are
place on the horizontal nodes as required by Wannamaker’s forward
operator.

Mesh has the ability to create a mesh that incorporates topography given
a elevation profile.  It adds more cells to the mesh with thickness
z1_layer.  It then sets the values of the triangular elements according to
the elevation value at that location.  If the elevation covers less than
50% of the triangular cell, then the cell value is set to that of air


Note

Mesh is inhereted by Regularization, so the mesh can also be
be built from there, same as the example below.




Arguments:



	Key Words/Attributes

	Description





	air_key

	letter associated with the value of air
default is 0



	air_value

	value given to an air cell, default is 1E13



	cell_width

	width of cells with in station area in meters
default is 100



	elevation_profile

	elevation profile along the profile line.
given as np.ndarray(nx, 2), where the elements
are x_location, elevation.  If elevation profile
is given add_elevation is called automatically.
default is None



	mesh_fn

	full path to mesh file.



	mesh_values

	letter values of each triangular mesh element
if the cell is free value is ?



	n_layers

	number of vertical layers in mesh
default is 90



	num_x_pad_cells

	number of horizontal padding cells outside the
the station area that will increase in size
by x_pad_multiplier. default is 7



	num_x_pad_small_cells

	number of horizonal padding cells just outside
the station area with width cell_width.  This is
to extend the station area if needed.
default is 2



	num_z_pad_cells

	number of vertical padding cells below
z_target_depth down to z_bottom. default is 5



	rel_station_locations

	relative station locations within the mesh.  The
locations are relative to the center of the station
area.  default is None, filled later



	save_path

	full path to save mesh file to.
default is current working directory.



	station_locations

	location of stations in meters, can be on a
relative grid or in UTM.



	x_grid

	location of horizontal grid nodes in meters



	x_nodes

	relative spacing between grid nodes



	x_pad_multiplier

	horizontal padding cells will increase by this
multiple out to the edge of the grid.
default is 1.5



	z1_layer

	thickness of the first layer in the model.
Should be at least 1/4 of the first skin depth
default is 10



	z_bottom

	bottom depth of the model (m).  Needs to be large
enough to be 1D at the edge.
default is 200000.0



	z_grid

	location of vertical nodes in meters



	z_nodes

	relative distance between vertical nodes in meters



	z_target_depth

	depth to deepest target of interest.  Below this
depth cells will be padded to z_bottom








	Methods

	Description





	add_elevation

	adds elevation to the mesh given elevation
profile.



	build_mesh

	builds the mesh given the attributes of Mesh.  If
elevation_profile is not None, add_elevation is
called inside build_mesh



	plot_mesh

	plots the built mesh with station location.



	read_mesh_file

	reads in an existing mesh file and populates the
appropriate attributes.



	write_mesh_file

	writes a mesh file to save_path







	Example:

	>>> import mtpy.modeling.occam2d as occcam2d
>>> edipath = r"/home/mt/edi_files"
>>> slist = ['mt{0:03}'.format(ss) for ss in range(20)]
>>> ocd = occam2d.Data(edi_path=edipath, station_list=slist)
>>> ocd.save_path = r"/home/occam/Line1/Inv1"
>>> ocd.write_data_file()
>>> ocm = occam2d.Mesh(ocd.station_locations)
>>> # add in elevation
>>> ocm.elevation_profile = ocd.elevation_profile
>>> # change number of layers
>>> ocm.n_layers = 110
>>> # change cell width in station area
>>> ocm.cell_width = 200
>>> ocm.build_mesh()
>>> ocm.plot_mesh()
>>> ocm.save_path = ocd.save_path
>>> ocm.write_mesh_file()










	
add_elevation(elevation_profile=None)

	the elevation model needs to be in relative coordinates and be a
numpy.ndarray(2, num_elevation_points) where the first column is
the horizontal location and the second column is the elevation at
that location.

If you have a elevation model use Profile to project the elevation
information onto the profile line

To build the elevation I’m going to add the elevation to the top
of the model which will add cells to the mesh. there might be a better
way to do this, but this is the first attempt. So I’m going to assume
that the first layer of the mesh without elevation is the minimum
elevation and blocks will be added to max elevation at an increment
according to z1_layer


Note

the elevation model should be symmetrical ie, starting
at the first station and ending on the last station, so for
now any elevation outside the station area will be ignored
and set to the elevation of the station at the extremities.
This is not ideal but works for now.




Arguments:



	elevation_profilenp.ndarray(2, num_elev_points)
	
	1st row is for profile location


	2nd row is for elevation values













Computes:



	mesh_valuesmesh values, setting anything above topography
	to the key for air, which for Occam is ‘0’














	
build_mesh()

	Build the finite element mesh given the parameters defined by the
attributes of Mesh.  Computes relative station locations by finding
the center of the station area and setting the middle to 0.  Mesh
blocks are built by calculating the distance between stations and
putting evenly spaced blocks between the stations being close to
cell_width.  This places a horizontal node at the station location.
If the spacing between stations is smaller than
cell_width, a horizontal node is placed between the stations to be
sure the model has room to change between the station.

If elevation_profile is given, add_elevation is called to add
topography into the mesh.


	Populates attributes:
	
	mesh_values


	rel_station_locations


	x_grid


	x_nodes


	z_grid


	z_nodes









	Example:

	::
>>> import mtpy.modeling.occam2d as occcam2d
>>> edipath = r”/home/mt/edi_files”
>>> slist = [‘mt{0:03}’.format(ss) for ss in range(20)]
>>> ocd = occam2d.Data(edi_path=edipath, station_list=slist)
>>> ocd.save_path = r”/home/occam/Line1/Inv1”
>>> ocd.write_data_file()
>>> ocm = occam2d.Mesh(ocd.station_locations)
>>> # add in elevation
>>> ocm.elevation_profile = ocd.elevation_profile
>>> # change number of layers
>>> ocm.n_layers = 110
>>> # change cell width in station area
>>> ocm.cell_width = 200
>>> ocm.build_mesh()










	
plot_mesh(**kwargs)

	Plot built mesh with station locations.



	Key Words

	Description





	depth_scale

	[ ‘km’ | ‘m’ ] scale of mesh plot.
default is ‘km’



	fig_dpi

	dots-per-inch resolution of the figure
default is 300



	fig_num

	number of the figure instance
default is ‘Mesh’



	fig_siz