

    
      
          
            
  
Welcome to resistics’s documentation!

Soon resistics will be upgrading to version 1.0.0. This will be a breaking
change versus version 0.0.6. Currently, the newest version is available as a
development release for those who are intersted in experimenting with its
updated feature set.

Until version 1.0.0 is released as a stable version, the existing
documentation for 0.0.6 will remain at resistics.io.


Why?

Resistics has been re-written from the ground up to tackle several limitations
of the previous version, namely


	Processing time


	Limited traceability


	Lack of extensibility


	Difficult to maintain




The new version of resistics aims to tackle all of these issues through better
coding practises, putting extensibility at the heart of its design and moving to
a modern deployment pipeline.



What’s new?

The literal answer is everything as this is a from scratch rewrite, which has
taken some features of the previous version but combined them with new
capabilities.

For most users, notable changes are related to configuration of processing
flows and the carving out of specific data format readers into a separate
package.

Advanced users will be able to take advantage of opportunities to write their
own solvers or processors and a greater ability to customise and extend
resistics.

Other smaller changes include:


	Moving to JSON for metadata as this is a universal format


	Moving from matplotlib to plotly for plots as they are more interactive






What’s missing?

The first thing to note is that time series data reader for various formats have
been removed from resistics and placed in a sister package named
resistics-readers. This is to remove any coupling of data format support to core
resistics releases. It is hoped that resistics-readers will receive more
community support as knowledge about the various data formats in the
magnetotelluric world is distributed around the community.

Statistics are another capability of resistics 0.0.6 that is missing. The
intention is to re-introduce these shortly and additionally, make it easier for
users to write their own features to extract.

Masks are also missing and these will be re-introduced with statistics.
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Getting started

The best way to get started with resistics is to install the package and begin
with the examples.


Installation

Resistics can be installed using pip. For most users, it is recommended to
install both resistics and the resistics-readers package which provides support
for several data formats.

python -m pip install resistics resistics-readers





For those who do not need the data support in resistics-readers, it is
sufficient to install only resistics

python -m pip install resistics







Tutorials



	Reading data




	Quick functions




	Using projects




	Configuration












            

          

      

      

    

  

    
      
          
            
  
Reading data

The main resistics package supports two time data formats and two calibration
data formats.

For time data:


	ASCII (including compressed ASCII, e.g. bz2)


	numpy .npy




Where possible, it is recommended to use the numpy data format for time data
as this is quicker to read from. Whilst it is a binary format, it is portable
and well supported by the numpy package.

For calibration data, resistics supports:


	Text file calibration data


	JSON calibration data




The structure of these two calibration data formats can be seen in the relevant
examples.


Note

Support for other data formats is provided by the resistics-readers package.
This includes support for Metronix ATS data, SPAM RAW data, Phoenix TS data,
Lemi data and potentially more in the future.




[image: Time data ASCII]

Time data ASCII
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Time data bz2
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Time data binary
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Calibration data JSON
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Calibration data TXT










Download all examples in Python source code: tutorial-read_python.zip




Download all examples in Jupyter notebooks: tutorial-read_jupyter.zip





Gallery generated by Sphinx-Gallery [https://sphinx-gallery.github.io]




            

          

      

      

    

  

    
      
          
            
  
Note

Click here
to download the full example code




Time data ASCII

This example will show how to read time data from an ASCII file using the
default ASCII data reader. To do this, a metadata file is required. The example
shows how an appropriate metadata file can be created and the information
required to create such a metadata file.

The dataset in this example has been provided for use by the SAMTEX consortium.
For more information, please refer to [Jones2009]. Additional details about the
dataset can be found at https://www.mtnet.info/data/kap03/kap03.html.

The dataset is KAP175. A couple of notes:


	The data has a sample every 5 seconds, meaning a 0.2 Hz sampling frequency.


	Values of 1E32 have been replaced by NaN




from pathlib import Path
import plotly
import pandas as pd
from resistics.time import ChanMetadata, TimeMetadata, TimeReaderAscii, InterpolateNans





Define the data path. This is dependent on where the data is stored. Here, the
data path is being read from an environment variable.

time_data_path = Path("..", "..", "data", "time", "ascii")
ascii_data_path = time_data_path / "kap175as.ts"





The folder contains a single ascii data file. Let’s have a look at the
contents of the file.

with ascii_data_path.open("r") as f:
    for line_number, line in enumerate(f):
        print(line.strip("\n"))
        if line_number >= 130:
            break





Out:

# time series file from tssplice
# date: Mon Nov  7 05:44:13 2016
#
# Files spliced together:
# kap175a1  2003-10-31 11:00:00-2003-11-06 15:17:39
# kap175b1  2003-11-06 16:00:00-2003-11-15 09:56:39
#
# Following comment block from first file...
#
# time series file from mp2ts
# date: Mon Nov  7 05:44:07 2016
#
# input file: kap175\kap175a1.1mp
#
# Machine endian: Little
# UNIX set      : F
#
# site description: maroi
#
# Latitude   :022:11:30 S
# Longitude  :029:51:31 E
#
# LiMS acquisition code : 10.2
# LiMS box     number   :   53
# Magnetometer number   :   53
#
# Ex line length (m):     100.00
# Ey line length (m):      94.00
#
# Azimuths relative to: MAGNETIC NORTH
# Ex azimuth;  30
# Ey azimuth; 120
# Hx azimuth;  30
# Hy azimuth; 120
#
# FIRST 20 POINTS DROPPED FROM .1mp FILE TO
# ACCOUNT FOR FILTER SETTLING
#
#F Filter block begin
#F
#F Filters applied to LiMS/LRMT data are:
#F 1: Analogue anti-alias six-pole Bessel low-pass
#F    filters on each channel with -3 dB point at nominally 5 Hz.
#F    -calibrated values given below
#F
#F 2: Digital anti-alias multi-stage Chebyshev FIR filters
#F    with final stage at 2xsampling rate
#F
#F 1: Analogue single-pole Butterworth high-pass filters on the
#F    telluric channels only with -3 dB point at nominally 30,000 s
#F    -calibrated values given below
#F
#F Chan     Calib    Low-pass   High-pass (s)
#F  1        1.00        0.00        0.00
#F  2        1.00        0.00        0.00
#F  3        1.00        0.00        0.00
#F  4        1.00        0.00        0.00
#F  5        1.00        0.00        0.00
#F
#F In the tsrestack code, these filter responses are
#F removed using bessel7.f and high17.f
#F
#F Filter block end
>INFO_START:
>STATION   :kap175
>INSTRUMENT: 53
>WINDOW    :kap175as
>LATITUDE  : -22.1916695
>LONGITUDE :  29.8586102
>ELEVATION :  0.
>UTM_ORIGIN:  27.
>UTM_NORTH : -2456678
>UTM_EAST  : 794763
>COORD_SYS :MAGNETIC NORTH
>DECLIN    :  0.
>FORM      :ASCII
>FORMAT    :FREE
>SEQ_REC   : 1
>NCHAN     : 5
>CHAN_1    :HX
>SENSOR_1  : 53
>AZIM_1    :  30.
>UNITS_1   :nT
>GAIN_1    :  1.
>BASELINE_1:  12618.2402
>CHAN_2    :HY
>SENSOR_2  : 53
>AZIM_2    :  120.
>UNITS_2   :nT
>GAIN_2    :  1.
>BASELINE_2: -7354.87988
>CHAN_3    :HZ
>SENSOR_3  : 53
>AZIM_3    :  0.
>UNITS_3   :nT
>GAIN_3    :  1.
>BASELINE_3: -26291.1992
>CHAN_4    :EX
>SENSOR_4  : 53
>AZIM_4    :  30.
>UNITS_4   :mV/km
>GAIN_4    :  1.
>CHAN_5    :EY
>SENSOR_5  : 53
>AZIM_5    :  120.
>UNITS_5   :mV/km
>GAIN_5    :  1.
>STARTTIME :2003-10-31 11:00:00
>ENDTIME   :2003-11-15 09:56:39
>T_UNITS   :s
>DELTA_T   :  5.
>MIS_DATA  :  1.00000003E+32
>INFO_END  :
  2.39398551  1.43499565  2.21125007 -1.55760086  0.0748437345
  2.23659754  1.09759927  2.16549993 -6.5316  1.9800632
  1.6032145  0.608650982  2.02824998 -14.0248184  3.94819808
  0.724482358 -0.00434030406  1.79949999 -22.1152382  4.54121494
 -0.170995399 -0.679827273  1.54025006 -28.7814693  4.58896542
 -1.17621446 -1.34823668  1.28100002 -33.5379982  5.47701597
 -2.31609321 -1.93590927  0.991250038 -37.1378212  6.52709579
 -3.41281223 -2.44583607  0.701499999 -38.6588211  6.6605401
 -4.29263926 -2.81293082  0.442250013 -37.8415413  6.49546909
 -4.97082424 -3.01078033  0.244000003 -35.6481323  6.60037565
 -5.44532394 -3.07342243  0.106749997 -31.5662174  6.48429155
 -5.67856073 -2.94394422  0.0305000003 -26.1866817  6.25566292
 -5.76094007 -2.70975876  0.0152500002 -22.297369  6.53417683
 -5.86769009 -2.52486253  0.0152500002 -20.8914051  7.27097702
 -6.06688833 -2.39334106  0. -20.4016094  7.70362616
 -6.25846148 -2.27502656 -0.0305000003 -20.194458  7.71082592
 -6.485569 -2.24766445 -0.0305000003 -22.052597  7.81821918
 -6.84828472 -2.35142326 -0.0457499996 -26.1871376  8.14745235





Note that the metadata requires the number of samples. Pandas can be useful
for this purpose.

df = pd.read_csv(ascii_data_path, header=None, skiprows=121, delim_whitespace=True)
n_samples = len(df.index)
print(df)





Out:

                 0           1           2          3         4
0        -4.292639   -2.812931    0.442250 -37.841541  6.495469
1        -4.970824   -3.010780    0.244000 -35.648132  6.600376
2        -5.445324   -3.073422    0.106750 -31.566217  6.484292
3        -5.678561   -2.943944    0.030500 -26.186682  6.255663
4        -5.760940   -2.709759    0.015250 -22.297369  6.534177
...            ...         ...         ...        ...       ...
258428 -162.422211 -738.918762 -504.817841  10.141210 -3.474090
258429 -162.422211 -738.918762 -504.817841   9.408063 -3.485243
258430 -162.422211 -738.918762 -504.817841   8.700190 -3.631670
258431 -162.422211 -738.918762 -504.817841   8.757909 -3.823143
258432 -162.422211 -738.918762 -504.817841   8.475470 -4.004943

[258433 rows x 5 columns]





Define other key pieces of recording information

fs = 0.2
chans = ["Hx", "Hy", "Hz", "Ex", "Ey"]
first_time = pd.Timestamp("2003-10-31 11:00:00")
last_time = first_time + (n_samples - 1) * pd.Timedelta(1 / fs, "s")





The next step is to create a TimeMetadata object. The TimeMetdata has
information about the recording and channels. Let’s construct the
TimeMetadata and save it as a JSON along with the time series data file.

chans_metadata = {}
for chan in chans:
    chan_type = "electric" if chan in ["Ex", "Ey"] else "magnetic"
    chans_metadata[chan] = ChanMetadata(
        name=chan, chan_type=chan_type, data_files=[ascii_data_path.name]
    )
time_metadata = TimeMetadata(
    fs=fs,
    chans=chans,
    n_samples=n_samples,
    first_time=first_time,
    last_time=last_time,
    chans_metadata=chans_metadata,
)
time_metadata.summary()
time_metadata.write(time_data_path / "metadata.json")





Out:

{
    'file_info': None,
    'fs': 0.2,
    'chans': ['Hx', 'Hy', 'Hz', 'Ex', 'Ey'],
    'n_chans': 5,
    'n_samples': 258433,
    'first_time': '2003-10-31 11:00:00.000000_000000_000000_000000',
    'last_time': '2003-11-15 09:56:00.000000_000000_000000_000000',
    'system': '',
    'serial': '',
    'wgs84_latitude': -999.0,
    'wgs84_longitude': -999.0,
    'easting': -999.0,
    'northing': -999.0,
    'elevation': -999.0,
    'chans_metadata': {
        'Hx': {
            'name': 'Hx',
            'data_files': ['kap175as.ts'],
            'chan_type': 'magnetic',
            'chan_source': None,
            'sensor': '',
            'serial': '',
            'gain1': 1,
            'gain2': 1,
            'scaling': 1,
            'chopper': False,
            'dipole_dist': 1,
            'sensor_calibration_file': '',
            'instrument_calibration_file': ''
        },
        'Hy': {
            'name': 'Hy',
            'data_files': ['kap175as.ts'],
            'chan_type': 'magnetic',
            'chan_source': None,
            'sensor': '',
            'serial': '',
            'gain1': 1,
            'gain2': 1,
            'scaling': 1,
            'chopper': False,
            'dipole_dist': 1,
            'sensor_calibration_file': '',
            'instrument_calibration_file': ''
        },
        'Hz': {
            'name': 'Hz',
            'data_files': ['kap175as.ts'],
            'chan_type': 'magnetic',
            'chan_source': None,
            'sensor': '',
            'serial': '',
            'gain1': 1,
            'gain2': 1,
            'scaling': 1,
            'chopper': False,
            'dipole_dist': 1,
            'sensor_calibration_file': '',
            'instrument_calibration_file': ''
        },
        'Ex': {
            'name': 'Ex',
            'data_files': ['kap175as.ts'],
            'chan_type': 'electric',
            'chan_source': None,
            'sensor': '',
            'serial': '',
            'gain1': 1,
            'gain2': 1,
            'scaling': 1,
            'chopper': False,
            'dipole_dist': 1,
            'sensor_calibration_file': '',
            'instrument_calibration_file': ''
        },
        'Ey': {
            'name': 'Ey',
            'data_files': ['kap175as.ts'],
            'chan_type': 'electric',
            'chan_source': None,
            'sensor': '',
            'serial': '',
            'gain1': 1,
            'gain2': 1,
            'scaling': 1,
            'chopper': False,
            'dipole_dist': 1,
            'sensor_calibration_file': '',
            'instrument_calibration_file': ''
        }
    },
    'history': {'records': []}
}





Now the data is ready to be read in by resistics. Read it in and print the
first and last sample values.

reader = TimeReaderAscii(extension=".ts", n_header=121)
time_data = reader.run(time_data_path)
print(time_data.data[:, 0])
print(time_data.data[:, -1])





Out:

[ -4.2926393  -2.8129308   0.44225   -37.84154     6.495469 ]
[-162.42221   -738.91876   -504.81784      8.47547     -4.0049434]





There are some invalid values in the data that have been replaced by NaN
values. Interpolate the NaN values.

time_data = InterpolateNans().run(time_data)





Finally plot the data. By default, the data is downsampled using the LTTB
algorithm to avoid slow and large plots.

fig = time_data.plot(max_pts=1_000)
fig.update_layout(height=700)
plotly.io.show(fig)








                            

        
                
            
        


Total running time of the script: ( 0 minutes  5.267 seconds)



Download Python source code: eg_01_read_time_ascii.py




Download Jupyter notebook: eg_01_read_time_ascii.ipynb





Gallery generated by Sphinx-Gallery [https://sphinx-gallery.github.io]




            

          

      

      

    

  

    
      
          
            
  
Note

Click here
to download the full example code




Time data bz2

This example will show how to read time data from a compressed ASCII file using
the default ASCII data reader. In this case, the data has been compressed using
bz2.

To read such a compressed ASCII data file, a metadata file is required. The
example shows how an appropriate metadata file can be created and the
information required to create such a metadata file.

The dataset in this example has been provided for use by the SAMTEX consortium.
For more information, please refer to [Jones2009]. Additional details about the
dataset can be found at https://www.mtnet.info/data/kap03/kap03.html.

The dataset is KAP148. A couple of notes:


	The data has a sample every 5 seconds, meaning a 0.2 Hz sampling frequency.


	Values of 1E32 have been replaced by NaN




from pathlib import Path
import bz2
import plotly
import pandas as pd
from resistics.time import ChanMetadata, TimeMetadata, TimeReaderAscii, InterpolateNans





Define the data path. This is dependent on where the data is stored. Here, the
data path is being read from an environment variable.

time_data_path = Path("..", "..", "data", "time", "bz2")
ascii_data_path = time_data_path / "kap148as.ts.bz2"





The folder contains a single ascii data file. Let’s have a look at the
contents of the file.

with bz2.open(ascii_data_path, "rt") as f:
    for line_number, line in enumerate(f):
        print(line.strip("\n"))
        if line_number >= 130:
            break





Out:

# time series file from tssplice
# date: Mon Nov  7 05:27:46 2016
#
# Files spliced together:
# kap148a1  2003-10-25 11:30:00-2003-11-02 10:52:04
# kap148b1  2003-11-02 11:30:00-2003-11-12 11:15:34
# kap148c1  2003-11-12 11:45:00-2003-11-21 13:43:14
# kap148d1  2003-11-21 14:30:00-2003-11-29 10:14:10
#
# Following comment block from first file...
#
# time series file from mp2ts
# date: Mon Nov  7 05:27:32 2016
#
# input file: kap148\kap148a1.1mp
#
# Machine endian: Little
# UNIX set      : F
#
# site description: suikerbosrand
#
# Latitude   :025:55:40 S
# Longitude  :026:27:04 E
#
# LiMS acquisition code : 10.2
# LiMS box     number   :   26
# Magnetometer number   :   26
#
# Ex line length (m):     100.00
# Ey line length (m):      98.00
#
# Azimuths relative to: MAGNETIC NORTH
# Ex azimuth;   0
# Ey azimuth;  90
# Hx azimuth;   0
# Hy azimuth;  90
#
# FIRST 20 POINTS DROPPED FROM .1mp FILE TO
# ACCOUNT FOR FILTER SETTLING
#
#F Filter block begin
#F
#F Filters applied to LiMS/LRMT data are:
#F 1: Analogue anti-alias six-pole Bessel low-pass
#F    filters on each channel with -3 dB point at nominally 5 Hz.
#F    -calibrated values given below
#F
#F 2: Digital anti-alias multi-stage Chebyshev FIR filters
#F    with final stage at 2xsampling rate
#F
#F 1: Analogue single-pole Butterworth high-pass filters on the
#F    telluric channels only with -3 dB point at nominally 30,000 s
#F    -calibrated values given below
#F
#F Chan     Calib    Low-pass   High-pass (s)
#F  1        1.00        0.00        0.00
#F  2        1.00        0.00        0.00
#F  3        1.00        0.00        0.00
#F  4        1.00        0.00        0.00
#F  5        1.00        0.00        0.00
#F
#F In the tsrestack code, these filter responses are
#F removed using bessel7.f and high17.f
#F
#F Filter block end
>INFO_START:
>STATION   :kap148
>INSTRUMENT: 26
>WINDOW    :kap148as
>LATITUDE  : -25.9277802
>LONGITUDE :  26.4511108
>ELEVATION :  1518.
>UTM_ORIGIN:  27.
>UTM_NORTH : -2867639
>UTM_EAST  : 445033
>COORD_SYS :MAGNETIC NORTH

>DECLIN    :  0.
>FORM      :ASCII
>FORMAT    :FREE

>SEQ_REC   : 1
>NCHAN     : 5
>CHAN_1    :HX
>SENSOR_1  : 26
>AZIM_1    :  0.
>UNITS_1   :nT

>GAIN_1    :  1.
>BASELINE_1:  12410.8799
>CHAN_2    :HY
>SENSOR_2  : 26
>AZIM_2    :  90.
>UNITS_2   :nT

>GAIN_2    :  1.
>BASELINE_2: -245.759995
>CHAN_3    :HZ
>SENSOR_3  : 26
>AZIM_3    :  0.
>UNITS_3   :nT

>GAIN_3    :  1.
>BASELINE_3: -25784.3203
>CHAN_4    :EX
>SENSOR_4  : 26
>AZIM_4    :  0.
>UNITS_4   :mV/km

>GAIN_4    :  1.
>CHAN_5    :EY
>SENSOR_5  : 26
>AZIM_5    :  90.
>UNITS_5   :mV/km

>GAIN_5    :  1.
>STARTTIME :2003-10-25 11:30:00
>ENDTIME   :2003-11-29 10:14:10
>T_UNITS   :s

>DELTA_T   :  5.
>MIS_DATA  :  1.00000003E+32
>INFO_END  :
  3.00425005  2.62300014 -0.381249994  2.5315001  2.44311237
  3.01950002  2.60774994 -0.457500011  2.62300014  2.34974504
  3.01950002  2.62300014 -0.488000005  2.51625013  2.33418369
  3.03474998  2.65350008 -0.442250013  2.45525002  2.48979592
  3.06524992  2.66875005 -0.427000016  2.50099993  2.58316326
  3.04999995  2.68400002 -0.488000005  2.54675007  2.55204082
  3.09575009  2.69924998 -0.564249992  2.63825011  2.38086748
  3.21775007  2.71449995 -0.610000014  2.60774994  2.28750014





Note that the metadata requires the number of samples. Pandas can be useful
for this purpose.

df = pd.read_csv(ascii_data_path, header=None, skiprows=123, delim_whitespace=True)
n_samples = len(df.index)
print(df)





Out:

                0           1          2          3           4
0        3.004250    2.623000  -0.381250   2.531500    2.443112
1        3.019500    2.607750  -0.457500   2.623000    2.349745
2        3.019500    2.623000  -0.488000   2.516250    2.334184
3        3.034750    2.653500  -0.442250   2.455250    2.489796
4        3.065250    2.668750  -0.427000   2.501000    2.583163
...           ...         ...        ...        ...         ...
603885  67.700172 -132.892487  33.821594 -33.046749  178.160461
603886  68.035675 -132.724747  33.836845 -32.955250  398.631897
603887  67.791672 -133.105988  34.294342 -32.665501  509.894653
603888  66.952919 -134.768250  34.919594 -32.345249  508.774261
603889  66.571670 -135.332489  35.102593 -32.452000  503.001038

[603890 rows x 5 columns]





Define other key pieces of recording information

fs = 0.2
chans = ["Hx", "Hy", "Hz", "Ex", "Ey"]
first_time = pd.Timestamp("2003-10-25 11:30:00")
last_time = first_time + (n_samples - 1) * pd.Timedelta(1 / fs, "s")





The next step is to create a TimeMetadata object. The TimeMetdata has
information about the recording and channels. Let’s construct the
TimeMetadata and save it as a JSON along with the time series data file.

chans_metadata = {}
for chan in chans:
    chan_type = "electric" if chan in ["Ex", "Ey"] else "magnetic"
    chans_metadata[chan] = ChanMetadata(
        name=chan, chan_type=chan_type, data_files=[ascii_data_path.name]
    )
time_metadata = TimeMetadata(
    fs=fs,
    chans=chans,
    n_samples=n_samples,
    first_time=first_time,
    last_time=last_time,
    chans_metadata=chans_metadata,
)
time_metadata.summary()
time_metadata.write(time_data_path / "metadata.json")





Out:

{
    'file_info': None,
    'fs': 0.2,
    'chans': ['Hx', 'Hy', 'Hz', 'Ex', 'Ey'],
    'n_chans': 5,
    'n_samples': 603890,
    'first_time': '2003-10-25 11:30:00.000000_000000_000000_000000',
    'last_time': '2003-11-29 10:14:05.000000_000000_000000_000000',
    'system': '',
    'serial': '',
    'wgs84_latitude': -999.0,
    'wgs84_longitude': -999.0,
    'easting': -999.0,
    'northing': -999.0,
    'elevation': -999.0,
    'chans_metadata': {
        'Hx': {
            'name': 'Hx',
            'data_files': ['kap148as.ts.bz2'],
            'chan_type': 'magnetic',
            'chan_source': None,
            'sensor': '',
            'serial': '',
            'gain1': 1,
            'gain2': 1,
            'scaling': 1,
            'chopper': False,
            'dipole_dist': 1,
            'sensor_calibration_file': '',
            'instrument_calibration_file': ''
        },
        'Hy': {
            'name': 'Hy',
            'data_files': ['kap148as.ts.bz2'],
            'chan_type': 'magnetic',
            'chan_source': None,
            'sensor': '',
            'serial': '',
            'gain1': 1,
            'gain2': 1,
            'scaling': 1,
            'chopper': False,
            'dipole_dist': 1,
            'sensor_calibration_file': '',
            'instrument_calibration_file': ''
        },
        'Hz': {
            'name': 'Hz',
            'data_files': ['kap148as.ts.bz2'],
            'chan_type': 'magnetic',
            'chan_source': None,
            'sensor': '',
            'serial': '',
            'gain1': 1,
            'gain2': 1,
            'scaling': 1,
            'chopper': False,
            'dipole_dist': 1,
            'sensor_calibration_file': '',
            'instrument_calibration_file': ''
        },
        'Ex': {
            'name': 'Ex',
            'data_files': ['kap148as.ts.bz2'],
            'chan_type': 'electric',
            'chan_source': None,
            'sensor': '',
            'serial': '',
            'gain1': 1,
            'gain2': 1,
            'scaling': 1,
            'chopper': False,
            'dipole_dist': 1,
            'sensor_calibration_file': '',
            'instrument_calibration_file': ''
        },
        'Ey': {
            'name': 'Ey',
            'data_files': ['kap148as.ts.bz2'],
            'chan_type': 'electric',
            'chan_source': None,
            'sensor': '',
            'serial': '',
            'gain1': 1,
            'gain2': 1,
            'scaling': 1,
            'chopper': False,
            'dipole_dist': 1,
            'sensor_calibration_file': '',
            'instrument_calibration_file': ''
        }
    },
    'history': {'records': []}
}





Now the data is ready to be read in by resistics. Read it in and print the
first and last sample values.

reader = TimeReaderAscii(extension=".bz2", n_header=123)
time_data = reader.run(time_data_path)
print(time_data.data[:, 0])
print(time_data.data[:, -1])





Out:

[ 3.00425    2.6230001 -0.38125    2.5315     2.4431124]
[  66.57167  -135.33249    35.102592  -32.452     503.00104 ]





There are some invalid values in the data that have been replaced by NaN
values. Interpolate the NaN values.

time_data = InterpolateNans().run(time_data)





Finally plot the data. By default, the data is downsampled using the LTTB
algorithm to avoid slow and large plots.

fig = time_data.plot(max_pts=1_000)
fig.update_layout(height=700)
plotly.io.show(fig)








                            

        
                
            
        


Total running time of the script: ( 0 minutes  8.911 seconds)



Download Python source code: eg_02_read_time_bz2.py




Download Jupyter notebook: eg_02_read_time_bz2.ipynb
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Note

Click here
to download the full example code




Time data binary

If a data file is available in npy binary format, this can be read in using the
TimeReaderNumpy reader as long as a metadata file can be made.

Information about the recording will be required to make the metadata file. In
the below example, a metadata file is made and then the data is read.

The dataset in this example has been provided for use by the SAMTEX consortium.
For more information, please refer to [Jones2009]. Additional details about the
dataset can be found at https://www.mtnet.info/data/kap03/kap03.html.

The dataset is KAP130. A couple of notes:


	The data has a sample every 5 seconds, meaning a 0.2 Hz sampling frequency.


	Values of 1E32 have been replaced by NaN




from pathlib import Path
import numpy as np
import pandas as pd
import plotly
from resistics.time import TimeMetadata, ChanMetadata, TimeReaderNumpy
from resistics.time import InterpolateNans, LowPass





Define the data path. This is dependent on where the data is stored. Here, the
data path is being read from an environment variable.

time_data_path = Path("..", "..", "data", "time", "binary")
binary_data_path = time_data_path / "kap130as.npy"





Define key pieces of recording information. This is known.

fs = 0.2
chans = ["Hx", "Hy", "Hz", "Ex", "Ey"]
first_time = pd.Timestamp("2003-10-17 15:30:00")





Note that the metadata requires the number of samples. This can be found by
loading the data in memory mapped mode. In most cases, it is likely that this
be known.

data = np.load(binary_data_path, mmap_mode="r")
n_samples = data.shape[1]
last_time = first_time + (n_samples - 1) * pd.Timedelta(1 / fs, "s")





The next step is to create a TimeMetadata object. The TimeMetdata has
information about the recording and channels. Let’s construct the
TimeMetadata and save it as a JSON along with the time series data file.

chans_metadata = {}
for chan in chans:
    chan_type = "electric" if chan in ["Ex", "Ey"] else "magnetic"
    chans_metadata[chan] = ChanMetadata(
        name=chan, chan_type=chan_type, data_files=[binary_data_path.name]
    )
time_metadata = TimeMetadata(
    fs=fs,
    chans=chans,
    n_samples=n_samples,
    first_time=first_time,
    last_time=last_time,
    chans_metadata=chans_metadata,
)
time_metadata.summary()
time_metadata.write(time_data_path / "metadata.json")





Out:

{
    'file_info': None,
    'fs': 0.2,
    'chans': ['Hx', 'Hy', 'Hz', 'Ex', 'Ey'],
    'n_chans': 5,
    'n_samples': 707753,
    'first_time': '2003-10-17 15:30:00.000000_000000_000000_000000',
    'last_time': '2003-11-27 14:29:20.000000_000000_000000_000000',
    'system': '',
    'serial': '',
    'wgs84_latitude': -999.0,
    'wgs84_longitude': -999.0,
    'easting': -999.0,
    'northing': -999.0,
    'elevation': -999.0,
    'chans_metadata': {
        'Hx': {
            'name': 'Hx',
            'data_files': ['kap130as.npy'],
            'chan_type': 'magnetic',
            'chan_source': None,
            'sensor': '',
            'serial': '',
            'gain1': 1,
            'gain2': 1,
            'scaling': 1,
            'chopper': False,
            'dipole_dist': 1,
            'sensor_calibration_file': '',
            'instrument_calibration_file': ''
        },
        'Hy': {
            'name': 'Hy',
            'data_files': ['kap130as.npy'],
            'chan_type': 'magnetic',
            'chan_source': None,
            'sensor': '',
            'serial': '',
            'gain1': 1,
            'gain2': 1,
            'scaling': 1,
            'chopper': False,
            'dipole_dist': 1,
            'sensor_calibration_file': '',
            'instrument_calibration_file': ''
        },
        'Hz': {
            'name': 'Hz',
            'data_files': ['kap130as.npy'],
            'chan_type': 'magnetic',
            'chan_source': None,
            'sensor': '',
            'serial': '',
            'gain1': 1,
            'gain2': 1,
            'scaling': 1,
            'chopper': False,
            'dipole_dist': 1,
            'sensor_calibration_file': '',
            'instrument_calibration_file': ''
        },
        'Ex': {
            'name': 'Ex',
            'data_files': ['kap130as.npy'],
            'chan_type': 'electric',
            'chan_source': None,
            'sensor': '',
            'serial': '',
            'gain1': 1,
            'gain2': 1,
            'scaling': 1,
            'chopper': False,
            'dipole_dist': 1,
            'sensor_calibration_file': '',
            'instrument_calibration_file': ''
        },
        'Ey': {
            'name': 'Ey',
            'data_files': ['kap130as.npy'],
            'chan_type': 'electric',
            'chan_source': None,
            'sensor': '',
            'serial': '',
            'gain1': 1,
            'gain2': 1,
            'scaling': 1,
            'chopper': False,
            'dipole_dist': 1,
            'sensor_calibration_file': '',
            'instrument_calibration_file': ''
        }
    },
    'history': {'records': []}
}





Read the numpy formatted time data using the appropriate time data reader.

time_data = TimeReaderNumpy().run(time_data_path)
time_data.metadata.summary()





Out:

{
    'file_info': {
        'created_on_local': '2021-10-14T22:18:59.411208',
        'created_on_utc': '2021-10-14T22:18:59.411220',
        'version': '1.0.0a3'
    },
    'fs': 0.2,
    'chans': ['Hx', 'Hy', 'Hz', 'Ex', 'Ey'],
    'n_chans': 5,
    'n_samples': 707753,
    'first_time': '2003-10-17 15:30:00.000000_000000_000000_000000',
    'last_time': '2003-11-27 14:29:20.000000_000000_000000_000000',
    'system': '',
    'serial': '',
    'wgs84_latitude': -999.0,
    'wgs84_longitude': -999.0,
    'easting': -999.0,
    'northing': -999.0,
    'elevation': -999.0,
    'chans_metadata': {
        'Hx': {
            'name': 'Hx',
            'data_files': ['kap130as.npy'],
            'chan_type': 'magnetic',
            'chan_source': None,
            'sensor': '',
            'serial': '',
            'gain1': 1.0,
            'gain2': 1.0,
            'scaling': 1.0,
            'chopper': False,
            'dipole_dist': 1.0,
            'sensor_calibration_file': '',
            'instrument_calibration_file': ''
        },
        'Hy': {
            'name': 'Hy',
            'data_files': ['kap130as.npy'],
            'chan_type': 'magnetic',
            'chan_source': None,
            'sensor': '',
            'serial': '',
            'gain1': 1.0,
            'gain2': 1.0,
            'scaling': 1.0,
            'chopper': False,
            'dipole_dist': 1.0,
            'sensor_calibration_file': '',
            'instrument_calibration_file': ''
        },
        'Hz': {
            'name': 'Hz',
            'data_files': ['kap130as.npy'],
            'chan_type': 'magnetic',
            'chan_source': None,
            'sensor': '',
            'serial': '',
            'gain1': 1.0,
            'gain2': 1.0,
            'scaling': 1.0,
            'chopper': False,
            'dipole_dist': 1.0,
            'sensor_calibration_file': '',
            'instrument_calibration_file': ''
        },
        'Ex': {
            'name': 'Ex',
            'data_files': ['kap130as.npy'],
            'chan_type': 'electric',
            'chan_source': None,
            'sensor': '',
            'serial': '',
            'gain1': 1.0,
            'gain2': 1.0,
            'scaling': 1.0,
            'chopper': False,
            'dipole_dist': 1.0,
            'sensor_calibration_file': '',
            'instrument_calibration_file': ''
        },
        'Ey': {
            'name': 'Ey',
            'data_files': ['kap130as.npy'],
            'chan_type': 'electric',
            'chan_source': None,
            'sensor': '',
            'serial': '',
            'gain1': 1.0,
            'gain2': 1.0,
            'scaling': 1.0,
            'chopper': False,
            'dipole_dist': 1.0,
            'sensor_calibration_file': '',
            'instrument_calibration_file': ''
        }
    },
    'history': {
        'records': [
            {
                'time_local': '2021-10-14T22:18:59.415562',
                'time_utc': '2021-10-14T22:18:59.415561',
                'creator': {
                    'name': 'TimeReaderNumpy',
                    'apply_scalings': True,
                    'extension': '.npy'
                },
                'messages': [
                    'Reading raw data from ../../data/time/binary',
                    'Sampling frequency 0.2 Hz',
                    'From sample, time: 0, 2003-10-17 15:30:00',
                    'To sample, time: 707752, 2003-11-27 14:29:20'
                ],
                'record_type': 'process'
            }
        ]
    }
}





Next remove any NaN values and plot the data. By default, the data is
downsampled using lttb so that it is possible to plot the full timeseries. A
second plot will be added with the same data filtered with a (1/(24*3600)) Hz
or 1 day period low pass filter.

time_data = InterpolateNans().run(time_data)
fig = time_data.plot(max_pts=1_000, legend="original")
filtered_data = LowPass(cutoff=1 / (24 * 3_600)).run(time_data)
fig = filtered_data.plot(
    max_pts=1_000, fig=fig, chans=chans, legend="filtered", color="red"
)
fig.update_layout(height=700)
plotly.io.show(fig)








                            

        
                
            
        


Total running time of the script: ( 0 minutes  2.416 seconds)



Download Python source code: eg_03_read_time_binary.py




Download Jupyter notebook: eg_03_read_time_binary.ipynb
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to download the full example code




Calibration data JSON

The preferred format for calibration data is JSON file. Howeer, they are not
always as easy to handwrite, so it is possible to use txt/ASCII calibration
files too.

from pathlib import Path
import json
import plotly
from resistics.time import ChanMetadata
from resistics.calibrate import SensorCalibrationJSON





Define the calibration data path. This is dependent on where the data is
stored.

cal_data_path = Path("..", "..", "data", "calibration", "example.json")





Inspect the contents of the calibration file

with cal_data_path.open("r") as f:
    file_contents = json.load(f)
print(json.dumps(file_contents, indent=4, sort_keys=True))





Out:

{
    "file_info": {
        "created_on_local": "2021-07-04T17:20:47.042892",
        "created_on_utc": "2021-07-04T16:20:47.042892",
        "version": "1.0.0a3"
    },
    "file_path": "calibration_ascii\\example.txt",
    "frequency": [
        0.00011,
        0.0011,
        0.011,
        0.021,
        0.03177,
        0.048062,
        0.072711,
        0.11,
        0.13249,
        0.15959,
        0.19222,
        0.23153,
        0.27888,
        0.3359,
        0.40459,
        0.48733,
        0.58698,
        0.70702,
        0.8516,
        1.0257,
        1.2355,
        1.4881,
        1.7925,
        2.159,
        2.6005,
        3.1323,
        3.7728,
        4.5443,
        5.4736,
        6.5929,
        7.9411,
        9.5649,
        11.521,
        13.877,
        16.715,
        20.132,
        24.249,
        29.208,
        35.181,
        42.375,
        51.041,
        61.478,
        74.05,
        89.192,
        107.43,
        129.4,
        155.86,
        187.73,
        226.12,
        272.36,
        328.06,
        395.14,
        475.95,
        573.28,
        690.5,
        831.71,
        1001.8
    ],
    "magnitude": [
        0.01,
        0.1,
        1.0,
        1.903,
        2.903,
        4.339,
        6.565,
        9.935,
        12.02,
        14.2,
        17.24,
        20.82,
        24.53,
        29.38,
        34.21,
        40.3,
        47.34,
        53.8,
        61.1,
        68.05,
        75.0,
        80.45,
        85.4,
        89.25,
        92.2,
        94.4,
        96.2,
        97.3,
        98.1,
        98.65,
        99.05,
        99.35,
        99.75,
        99.75,
        99.8,
        99.95,
        99.95,
        99.95,
        100.0,
        100.0,
        100.2,
        100.0,
        100.0,
        100.0,
        99.8,
        99.8,
        99.7,
        99.6,
        99.3,
        98.8,
        98.0,
        96.0,
        92.7,
        87.55,
        80.8,
        74.5,
        70.7
    ],
    "magnitude_unit": "mV/nT",
    "n_samples": 57,
    "phase": [
        1.5707963267948966,
        1.5707963267948966,
        1.5533430342749532,
        1.546065011294137,
        1.5428361521779475,
        1.526971109277319,
        1.505398839722669,
        1.4724295701524963,
        1.4491817845159316,
        1.4238046971919343,
        1.402913106045562,
        1.3795780539463978,
        1.3431181258722362,
        1.2771446801468507,
        1.2277693156079312,
        1.1700861838295185,
        1.0909355022515757,
        1.0088177609452424,
        0.9242216521010773,
        0.827041719350033,
        0.7294952674560699,
        0.6388428661074844,
        0.5498136209632537,
        0.46968555500419407,
        0.3926641751136843,
        0.32766811376941546,
        0.270246781378802,
        0.21961477977844648,
        0.17517869702267086,
        0.13625436404469332,
        0.10112263153129945,
        0.06969099703213358,
        0.04107981460419053,
        0.013366778609323771,
        -0.01522921945412692,
        -0.04212177616763115,
        -0.07138396640656808,
        -0.10302329508672128,
        -0.1383801750736224,
        -0.1780235837034216,
        -0.21912608758788807,
        -0.2792875869041326,
        -0.3439869422755624,
        -0.42004839107747527,
        -0.5115036438819781,
        -0.6197664173831864,
        -0.7506312046977213,
        -0.9091245540713263,
        -1.1008838789879434,
        -1.3337282544965068,
        -1.616262153809349,
        -1.9645426060448175,
        -2.384294291149454,
        -2.8906143071530086,
        2.784672821556953,
        2.030865117620602,
        0.8973959414979245
    ],
    "sensor": "lemi120",
    "serial": 710,
    "static_gain": 1.0
}





Read the data using the appropriate calibration data reader. As calibration
data can be dependent on certain sensor parameters, channel metadata needs
to be passed to the method.

chan_metadata = ChanMetadata(name="Hx", chan_type="magnetic", data_files=[])
cal_data = SensorCalibrationJSON().read_calibration_data(cal_data_path, chan_metadata)





Plot the calibration data.

fig = cal_data.plot(color="maroon")
fig.update_layout(height=700)
plotly.io.show(fig)








                            

        
                
            
        


Total running time of the script: ( 0 minutes  0.263 seconds)



Download Python source code: eg_04_read_calibration_json.py




Download Jupyter notebook: eg_04_read_calibration_json.ipynb
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Calibration data TXT

An alternative to JSON calibration files is to use text/ASCII calibration files.

from pathlib import Path
import plotly
from resistics.time import ChanMetadata
from resistics.calibrate import SensorCalibrationTXT





Define the calibration data path. This is dependent on where the data is
stored.

cal_data_path = Path("..", "..", "data", "calibration", "example.txt")





Inspect the contents of the calibration file

with cal_data_path.open("r") as f:
    for line_number, line in enumerate(f):
        print(line.strip("\n"))





Out:

Serial = 710
Sensor = LEMI120
Static gain = 1
Magnitude unit = mV/nT
Phase unit = degrees
Chopper = False

CALIBRATION DATA
1.1000E-4       1.000E-2        9.0000E1
1.1000E-3       1.000E-1        9.0000E1
1.1000E-2       1.000E0 8.9000E1
2.1000E-2       1.903E0 8.8583E1
3.1770E-2       2.903E0 8.8398E1
4.8062E-2       4.339E0 8.7489E1
7.2711E-2       6.565E0 8.6253E1
1.1000E-1       9.935E0 8.4364E1
1.3249E-1       1.202E1 8.3032E1
1.5959E-1       1.420E1 8.1578E1
1.9222E-1       1.724E1 8.0381E1
2.3153E-1       2.082E1 7.9044E1
2.7888E-1       2.453E1 7.6955E1
3.3590E-1       2.938E1 7.3175E1
4.0459E-1       3.421E1 7.0346E1
4.8733E-1       4.030E1 6.7041E1
5.8698E-1       4.734E1 6.2506E1
7.0702E-1       5.380E1 5.7801E1
8.5160E-1       6.110E1 5.2954E1
1.0257E0        6.805E1 4.7386E1
1.2355E0        7.500E1 4.1797E1
1.4881E0        8.045E1 3.6603E1
1.7925E0        8.540E1 3.1502E1
2.1590E0        8.925E1 2.6911E1
2.6005E0        9.220E1 2.2498E1
3.1323E0        9.440E1 1.8774E1
3.7728E0        9.620E1 1.5484E1
4.5443E0        9.730E1 1.2583E1
5.4736E0        9.810E1 1.0037E1
6.5929E0        9.865E1 7.8068E0
7.9411E0        9.905E1 5.7939E0
9.5649E0        9.935E1 3.9930E0
1.1521E1        9.975E1 2.3537E0
1.3877E1        9.975E1 7.6586E-1
1.6715E1        9.980E1 -8.7257E-1
2.0132E1        9.995E1 -2.4134E0
2.4249E1        9.995E1 -4.0900E0
2.9208E1        9.995E1 -5.9028E0
3.5181E1        1.000E2 -7.9286E0
4.2375E1        1.000E2 -1.0200E1
5.1041E1        1.002E2 -1.2555E1
6.1478E1        1.000E2 -1.6002E1
7.4050E1        1.000E2 -1.9709E1
8.9192E1        1.000E2 -2.4067E1
1.0743E2        9.980E1 -2.9307E1
1.2940E2        9.980E1 -3.5510E1
1.5586E2        9.970E1 -4.3008E1
1.8773E2        9.960E1 -5.2089E1
2.2612E2        9.930E1 -6.3076E1
2.7236E2        9.880E1 -7.6417E1
3.2806E2        9.800E1 -9.2605E1
3.9514E2        9.600E1 -1.1256E2
4.7595E2        9.270E1 -1.3661E2
5.7328E2        8.755E1 -1.6562E2
6.9050E2        8.080E1 1.5955E2
8.3171E2        7.450E1 1.1636E2
1.0018E3        7.070E1 5.1417E1





Read the data using the appropriate calibration data reader. As calibration
data can be dependent on certain sensor parameters, channel metadata needs
to be passed to the method.

chan_metadata = ChanMetadata(name="Hx", chan_type="magnetic", data_files=[])
cal_data = SensorCalibrationTXT().read_calibration_data(cal_data_path, chan_metadata)





Plot the calibration data.

fig = cal_data.plot(color="green")
fig.update_layout(height=700)
plotly.io.show(fig)








                            

        
                
            
        


Total running time of the script: ( 0 minutes  0.226 seconds)



Download Python source code: eg_05_read_calibration_txt.py




Download Jupyter notebook: eg_05_read_calibration_txt.ipynb
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Quick functions

When doing fieldwork, it’s often useful to quickly assess data before
dismantling a site setup. The quick functions are there to provide fast viewing
and processing of data without having to set many parameters.
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Download all examples in Python source code: tutorial-quick_python.zip




Download all examples in Jupyter notebooks: tutorial-quick_jupyter.zip
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Note

Click here
to download the full example code




Reading time data

Resistics can quickly read a single continuous recording using the quick reading
functionality. This can be useful for inspecting the metadata and having a
look at the data when in the field.

The dataset in this example has been provided for use by the SAMTEX consortium.
For more information, please refer to [Jones2009]. Additional details about the
dataset can be found at https://www.mtnet.info/data/kap03/kap03.html.

from pathlib import Path
import seedir as sd
import plotly
import resistics.letsgo as letsgo





Define the data path. This is dependent on where the data is stored.

time_data_path = Path("..", "..", "data", "time", "quick", "kap123")
sd.seedir(str(time_data_path), style="emoji")





Out:

📁 kap123/
├─📄 data.npy
└─📄 metadata.json





Quickly read the time series data and inspect the metadata

time_data = letsgo.quick_read(time_data_path)
time_data.metadata.summary()





Out:

{
    'file_info': {
        'created_on_local': '2021-07-07T22:25:45.320529',
        'created_on_utc': '2021-07-07T21:25:45.320529',
        'version': '1.0.0a0'
    },
    'fs': 0.2,
    'chans': ['Hx', 'Hy', 'Hz', 'Ex', 'Ey'],
    'n_chans': 5,
    'n_samples': 361512,
    'first_time': '2003-11-10 15:00:00.000000_000000_000000_000000',
    'last_time': '2003-12-01 13:05:55.000000_000000_000000_000000',
    'system': '',
    'serial': '',
    'wgs84_latitude': -999.0,
    'wgs84_longitude': -999.0,
    'easting': -999.0,
    'northing': -999.0,
    'elevation': -999.0,
    'chans_metadata': {
        'Hx': {
            'name': 'Hx',
            'data_files': ['data.npy'],
            'chan_type': 'magnetic',
            'chan_source': None,
            'sensor': '',
            'serial': '',
            'gain1': 1.0,
            'gain2': 1.0,
            'scaling': 1.0,
            'chopper': False,
            'dipole_dist': 1.0,
            'sensor_calibration_file': '',
            'instrument_calibration_file': ''
        },
        'Hy': {
            'name': 'Hy',
            'data_files': ['data.npy'],
            'chan_type': 'magnetic',
            'chan_source': None,
            'sensor': '',
            'serial': '',
            'gain1': 1.0,
            'gain2': 1.0,
            'scaling': 1.0,
            'chopper': False,
            'dipole_dist': 1.0,
            'sensor_calibration_file': '',
            'instrument_calibration_file': ''
        },
        'Hz': {
            'name': 'Hz',
            'data_files': ['data.npy'],
            'chan_type': 'magnetic',
            'chan_source': None,
            'sensor': '',
            'serial': '',
            'gain1': 1.0,
            'gain2': 1.0,
            'scaling': 1.0,
            'chopper': False,
            'dipole_dist': 1.0,
            'sensor_calibration_file': '',
            'instrument_calibration_file': ''
        },
        'Ex': {
            'name': 'Ex',
            'data_files': ['data.npy'],
            'chan_type': 'electric',
            'chan_source': None,
            'sensor': '',
            'serial': '',
            'gain1': 1.0,
            'gain2': 1.0,
            'scaling': 1.0,
            'chopper': False,
            'dipole_dist': 1.0,
            'sensor_calibration_file': '',
            'instrument_calibration_file': ''
        },
        'Ey': {
            'name': 'Ey',
            'data_files': ['data.npy'],
            'chan_type': 'electric',
            'chan_source': None,
            'sensor': '',
            'serial': '',
            'gain1': 1.0,
            'gain2': 1.0,
            'scaling': 1.0,
            'chopper': False,
            'dipole_dist': 1.0,
            'sensor_calibration_file': '',
            'instrument_calibration_file': ''
        }
    },
    'history': {
        'records': [
            {
                'time_local': '2021-10-14T22:19:02.731137',
                'time_utc': '2021-10-14T22:19:02.731136',
                'creator': {
                    'name': 'TimeReaderNumpy',
                    'apply_scalings': True,
                    'extension': '.npy'
                },
                'messages': [
                    'Reading raw data from ../../data/time/quick/kap123',
                    'Sampling frequency 0.2 Hz',
                    'From sample, time: 0, 2003-11-10 15:00:00',
                    'To sample, time: 361511, 2003-12-01 13:05:55'
                ],
                'record_type': 'process'
            }
        ]
    }
}





Take a subsection of the data and inspect the metadata for the subsection

time_data_sub = time_data.subsection("2003-11-20 12:00:00", "2003-11-21 00:00:00")
time_data_sub.metadata.summary()





Out:

{
    'file_info': {
        'created_on_local': '2021-07-07T22:25:45.320529',
        'created_on_utc': '2021-07-07T21:25:45.320529',
        'version': '1.0.0a0'
    },
    'fs': 0.2,
    'chans': ['Hx', 'Hy', 'Hz', 'Ex', 'Ey'],
    'n_chans': 5,
    'n_samples': 8641,
    'first_time': '2003-11-20 12:00:00.000000_000000_000000_000000',
    'last_time': '2003-11-21 00:00:00.000000_000000_000000_000000',
    'system': '',
    'serial': '',
    'wgs84_latitude': -999.0,
    'wgs84_longitude': -999.0,
    'easting': -999.0,
    'northing': -999.0,
    'elevation': -999.0,
    'chans_metadata': {
        'Hx': {
            'name': 'Hx',
            'data_files': ['data.npy'],
            'chan_type': 'magnetic',
            'chan_source': None,
            'sensor': '',
            'serial': '',
            'gain1': 1.0,
            'gain2': 1.0,
            'scaling': 1.0,
            'chopper': False,
            'dipole_dist': 1.0,
            'sensor_calibration_file': '',
            'instrument_calibration_file': ''
        },
        'Hy': {
            'name': 'Hy',
            'data_files': ['data.npy'],
            'chan_type': 'magnetic',
            'chan_source': None,
            'sensor': '',
            'serial': '',
            'gain1': 1.0,
            'gain2': 1.0,
            'scaling': 1.0,
            'chopper': False,
            'dipole_dist': 1.0,
            'sensor_calibration_file': '',
            'instrument_calibration_file': ''
        },
        'Hz': {
            'name': 'Hz',
            'data_files': ['data.npy'],
            'chan_type': 'magnetic',
            'chan_source': None,
            'sensor': '',
            'serial': '',
            'gain1': 1.0,
            'gain2': 1.0,
            'scaling': 1.0,
            'chopper': False,
            'dipole_dist': 1.0,
            'sensor_calibration_file': '',
            'instrument_calibration_file': ''
        },
        'Ex': {
            'name': 'Ex',
            'data_files': ['data.npy'],
            'chan_type': 'electric',
            'chan_source': None,
            'sensor': '',
            'serial': '',
            'gain1': 1.0,
            'gain2': 1.0,
            'scaling': 1.0,
            'chopper': False,
            'dipole_dist': 1.0,
            'sensor_calibration_file': '',
            'instrument_calibration_file': ''
        },
        'Ey': {
            'name': 'Ey',
            'data_files': ['data.npy'],
            'chan_type': 'electric',
            'chan_source': None,
            'sensor': '',
            'serial': '',
            'gain1': 1.0,
            'gain2': 1.0,
            'scaling': 1.0,
            'chopper': False,
            'dipole_dist': 1.0,
            'sensor_calibration_file': '',
            'instrument_calibration_file': ''
        }
    },
    'history': {
        'records': [
            {
                'time_local': '2021-10-14T22:19:02.731137',
                'time_utc': '2021-10-14T22:19:02.731136',
                'creator': {
                    'name': 'TimeReaderNumpy',
                    'apply_scalings': True,
                    'extension': '.npy'
                },
                'messages': [
                    'Reading raw data from ../../data/time/quick/kap123',
                    'Sampling frequency 0.2 Hz',
                    'From sample, time: 0, 2003-11-10 15:00:00',
                    'To sample, time: 361511, 2003-12-01 13:05:55'
                ],
                'record_type': 'process'
            },
            {
                'time_local': '2021-10-14T22:19:02.748221',
                'time_utc': '2021-10-14T22:19:02.748220',
                'creator': {
                    'name': 'Subsection',
                    'from_time': '2003-11-20 12:00:00',
                    'to_time': '2003-11-21 00:00:00'
                },
                'messages': [
                    'Subection from sample 170640 to 179280',
                    'Adjusted times 2003-11-20 12:00:00 to 2003-11-21 00:00:00'
                ],
                'record_type': 'process'
            }
        ]
    }
}





Plot the full time data with LTTB downsampling and a subsection without any
downsampling. Comparing the downsampled and original data, there is clearly
some loss but the LTTB downsampled data does a reasonable job capaturing the
main features whilst showing a greater amount of data.

fig = time_data.plot(max_pts=1_000)
fig = time_data_sub.plot(
    fig, chans=time_data.metadata.chans, color="red", legend="Subsection", max_pts=None
)
fig.update_layout(height=700)
plotly.io.show(fig)








                            

        
                
            
        


Total running time of the script: ( 0 minutes  5.855 seconds)



Download Python source code: eg_01_quick_read.py




Download Jupyter notebook: eg_01_quick_read.ipynb
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Note

Click here
to download the full example code




Viewing time data

With the quick viewing functionality, it is possible to view time series data
without having to setup a project or explicitly read the data first. The
quickview decimation option provides an easy way to see the time series at
multiple sampling frequencies (decimated to lower frequencies).


Warning

The time series data is downsampled for viewing using the LTTB algorithm,
which tries to capture the features of the time series using a given number
of data points. Setting max_pts to None will try and plot all points which
can cause serious performance issues for large datasets.

Those looking to view non downsampled data are advised to use the quick
reading functionality and then plot specific subsections of data.



The dataset in this example has been provided for use by the SAMTEX consortium.
For more information, please refer to [Jones2009]. Additional details about the
dataset can be found at https://www.mtnet.info/data/kap03/kap03.html.

from pathlib import Path
import seedir as sd
import plotly
import resistics.letsgo as letsgo





Define the data path. This is dependent on where the data is stored.

time_data_path = Path("..", "..", "data", "time", "quick", "kap123")
sd.seedir(str(time_data_path), style="emoji")





Out:

📁 kap123/
├─📄 data.npy
└─📄 metadata.json





Quickly view the time series data

fig = letsgo.quick_view(time_data_path, max_pts=1_000)
fig.update_layout(height=700)
plotly.io.show(fig)








                            

        
                
            
        


In many cases, data plotting at its recording frequency can be quite nosiy.
The quickview function has the option to plot multiple decimation levels
so the data can be compared at multiple sampling frequencies.

fig = letsgo.quick_view(time_data_path, max_pts=1_000, decimate=True)
fig.update_layout(height=700)
plotly.io.show(fig)








                            

        
                
            
        


Total running time of the script: ( 0 minutes  4.802 seconds)



Download Python source code: eg_02_quick_view.py




Download Jupyter notebook: eg_02_quick_view.ipynb
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Note

Click here
to download the full example code




Getting spectra data

It can often be useful to have a look at the spectral content of time data. The
quick functions make it easy to get the spectra data of a single time series
recording.

Note that spectra data are calculated after decimation and spectra data objects
include data for multiple decimation levels.

The dataset in this example has been provided for use by the SAMTEX consortium.
For more information, please refer to [Jones2009]. Additional details about the
dataset can be found at https://www.mtnet.info/data/kap03/kap03.html.

from pathlib import Path
import seedir as sd
import plotly
import resistics.letsgo as letsgo





Define the data path. This is dependent on where the data is stored.

time_data_path = Path("..", "..", "data", "time", "quick", "kap123")
sd.seedir(str(time_data_path), style="emoji")





Out:

📁 kap123/
├─📄 data.npy
└─📄 metadata.json





Get the spectra data.

spec_data = letsgo.quick_spectra(time_data_path)





Once the spectra data has been calculated, it can be plotted in a variety of
ways. The default plotting function plots the spectral data for multiple
decimation levels.

fig = spec_data.plot()
fig.update_layout(height=900)
plotly.io.show(fig)








                            

        
                
            
        


It is also possible to plot spectra data for a particular decimation level.
In the below example, an optional grouping is being used to stack spectra data
for the decimation level into certain time groups

fig = spec_data.plot_level_stack(level=0, grouping="3D")
fig.update_layout(height=900)
plotly.io.show(fig)








                            

        
                
            
        


It is also possible to plot spectra heatmaps for a decimation level. Here, the
sphinx_gallery_defer_figures

fig = spec_data.plot_level_section(level=0, grouping="6H")
fig.update_layout(height=900)
plotly.io.show(fig)








                            

        
                
            
        


Total running time of the script: ( 0 minutes  3.709 seconds)



Download Python source code: eg_03_quick_spectra.py




Download Jupyter notebook: eg_03_quick_spectra.ipynb
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Click here
to download the full example code




Transfer functions

When doing field work, it can be useful to quickly estimate the transfer
function from a single continuous recording. This example shows estimation of
the transfer function using all default settings. The default transfer function
is the impedance tensor and this will be calculated. Later, the data will be
re-processed using an alternative configuration.

The dataset in this example has been provided for use by the SAMTEX consortium.
For more information, please refer to [Jones2009]. Additional details about the
dataset can be found at https://www.mtnet.info/data/kap03/kap03.html.

from pathlib import Path
import seedir as sd
import plotly
import resistics.letsgo as letsgo





Define the data path. This is dependent on where the data is stored.

time_data_path = Path("..", "..", "data", "time", "quick", "kap123")
sd.seedir(str(time_data_path), style="emoji")





Out:

📁 kap123/
├─📄 data.npy
└─📄 metadata.json





Now calculate the transfer function, in this case the impedance tensor

soln = letsgo.quick_tf(time_data_path)
fig = soln.tf.plot(
    soln.freqs,
    soln.components,
    to_plot=["ExHy", "EyHx"],
    x_lim=[1, 5],
    res_lim=[0, 4],
    legend="128",
    symbol="circle",
)
fig.update_layout(height=900)
plotly.io.show(fig)








                            

        
                
            
        


Out:

  0%|          | 0/20 [00:00<?, ?it/s]
 15%|#5        | 3/20 [00:00<00:00, 25.70it/s]
100%|##########| 20/20 [00:00<00:00, 95.40it/s]

  0%|          | 0/20 [00:00<?, ?it/s]
  5%|5         | 1/20 [00:01<00:22,  1.19s/it]
 10%|#         | 2/20 [00:02<00:21,  1.19s/it]
 15%|#5        | 3/20 [00:03<00:20,  1.20s/it]
 20%|##        | 4/20 [00:04<00:19,  1.20s/it]
 25%|##5       | 5/20 [00:05<00:17,  1.20s/it]
 30%|###       | 6/20 [00:06<00:12,  1.10it/s]
 35%|###5      | 7/20 [00:06<00:09,  1.40it/s]
 40%|####      | 8/20 [00:06<00:07,  1.70it/s]
 45%|####5     | 9/20 [00:07<00:05,  1.98it/s]
 50%|#####     | 10/20 [00:07<00:04,  2.24it/s]
 55%|#####5    | 11/20 [00:07<00:03,  2.85it/s]
 60%|######    | 12/20 [00:07<00:02,  3.53it/s]
 65%|######5   | 13/20 [00:08<00:01,  4.22it/s]
 70%|#######   | 14/20 [00:08<00:01,  4.89it/s]
 75%|#######5  | 15/20 [00:08<00:00,  5.49it/s]
 80%|########  | 16/20 [00:08<00:00,  6.27it/s]
 85%|########5 | 17/20 [00:08<00:00,  6.97it/s]
 90%|######### | 18/20 [00:08<00:00,  7.52it/s]
 95%|#########5| 19/20 [00:08<00:00,  7.99it/s]
100%|##########| 20/20 [00:08<00:00,  8.35it/s]
100%|##########| 20/20 [00:08<00:00,  2.27it/s]





Total running time of the script: ( 0 minutes  9.660 seconds)



Download Python source code: eg_04_quick_tf.py




Download Jupyter notebook: eg_04_quick_tf.ipynb
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Using projects

Projects in resistics are the best way to deal with multiple recordings and
sites. They enable the following functionality:


	Multiple recordings at the same sampling frequency can be used to calculate transfer functions


	Processing which combines data from different sites and requires alignment of windows


	Calculation of statistics and deeper analysis of recordings


	Use of multiple configurations (useful for experimentation or mixed instrument surveys)




The use of projects is highly recommended when dealing with more than one or two
sites.
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Download all examples in Python source code: tutorial-project_python.zip




Download all examples in Jupyter notebooks: tutorial-project_jupyter.zip
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Note

Click here
to download the full example code




Making a project

The quick reading functionality of resistics focuses on analysis of single
continuous recordings. When there are multiple recordings at a site or multiple
sites, it can be more convenient to use a resistics project. This is generally
easier to manage and use, especially when doing remote reference or intersite
processing.

The data in this example has been provided for use by the SAMTEX consortium.
For more information, please refer to [Jones2009]. Additional details about the
data can be found at https://www.mtnet.info/data/kap03/kap03.html.

from pathlib import Path
import seedir as sd
import shutil
import plotly
import resistics.letsgo as letsgo





Define the path where the project will be created and any extra project
metadata. The only required piece of metadata is the reference time but there
are other optional fields.

project_path = Path("..", "..", "data", "project", "kap03")
project_info = {
    "ref_time": "2003-10-15 00:00:00",
    "year": 2003,
    "country": "South Africa",
}





Create the new project and look at the directory structure. There are no data
files in the project yet, so there is not much to see.

letsgo.new(project_path, project_info)
sd.seedir(str(project_path), style="emoji")





Out:

📁 kap03/
├─📁 images/
├─📁 time/
├─📄 resistics.json
├─📁 results/
├─📁 calibrate/
├─📁 evals/
├─📁 masks/
├─📁 spectra/
└─📁 features/





Load the project and have a look. When loading a project, a resistics
environment is returned. This is a combination of a resistics project and a
configuration.

resenv = letsgo.load(project_path)
resenv.proj.summary()





Out:

{
    'dir_path': '../../data/project/kap03',
    'begin_time': '2021-10-14 22:19:27.255486_000000_000000_000000',
    'end_time': '2021-10-14 22:19:27.255489_000000_000000_000000',
    'metadata': {
        'file_info': {
            'created_on_local': '2021-10-14T22:19:27.253000',
            'created_on_utc': '2021-10-14T22:19:27.253006',
            'version': '1.0.0a3'
        },
        'ref_time': '2003-10-15 00:00:00.000000_000000_000000_000000',
        'location': '',
        'country': 'South Africa',
        'year': 2003,
        'description': '',
        'contributors': []
    },
    'sites': {}
}





Now let’s copy some time series data into the project and look at the
directory structure. Copy the data does not have to be done using Python and
users can simply copy and paste the time series data into the time folder

copy_from = Path("..", "..", "data", "time", "kap03")
for site in copy_from.glob("*"):
    shutil.copytree(site, project_path / "time" / site.stem)
sd.seedir(str(project_path), style="emoji")





Out:

📁 kap03/
├─📁 images/
├─📁 time/
│ ├─📁 kap163/
│ │ └─📁 meas01/
│ │   ├─📄 data.npy
│ │   └─📄 metadata.json
│ ├─📁 kap160/
│ │ └─📁 meas01/
│ │   ├─📄 data.npy
│ │   └─📄 metadata.json
│ └─📁 kap172/
│   └─📁 meas01/
│     ├─📄 data.npy
│     └─📄 metadata.json
├─📄 resistics.json
├─📁 results/
├─📁 calibrate/
├─📁 evals/
├─📁 masks/
├─📁 spectra/
└─📁 features/





Reload the project and print a new summary.

resenv = letsgo.reload(resenv)
resenv.proj.summary()





Out:

{
    'dir_path': '../../data/project/kap03',
    'begin_time': '2003-10-28 10:00:00.000000_000000_000000_000000',
    'end_time': '2003-11-24 15:31:55.000000_000000_000000_000000',
    'metadata': {
        'file_info': {
            'created_on_local': '2021-10-14T22:19:27.253000',
            'created_on_utc': '2021-10-14T22:19:27.253006',
            'version': '1.0.0a3'
        },
        'ref_time': '2003-10-15 00:00:00.000000_000000_000000_000000',
        'location': '',
        'country': 'South Africa',
        'year': 2003,
        'description': '',
        'contributors': []
    },
    'sites': {
        'kap163': {
            'dir_path': '../../data/project/kap03/time/kap163',
            'measurements': {
                'meas01': {
                    'site_name': 'kap163',
                    'dir_path': '../../data/project/kap03/time/kap163/meas01',
                    'metadata': {
                        'file_info': {
                            'created_on_local': '2021-07-07T22:26:52.975361',
                            'created_on_utc': '2021-07-07T21:26:52.975361',
                            'version': '1.0.0a0'
                        },
                        'fs': 0.2,
                        'chans': ['Hx', 'Hy', 'Hz', 'Ex', 'Ey'],
                        'n_chans': 5,
                        'n_samples': 463807,
                        'first_time': '2003-10-28 15:30:00.000000_000000_000000_000000',
                        'last_time': '2003-11-24 11:40:30.000000_000000_000000_000000',
                        'system': '',
                        'serial': '',
                        'wgs84_latitude': -999.0,
                        'wgs84_longitude': -999.0,
                        'easting': -999.0,
                        'northing': -999.0,
                        'elevation': -999.0,
                        'chans_metadata': {
                            'Hx': {
                                'name': 'Hx',
                                'data_files': ['data.npy'],
                                'chan_type': 'magnetic',
                                'chan_source': None,
                                'sensor': '',
                                'serial': '',
                                'gain1': 1.0,
                                'gain2': 1.0,
                                'scaling': 1.0,
                                'chopper': False,
                                'dipole_dist': 1.0,
                                'sensor_calibration_file': '',
                                'instrument_calibration_file': ''
                            },
                            'Hy': {
                                'name': 'Hy',
                                'data_files': ['data.npy'],
                                'chan_type': 'magnetic',
                                'chan_source': None,
                                'sensor': '',
                                'serial': '',
                                'gain1': 1.0,
                                'gain2': 1.0,
                                'scaling': 1.0,
                                'chopper': False,
                                'dipole_dist': 1.0,
                                'sensor_calibration_file': '',
                                'instrument_calibration_file': ''
                            },
                            'Hz': {
                                'name': 'Hz',
                                'data_files': ['data.npy'],
                                'chan_type': 'magnetic',
                                'chan_source': None,
                                'sensor': '',
                                'serial': '',
                                'gain1': 1.0,
                                'gain2': 1.0,
                                'scaling': 1.0,
                                'chopper': False,
                                'dipole_dist': 1.0,
                                'sensor_calibration_file': '',
                                'instrument_calibration_file': ''
                            },
                            'Ex': {
                                'name': 'Ex',
                                'data_files': ['data.npy'],
                                'chan_type': 'electric',
                                'chan_source': None,
                                'sensor': '',
                                'serial': '',
                                'gain1': 1.0,
                                'gain2': 1.0,
                                'scaling': 1.0,
                                'chopper': False,
                                'dipole_dist': 1.0,
                                'sensor_calibration_file': '',
                                'instrument_calibration_file': ''
                            },
                            'Ey': {
                                'name': 'Ey',
                                'data_files': ['data.npy'],
                                'chan_type': 'electric',
                                'chan_source': None,
                                'sensor': '',
                                'serial': '',
                                'gain1': 1.0,
                                'gain2': 1.0,
                                'scaling': 1.0,
                                'chopper': False,
                                'dipole_dist': 1.0,
                                'sensor_calibration_file': '',
                                'instrument_calibration_file': ''
                            }
                        },
                        'history': {'records': []}
                    },
                    'reader': {
                        'name': 'TimeReaderNumpy',
                        'apply_scalings': True,
                        'extension': '.npy'
                    }
                }
            },
            'begin_time': '2003-10-28 15:30:00.000000_000000_000000_000000',
            'end_time': '2003-11-24 11:40:30.000000_000000_000000_000000'
        },
        'kap160': {
            'dir_path': '../../data/project/kap03/time/kap160',
            'measurements': {
                'meas01': {
                    'site_name': 'kap160',
                    'dir_path': '../../data/project/kap03/time/kap160/meas01',
                    'metadata': {
                        'file_info': {
                            'created_on_local': '2021-07-07T22:26:48.851498',
                            'created_on_utc': '2021-07-07T21:26:48.851498',
                            'version': '1.0.0a0'
                        },
                        'fs': 0.2,
                        'chans': ['Hx', 'Hy', 'Hz', 'Ex', 'Ey'],
                        'n_chans': 5,
                        'n_samples': 470544,
                        'first_time': '2003-10-28 10:00:00.000000_000000_000000_000000',
                        'last_time': '2003-11-24 15:31:55.000000_000000_000000_000000',
                        'system': '',
                        'serial': '',
                        'wgs84_latitude': -999.0,
                        'wgs84_longitude': -999.0,
                        'easting': -999.0,
                        'northing': -999.0,
                        'elevation': -999.0,
                        'chans_metadata': {
                            'Hx': {
                                'name': 'Hx',
                                'data_files': ['data.npy'],
                                'chan_type': 'magnetic',
                                'chan_source': None,
                                'sensor': '',
                                'serial': '',
                                'gain1': 1.0,
                                'gain2': 1.0,
                                'scaling': 1.0,
                                'chopper': False,
                                'dipole_dist': 1.0,
                                'sensor_calibration_file': '',
                                'instrument_calibration_file': ''
                            },
                            'Hy': {
                                'name': 'Hy',
                                'data_files': ['data.npy'],
                                'chan_type': 'magnetic',
                                'chan_source': None,
                                'sensor': '',
                                'serial': '',
                                'gain1': 1.0,
                                'gain2': 1.0,
                                'scaling': 1.0,
                                'chopper': False,
                                'dipole_dist': 1.0,
                                'sensor_calibration_file': '',
                                'instrument_calibration_file': ''
                            },
                            'Hz': {
                                'name': 'Hz',
                                'data_files': ['data.npy'],
                                'chan_type': 'magnetic',
                                'chan_source': None,
                                'sensor': '',
                                'serial': '',
                                'gain1': 1.0,
                                'gain2': 1.0,
                                'scaling': 1.0,
                                'chopper': False,
                                'dipole_dist': 1.0,
                                'sensor_calibration_file': '',
                                'instrument_calibration_file': ''
                            },
                            'Ex': {
                                'name': 'Ex',
                                'data_files': ['data.npy'],
                                'chan_type': 'electric',
                                'chan_source': None,
                                'sensor': '',
                                'serial': '',
                                'gain1': 1.0,
                                'gain2': 1.0,
                                'scaling': 1.0,
                                'chopper': False,
                                'dipole_dist': 1.0,
                                'sensor_calibration_file': '',
                                'instrument_calibration_file': ''
                            },
                            'Ey': {
                                'name': 'Ey',
                                'data_files': ['data.npy'],
                                'chan_type': 'electric',
                                'chan_source': None,
                                'sensor': '',
                                'serial': '',
                                'gain1': 1.0,
                                'gain2': 1.0,
                                'scaling': 1.0,
                                'chopper': False,
                                'dipole_dist': 1.0,
                                'sensor_calibration_file': '',
                                'instrument_calibration_file': ''
                            }
                        },
                        'history': {'records': []}
                    },
                    'reader': {
                        'name': 'TimeReaderNumpy',
                        'apply_scalings': True,
                        'extension': '.npy'
                    }
                }
            },
            'begin_time': '2003-10-28 10:00:00.000000_000000_000000_000000',
            'end_time': '2003-11-24 15:31:55.000000_000000_000000_000000'
        },
        'kap172': {
            'dir_path': '../../data/project/kap03/time/kap172',
            'measurements': {
                'meas01': {
                    'site_name': 'kap172',
                    'dir_path': '../../data/project/kap03/time/kap172/meas01',
                    'metadata': {
                        'file_info': {
                            'created_on_local': '2021-07-07T22:27:00.395145',
                            'created_on_utc': '2021-07-07T21:27:00.395145',
                            'version': '1.0.0a0'
                        },
                        'fs': 0.2,
                        'chans': ['Hx', 'Hy', 'Hz', 'Ex', 'Ey'],
                        'n_chans': 5,
                        'n_samples': 414498,
                        'first_time': '2003-10-30 13:00:00.000000_000000_000000_000000',
                        'last_time': '2003-11-23 12:41:25.000000_000000_000000_000000',
                        'system': '',
                        'serial': '',
                        'wgs84_latitude': -999.0,
                        'wgs84_longitude': -999.0,
                        'easting': -999.0,
                        'northing': -999.0,
                        'elevation': -999.0,
                        'chans_metadata': {
                            'Hx': {
                                'name': 'Hx',
                                'data_files': ['data.npy'],
                                'chan_type': 'magnetic',
                                'chan_source': None,
                                'sensor': '',
                                'serial': '',
                                'gain1': 1.0,
                                'gain2': 1.0,
                                'scaling': 1.0,
                                'chopper': False,
                                'dipole_dist': 1.0,
                                'sensor_calibration_file': '',
                                'instrument_calibration_file': ''
                            },
                            'Hy': {
                                'name': 'Hy',
                                'data_files': ['data.npy'],
                                'chan_type': 'magnetic',
                                'chan_source': None,
                                'sensor': '',
                                'serial': '',
                                'gain1': 1.0,
                                'gain2': 1.0,
                                'scaling': 1.0,
                                'chopper': False,
                                'dipole_dist': 1.0,
                                'sensor_calibration_file': '',
                                'instrument_calibration_file': ''
                            },
                            'Hz': {
                                'name': 'Hz',
                                'data_files': ['data.npy'],
                                'chan_type': 'magnetic',
                                'chan_source': None,
                                'sensor': '',
                                'serial': '',
                                'gain1': 1.0,
                                'gain2': 1.0,
                                'scaling': 1.0,
                                'chopper': False,
                                'dipole_dist': 1.0,
                                'sensor_calibration_file': '',
                                'instrument_calibration_file': ''
                            },
                            'Ex': {
                                'name': 'Ex',
                                'data_files': ['data.npy'],
                                'chan_type': 'electric',
                                'chan_source': None,
                                'sensor': '',
                                'serial': '',
                                'gain1': 1.0,
                                'gain2': 1.0,
                                'scaling': 1.0,
                                'chopper': False,
                                'dipole_dist': 1.0,
                                'sensor_calibration_file': '',
                                'instrument_calibration_file': ''
                            },
                            'Ey': {
                                'name': 'Ey',
                                'data_files': ['data.npy'],
                                'chan_type': 'electric',
                                'chan_source': None,
                                'sensor': '',
                                'serial': '',
                                'gain1': 1.0,
                                'gain2': 1.0,
                                'scaling': 1.0,
                                'chopper': False,
                                'dipole_dist': 1.0,
                                'sensor_calibration_file': '',
                                'instrument_calibration_file': ''
                            }
                        },
                        'history': {'records': []}
                    },
                    'reader': {
                        'name': 'TimeReaderNumpy',
                        'apply_scalings': True,
                        'extension': '.npy'
                    }
                }
            },
            'begin_time': '2003-10-30 13:00:00.000000_000000_000000_000000',
            'end_time': '2003-11-23 12:41:25.000000_000000_000000_000000'
        }
    }
}





Finally, plot the project timeline.

fig = resenv.proj.