

    
      
          
            
  
neurotic: NEUROscience Tool for Interactive Characterization

Curate, visualize, annotate, and share your behavioral ephys data using Python
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Version: 1.5.0 (other versions [https://readthedocs.org/projects/neurotic/versions/])

neurotic is an app for Windows, macOS, and Linux that allows you to easily
review and annotate your electrophysiology data and simultaneously captured
video. It is an easy way to load your Neo [https://neo.readthedocs.io/en/latest]-compatible data (see neo.io [https://neo.readthedocs.io/en/latest/io.html#module-neo.io]
for file formats) into ephyviewer [https://ephyviewer.readthedocs.io/en/latest] without doing any programming. Share a
single metadata file with your colleagues and they too will quickly be looking
at the same datasets!
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Overview

To use neurotic, first organize your datasets in a metadata file like this
(see Configuring Metadata):

my favorite dataset:
    description: This time it actually worked!

    data_dir:           C:\local_dir_containing_files
    remote_data_dir:    http://myserver/remote_dir_containing_downloadable_files  # optional
    data_file:          data.axgx
    video_file:         video.mp4
    # etc

    video_offset: -3.4  # seconds between start of video and data acq
    epoch_encoder_possible_labels:
        - label01
        - label02
    plots:
        - channel: I2
          ylim: [-30, 30]
        - channel: RN
          ylim: [-60, 60]
        # etc

    filters:  # used only if fast loading is off (lazy=False)
        - channel: Force
          lowpass: 50
        # etc
    amplitude_discriminators:  # used only if fast loading is off (lazy=False)
        - name: B3 neuron
          channel: BN2
          units: uV
          amplitude: [50, 100]
        # etc

another dataset:
    # etc





Open your metadata file in neurotic and choose a dataset. If the data and
video files aren’t already on your local computer, the app can download them
for you, even from a password-protected server or from Google Drive. Finally,
click launch and the app will use a standard viewer layout to display your data
to you using ephyviewer [https://ephyviewer.readthedocs.io/en/latest].

[image: Screenshot]

In the screenshot above, the video frame shows a voracious sea slug (Aplysia
californica) swallowing a strip of unbreakable seaweed attached to a force
transducer. Implanted electrodes recorded from a muscle and the major nerves
controlling feeding. The epoch encoder was used to mark the times when seaweed
moved into the mouth. Spikes corresponding to activity of identified neurons
were detected by neurotic using customizable parameters.

The viewers are easy and intuitive to navigate (see User Interface [https://ephyviewer.readthedocs.io/en/latest/interface.html]):


	Pressing the play button will scroll through your data and video in real
time, or at a higher or lower rate if the speed parameter is changed.


	The arrow/WASD keys allow you to step through time in variable increments.


	Jump to a time by clicking on an event in the event list or a table entry in
the epoch encoder.


	To show more or less time at once, right-click and drag right or left to
contract or expand time.


	Scroll the mouse wheel in the trace viewer or video viewer to zoom.


	The epoch encoder can be used to block out periods of time during which
something interesting is happening for later review or further analysis
(saved to a CSV file).


	All panels can be hidden, undocked, stacked, or repositioned on the fly.




Electrophysiologists will find this tool useful even if they don’t need the
video synchronization feature!

Portability is easy with neurotic! Use relative paths in your metadata file
along with a remotely accessible data store such as GIN [https://gin.g-node.org] or a Shared Drive on
Google Drive to make your metadata file fully portable. The same metadata file
can be copied to a different computer, and downloaded files will automatically
be saved to the right place. Data stores can be password protected and
neurotic will prompt you for a user name and password. This makes it easy to
share the neurotic experience with your colleagues! 🤪





          

      

      

    

  

    
      
          
            
  
Installing neurotic

neurotic requires Python 3.6 or later.


Standalone Installers (recommended for beginners)

Downloadable installers make installing neurotic easy for beginners. They can
be downloaded from the GitHub Releases page:


👉 Download installers here (listed under “Assets”) 👈 [https://github.com/jpgill86/neurotic/releases]




These installers are intended for users who do not want to independently
install Python or conda just to use neurotic. They will install neurotic
and everything it needs (including a fully contained Python environment) into a
dedicated directory on your computer. On Windows, the installer will also
create a Start Menu shortcut for launching the app.

For developers, a recipe for building new installers using conda constructor [https://github.com/conda/constructor]
is maintained here: constructor recipe [https://github.com/jpgill86/neurotic-constructor].




Alternate Method: conda (recommended for Pythonistas)

conda [https://docs.conda.io/projects/conda/en/latest/user-guide/install/] users can install neurotic and all of its dependencies with one
command:

conda install -c conda-forge neurotic





On Windows, this will also create a Start Menu shortcut for launching the app.




Alternate Method: pip

Install neurotic from PyPI [https://pypi.org/project/neurotic] using

pip install neurotic





Note that installation via pip skips one dependency: PyAV [https://docs.mikeboers.com/pyav/develop/overview/installation.html], which is
required for displaying videos, and without which neurotic will ignore
videos. PyAV is not easily installed with pip on some systems, especially
Windows. The easiest way to separately install PyAV is using conda [https://docs.conda.io/projects/conda/en/latest/user-guide/install/]:

conda install -c conda-forge av











          

      

      

    

  

    
      
          
            
  
Updating neurotic

The recommended method of updating neurotic depends on the original method of
installation.

If you are unsure what method you used, updating using conda or pip is
likely to work. Standalone installers may be safe too, though this could lead
to having multiple version installed simultaneously.


Updating with Standalone Installers

If you previously installed neurotic using a standalone installer, you may
install a newer version using another installer, either into a different
directory or by first uninstalling the old version. Installers can be
downloaded from the GitHub Releases page:


👉 Download installers here (listed under “Assets”) 👈 [https://github.com/jpgill86/neurotic/releases]




Alternatively, if a new installer is not currently available for your platform,
or if you would just like a much faster method, you may use the command line
tools provided by the installer (via the “Anaconda Prompt” on Windows, or the
Terminal on macOS and Linux):

conda update -c conda-forge neurotic








Updating with conda

If you installed neurotic with conda [https://docs.conda.io/projects/conda/en/latest/user-guide/install/], you can update to the latest release
using

conda update -c conda-forge neurotic








Updating with pip

If you installed neurotic using pip, you can update to the latest release
available on PyPI [https://pypi.org/project/neurotic] using

pip install -U neurotic








Development Version

If you are interested in trying new, unreleased features of neurotic, you may
install the latest development version from GitHub [https://github.com/jpgill86/neurotic] using

pip install -U git+https://github.com/jpgill86/neurotic.git





Note that if you install the development version, you may also need the latest
development version of ephyviewer [https://ephyviewer.readthedocs.io/en/latest], which you can get using

pip install -U git+https://github.com/NeuralEnsemble/ephyviewer.git











          

      

      

    

  

    
      
          
            
  
Getting Started

Windows users who installed using a standalone installer or conda [https://docs.conda.io/projects/conda/en/latest/user-guide/install/] should be
able to launch neurotic from the Start Menu.

Mac and Linux users, as well as Windows users, can use the Terminal, command
line, or Anaconda Prompt to start the app:


	Depending on your operating system, installation method, and environment
settings, you may be able to just launch the app from the command line by
invoking its name:

neurotic







	If the command is not recognized, you likely need to first activate the
conda environment into which the app was installed:

conda activate <environment name>





If you used a standalone installer, the environment name may be
“neurotic”, so you would use

conda activate neurotic





You can then try again invoking the app name:

neurotic









Several examples are provided. Select one, download the associated data using
the “Download data” menu action, and then click “Launch”. See User Interface [https://ephyviewer.readthedocs.io/en/latest/interface.html]
for help with navigation.

Disabling “Fast loading” before launch will enable additional features
including amplitude-threshold spike detection and signal filtering.

To inspect the metadata file associated with the examples or to make changes to
it, click “Edit metadata”. See Configuring Metadata for details about the
format.

If you like working with Jupyter notebooks, you can launch an example notebook
that includes a tutorial for using neurotic’s API:

neurotic --launch-example-notebook





The command line interface accepts other arguments too:

usage: neurotic [-h] [-V] [--debug | --no-debug] [--lazy | --no-lazy]
                [--thick-traces | --no-thick-traces]
                [--show-datetime | --no-show-datetime]
                [--ui-scale {tiny,small,medium,large,huge}]
                [--theme {light,dark,original,printer-friendly}]
                [--use-factory-defaults] [--launch-example-notebook]
                [file] [dataset]

neurotic lets you curate, visualize, annotate, and share your behavioral ephys
data.

positional arguments:
  file                  the path to a metadata YAML file (default: an example
                        file)
  dataset               the name of a dataset in the metadata file to select
                        initially (default: the first entry in the metadata
                        file)

optional arguments:
  -h, --help            show this help message and exit
  -V, --version         show program's version number and exit
  --debug               enable detailed log messages for debugging
  --no-debug            disable detailed log messages for debugging (default)
  --lazy                enable fast loading (default)
  --no-lazy             disable fast loading
  --thick-traces        enable support for traces with thick lines, which has
                        a performance cost
  --no-thick-traces     disable support for traces with thick lines (default)
  --show-datetime       display the real-world date and time, which may be
                        inaccurate depending on file type and acquisition
                        software
  --no-show-datetime    do not display the real-world date and time (default)
  --ui-scale {tiny,small,medium,large,huge}
                        the scale of user interface elements, such as text
                        (default: medium)
  --theme {light,dark,original,printer-friendly}
                        a color theme for the GUI (default: light)
  --use-factory-defaults
                        start with "factory default" settings, ignoring other
                        args and your global config file

alternative modes:
  --launch-example-notebook
                        launch Jupyter with an example notebook instead of
                        starting the standalone app (other args will be
                        ignored)

Defaults for arguments and options can be changed in a global config file,
.neurotic/neurotic-config.txt, located in your home directory.









          

      

      

    

  

    
      
          
            
  
Citing neurotic

To cite neurotic in your publication, please refer to:


Gill, J. P., Garcia, S., Ting, L. H., Wu, M., & Chiel, H. J. (2020).
neurotic: Neuroscience Tool for Interactive Characterization. eNeuro,
7(3). https://doi.org/10.1523/ENEURO.0085-20.2020




Specific versions of the software can be cited from archives at Zenodo [https://doi.org/10.5281/zenodo.3564990].





          

      

      

    

  

    
      
          
            
  
Configuring Metadata

To load your data with neurotic, you must organize them in one or more YAML
files, called metadata files.

YAML files are very sensitive to punctuation and indentation, so mind those
details carefully! Importantly, the tab character cannot be used for
indentation; use spaces instead. There are many free websites [https://www.google.com/search?q=yaml+validator] that can validate YAML for
you.

You may include comments in your metadata file, which should begin with #.


Top-Level Organization

Datasets listed within the same metadata file must be given unique names, which
may include spaces. The special name neurotic_config is reserved for
neurotic configuration settings and cannot be used for datasets.

In addition to names, a long description can be provided for each dataset.

Details pertaining to each dataset, including the description, are nested
beneath the dataset name using indentation. You may need to use double quotes
around names, descriptions, or other text if they contain special characters
(such as : or #) or are composed only of numbers (such as a date).

experiment 2020-01-01:
    description: Both the name and description will be visible when neurotic loads the metadata
    # other details about this dataset will go here

my favorite dataset:
    description: This time it actually worked!
    # other details about this dataset will go here








Specifying Data Locations

Within a dataset’s YAML block, paths to data and video files should be
provided.

All files associated with a dataset should be collected into a single
directory. A path to the local copy of this directory can be provided using the
data_dir key. You may specify data_dir as an absolute path (e.g.,
C:\Users\me\folder) or as a path relative to the metadata file (e.g.,
folder). If left unspecified, the directory containing the metadata file is
used.

Paths to individual files within the dataset are provided using keys listed
below. These paths should be given relative to data_dir. If data_dir is
flat (no subdirectories), these should be simply the file names.







	Key

	Description





	data_file

	A single Neo [https://neo.readthedocs.io/en/latest]-compatible data file (see neo.io [https://neo.readthedocs.io/en/latest/io.html#module-neo.io]
for file formats)



	video_file

	A video file that can be synchronized with data_file



	annotations_file

	A CSV file for read-only annotations



	epoch_encoder_file

	A CSV file for annotations writable by the epoch encoder



	tridesclous_file

	A CSV file output by tridesclous [https://tridesclous.readthedocs.io/en/latest]’s DataIO.export_spikes [https://tridesclous.readthedocs.io/en/latest/api.html#tridesclous.dataio.DataIO.export_spikes]






Note that the annotations_file must contain exactly 4 columns with
these headers: “Start (s)”, “End (s)”, “Type”, and “Label”.

The epoch_encoder_file must contain exactly 3 columns with these headers:
“Start (s)”, “End (s)”, and “Type”. (The fourth column is missing because
ephyviewer’s epoch encoder is currently unable to attach notes to individual
epochs; this may be improved upon in the future.)

The tridesclous_file is described in more detail in
tridesclous Spike Sorting Results.




Remote Data Available for Download

Data files must be stored on the local computer for neurotic to load them and
display their contents. If the files are available for download from a remote
server (e.g., a web site, an FTP server, or Google Drive), neurotic can be
configured to download them for you to the local directory specified by
data_dir if the files aren’t there already.

Specify the URL to the directory containing the data on the remote server using
remote_data_dir. neurotic expects the local data_dir and the
remote_data_dir to have the same structure and will mirror the
remote_data_dir in the local data_dir when you download data (not a
complete mirror, just the specified files).

For an example, consider the following:

my favorite dataset:
    data_dir:           C:\Users\me\folder
    remote_data_dir:    http://myserver/remote_folder
    data_file:          data.axgx
    video_file:         video.mp4





With a metadata file like this, the file paths data_file and video_file
are appended to remote_data_dir to obtain the complete URLs for downloading
these files, and they will be saved to the local data_dir.

If you have many datasets hosted by the same server, you can specify the server
URL just once using the special remote_data_root key, which should be
nested under the reserved name neurotic_config outside of any dataset’s
YAML block. This allows you to provide for each dataset a partial URL to a
folder in remote_data_dir which is relative to remote_data_root. For
example:

neurotic_config:  # reserved name for global settings
    remote_data_root:   http://myserver

my favorite dataset:
    data_dir:           C:\Users\me\folder1
    remote_data_dir:    remote_folder1
    data_file:          data.axgx
    video_file:         video.mp4

another dataset:
    data_dir:           C:\Users\me\folder2
    remote_data_dir:    remote_folder2
    data_file:          data.axgx
    video_file:         video.mp4





Here, URLs to video files are composed by joining remote_data_root +
remote_data_dir + video_file.

Recall that if data_dir is a relative path, it is assumed to be relative
to the metadata file. In the example above, if the metadata file is located in
C:\Users\me, the paths could be abbreviated:

neurotic_config:
    remote_data_root:   http://myserver

my favorite dataset:
    data_dir:           folder1
    remote_data_dir:    remote_folder1
    data_file:          data.axgx
    video_file:         video.mp4

another dataset:
    data_dir:           folder2
    remote_data_dir:    remote_folder2
    data_file:          data.axgx
    video_file:         video.mp4






Note

Portability is easy with neurotic! Use relative paths in your metadata
file along with a remotely accessible data store such as GIN [https://gin.g-node.org] or a Shared
Drive on Google Drive (see details below) to make your metadata file fully
portable. The example above is a simple model of this style. A metadata
file like this can be copied to a different computer, and downloaded files
will automatically be saved to the right place. Data stores can be password
protected and neurotic will prompt you for a user name and password. This
makes it easy to share the neurotic experience with your colleagues! 🤪




URLs to Use with Google Drive

After completing some essential manual setup (see Configuring for Google Drive), neurotic
can retrieve remote files from Google Drive using URL-like paths of the
following form:

gdrive://<drive name>/<folder 1>/<...>/<folder N>/<file name>





The <drive name> may be “My Drive” for files located in a personal
Google Drive, or it may be the name of a Shared Drive that the user has
permission to access.

Note that these URL-like paths are not equivalent to ordinary URLs
associated with Google Drive files, such as shareable links, which are
composed of pseudorandom file IDs and do not reveal anything about the name
of the file or the folders containing it. Instead, these URL-like paths allow
you to structure your metadata with the file tree hierarchy in mind, so that
relative paths can be used.

For example, with datasets stored in subdirectories “datasets/A”, “datasets/B”,
etc., of a Shared Drive titled “Lab Project Data”, you could use this metadata
to mirror the files locally:

neurotic_config:
    remote_data_root:   gdrive://Lab Project Data/datasets

Dataset A:
    data_dir:           A
    remote_data_dir:    A
    data_file:          data.axgx
    video_file:         video.mp4

Dataset B:
    data_dir:           B
    remote_data_dir:    B
    data_file:          data.axgx
    video_file:         video.mp4








URLs to Use with GIN

If you have data stored in a public repository on GIN [https://gin.g-node.org], you can access it
from a URL of this form:

https://gin.g-node.org/<username>/<reponame>/raw/master/<path>





For private repositories, you must use a different URL that takes advantage
of the WebDAV protocol:

https://gin.g-node.org/<username>/<reponame>/_dav/<path>





The second form works with public repos too, but GIN login credentials are
still required. Consequently, the first form is more convenient for public
repos.






Global Configuration Settings

The top-level name neurotic_config is reserved for configuration settings
that apply to all datasets or to the app itself. The following settings may be
nested beneath neurotic_config.







	Key

	Description





	neurotic_version

	A version specification [https://www.python.org/dev/peps/pep-0440/#version-specifiers] stating the version of
neurotic required by the metadata. Presently, if the
requirement is not met, only a warning is issued.
Quotation marks around the spec are usually required.



	remote_data_root

	A URL prepended to each remote_data_dir that is not
already a full URL (i.e., does not already begin with a
protocol scheme like https://)






For example:

neurotic_config:
    neurotic_version:   '>=1.4,<2'
    remote_data_root:   http://myserver

my favorite dataset:
    # dataset details here








Data Reader (Neo) Settings

The electrophysiology file specified by data_file is read using Neo [https://neo.readthedocs.io/en/latest], which
supports many file types. A complete list of the implemented formats can be
found here: neo.io [https://neo.readthedocs.io/en/latest/io.html#module-neo.io].

By default, neurotic will use the file extension of data_file to guess
the file format and choose the appropriate Neo IO class for reading it. If the
guess fails, you can force neurotic to use a different class by specifying
the class name with the io_class parameter (all available classes are
listed here: neo.io [https://neo.readthedocs.io/en/latest/io.html#module-neo.io]).

Some Neo IO classes accept additional arguments beyond just a filename (see the
Neo docs for details: neo.io [https://neo.readthedocs.io/en/latest/io.html#module-neo.io]). You can specify these arguments in your
metadata using the io_args parameter.

For example, suppose you have data stored in a plain text file that is missing
a file extension. The neo.io.AsciiSignalIO [https://neo.readthedocs.io/en/latest/io.html#neo.io.AsciiSignalIO] class can read plain text
files, but you must specify this manually using io_class because the
extension is missing. You could do this and pass in supported arguments in the
following way:

my favorite dataset:
    data_file: plain_text_file_without_file_extension

    io_class: AsciiSignalIO

    io_args:
        skiprows: 1 # skip header
        delimiter: ' ' # space-delimited
        t_start: 5 # sec
        sampling_rate: 1000 # Hz
        units: mV








Video Synchronization Parameters


Constant Offset

If data acquisition began with some delay after video capture began, provide a
negative value for video_offset equal to the delay in seconds. If video
capture began after the start of data acquisition, use a positive value. A
value of zero will have no effect.

neurotic warns users about the risk of async if video_file is given but
video_offset is not. To eliminate this warning for videos that have no
delay, provide zero.




Frame Rate Correction

If the average frame rate reported by the video file is a little fast or slow,
you may notice your video and data going out of sync late in a long experiment.
You can provide the video_rate_correction parameter to fix this. The
reported average frame rate of the video file will be multiplied by this factor
to obtain a new frame rate used for playback. A value less than 1 will decrease
the frame rate and shift video events to later times. A value greater than 1
will increase the frame rate and shift video events to earlier times. A value
of 1 has no effect.

You can obtain a good estimate of what value to use by taking the amount of
time between two events in the video and dividing by the amount of time between
the same two events according to the data record (seen, for example, as
synchronization pulses or as movement artifacts).




Discrete Desynchronization Events

If you paused data acquisition during your experiment while video capture was
continuous, you can use the video_jumps parameter to correct for these
discrete desynchronization events, assuming you have some means of
reconstructing the timing. For each pause, provide an ordered pair of numbers
in seconds: The first is the time according to data acquisition (not
according to the video) when the pause occurred, and the second is the duration
of the pause during which the video kept rolling.

For example:

my favorite dataset:
    video_file: video.mp4
    # etc

    video_jumps:
        # a list of ordered pairs containing:
        # (1) time in seconds when paused occurred according to DAQ
        # (2) duration of pause in seconds
        - [60, 10]
        - [120, 10]
        - [240, 10]





These values could correct for three 10-second pauses occurring at times 1:00,
2:00, 3:00 according to the DAQ, which would correspond to times 1:00, 2:10,
3:20 according to the video. The extra video frames captured during the pauses
will be excised from playback so that the data and video remain synced.

neurotic will automatically suggest values for video_jumps if it reads an
AxoGraph file that contains stops and restarts (only if video_jumps is not
already specified).






Real-World Date and Time

The GUI can optionally display the real-world date and time. This feature is
accurate only if the recording is continuous (no interruptions or pauses during
recording) and the start time of the recording is known. Some data file formats
may store the start time of the recording, in which case neurotic will use
that information automatically. However, if the start time is missing or
inaccurate, it can be specified in the metadata like this:

my favorite dataset:
    data_file: data.axgx
    rec_datetime: 2020-01-01 13:14:15
    # etc








Plot Parameters

Use the plots parameter to specify which signal channels from data_file
you want plotted and how to scale them. Optionally, a color may be specified
for channels using a single letter color code (e.g., 'b' for blue or
'k' for black) or a hexadecimal color code (e.g., '1b9e77').

Consider the following example, and notice the use of hyphens and indentation
for each channel.

my favorite dataset:
    data_file: data.axgx
    # etc

    plots:
        - channel: Extracellular
          ylabel: Buccal nerve 2 (BN2)
          units: uV
          ylim: [-150, 150]
          color: r

        - channel: Intracellular
          ylabel: B3 neuron
          units: mV
          ylim: [-100, 50]
          color: '666666'

        - channel: Force
          units: mN
          ylim: [-10, 500]





This would plot the “Extracellular”, “Intracellular”, and “Force” channels from
the data_file in the given order. ylabel is used to relabel a channel
and is optional. The units and ylim parameters are used together to
scale each signal such that the given range fits neatly between the traces
above and below it. If units is not given, they are assumed to be
microvolts for voltage signals and millinewtons for force signals. If ylim
is not given, they default to [-120, 120] for voltages and [-10, 300]
for forces.

If plots is not provided, all channels are plotted using the default
ranges, except for channels that match these patterns: “Analog Input #*” and
“Clock”. Channels with these names can be plotted if given explicitly by
plots.




Time Range

The amount of time initially visible can be specified in seconds with
t_width.

The position of the vertical line, which represents the current time in each
plot, can be specified as a fraction of the plot range with past_fraction.
A value of 0 places the vertical line at the left edge of each plot;
consequently, everything plotted is “in the future”, occurring after the
current time. A value of 1 places the vertical line at the right edge of each
plot; consequently, everything plotted is “in the past”, coming before the
current time. The default value of 0.3 causes the first 30% of the plot range
to display “the past” and the last 70% to display “the future”.




Epoch Encoder Parameters

The labels available to the epoch encoder must be specified ahead of time using
epoch_encoder_possible_labels (this is a current limitation of ephyviewer
that may eventually be improved upon).

For example:

my favorite dataset:
    epoch_encoder_file: epoch-encoder.csv
    # etc

    epoch_encoder_possible_labels:
        - label1
        - label2
        - label3








Filters

Highpass, lowpass, and bandpass filtering can be applied to signals using the
filters parameter. Note that filters are only applied if fast loading is
off (lazy=False).

Consider the following example, and notice the use of hyphens and indentation
for each filter.

my favorite dataset:
    data_file: data.axgx
    # etc

    filters:  # used only if fast loading is off (lazy=False)

        - channel: Extracellular
          highpass: 300 # Hz
          lowpass: 500 # Hz

        - channel: Intracellular
          highpass: 300 # Hz

        - channel: Force
          lowpass: 50 # Hz





Filter cutoffs are given in hertz. Combining highpass and lowpass
provides bandpass filtering.




Amplitude Discriminators

Spikes with peaks (or troughs) that fall within amplitude windows given by
amplitude_discriminators can be automatically detected by neurotic on the
basis of amplitude. Note that amplitude discriminators are only applied if fast
loading is off (lazy=False).

Detected spikes are indicated on the signals with markers, and spike trains are
displayed in a raster plot. Optionally, a color may be specified for an
amplitude discriminator using a single letter color code (e.g., 'b' for
blue or 'k' for black) or a hexadecimal color code (e.g., '1b9e77').

The algorithm can detect either peaks or troughs in the signal. When both the
lower and upper bounds for amplitude windows are positive, the default behavior
is to detect peaks. When both are negative, the default is to detect troughs.
These defaults can be overridden using type: trough or type: peak,
respectively. This is useful when, for example, detecting subthreshold
excitatory postsynaptic potentials. If the signs of the bounds differ, explicit
specification of the type is required.

In addition to restricting spike detection for a given unit to an amplitude
window, detection can also be limited in time to overlap with epochs with a
given label.

Consider the following example, and notice the use of hyphens and indentation
for each amplitude discriminator.

my favorite dataset:
    data_file: data.axgx
    # etc

    amplitude_discriminators:  # used only if fast loading is off (lazy=False)

        - name: Unit 1
          channel: Extracellular
          units: uV
          amplitude: [50, 150]
          color: r

        - name: Unit 2
          channel: Extracellular
          units: uV
          amplitude: [20, 50]
          epoch: Unit 2 activity
          color: 'e6ab02'

        - name: Unit 3
          channel: Intracellular
          units: mV
          amplitude: [-10, 60]
          type: peak





Here two units are detected on the “Extracellular” channel with different
amplitude windows, and a third unit is detected on the “Intracellular” channel.
On the “Extracellular” channel, any peaks between 50 and 150 microvolts will be
tagged as a spike belonging to “Unit 1”. The discriminator for “Unit 2” detects
smaller peaks, between 20 and 50 microvolts, and it provides the optional
epoch parameter. This restricts detection of “Unit 2” to spikes within the
amplitude window that occur at the same time as epochs labeled “Unit 2
activity”. These epochs can be created by the epoch encoder (reload required to
rerun spike detection at launch-time), specified in the read-only
annotations_file, or even be contained in the data_file if the format
supports epochs. Finally, peaks between -10 and +60 millivolts will be detected
on the “Intracellular” channel; because the signs of these bounds differ, the
type (peak or trough) must be explicitly given.




tridesclous Spike Sorting Results

tridesclous [https://tridesclous.readthedocs.io/en/latest] is a sophisticated spike sorting toolkit. The results of a sorting
process can be exported to a CSV file using tridesclous’s
DataIO.export_spikes [https://tridesclous.readthedocs.io/en/latest/api.html#tridesclous.dataio.DataIO.export_spikes]
function. This file contains two columns: the first is the sample index of a
spike, and the second is the ID for a cluster of spikes. If this file is
specified with tridesclous_file, then a mapping from the cluster IDs to
channels must be provided with tridesclous_channels.

In the following example, notice the lack of hyphens:

my favorite dataset:
    data_file: data.axgx
    tridesclous_file: spikes.csv
    # etc

    tridesclous_channels:
        0: [Channel A, Channel B]
        1: [Channel A]
        2: [Channel B]
        3: [Channel B]
        # etc





Here numeric cluster IDs are paired with a list of channels found in
data_file on which the spikes were detected.

To show only a subset of clusters or to merge clusters, add the
tridesclous_merge parameter.

In this example, note again the punctuation:

my favorite dataset:
    data_file: data.axgx
    tridesclous_file: spikes.csv
    # etc

    tridesclous_channels:
        0: [Channel A, Channel B]
        1: [Channel A]
        2: [Channel B]
        3: [Channel B]
        # etc

    tridesclous_merge:
        - [0, 1]
        - [3]





Now clusters 0 and 1 are combined into a single unit, and only that unit and
cluster 3 are plotted; cluster 2 has been discarded.




Firing Rates

If spike trains were generated using
Amplitude Discriminators, imported from
tridesclous Spike Sorting Results, or included in the data_file, their
smoothed firing rates can be computed. Note that firing rates are computed only
if fast loading is off (lazy=False).

Firing rates are plotted as continuous signals. Colors are inherited from
amplitude_discriminators, if they are provided there.

Firing rates are computed using a kernel that is convolved with the spike
train. The metadata is specified like this:

my favorite dataset:
    data_file: data.axgx
    # etc

    amplitude_discriminators:  # used only if fast loading is off (lazy=False)

        - name: Unit 1
          channel: Extracellular
          units: uV
          amplitude: [50, 150]

    firing_rates:  # used only if fast loading is off (lazy=False)

        - name: Unit 1
          kernel: GaussianKernel
          sigma: 1.5 # sec





The elephant [https://elephant.readthedocs.io/en/latest] package’s instantaneous_rate [https://elephant.readthedocs.io/en/latest/reference/toctree/statistics/elephant.statistics.instantaneous_rate.html#elephant.statistics.instantaneous_rate] function is used for calculating
firing rates. See elephant.kernels [https://elephant.readthedocs.io/en/latest/reference/kernels.html#module-elephant.kernels] for the names of kernel classes that
may be used with the kernel parameter. neurotic provides an additional
kernel, CausalAlphaKernel, which may also be used. The
sigma parameter is passed as an argument to the kernel class and should be
given in seconds.

The rate calculation function and kernel classes are sourced from
neurotic._elephant_tools, rather than the elephant [https://elephant.readthedocs.io/en/latest] package itself, to
avoid requiring elephant [https://elephant.readthedocs.io/en/latest] as a package dependency.




Firing Frequency Burst Detectors

If spike trains were generated using
Amplitude Discriminators, imported from
tridesclous Spike Sorting Results, or included in the data_file, a simple
burst detection algorithm that relies on instantaneous firing rate thresholds
can be run to detect periods of intense activity. Note that burst detectors are
only applied if fast loading is off (lazy=False).

Detected bursts are plotted as epochs. Colors are inherited from
amplitude_discriminators, if they are provided there.

Burst detectors are specified in metadata like this:

my favorite dataset:
    data_file: data.axgx
    # etc

    amplitude_discriminators:  # used only if fast loading is off (lazy=False)

        - name: Unit 1
          channel: Extracellular
          units: uV
          amplitude: [50, 150]

    burst_detectors:  # used only if fast loading is off (lazy=False)

        - spiketrain: Unit 1
          name: Unit 1 burst  # optional, used for customizing output epoch name
          thresholds: [10, 8] # Hz





The algorithm works by scanning through the spike train with a name matching
spiketrain (in this example, the spike train generated by the “Unit 1”
amplitude discriminator). When the instantaneous firing frequency (IFF; note
this is NOT the same as the smoothed firing rate, but rather the inverse of the inter-spike
interval) exceeds the first threshold given (e.g., 10 Hz), a burst of activity
is determined to start. After this, at the first moment when the IFF drops
below the second threshold (e.g., 8 Hz), the burst is determined to end. After
scanning through the entire spike train, many bursts that meet these criteria
may be identified.

Note that in general the end threshold should not exceed the start threshold;
this would essentially be the same as setting the start and end thresholds both
to the greater value.




Rectified Area Under the Curve (RAUC)

One way to simplify a high-frequency signal is by plotted a time series of the
rectified area under the curve (RAUC). Note that RAUCs are calculated only if
fast loading is off (lazy=False).

For each signal, the baseline (mean or median) is optionally subtracted off.
The signal is then rectified (absolute value) and divided into non-overlapping
bins of fixed duration. Finally, the integral is calculated within each bin.
The result is a new time series that represents the overall activity of the
original signal. RAUC time series are plotted separately from the original
signals in a second tab. Colors are inherited from plots, if they are
provided there.

The choice of baseline is controlled by the rauc_baseline metadata
parameter, which may have the value None (default), 'mean', or
'median'. The size of the bins determines how smooth the RAUC time series
is and is set by rauc_bin_duration, given in seconds. If
rauc_bin_duration is not specified (default None), RAUC time series
will not be calculated.







          

      

      

    

  

    
      
          
            
  
Metadata Examples

Below, the contents of a fully functioning example metadata file are shown,
which contains metadata for several example datasets. This file is included
with each installation of neurotic and is loaded automatically when
neurotic first starts.

With this metadata file loaded in neurotic, you may use the “Download data”
feature to fetch the data files and run the examples, and you may try the “Edit
metadata” feature to test modifications (remember to “Reload metadata” after
saving changes).

Direct link

# ===  GLOBAL PARAMETERS  ======================================================

neurotic_config:
    neurotic_version: '>=1.4' # required for firing_rates

    # the common URL root used for downloading all files
    # - for web browser access to data files, visit
    #   https://gin.g-node.org/jpgill86/neurotic-data/src/master/examples
    remote_data_root: https://gin.g-node.org/jpgill86/neurotic-data/raw/master/examples

# ===  EXAMPLE 1: APLYSIA FEEDING  =============================================

Aplysia feeding:
    description: '[ 13 MB] Sea slug feeding, identified neurons, swallowing force'
    # see also https://gin.g-node.org/jpgill86/neurotic-data/src/master/examples/aplysia-feeding/README.md

    # FILE PATHS
    # - URLs to files are assembled this way:
    #     remote_data_root + remote_data_dir + *_file
    # - downloaded files are stored in a new local directory with name
    #   data_dir created in a location relative to this metadata file
    data_dir:           aplysia-feeding
    remote_data_dir:    aplysia-feeding
    data_file:          data.axgx # AxoGraph file
    video_file:         video.mp4
    annotations_file:   annotations.csv
    epoch_encoder_file: epoch-encoder.csv

    # VIDEO SYNC PARAMETERS
    video_offset: 2875.3 # seconds

    # EPOCH ENCODER PARAMETERS
    epoch_encoder_possible_labels:
        - I2 protraction activity
        - B8 activity
        - B3/6/9/10 activity
        - B38 activity
        - B4/B5 activity
        - Inward movement

    # SIGNAL PLOTTING PARAMETERS
    plots:
        - channel: I2
          ylabel: I2 muscle EMG
          units: uV
          ylim: [-60, 60]
          color: '666666'

        - channel: RN
          ylabel: Radular nerve (RN)
          units: uV
          ylim: [-25, 25]
          color: '666666'

        - channel: BN2
          ylabel: Buccal nerve 2 (BN2)
          units: uV
          ylim: [-45, 45]
          color: '666666'

        - channel: BN3-DIST
          ylabel: Buccal nerve 3 (BN3)
          units: uV
          ylim: [-60, 60]
          color: '666666'

        - channel: Force
          units: mN
          ylim: [-50, 450]
          color: '666666'

    # SIGNAL FILTERS
    # - used here to remove high-frequency noise
    # - only applied if "Fast loading" is turned off (lazy=False)
    filters:
        - channel: I2
          lowpass: 100 # Hz

        - channel: Force
          lowpass: 50 # Hz

    # NEURONAL SPIKE DETECTION
    # - used here to detect activity of identified neurons
    # - only performed if "Fast loading" is turned off (lazy=False)
    amplitude_discriminators:
        - name: B38 neuron
          channel: BN2
          units: uV
          amplitude: [7, 20]
          epoch: B38 activity
          color: 'EFBF46'

        - name: B31/B32/B61/B62 neurons
          channel: I2
          units: uV
          amplitude: [2, 75]
          epoch: I2 protraction activity
          color: 'DC5151'

        - name: B8a/b neurons
          channel: RN
          units: uV
          amplitude: [-30, -8]
          epoch: B8 activity
          color: 'DA8BC3'

        - name: B6/B9 neurons
          channel: BN2
          units: uV
          amplitude: [-25, -9]
          epoch: B3/6/9/10 activity
          color: '64B5CD'

        - name: B3 neuron
          channel: BN2
          units: uV
          amplitude: [-60, -25]
          epoch: B3/6/9/10 activity
          color: '4F80BD'

        - name: B4/B5 neurons
          channel: BN3-DIST
          units: uV
          amplitude: [-80, -20]
          epoch: B4/B5 activity
          color: '00A86B'

    # NEURONAL FIRING RATES
    # - used here to model synaptic output
    # - only calculated if "Fast loading" is turned off (lazy=False)
    firing_rates:
        - name: B38 neuron
          kernel: CausalAlphaKernel
          sigma: 1.0 # seconds

        - name: B6/B9 neurons
          kernel: CausalAlphaKernel
          sigma: 0.5 # seconds

        - name: B3 neuron
          kernel: CausalAlphaKernel
          sigma: 1.0 # seconds

    # NEURONAL BURST DETECTION
    # - used here to classify sequences of spikes into "bursts"
    # - only performed if "Fast loading" is turned off (lazy=False)
    burst_detectors:
        - spiketrain: B38 neuron
          thresholds: [8, 5] # Hz

        - spiketrain: B31/B32/B61/B62 neurons
          thresholds: [10, 5] # Hz

        - spiketrain: B8a/b neurons
          thresholds: [3, 3] # Hz

        - spiketrain: B6/B9 neurons
          thresholds: [10, 5] # Hz

        - spiketrain: B3 neuron
          thresholds: [8, 2] # Hz

        - spiketrain: B4/B5 neurons
          thresholds: [3, 3] # Hz

    # RECTIFIED AND INTEGRATED SIGNALS
    # - only used if "Fast loading" is turned off (lazy=False)
    rauc_bin_duration: 0.1 # seconds


# ===  EXAMPLE 2: HUMAN BALANCE BEAM  ==========================================

Human balance beam:
    description: '[0.5 MB] Narrow beam walking, arm EMG, body kinematics'
    # see also https://gin.g-node.org/jpgill86/neurotic-data/src/master/examples/human-balance-beam/README.md

    # FILE PATHS
    # - URLs to files are assembled this way:
    #     remote_data_root + remote_data_dir + *_file
    # - downloaded files are stored in a new local directory with name
    #   data_dir created in a location relative to this metadata file
    data_dir:           human-balance-beam
    remote_data_dir:    human-balance-beam
    data_file:          data.mat # MATLAB file
    video_file:         video.mp4
    epoch_encoder_file: epoch-encoder.csv

    # VIDEO SYNC PARAMETERS
    video_offset: 0 # seconds

    # INITIAL PLOT WIDTH
    t_width: 10 # seconds

    # EPOCH ENCODER PARAMETERS
    epoch_encoder_possible_labels:
        - Left stance
        - Right stance

    # SIGNAL PLOTTING PARAMETERS
    plots:
        # LEFT ARM
        - channel: Voltage.BCEP_L
          ylabel:  L Biceps
          ylim: [-1, 1]
          units: mV
        - channel: Voltage.TCEP_L
          ylabel:  L Triceps
          ylim: [-1, 1]
          units: mV

        # RIGHT ARM
        - channel: Voltage.BCEP_R
          ylabel:  R Biceps
          ylim: [-10, 10]
          units: mV
        - channel: Voltage.TCEP_R
          ylabel:  R Triceps
          ylim: [-10, 10]
          units: mV

        # KINEMATIC MARKERS
        - channel: CLAV Z
          ylabel:  Clavicle Z
          ylim: [1220, 1420]
        - channel: LHEE Z
          ylabel:  L Heel Z
          ylim: [30, 350]
        - channel: RHEE Z
          ylabel:  R Heel Z
          ylim: [30, 350]

    # SIGNAL FILTERS
    # - used here to remove low-frequency motion artifacts
    # - only applied if "Fast loading" is turned off (lazy=False)
    filters:
        - channel: Voltage.BCEP_R
          highpass: 35 # Hz

        - channel: Voltage.TCEP_R
          highpass: 35 # Hz

    # RECTIFIED AND INTEGRATED SIGNALS
    # - used here to represent overall muscle activity
    # - only used if "Fast loading" is turned off (lazy=False)
    rauc_baseline: mean     # subtract the mean before rectification
    rauc_bin_duration: 0.01 # seconds


# ===  EXAMPLE 3: DRONE OPTICAL FLOW  ==========================================

Drone optical flow:
    description: '[7.7 MB] Neural network motion detection from drone flight video'
    # see also https://gin.g-node.org/jpgill86/neurotic-data/src/master/examples/drone-optical-flow/README.md

    # FILE PATHS
    # - URLs to files are assembled this way:
    #     remote_data_root + remote_data_dir + *_file
    # - downloaded files are stored in a new local directory with name
    #   data_dir created in a location relative to this metadata file
    data_dir:           drone-optical-flow
    remote_data_dir:    drone-optical-flow
    data_file:          data.txt # plain text file
    video_file:         video.mp4

    # DATA READER (NEO) PARAMETERS
    # - these arguments are passed to a Neo reader (neo.io.AsciiSignalIO) for
    #   reading the data_file
    io_args:
        skiprows: 1 # skip header
        sampling_rate: 1250 # Hz
        units: mV

    # VIDEO SYNC PARAMETERS
    video_offset: 0 # seconds

    # SIGNAL PLOTTING PARAMETERS
    plots:
        - channel: Column 0
          ylabel: Clockwise Rotate
          units: mV
          ylim: [0, 255]

        - channel: Column 1
          ylabel: Counterclockwise Rotate
          units: mV
          ylim: [0, 255]

        - channel: Column 2
          ylabel: Moving Forward
          units: mV
          ylim: [0, 255]

        - channel: Column 3
          ylabel: Moving Backward
          units: mV
          ylim: [0, 255]

        - channel: Column 4
          ylabel: Down Shift
          units: mV
          ylim: [0, 255]

        - channel: Column 5
          ylabel: Up Shift
          units: mV
          ylim: [0, 255]

        - channel: Column 6
          ylabel: Right Shift
          units: mV
          ylim: [0, 255]

        - channel: Column 7
          ylabel: Left Shift
          units: mV
          ylim: [0, 255]

    # NEURONAL SPIKE DETECTION
    # - used here to detect spikes of simulated neurons
    # - only performed if "Fast loading" is turned off (lazy=False)
    amplitude_discriminators:
        - name: Clockwise Rotate
          channel: Column 0
          units: mV
          amplitude: [150, 255]

        - name: Counterclockwise Rotate
          channel: Column 1
          units: mV
          amplitude: [150, 255]

        - name: Moving Forward
          channel: Column 2
          units: mV
          amplitude: [150, 255]

        - name: Moving Backward
          channel: Column 3
          units: mV
          amplitude: [150, 255]

        - name: Down Shift
          channel: Column 4
          units: mV
          amplitude: [150, 255]

        - name: Up Shift
          channel: Column 5
          units: mV
          amplitude: [150, 255]

        - name: Right Shift
          channel: Column 6
          units: mV
          amplitude: [150, 255]

        - name: Left Shift
          channel: Column 7
          units: mV
          amplitude: [150, 255]









          

      

      

    

  

    
      
          
            
  
Configuring for Google Drive

neurotic can download files from Google Drive (see URLs to Use with Google Drive for
details on how to specify remote URLs). However, before this capability can
be used, you must complete some manual configuration.


Generating a Client Secret File

Because of limitations stated in Google’s Terms of Service on what
client-identifying credentials may be included with open source desktop
applications, it is not possible for neurotic to supply users with an
essential file needed for Google Drive access 1. This file is called the
client secret file, and you will need to generate one yourself. The
instructions in this section will walk you through this one-time process.

The file produced by following these steps, client_secret.json, does not
provide access to your Google account, so your account is not compromised if
the file falls into the wrong hands. However, it does identify you to Google as
the creator of that file whenever neurotic uses it to download files; for
this reason, you are discouraged from distributing this file to others, as
abuse of it could cause Google to invalidate it and sanction your account.

The steps below take advantage of a tutorial. If you know what you are doing,
you can generate your own client secret file from the Google API Console [https://console.developers.google.com]
instead of using the tutorial, but that procedure is much more complicated. The
tutorial is comparatively easy.


	Click the following link to open a web page. The web page is a tutorial for
accessing Google Drive programmatically, as neurotic does. You will not
need to follow the steps of this tutorial, but it does provide a convenient
shortcut for generating the client secret file.


https://developers.google.com/drive/api/v3/quickstart/python






	Click the button labeled “Enable the Drive API” in step 1 of the tutorial.
You may be prompted to log into Google, and then a series of dialog boxes
will take you through the configuration process. Follow these steps:



	Enter new project name: “neurotic”.


	Accept terms of service, if necessary.


	Click “Next”.


	Configure your OAuth client: Choose “Desktop app”.


	Click “Create”.


	Click “Download Client Configuration”, which will download a file called
credentials.json.


	Click “Done”.









	Rename credentials.json to client_secret.json.


	Launch neurotic. Under the Help menu, click “Open Google Drive credentials
directory”. Move the client_secret.json file into this folder.


	Finally, close and restart neurotic.







Authorizing neurotic to Access Google Drive

After you have created a client secret file and saved it to the right location,
you can attempt to download files from Google Drive using a properly configured
metadata file (see URLs to Use with Google Drive for details). When you do this for the
first time, or when you use the “Request Google Drive authorization now” action
under the Help menu, you will need to complete the following steps to authorize
neurotic to access your Google Drive:


	Your web browser will open and ask you to sign into a Google account before
continuing to “Quickstart”. This name comes from the tutorial used to make
the client secret file.

[image: Google Drive authorization flow, step 1]


	You will be presented with an intimidating warning about the app being
unverified by Google. You will see your own email listed as the software
developer because this warning is associated with the client secret file you
created.

[image: Google Drive authorization flow, step 2]


	Due to the terms-of-service limitations mentioned earlier, it is not
possible for neurotic to distribute a client secret file that would avoid
presenting you with this warning. This policy exists because open source
desktop applications can be modified by anyone with access to the system at
any time, making it impossible for Google to certify that the mutable app
has any particular identity and is safe. If you trust the application and
are willing to proceed without Google’s stamp of approval, click “Advanced”
to reveal more text, and then click “Go to Quickstart (unsafe)”, which will
take you past this warning.

[image: Google Drive authorization flow, step 3]


	To download files from your Google Drive, neurotic needs the privileges to
access and read those files. Click “Allow” to indicate that you want to
allow this. Note that again the app is referred to as “Quickstart” due to
the settings of the tutorial used to create the client secret file.

[image: Google Drive authorization flow, step 4]


	Click “Allow” another time to confirm. Again, “Quickstart” refers to your
client secret file, which neurotic will use.

[image: Google Drive authorization flow, step 5]


	When you see this message in your browser, you can close it: “The
authentication flow has completed.”




The authorization process should now be complete, and you can begin using
neurotic to access and download Google Drive files.




Making Google Drive Authorization Persistent

By default, authorization persists only until neurotic is closed. Each time
neurotic is restarted and you want to download from Google Drive again, you
will need to repeat the authorization procedure described above. You can avoid
this by configuring neurotic to retain the products of authorization (access
and refresh tokens) indefinitely. See Changing Default Behavior for details on the
global configuration file; by setting the save_tokens parameter under the
gdrive heading to true, you can minimize the frequency of authorization
requests.


Warning

Enabling save_tokens is not recommended on systems used by others you
do not trust. These others will be able to download files from your Google
Drive using neurotic with the same level of ease you experience, and with
access to the token file they could use it outside of neurotic to gain
read-only access to your Google Drive and your Shared Drives.






Purging Google Drive Authorization

If you need to use a different Google account than the one you previously
authorized neurotic to use, or if you had set save_tokens=true and now
want to remove the persistent access and refresh tokens from your system, you
can use the “Purge Google Drive authorization token” action from the Help menu.
After using this, you will need to complete the authorization procedure again,
and you will have the opportunity to select a different Google account.


	1

	See this StackOverflow question [https://stackoverflow.com/q/27585412] for an informal discussion.











          

      

      

    

  

    
      
          
            
  
Changing Default Behavior

Default parameters used by the app and by the command line interface, such
as which metadata file to open initially or whether Google Drive access tokens
should be stored indefinitely, can be configured using global configuration
settings located in .neurotic/neurotic-config.txt in your home directory:



	Windows: C:\Users\<username>\.neurotic\neurotic-config.txt


	macOS: /Users/<username>/.neurotic/neurotic-config.txt


	Linux: /home/<username>/.neurotic/neurotic-config.txt







The file can be opened easily using the “View global config file” menu action.
You may edit it to customize your settings. The next time you launch the app or
use the command line interface, your changes should be in effect.

If this file does not exist when neurotic is launched, the following template
is created for you:

# --- neurotic global config --------------------------------------------------
# Use this file to configure the way neurotic behaves. This file uses the TOML
# format.


[defaults]
# When the app is launched, the following customizable defaults are used unless
# overridden by command line arguments. Example uses include:
#   - Uncomment the "file" parameter and insert the path to your favorite
#     metadata file so that it always opens automatically
#   - Uncomment the "lazy" parameter and set it to false to always disable fast
#     loading, ensuring that expensive procedures like spike detection and
#     filtering are performed by default
# To open the example metadata file by default, either leave the "file"
# parameter unset, set it to false, or set it to "example". To initially select
# the first dataset in the file, either leave the "dataset" parameter unset,
# set it to false, or set it to "first".

# file = false
# dataset = false
# debug = false
# lazy = true
# thick_traces = false
# show_datetime = false
# ui_scale = "medium"
# theme = "light"


[gdrive]
# The "save_tokens" parameter controls how often you need to authorize neurotic
# to access your Google Drive account for downloads:
#   - Set "save_tokens" to true to remember Google Drive access tokens after
#     authorization, so that permissions only need to be granted once. This is
#     not recommended if others you do not trust have access to this computer,
#     as it could let them download files from your Google Drive account.
#   - Set "save_tokens" to false or leave it unset to forget access
#     authorization after neurotic closes. Each time you restart neurotic, you
#     will be required to re-grant permissions when you download a Google Drive
#     file.

# save_tokens = false


[app]
# When the app is launched, neurotic automatically checks for updates unless
# the "auto_check_for_updates" parameter is set to false.

# auto_check_for_updates = true









          

      

      

    

  

    
      
          
            
  
API Reference Guide

In addition to using neurotic as a standalone app, you can also leverage its
API in your own code.


Note

TL;DR: The easiest way to use neurotic in an interactive session or
script is by invoking neurotic.quick_launch(). For example:

>>> metadata = {'data_file': 'data.axgx'}
>>> neurotic.quick_launch(metadata=metadata)





or

>>> neurotic.quick_launch(blk=my_neo_block)







The core of the API consists of two classes and one function:


	neurotic.datasets.metadata.MetadataSelector: Read metadata files, download datasets


	neurotic.datasets.data.load_dataset(): Read datasets, apply filters and spike detection


	neurotic.gui.config.EphyviewerConfigurator: Launch ephyviewer




All public package contents are automatically imported directly into the
neurotic namespace. This means that a class like
neurotic.datasets.metadata.MetadataSelector can be accessed more compactly
as neurotic.MetadataSelector.


Datasets


	neurotic.datasets.data

	neurotic.datasets.download

	neurotic.datasets.ftpauth

	neurotic.datasets.gdrive

	neurotic.datasets.metadata






GUI


	neurotic.gui.config

	neurotic.gui.epochencoder

	neurotic.gui.notebook

	neurotic.gui.standalone






Other


	neurotic.scripts

	neurotic._elephant_tools









          

      

      

    

  

    
      
          
            
  
neurotic.datasets.data

The neurotic.datasets.data module implements a function for loading a
dataset from selected metadata.


	
neurotic.datasets.data.load_dataset(metadata, blk=None, lazy=False, signal_group_mode='split-all', filter_events_from_epochs=False)[source]

	Load a dataset.

metadata may be a MetadataSelector or a simple dictionary
containing the appropriate data.

The data_file in metadata is read into a Neo Block [https://neo.readthedocs.io/en/latest/api_reference.html#neo.core.Block] using an automatically detected neo.io [https://neo.readthedocs.io/en/latest/io.html#module-neo.io] class
if lazy=False or a neo.rawio [https://neo.readthedocs.io/en/latest/rawio.html#module-neo.rawio] class if lazy=True. If
data_file is unspecified, an empty Neo Block is created instead. If a
Neo Block is passed as blk, data_file is ignored.

Epochs and events loaded from annotations_file and
epoch_encoder_file and spike trains loaded from tridesclous_file
are added to the Neo Block.

If lazy=False, parameters given in metadata are used to apply
filters to the signals, to detect spikes using amplitude discriminators, to
calculate smoothed firing rates from spike trains, to detect bursts of
spikes, and to calculate the rectified area under the curve (RAUC) for each
signal.









          

      

      

    

  

    
      
          
            
  
neurotic.datasets.download

The neurotic.datasets.download module implements a general purpose
download function that handles connecting to remote servers, performing
authentication, and downloading files with progress reporting. The function
handles various errors and will automatically reprompt the user for login
credentials if a bad user name or password is given.

The module installs an urllib.request.HTTPBasicAuthHandler [https://docs.python.org/3/library/urllib.request.html#urllib.request.HTTPBasicAuthHandler] and a
neurotic.datasets.ftpauth.FTPBasicAuthHandler at import time.


	
neurotic.datasets.download.download(url, local_file, overwrite_existing=False, show_progress=True, bytes_per_chunk=8192)[source]

	Download a file.









          

      

      

    

  

    
      
          
            
  
neurotic.datasets.ftpauth

The neurotic.datasets.ftpauth module implements a
urllib.request [https://docs.python.org/3/library/urllib.request.html#module-urllib.request]-compatible FTP handler that prompts for and remembers
passwords.


	
class neurotic.datasets.ftpauth.FTPBasicAuthHandler(password_mgr=None)[source]

	This subclass of urllib.request.FTPHandler [https://docs.python.org/3/library/urllib.request.html#urllib.request.FTPHandler] implements basic
authentication management for FTP connections. Like
urllib.request.HTTPBasicAuthHandler [https://docs.python.org/3/library/urllib.request.html#urllib.request.HTTPBasicAuthHandler], this handler for FTP connections
has a password manager that it checks for login credentials before
connecting to a server.

This subclass also ensures that file size is included in the response
header, which can fail for some FTP servers if the original
FTPHandler [https://docs.python.org/3/library/urllib.request.html#urllib.request.FTPHandler] is used.

This handler can be installed globally in a Python session so that calls
to urllib.request.urlopen('ftp://...') [https://docs.python.org/3/library/urllib.request.html#urllib.request.urlopen]
will use it automatically:

>>> handler = FTPBasicAuthHandler()
>>> handler.add_password(None, uri, user, passwd)  # realm must be None
>>> opener = urllib.request.build_opener(handler)
>>> urllib.request.install_opener(opener)










	
neurotic.datasets.ftpauth.setup_ftpauth()[source]

	Install neurotic.datasets.ftpauth.FTPBasicAuthHandler as the
global default FTP handler.

Note that urllib.request.install_opener() [https://docs.python.org/3/library/urllib.request.html#urllib.request.install_opener] used here will remove all
other non-default handlers installed in a different opener, such as an
urllib.request.HTTPBasicAuthHandler [https://docs.python.org/3/library/urllib.request.html#urllib.request.HTTPBasicAuthHandler].









          

      

      

    

  

    
      
          
            
  
neurotic.datasets.gdrive

The neurotic.datasets.gdrive module implements a class for downloading
files from Google Drive using paths, rather than file IDs or shareable links.


	
class neurotic.datasets.gdrive.GoogleDriveDownloader(client_secret_file, tokens_file=None, save_tokens=False)[source]

	A class for downloading files from Google Drive using paths.

Files can be specified for download using URL-like paths of the form


gdrive://<drive name>/<folder 1>/<…>/<folder N>/<file name>




The “<drive name>” may be “My Drive” for files located in a personal
Google Drive, or it may be the name of a Shared Drive that the user has
permission to access.

Note that these URL-like paths are not equivalent to ordinary URLs
associated with Google Drive files, such as shareable links, which are
composed of pseudorandom file IDs and do not reveal anything about the name
of the file or the folders containing it.

This class can only download files that are uniquely identifiable by their
paths. Google Drive does not require file or folder names to be unique, so
two or more files or folders with identical names may coexist in a folder.
Such files and folders cannot be distinguished by their paths, so they
cannot be downloaded using this class. A download will fail while
traversing the file tree if at any step there is more than one folder or
file that matches the path.

This class manages access authorization, optionally saving authorization
tokens to a file so that the authorization flow does not need to be
repeated in the future.

The client_secret_file should be the path to a client secret file in
JSON format, obtained from the Google API Console [https://console.developers.google.com/]. The Drive API must be enabled
for the corresponding client.

If save_tokens=False, the authorization flow (a request via web browser
for permission to access Google Drive) will always run the first time a new
instance of this class is used, and authorization will not persist after
the instance is destroyed. If save_tokens=True and a file path is
provided with tokens_file, access/refresh tokens resulting from a
successful authorization are stored in the file, and tokens are loaded from
the file in the future, so that the authorization flow does not need to be
repeated.


	
GetSharedDrivesList()[source]

	Return information about available Shared Drives.






	
GetUserEmail()[source]

	Get the email address for the authorized Google Drive account.






	
authorize()[source]

	Obtain tokens for reading the contents of a Google Drive account.

If save_tokens=True, tokens will be loaded from the tokens_file
if possible. If tokens cannot be restored this way, or if the loaded
tokens have expired, an authorization flow will be initiated, prompting
the user through a web browser to grant read-only privileges to the
client associated with the client_secret_file. When the
authorization flow completes, if save_tokens=True, the newly
created tokens will be stored in the tokens_file for future use.

Authorization is performed automatically when needed, but this method
can be called directly to retrieve (and possibly store) tokens without
initiating a download.






	
deauthorize()[source]

	Forget tokens and delete the tokens_file. The authorization flow
will be required for the next download.






	
download(gdrive_url, local_file, overwrite_existing=False, show_progress=True, bytes_per_chunk=5242880)[source]

	Download a file from Google Drive using a URL-like path beginning with
“gdrive://”.






	
is_authorized()[source]

	Get the current authorization state.













          

      

      

    

  

    
      
          
            
  
neurotic.datasets.metadata

The neurotic.datasets.metadata module implements a class for reading
metadata files.


	
class neurotic.datasets.metadata.MetadataSelector(file=None, local_data_root=None, remote_data_root=None, initial_selection=None)[source]

	A class for managing metadata.

A metadata file can be specified at initialization, in which case it is
read immediately. The file contents are stored as a dictionary in
all_metadata.

>>> metadata = MetadataSelector(file='metadata.yml')
>>> print(metadata.all_metadata)





File contents can be reloaded after they have been changed, or after
changing file, using the load() method.

>>> metadata = MetadataSelector()
>>> metadata.file = 'metadata.yml'
>>> metadata.load()





A particular metadata set contained within the file can be selected at
initialization with initial_selection or later using the select()
method. After making a selection, the selected metadata set is accessible
at metadata.selected_metadata, e.g.

>>> metadata = MetadataSelector(file='metadata.yml')
>>> metadata.select('Data Set 5')
>>> print(metadata.selected_metadata['data_file'])





A compact indexing method is implemented that allows the selected metadata
set to be accessed directly, e.g.

>>> print(metadata['data_file'])





This allows the MetadataSelector to be passed to functions expecting a
simple dictionary corresponding to a single metadata set, and the selected
metadata set will be used automatically.

Files associated with the selected metadata set can be downloaded
individually or all together, e.g.

>>> metadata.download('video_file')





or

>>> metadata.download_all_data_files()





The absolute path to a local file or the full URL to a remote file
associated with the selected metadata set can be resolved with the
abs_path() and abs_url() methods, e.g.

>>> print(metadata.abs_path('data_file'))
>>> print(metadata.abs_url('data_file'))






	
abs_path(file)[source]

	Convert the relative path of file to an absolute path using
data_dir.






	
abs_url(file)[source]

	Convert the relative path of file to a full URL using
remote_data_dir.






	
all_metadata = None

	A dictionary containing the entire file contents, set by load().






	
download(file, **kwargs)[source]

	Download a file associated with the selected metadata set.

See neurotic.datasets.download.download() for possible keyword
arguments.






	
download_all_data_files(**kwargs)[source]

	Download all files associated with the selected metadata set.

See neurotic.datasets.download.download() for possible keyword
arguments.






	
keys

	The available metadata keys.






	
load()[source]

	Read the metadata file.






	
select(selection)[source]

	Select a metadata set.






	
selected_metadata

	The access point for the selected metadata set.













          

      

      

    

  

    
      
          
            
  
neurotic.gui.config

The neurotic.gui.config module implements a class for configuring and
launching ephyviewer for a loaded dataset.


	
class neurotic.gui.config.EphyviewerConfigurator(metadata, blk, lazy=False)[source]

	A class for launching ephyviewer for a dataset with configurable viewers.

At initialization, invalid viewers are automatically disabled (e.g., the
video viewer is disabled if video_file is not given in metadata).
Viewers can be hidden or shown before launch using the built-in methods.
Valid viewer names are:



	traces


	traces_rauc


	freqs


	spike_trains


	traces_rates


	epochs


	epoch_encoder


	video


	event_list


	data_frame







launch_ephyviewer() is provided for starting a new Qt app and
launching the ephyviewer main window all at once.
create_ephyviewer_window() generates just the ephyviewer window
and should be used if there is already a Qt app running.


	
create_ephyviewer_window(theme='light', ui_scale='medium', support_increased_line_width=False, show_datetime=False, datetime_format='%Y-%m-%d %H:%M:%S')[source]

	Load data into each ephyviewer viewer and return the main window.






	
disable(name)[source]

	Disable the viewer name.






	
enable(name)[source]

	Enable the viewer name.






	
hide(name)[source]

	Hide the viewer name.






	
hide_all()[source]

	Hide all viewers.






	
is_enabled(name)[source]

	Return whether the viewer name is enabled.






	
is_shown(name)[source]

	Return whether the viewer name is shown.






	
launch_ephyviewer(theme='light', ui_scale='medium', support_increased_line_width=False, show_datetime=False, datetime_format='%Y-%m-%d %H:%M:%S')[source]

	Start a Qt app and create an ephyviewer window.






	
show(name)[source]

	Show the viewer name.






	
show_all()[source]

	Show all viewers.













          

      

      

    

  

    
      
          
            
  
neurotic.gui.epochencoder

The neurotic.gui.epochencoder module implements a subclass of
ephyviewer.datasource.epochs.WritableEpochSource.


	
class neurotic.gui.epochencoder.NeuroticWritableEpochSource(filename, possible_labels, color_labels=None, channel_name='', backup=True)[source]

	A subclass of ephyviewer.datasource.epochs.WritableEpochSource for
custom CSV column formatting and automatic file backup.









          

      

      

    

  

    
      
          
            
  
neurotic.gui.notebook

The neurotic.gui.notebook module implements Jupyter notebook widget
counterparts for the MetadataSelector and the
EphyviewerConfigurator.


	
class neurotic.gui.notebook.MetadataSelectorWidget(file=None, local_data_root=None, remote_data_root=None, initial_selection=None)[source]

	Interactive list box for Jupyter notebooks that allows the user to select
which metadata set they would like to work with.

>>> metadata = MetadataSelectorWidget(file='metadata.yml')
>>> display(metadata)





After clicking on an item in the list, the selected metadata set is
accessible at metadata.selected_metadata, e.g.

>>> metadata.selected_metadata['data_file']





A compact indexing method is implemented that allows the selected metadata
set to be accessed directly, e.g.

>>> metadata['data_file']





This allows the MetadataSelectorWidget to be passed to functions expecting a
simple dictionary corresponding to a single metadata set, and the selected
metadata set will be used automatically.






	
class neurotic.gui.notebook.EphyviewerConfiguratorWidget(metadata, blk, lazy=False)[source]

	Interactive button grid for Jupyter notebooks that allows the user to
select which ephyviewer viewers they would like to display and then launch
ephyviewer.


	
disable(name)[source]

	Disable the viewer name.






	
enable(name)[source]

	Enable the viewer name.






	
hide(name)[source]

	Hide the viewer name.






	
show(name)[source]

	Show the viewer name.













          

      

      

    

  

    
      
          
            
  
neurotic.gui.standalone

The neurotic.gui.standalone module implements the main window of the
app.


	
class neurotic.gui.standalone.MainWindow(file=None, initial_selection=None, lazy=True, theme='light', ui_scale='medium', support_increased_line_width=False, show_datetime=False)[source]

	The main window of the app.









          

      

      

    

  

    
      
          
            
  
neurotic.scripts

The neurotic.scripts module handles starting the app from the command
line. It also provides a convenience function for quickly launching the app
using minimal metadata or an existing Neo Block [https://neo.readthedocs.io/en/latest/api_reference.html#neo.core.Block], and
another for starting a Jupyter server with an example notebook.


	
neurotic.scripts.quick_launch(metadata={}, blk=None, lazy=True)[source]

	Load data, configure the GUI, and launch the app with one convenient
function.

This function allows neurotic to be used easily in interactive sessions
and scripts. For example, dictionaries can be passed as metadata:

>>> metadata = {'data_file': 'data.axgx'}
>>> neurotic.quick_launch(metadata=metadata)





An existing Neo Block [https://neo.readthedocs.io/en/latest/api_reference.html#neo.core.Block] can be passed directly:

>>> neurotic.quick_launch(blk=my_neo_block)





This function is equivalent to the following:

>>> blk = load_dataset(metadata, blk, lazy=lazy)
>>> ephyviewer_config = EphyviewerConfigurator(metadata, blk, lazy=lazy)
>>> ephyviewer_config.show_all()
>>> ephyviewer_config.launch_ephyviewer()










	
neurotic.scripts.launch_example_notebook()[source]

	Start a Jupyter server and open the example notebook.









          

      

      

    

  

    
      
          
            
  
neurotic._elephant_tools

The neurotic._elephant_tools module contains functions and classes
copied from the elephant [https://elephant.readthedocs.io/en/latest] package, which are included for convenience and to
eliminate dependency on that package. Original code that builds on this work
(e.g., a new kernel) is also contained in this module.


Warning

This module and the functions and classes it contains are not intended to
be part of neurotic’s public API, so the module name begins with an
underscore. This module may be moved, renamed, or removed at a future date
and replaced with explicit dependence on the elephant [https://elephant.readthedocs.io/en/latest] package.




	
class neurotic._elephant_tools.CausalAlphaKernel(sigma, invert=False)[source]

	This modified version of elephant.kernels.AlphaKernel [https://elephant.readthedocs.io/en/latest/reference/toctree/kernels/elephant.kernels.AlphaKernel.html#elephant.kernels.AlphaKernel] shifts time
such that convolution of the kernel with spike trains (as in
elephant.statistics.instantaneous_rate() [https://elephant.readthedocs.io/en/latest/reference/toctree/statistics/elephant.statistics.instantaneous_rate.html#elephant.statistics.instantaneous_rate]) results in alpha functions
that begin rising at the spike time, not before. The entire area of the
kernel comes after the spike, rather than half before and half after, as
with AlphaKernel [https://elephant.readthedocs.io/en/latest/reference/toctree/kernels/elephant.kernels.AlphaKernel.html#elephant.kernels.AlphaKernel]. Consequently,
CausalAlphaKernel can be used in causal filters.

The equation used for CausalAlphaKernel is


\[\begin{split}K(t) = \left\{\begin{array}{ll} (1 / \tau^2)
\ t\ \exp{(-t / \tau)}, & t > 0 \\
0, & t \leq 0 \end{array} \right.\end{split}\]

with \(\tau = \sigma / \sqrt{2}\), where \(\sigma\) is the
parameter passed to the class initializer.

In neuroscience a popular application of kernels is in performing smoothing
operations via convolution. In this case, the kernel has the properties of
a probability density, i.e., it is positive and normalized to one. Popular
choices are the rectangular or Gaussian kernels.

Exponential and alpha kernels may also be used to represent the postynaptic
current / potentials in a linear (current-based) model.


	sigmaQuantity scalar

	Standard deviation of the kernel.



	invert: bool, optional

	If true, asymmetric kernels (e.g., exponential
or alpha kernels) are inverted along the time axis.
Default: False
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neurotic 1.5.0

2021-01-17

This release’s biggest feature is Google Drive integration: Use neurotic to
fetch data files from either My Drive or Shared Drives (formerly known as Team
Drives). Read more here: URLs to Use with Google Drive and Configuring for Google Drive.

Additionally, you can now customize some default settings for neurotic, such
as which metadata file is opened by default. Read more here:
Changing Default Behavior.


New features


	Add capability to download files from Google Drive
(#294 [https://github.com/jpgill86/neurotic/pull/294], #297 [https://github.com/jpgill86/neurotic/pull/297], #309 [https://github.com/jpgill86/neurotic/pull/309])


	Allow users to change defaults in a global configuration file
(#285 [https://github.com/jpgill86/neurotic/pull/285], #304 [https://github.com/jpgill86/neurotic/pull/304])







Improvements


	Automatically check for updates when the app is launched
(#307 [https://github.com/jpgill86/neurotic/pull/307], #310 [https://github.com/jpgill86/neurotic/pull/310])


	Remove incomplete files when a download is interrupted
(#280 [https://github.com/jpgill86/neurotic/pull/280])


	Add amplitude discriminator parameter for extrema type (detect peaks or
troughs)
(#284 [https://github.com/jpgill86/neurotic/pull/284])


	Annotate detected spike trains with amplitude discriminator units and epoch
(#281 [https://github.com/jpgill86/neurotic/pull/281], #282 [https://github.com/jpgill86/neurotic/pull/282], #284 [https://github.com/jpgill86/neurotic/pull/284])







Documentation


	Many aesthetic and content improvements to the documentation
(#256 [https://github.com/jpgill86/neurotic/pull/256], #268 [https://github.com/jpgill86/neurotic/pull/268], #269 [https://github.com/jpgill86/neurotic/pull/269], #272 [https://github.com/jpgill86/neurotic/pull/272], #273 [https://github.com/jpgill86/neurotic/pull/273], #274 [https://github.com/jpgill86/neurotic/pull/274], #275 [https://github.com/jpgill86/neurotic/pull/275],
#295 [https://github.com/jpgill86/neurotic/pull/295], #298 [https://github.com/jpgill86/neurotic/pull/298], #302 [https://github.com/jpgill86/neurotic/pull/302], #303 [https://github.com/jpgill86/neurotic/pull/303], #305 [https://github.com/jpgill86/neurotic/pull/305], #306 [https://github.com/jpgill86/neurotic/pull/306], #308 [https://github.com/jpgill86/neurotic/pull/308])







Testing


	Transition to GitHub Actions for automated testing
(#286 [https://github.com/jpgill86/neurotic/pull/286], #287 [https://github.com/jpgill86/neurotic/pull/287], #299 [https://github.com/jpgill86/neurotic/pull/299], #301 [https://github.com/jpgill86/neurotic/pull/301])


	Add tests for and declare support for Python 3.9
(#283 [https://github.com/jpgill86/neurotic/pull/283])


	Exclude py files not part of the main package from coverage reports
(#300 [https://github.com/jpgill86/neurotic/pull/300])










          

      

      

    

  

    
      
          
            
  
neurotic 1.4.1

2020-03-15


Improvements


	Add neurotic_version parameter to metadata
(#247 [https://github.com/jpgill86/neurotic/pull/247])


	Revised and added new example datasets
(#250 [https://github.com/jpgill86/neurotic/pull/250], #251 [https://github.com/jpgill86/neurotic/pull/251])







Bug fixes


	Fix broken import of Neo’s generate_one_simple_block in example notebook
(#253 [https://github.com/jpgill86/neurotic/pull/253])


	Fix default font size determination in scripts and Jupyter notebooks
(#249 [https://github.com/jpgill86/neurotic/pull/249])







Other changes


	Make “large” UI scale larger and “huge” UI scale huger
(#244 [https://github.com/jpgill86/neurotic/pull/244])


	Scale loading message with other fonts
(#245 [https://github.com/jpgill86/neurotic/pull/245])


	Address numpy FutureWarning when epoch list is empty
(#248 [https://github.com/jpgill86/neurotic/pull/248])







Documentation


	Add project acronym to package description, app, and docs
(#252 [https://github.com/jpgill86/neurotic/pull/252])


	Building of standalone installers is now automated
(#254 [https://github.com/jpgill86/neurotic/pull/254])










          

      

      

    

  

    
      
          
            
  
neurotic 1.4.0

2020-03-04


New features


	Add computation of smoothed firing rates for spike trains
(#189 [https://github.com/jpgill86/neurotic/pull/189])


	Add quick_launch function for easier scripting and interactive sessions
(#191 [https://github.com/jpgill86/neurotic/pull/191], #196 [https://github.com/jpgill86/neurotic/pull/196])


	Add blk param to load_dataset for using existing Neo Block
(#196 [https://github.com/jpgill86/neurotic/pull/196])


	Add rec_datetime metadata parameter for setting real-world start time
(#190 [https://github.com/jpgill86/neurotic/pull/190])


	Add past_fraction metadata parameter for controlling the placement of the
vertical line marking the current time
(#220 [https://github.com/jpgill86/neurotic/pull/220])


	Add color options for signal plots to metadata
(#177 [https://github.com/jpgill86/neurotic/pull/177])


	Add options for scaling the user interface
(#222 [https://github.com/jpgill86/neurotic/pull/222], #241 [https://github.com/jpgill86/neurotic/pull/241], #242 [https://github.com/jpgill86/neurotic/pull/242])


	Add launch via double click in standalone app
(#218 [https://github.com/jpgill86/neurotic/pull/218])







Help & feedback


	Display loading indicator when launching in the standalone app
(#223 [https://github.com/jpgill86/neurotic/pull/223])


	Prompt the user to reload metadata after using the menu to edit metadata
(#226 [https://github.com/jpgill86/neurotic/pull/226])


	Show “Downloads complete” in app status bar and in log
(#219 [https://github.com/jpgill86/neurotic/pull/219])


	Add menu action status tips to standalone app
(#221 [https://github.com/jpgill86/neurotic/pull/221], #240 [https://github.com/jpgill86/neurotic/pull/240])


	Add “Check for updates” to help menu
(#201 [https://github.com/jpgill86/neurotic/pull/201])


	Add Help menu actions for opening common URLs
(#198 [https://github.com/jpgill86/neurotic/pull/198], #230 [https://github.com/jpgill86/neurotic/pull/230])


	Add Python version and neurotic install path to About window
(#181 [https://github.com/jpgill86/neurotic/pull/181])


	Display common error messages to status bar in standalone app
(#225 [https://github.com/jpgill86/neurotic/pull/225])


	Display a splash screen when first starting the standalone app
(#224 [https://github.com/jpgill86/neurotic/pull/224])







Jupyter tutorial

Start the tutorial using neurotic --launch-example-notebook or view it
here [https://github.com/jpgill86/neurotic/blob/master/neurotic/example/example-notebook.ipynb].


	Add API tutorial to example Jupyter notebook
(#234 [https://github.com/jpgill86/neurotic/pull/234], #236 [https://github.com/jpgill86/neurotic/pull/236])


	Add shell commands to example Jupyter notebook for installing neurotic
(#185 [https://github.com/jpgill86/neurotic/pull/185])







Other changes


	Move RAUC calculations to load_dataset and store them as annotations
(#188 [https://github.com/jpgill86/neurotic/pull/188])


	Disable RAUC calculations by default
(#193 [https://github.com/jpgill86/neurotic/pull/193])


	Allow data_file to be unspecified in metadata and signals to be optional
(#195 [https://github.com/jpgill86/neurotic/pull/195])


	Ignore video_file if PyAV is not installed
(#231 [https://github.com/jpgill86/neurotic/pull/231])


	Rename elephant functions
(#183 [https://github.com/jpgill86/neurotic/pull/183])







Bug fixes


	Fix crash when plots list is empty
(#217 [https://github.com/jpgill86/neurotic/pull/217])


	Fix plotted signal sampling rate and start time if units are not Hz and sec, respectively
(#194 [https://github.com/jpgill86/neurotic/pull/194])


	Fix incompatibility with old versions of tqdm and unknown download size
(#184 [https://github.com/jpgill86/neurotic/pull/184])







Documentation


	Improve installation and updating documentation
(#180 [https://github.com/jpgill86/neurotic/pull/180], #229 [https://github.com/jpgill86/neurotic/pull/229])







Logging


	Add package logger and permanent log file
(#174 [https://github.com/jpgill86/neurotic/pull/174])


	Log fatal errors in standalone app instead of crashing
(#176 [https://github.com/jpgill86/neurotic/pull/176])


	Add CLI and GUI options for enabling debug log messages
(#178 [https://github.com/jpgill86/neurotic/pull/178])


	Raise the default threshold for PyAV messages from warning to critical
(#179 [https://github.com/jpgill86/neurotic/pull/179])










          

      

      

    

  

    
      
          
            
  
neurotic 1.3.0

2020-01-07


Improvements


	Add burst detection via firing rate thresholding
(#156 [https://github.com/jpgill86/neurotic/pull/156])


	Add button for auto-scaling signals to main window
(#150 [https://github.com/jpgill86/neurotic/pull/150])


	Add metadata color parameters for amplitude_discriminators
(#166 [https://github.com/jpgill86/neurotic/pull/166])


	Add metadata parameters rauc_baseline and rauc_bin_duration
(#151 [https://github.com/jpgill86/neurotic/pull/151])


	Make data_dir default to metadata file directory
(#163 [https://github.com/jpgill86/neurotic/pull/163])







Bug fixes


	Unmask FileNotFoundError when local data file is missing
(#154 [https://github.com/jpgill86/neurotic/pull/154])







Documentation


	Add Zenodo archive badge
(#162 [https://github.com/jpgill86/neurotic/pull/162])










          

      

      

    

  

    
      
          
            
  
neurotic 1.2.1

2019-12-09


Bug fixes


	Fix loading using Neo IOs lacking signals_group_mode (TypeError:
read_block() got an unexpected keyword argument 'signal_group_mode')
(#143 [https://github.com/jpgill86/neurotic/pull/143])










          

      

      

    

  

    
      
          
            
  
neurotic 1.2.0

2019-12-06

neurotic should now have broader compatibility with file types supported by
Neo’s neo.io [https://neo.readthedocs.io/en/latest/io.html#module-neo.io] classes thanks to two new metadata parameters: io_class
and io_args. See Data Reader (Neo) Settings for details.

neurotic is now available on conda-forge! See Alternate Method: conda (recommended for Pythonistas) for
details on how to install.


Improvements


	Add metadata parameters io_class and io_args
(#137 [https://github.com/jpgill86/neurotic/pull/137])







Documentation


	Add conda-forge installation instructions
(#128 [https://github.com/jpgill86/neurotic/pull/128])










          

      

      

    

  

    
      
          
            
  
neurotic 1.1.1

2019-10-17


Changes


	Remove elephant as a dependency
(#120 [https://github.com/jpgill86/neurotic/pull/120])










          

      

      

    

  

    
      
          
            
  
neurotic 1.1.0

2019-10-09


Improvements


	Add API parameters and CLI argument for displaying the real-world date and
time (potentially inaccurate)
(#110 [https://github.com/jpgill86/neurotic/pull/110], #118 [https://github.com/jpgill86/neurotic/pull/118])


	Add printer-friendly theme (white background)
(#114 [https://github.com/jpgill86/neurotic/pull/114])







Documentation


	Add documentation of GIN URLs for public and private repos
(#113 [https://github.com/jpgill86/neurotic/pull/113])










          

      

      

    

  

    
      
          
            
  
neurotic 1.0.0

2019-07-27

🎊 First stable release! 🎉


Improvements


	Major API changes
(#104 [https://github.com/jpgill86/neurotic/pull/104], #100 [https://github.com/jpgill86/neurotic/pull/100], #106 [https://github.com/jpgill86/neurotic/pull/106])



	In preparation for this stable release, many formerly public classes and
functions were made private. This was done to minimize the number of
public classes/functions, which beginning with this release will be
treated as stable APIs that are ideally modified only in backwards
compatible ways. Users should trust that public classes and functions
will not be changed without good reason and a major version bump.









	Many improvements to the documentation, including the addition of an API
Reference Guide [https://neurotic.readthedocs.io/en/latest/api.html]


	Add example Jupyter notebook and command line argument for launching it
(#108 [https://github.com/jpgill86/neurotic/pull/108])


	Add file overwrite option to download functions
(#106 [https://github.com/jpgill86/neurotic/pull/106])


	Reserve the metadata keyword neurotic_config for global parameters
(#93 [https://github.com/jpgill86/neurotic/pull/93])



	The remote_data_root key must now be nested under
neurotic_config.














Bug fixes


	Fix crash when epoch encoder file contains labels not listed in metadata
(#97 [https://github.com/jpgill86/neurotic/pull/97])


	Allow amplitude discriminators to be specified with arbitrary units
(#99 [https://github.com/jpgill86/neurotic/pull/99])










          

      

      

    

  

    
      
          
            
  
neurotic 0.7.0

2019-07-21


Improvements


	New documentation hosted at Read the Docs: https://neurotic.readthedocs.io


	Add menu action for opening metadata in editor
(#83 [https://github.com/jpgill86/neurotic/pull/83])


	Add menu action for opening the selected data directory
(#84 [https://github.com/jpgill86/neurotic/pull/84])


	Add list of installed versions of dependencies and doc links to About window
(#44 [https://github.com/jpgill86/neurotic/pull/44], #65 [https://github.com/jpgill86/neurotic/pull/65])







Bug fixes


	Fix files remaining locked after closing a fast-loaded window
(#69 [https://github.com/jpgill86/neurotic/pull/69])


	Fix launching from command line with bad metadata argument
(#82 [https://github.com/jpgill86/neurotic/pull/82])










          

      

      

    

  

    
      
          
            
  
neurotic 0.6.0

2019-07-10


Improvements


	Add a basic “About neurotic” window with version and website information
(#38 [https://github.com/jpgill86/neurotic/pull/38])


	Update logo
(#39 [https://github.com/jpgill86/neurotic/pull/39])


	Add keywords and project URLs to package metadata
(#40 [https://github.com/jpgill86/neurotic/pull/40])










          

      

      

    

  

    
      
          
            
  
neurotic 0.5.1

2019-07-09


Compatibility updates


	Compatibility update for RawIOs with non-zero offset
(#37 [https://github.com/jpgill86/neurotic/pull/37])










          

      

      

    

  

    
      
          
            
  
neurotic 0.5.0

2019-07-06


Improvements


	Support fast (lazy) loading in Neo < 0.8.0
(#35 [https://github.com/jpgill86/neurotic/pull/35])


	Add “git.” and conditionally “.dirty” to dev local version identifier
(#34 [https://github.com/jpgill86/neurotic/pull/34])










          

      

      

    

  

    
      
          
            
  
neurotic 0.4.2

2019-07-06


Bug fixes


	Fix for EstimateVideoJumpTimes regression introduced in 0.4.0
(#33 [https://github.com/jpgill86/neurotic/pull/33])










          

      

      

    

  

    
      
          
            
  
neurotic 0.4.1

2019-07-02


Compatibility updates


	Change sources of development versions of dependencies
(#32 [https://github.com/jpgill86/neurotic/pull/32])


	Compatibility update for scaling of raw signals
(#31 [https://github.com/jpgill86/neurotic/pull/31])










          

      

      

    

  

    
      
          
            
  
neurotic 0.4.0

2019-07-01


Improvements


	Show epochs imported from CSV files with zero duration in epoch viewer
(#27 [https://github.com/jpgill86/neurotic/pull/27])


	Show epochs/events imported from data file in events list/epoch viewer
(#28 [https://github.com/jpgill86/neurotic/pull/28])


	Alphabetize epoch and event channels by name
(#29 [https://github.com/jpgill86/neurotic/pull/29])










          

      

      

    

  

    
      
          
            
  
neurotic 0.3.0

2019-06-29


Improvements


	Remove dependency on ipywidgets by making notebook widgets optional
(#25 [https://github.com/jpgill86/neurotic/pull/25])


	Notebook widget classes renamed:
MetadataSelector → MetadataSelectorWidget,
EphyviewerConfigurator → EphyviewerConfiguratorWidget






	Add app description and screenshot to README
(#22 [https://github.com/jpgill86/neurotic/pull/22])


	Promote to beta status
(#23 [https://github.com/jpgill86/neurotic/pull/23])










          

      

      

    

  

    
      
          
            
  
neurotic 0.2.0

2019-06-28


Improvements


	Add basic command line arguments
(#14 [https://github.com/jpgill86/neurotic/pull/14])


	Add continuous integration with Travis CI for automated testing
(#13 [https://github.com/jpgill86/neurotic/pull/13])


	Add some tests
(#15 [https://github.com/jpgill86/neurotic/pull/15],
#16 [https://github.com/jpgill86/neurotic/pull/16])


	Migrate example data to GIN
(#18 [https://github.com/jpgill86/neurotic/pull/18])







Bug fixes


	Fix crash when downloading from a server that does not report file size
(#17 [https://github.com/jpgill86/neurotic/pull/17])


	Raise an exception if a Neo RawIO cannot be found for the data file
(#12 [https://github.com/jpgill86/neurotic/pull/12])










          

      

      

    

  

    
      
          
            
  
neurotic 0.1.1

2019-06-22


Bug fixes


	Fix various downloader errors
(#7 [https://github.com/jpgill86/neurotic/pull/7])










          

      

      

    

  

    
      
          
            
  
neurotic 0.1.0

2019-06-22


	First release
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  All modules for which code is available
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  Source code for neurotic._elephant_tools

# -*- coding: utf-8 -*-
"""
The :mod:`neurotic._elephant_tools` module contains functions and classes
copied from the elephant_ package, which are included for convenience and to
eliminate dependency on that package. Original code that builds on this work
(e.g., a new kernel) is also contained in this module.

.. warning::

    This module and the functions and classes it contains are not intended to
    be part of *neurotic*'s public API, so the module name begins with an
    underscore. This module may be moved, renamed, or removed at a future date
    and replaced with explicit dependence on the elephant_ package.

.. _elephant: https://elephant.readthedocs.io/en/latest

.. autoclass:: CausalAlphaKernel
"""

# elephant is licensed under BSD-3-Clause:
#
# Copyright (c) 2014-2019, Elephant authors and contributors All rights reserved.
#
# Redistribution and use in source and binary forms, with or without modification,
# are permitted provided that the following conditions are met:
#
# * Redistributions of source code must retain the above copyright notice, this
# * list of conditions and the following disclaimer. Redistributions in binary
# * form must reproduce the above copyright notice, this list of conditions and
# * the following disclaimer in the documentation and/or other materials provided
# * with the distribution. Neither the names of the copyright holders nor the
# * names of the contributors may be used to endorse or promote products derived
# * from this software without specific prior written permission.
#
# THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND
# ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED
# WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE
# DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT HOLDER OR CONTRIBUTORS BE LIABLE FOR
# ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
# (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;
# LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON
# ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
# (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
# SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.


import warnings
import numpy as np
import scipy.signal
import scipy.special
import quantities as pq
from quantities import ms, mV, Hz, Quantity, dimensionless
import neo
from neo import SpikeTrain

import logging
logger = logging.getLogger(__name__)


###############################################################################
# elephant.kernels

def inherit_docstring(fromfunc, sep=""):
    """
    Decorator: Copy the docstring of `fromfunc`

    based on:
    http://stackoverflow.com/questions/13741998/
    is-there-a-way-to-let-classes-inherit-the-documentation-of-their-superclass-with
    """
    def _decorator(func):
        parent_doc = fromfunc.__doc__
        if func.__doc__ is None:
            func.__doc__ = parent_doc
        else:
            func.__doc__ = sep.join([parent_doc, func.__doc__])
        return func
    return _decorator

class Kernel(object):
    """
    This is the base class for commonly used kernels.

    General definition of kernel:
    A function :math:`K(x, y)` is called a kernel function if
    :math:`\\int K(x, y) g(x) g(y)\\ \\textrm{d}x\\ \\textrm{d}y
    \\ \\geq 0\\ \\ \\ \\forall\\ g \\in L_2`

    Currently implemented kernels are:
        - rectangular
        - triangular
        - epanechnikovlike
        - gaussian
        - laplacian
        - exponential (asymmetric)
        - alpha function (asymmetric)

    In neuroscience a popular application of kernels is in performing smoothing
    operations via convolution. In this case, the kernel has the properties of
    a probability density, i.e., it is positive and normalized to one. Popular
    choices are the rectangular or Gaussian kernels.

    Exponential and alpha kernels may also be used to represent the postynaptic
    current / potentials in a linear (current-based) model.

    Parameters
    ----------
    sigma : Quantity scalar
        Standard deviation of the kernel.
    invert: bool, optional
        If true, asymmetric kernels (e.g., exponential
        or alpha kernels) are inverted along the time axis.
        Default: False
    """

    def __init__(self, sigma, invert=False):

        if not (isinstance(sigma, pq.Quantity)):
            raise TypeError("sigma must be a quantity!")

        if sigma.magnitude < 0:
            raise ValueError("sigma cannot be negative!")

        if not isinstance(invert, bool):
            raise ValueError("invert must be bool!")

        self.sigma = sigma
        self.invert = invert

    def __call__(self, t):
        """
        Evaluates the kernel at all points in the array `t`.

        Parameter
        ---------
        t : Quantity 1D
            Interval on which the kernel is evaluated, not necessarily
            a time interval.

        Returns
        -------
            Quantity 1D
            The result of the kernel evaluations.
        """
        if not (isinstance(t, pq.Quantity)):
            raise TypeError("The argument of the kernel callable must be "
                            "of type quantity!")

        if t.dimensionality.simplified != self.sigma.dimensionality.simplified:
            raise TypeError("The dimensionality of sigma and the input array "
                            "to the callable kernel object must be the same. "
                            "Otherwise a normalization to 1 of the kernel "
                            "cannot be performed.")

        self._sigma_scaled = self.sigma.rescale(t.units)
        # A hidden variable _sigma_scaled is introduced here in order to avoid
        # accumulation of floating point errors of sigma upon multiple
        # usages of the __call__ - function for the same Kernel instance.

        return self._evaluate(t)

    def _evaluate(self, t):
        """
        Evaluates the kernel.

        Parameter
        ---------
        t : Quantity 1D
            Interval on which the kernel is evaluated, not necessarily
            a time interval.

        Returns
        -------
            Quantity 1D
            The result of the kernel evaluation.
        """
        raise NotImplementedError("The Kernel class should not be used directly, "
                                  "instead the subclasses for the single kernels.")

    def boundary_enclosing_area_fraction(self, fraction):
        """
        Calculates the boundary :math:`b` so that the integral from
        :math:`-b` to :math:`b` encloses a certain fraction of the
        integral over the complete kernel. By definition the returned value
        of the method boundary_enclosing_area_fraction is hence non-negative,
        even if the whole probability mass of the kernel is concentrated over
        negative support for inverted kernels.

        Parameter
        ---------
        fraction : float
            Fraction of the whole area which has to be enclosed.

        Returns
        -------
            Quantity scalar
            Boundary of the kernel containing area `fraction` under the
            kernel density.
        """
        self._check_fraction(fraction)
        sigma_division = 500            # arbitrary choice
        interval = self.sigma / sigma_division
        self._sigma_scaled = self.sigma
        area = 0
        counter = 0
        while area < fraction:
            area += (self._evaluate((counter + 1) * interval) +
                     self._evaluate(counter * interval)) * interval / 2
            area += (self._evaluate(-1 * (counter + 1) * interval) +
                     self._evaluate(-1 * counter * interval)) * interval / 2
            counter += 1
            if(counter > 250000):
                raise ValueError("fraction was chosen too close to one such "
                                 "that in combination with integral "
                                 "approximation errors the calculation of a "
                                 "boundary was not possible.")
        return counter * interval

    def _check_fraction(self, fraction):
        """
        Checks the input variable of the method boundary_enclosing_area_fraction
        for validity of type and value.

        Parameter
        ---------
        fraction : float or int
            Fraction of the area under the kernel function.
        """
        if not isinstance(fraction, (float, int)):
            raise TypeError("`fraction` must be float or integer!")
        if not 0 <= fraction < 1:
            raise ValueError("`fraction` must be in the interval [0, 1)!")

    def median_index(self, t):
        """
        Estimates the index of the Median of the kernel.
        This parameter is not mandatory for symmetrical kernels but it is
        required when asymmetrical kernels have to be aligned at their median.

        Parameter
        ---------
        t : Quantity 1D
            Interval on which the kernel is evaluated,

        Returns
        -------
            int
            Index of the estimated value of the kernel median.

        Remarks
        -------
        The formula in this method using retrieval of the sampling interval
        from t only works for t with equidistant intervals!
        The formula calculates the Median slightly wrong by the potentially
        ignored probability in the distribution corresponding to lower values
        than the minimum in the array t.
        """
        return np.nonzero(self(t).cumsum() *
                          (t[len(t) - 1] - t[0]) / (len(t) - 1) >= 0.5)[0].min()

    def is_symmetric(self):
        """
        In the case of symmetric kernels, this method is overwritten in the
        class SymmetricKernel, where it returns 'True', hence leaving the
        here returned value 'False' for the asymmetric kernels.
        """
        return False

class SymmetricKernel(Kernel):
    """
    Base class for symmetric kernels.

    Derived from:
    """
    __doc__ += Kernel.__doc__

    def is_symmetric(self):
        return True

class RectangularKernel(SymmetricKernel):
    """
    Class for rectangular kernels

    .. math::
        K(t) = \\left\\{\\begin{array}{ll} \\frac{1}{2 \\tau}, & |t| < \\tau \\\\
        0, & |t| \\geq \\tau \\end{array} \\right.

    with :math:`\\tau = \\sqrt{3} \\sigma` corresponding to the half width
    of the kernel.

    Besides the standard deviation `sigma`, for consistency of interfaces the
    parameter `invert` needed for asymmetric kernels also exists without
    having any effect in the case of symmetric kernels.

    Derived from:
    """
    __doc__ += SymmetricKernel.__doc__

    @property
    def min_cutoff(self):
        min_cutoff = np.sqrt(3.0)
        return min_cutoff

    @inherit_docstring(Kernel._evaluate)
    def _evaluate(self, t):
        return (0.5 / (np.sqrt(3.0) * self._sigma_scaled)) * \
               (np.absolute(t) < np.sqrt(3.0) * self._sigma_scaled)

    @inherit_docstring(Kernel.boundary_enclosing_area_fraction)
    def boundary_enclosing_area_fraction(self, fraction):
        self._check_fraction(fraction)
        return np.sqrt(3.0) * self.sigma * fraction

class TriangularKernel(SymmetricKernel):
    """
    Class for triangular kernels

    .. math::
        K(t) = \\left\\{ \\begin{array}{ll} \\frac{1}{\\tau} (1
        - \\frac{|t|}{\\tau}), & |t| < \\tau \\\\
         0, & |t| \\geq \\tau \\end{array} \\right.

    with :math:`\\tau = \\sqrt{6} \\sigma` corresponding to the half width of
    the kernel.

    Besides the standard deviation `sigma`, for consistency of interfaces the
    parameter `invert` needed for asymmetric kernels also exists without
    having any effect in the case of symmetric kernels.

    Derived from:
    """
    __doc__ += SymmetricKernel.__doc__

    @property
    def min_cutoff(self):
        min_cutoff = np.sqrt(6.0)
        return min_cutoff

    @inherit_docstring(Kernel._evaluate)
    def _evaluate(self, t):
        return (1.0 / (np.sqrt(6.0) * self._sigma_scaled)) * np.maximum(
            0.0,
            (1.0 - (np.absolute(t) /
                    (np.sqrt(6.0) * self._sigma_scaled)).magnitude))

    @inherit_docstring(Kernel.boundary_enclosing_area_fraction)
    def boundary_enclosing_area_fraction(self, fraction):
        self._check_fraction(fraction)
        return np.sqrt(6.0) * self.sigma * (1 - np.sqrt(1 - fraction))

class EpanechnikovLikeKernel(SymmetricKernel):
    """
    Class for epanechnikov-like kernels

    .. math::
        K(t) = \\left\\{\\begin{array}{ll} (3 /(4 d)) (1 - (t / d)^2),
        & |t| < d \\\\
        0, & |t| \\geq d \\end{array} \\right.

    with :math:`d = \\sqrt{5} \\sigma` being the half width of the kernel.

    The Epanechnikov kernel under full consideration of its axioms has a half
    width of :math:`\\sqrt{5}`. Ignoring one axiom also the respective kernel
    with half width = 1 can be called Epanechnikov kernel.
    ( https://de.wikipedia.org/wiki/Epanechnikov-Kern )
    However, arbitrary width of this type of kernel is here preferred to be
    called 'Epanechnikov-like' kernel.

    Besides the standard deviation `sigma`, for consistency of interfaces the
    parameter `invert` needed for asymmetric kernels also exists without
    having any effect in the case of symmetric kernels.

    Derived from:
    """
    __doc__ += SymmetricKernel.__doc__

    @property
    def min_cutoff(self):
        min_cutoff = np.sqrt(5.0)
        return min_cutoff

    @inherit_docstring(Kernel._evaluate)
    def _evaluate(self, t):
        return (3.0 / (4.0 * np.sqrt(5.0) * self._sigma_scaled)) * np.maximum(
            0.0,
            1 - (t / (np.sqrt(5.0) * self._sigma_scaled)).magnitude ** 2)

    @inherit_docstring(Kernel.boundary_enclosing_area_fraction)
    def boundary_enclosing_area_fraction(self, fraction):
        """
        For Epanechnikov-like kernels, integration of its density within
        the boundaries 0 and :math:`b`, and then solving for :math:`b` leads
        to the problem of finding the roots of a polynomial of third order.
        The implemented formulas are based on the solution of this problem
        given in https://en.wikipedia.org/wiki/Cubic_function,
        where the following 3 solutions are given:
            - :math:`u_1 = 1`: Solution on negative side
            - :math:`u_2 = \\frac{-1 + i\\sqrt{3}}{2}`: Solution for larger
              values than zero crossing of the density
            - :math:`u_3 = \\frac{-1 - i\\sqrt{3}}{2}`: Solution for smaller
              values than zero crossing of the density
        The solution :math:`u_3` is the relevant one for the problem at hand,
        since it involves only positive area contributions.
        """
        self._check_fraction(fraction)
        # Python's complex-operator cannot handle quantities, hence the
        # following construction on quantities is necessary:
        Delta_0 = complex(1.0 / (5.0 * self.sigma.magnitude**2), 0) / \
                  self.sigma.units**2
        Delta_1 = complex(2.0 * np.sqrt(5.0) * fraction /
                          (25.0 * self.sigma.magnitude**3), 0) / \
                  self.sigma.units**3
        C = ((Delta_1 + (Delta_1**2.0 - 4.0 * Delta_0**3.0)**(1.0 / 2.0)) /
             2.0)**(1.0 / 3.0)
        u_3 = complex(-1.0 / 2.0, -np.sqrt(3.0) / 2.0)
        b = -5.0 * self.sigma**2 * (u_3 * C + Delta_0 / (u_3 * C))
        return b.real

class GaussianKernel(SymmetricKernel):
    """
    Class for gaussian kernels

    .. math::
        K(t) = (\\frac{1}{\\sigma \\sqrt{2 \\pi}})
        \\exp(-\\frac{t^2}{2 \\sigma^2})

    with :math:`\\sigma` being the standard deviation.

    Besides the standard deviation `sigma`, for consistency of interfaces the
    parameter `invert` needed for asymmetric kernels also exists without
    having any effect in the case of symmetric kernels.

    Derived from:
    """
    __doc__ += SymmetricKernel.__doc__

    @property
    def min_cutoff(self):
        min_cutoff = 3.0
        return min_cutoff

    @inherit_docstring(Kernel._evaluate)
    def _evaluate(self, t):
        return (1.0 / (np.sqrt(2.0 * np.pi) * self._sigma_scaled)) * np.exp(
            -0.5 * (t / self._sigma_scaled).magnitude ** 2)

    @inherit_docstring(Kernel.boundary_enclosing_area_fraction)
    def boundary_enclosing_area_fraction(self, fraction):
        self._check_fraction(fraction)
        return self.sigma * np.sqrt(2.0) * scipy.special.erfinv(fraction)

class LaplacianKernel(SymmetricKernel):
    """
    Class for laplacian kernels

    .. math::
        K(t) = \\frac{1}{2 \\tau} \\exp(-|\\frac{t}{\\tau}|)

    with :math:`\\tau = \\sigma / \\sqrt{2}`.

    Besides the standard deviation `sigma`, for consistency of interfaces the
    parameter `invert` needed for asymmetric kernels also exists without
    having any effect in the case of symmetric kernels.

    Derived from:
    """
    __doc__ += SymmetricKernel.__doc__

    @property
    def min_cutoff(self):
        min_cutoff = 3.0
        return min_cutoff

    @inherit_docstring(Kernel._evaluate)
    def _evaluate(self, t):
        return (1 / (np.sqrt(2.0) * self._sigma_scaled)) * np.exp(
            -(np.absolute(t) * np.sqrt(2.0) / self._sigma_scaled).magnitude)

    @inherit_docstring(Kernel.boundary_enclosing_area_fraction)
    def boundary_enclosing_area_fraction(self, fraction):
        self._check_fraction(fraction)
        return -self.sigma * np.log(1.0 - fraction) / np.sqrt(2.0)

class ExponentialKernel(Kernel):
    """
    Class for exponential kernels

    .. math::
        K(t) = \\left\\{\\begin{array}{ll} (1 / \\tau) \\exp{(-t / \\tau)},
        & t > 0 \\\\
        0, & t \\leq 0 \\end{array} \\right.

    with :math:`\\tau = \\sigma`.

    Derived from:
    """
    __doc__ += Kernel.__doc__

    @property
    def min_cutoff(self):
        min_cutoff = 3.0
        return min_cutoff

    @inherit_docstring(Kernel._evaluate)
    def _evaluate(self, t):
        if not self.invert:
            kernel = (t >= 0) * (1. / self._sigma_scaled.magnitude) *\
                np.exp((-t / self._sigma_scaled).magnitude) / t.units
        elif self.invert:
            kernel = (t <= 0) * (1. / self._sigma_scaled.magnitude) *\
                np.exp((t / self._sigma_scaled).magnitude) / t.units
        return kernel

    @inherit_docstring(Kernel.boundary_enclosing_area_fraction)
    def boundary_enclosing_area_fraction(self, fraction):
        self._check_fraction(fraction)
        return -self.sigma * np.log(1.0 - fraction)

class AlphaKernel(Kernel):
    """
    Class for alpha kernels

    .. math::
        K(t) = \\left\\{\\begin{array}{ll} (1 / \\tau^2)
        \\ t\\ \\exp{(-t / \\tau)}, & t > 0 \\\\
        0, & t \\leq 0 \\end{array} \\right.

    with :math:`\\tau = \\sigma / \\sqrt{2}`.

    For the alpha kernel an analytical expression for the boundary of the
    integral as a function of the area under the alpha kernel function
    cannot be given. Hence in this case the value of the boundary is
    determined by kernel-approximating numerical integration, inherited
    from the Kernel class.

    Derived from:
    """
    __doc__ += Kernel.__doc__

    @property
    def min_cutoff(self):
        min_cutoff = 3.0
        return min_cutoff

    @inherit_docstring(Kernel._evaluate)
    def _evaluate(self, t):
        if not self.invert:
            kernel = (t >= 0) * 2. * (t / self._sigma_scaled**2).magnitude *\
                np.exp((
                    -t * np.sqrt(2.) / self._sigma_scaled).magnitude) / t.units
        elif self.invert:
            kernel = (t <= 0) * -2. * (t / self._sigma_scaled**2).magnitude *\
                np.exp((
                    t * np.sqrt(2.) / self._sigma_scaled).magnitude) / t.units
        return kernel

###############################################################################
# kernels unique to neurotic

[docs]class CausalAlphaKernel(AlphaKernel):
    """
    This modified version of :class:`elephant.kernels.AlphaKernel` shifts time
    such that convolution of the kernel with spike trains (as in
    :func:`elephant.statistics.instantaneous_rate`) results in alpha functions
    that begin rising at the spike time, not before. The entire area of the
    kernel comes after the spike, rather than half before and half after, as
    with :class:`AlphaKernel <elephant.kernels.AlphaKernel>`. Consequently,
    CausalAlphaKernel can be used in causal filters.

    The equation used for CausalAlphaKernel is

    .. math::
        K(t) = \\left\\{\\begin{array}{ll} (1 / \\tau^2)
        \\ t\\ \\exp{(-t / \\tau)}, & t > 0 \\\\
        0, & t \\leq 0 \\end{array} \\right.

    with :math:`\\tau = \\sigma / \\sqrt{2}`, where :math:`\\sigma` is the
    parameter passed to the class initializer.

    In neuroscience a popular application of kernels is in performing smoothing
    operations via convolution. In this case, the kernel has the properties of
    a probability density, i.e., it is positive and normalized to one. Popular
    choices are the rectangular or Gaussian kernels.

    Exponential and alpha kernels may also be used to represent the postynaptic
    current / potentials in a linear (current-based) model.

    sigma : Quantity scalar
        Standard deviation of the kernel.
    invert: bool, optional
        If true, asymmetric kernels (e.g., exponential
        or alpha kernels) are inverted along the time axis.
        Default: False
    """

    def median_index(self, t):
        """
        In CausalAlphaKernel, "median_index" is a misnomer. Instead of
        returning the index into t that gives half area above and half below
        (median), it returns the index for the first non-negative time, which
        always corresponds to the start of the rise phase of the alpha
        function. This hack ensures that, when the kernel is convolved with a
        spike train, the entire alpha function is located to the right of each
        spike time.

        Overrides the following:
        """
        return np.nonzero(t >= 0)[0].min()
    median_index.__doc__ += AlphaKernel.median_index.__doc__


###############################################################################
# elephant.signal_processing

def butter(signal, highpass_freq=None, lowpass_freq=None, order=4,
           filter_function='filtfilt', fs=1.0, axis=-1):
    """
    Butterworth filtering function for neo.AnalogSignal. Filter type is
    determined according to how values of `highpass_freq` and `lowpass_freq`
    are given (see Parameters section for details).

    Parameters
    ----------
    signal : AnalogSignal or Quantity array or NumPy ndarray
        Time series data to be filtered. When given as Quantity array or NumPy
        ndarray, the sampling frequency should be given through the keyword
        argument `fs`.
    highpass_freq, lowpass_freq : Quantity or float
        High-pass and low-pass cut-off frequencies, respectively. When given as
        float, the given value is taken as frequency in Hz.
        Filter type is determined depending on values of these arguments:
            * highpass_freq only (lowpass_freq = None):    highpass filter
            * lowpass_freq only (highpass_freq = None):    lowpass filter
            * highpass_freq < lowpass_freq:    bandpass filter
            * highpass_freq > lowpass_freq:    bandstop filter
    order : int
        Order of Butterworth filter. Default is 4.
    filter_function : string
        Filtering function to be used. Available filters:
            * 'filtfilt': `scipy.signal.filtfilt()`;
            * 'lfilter': `scipy.signal.lfilter()`;
            * 'sosfiltfilt': `scipy.signal.sosfiltfilt()`.
        In most applications 'filtfilt' should be used, because it doesn't
        bring about phase shift due to filtering. For numerically stable
        filtering, in particular higher order filters, use 'sosfiltfilt'
        (see issue
        https://github.com/NeuralEnsemble/elephant/issues/220).
        Default is 'filtfilt'.
    fs : Quantity or float
        The sampling frequency of the input time series. When given as float,
        its value is taken as frequency in Hz. When the input is given as neo
        AnalogSignal, its attribute is used to specify the sampling
        frequency and this parameter is ignored. Default is 1.0.
    axis : int
        Axis along which filter is applied. Default is -1.

    Returns
    -------
    filtered_signal : AnalogSignal or Quantity array or NumPy ndarray
        Filtered input data. The shape and type is identical to those of the
        input.

    Raises
    ------
    ValueError
        If `filter_function` is not one of 'lfilter', 'filtfilt',
        or 'sosfiltfilt'.
        When both `highpass_freq` and `lowpass_freq` are None.

    """
    available_filters = 'lfilter', 'filtfilt', 'sosfiltfilt'
    if filter_function not in available_filters:
        raise ValueError("Invalid `filter_function`: {filter_function}. "
                         "Available filters: {available_filters}".format(
                          filter_function=filter_function,
                          available_filters=available_filters))
    # design filter
    if hasattr(signal, 'sampling_rate'):
        fs = signal.sampling_rate.rescale(pq.Hz).magnitude
    if isinstance(highpass_freq, pq.quantity.Quantity):
        highpass_freq = highpass_freq.rescale(pq.Hz).magnitude
    if isinstance(lowpass_freq, pq.quantity.Quantity):
        lowpass_freq = lowpass_freq.rescale(pq.Hz).magnitude
    Fn = fs / 2.
    # filter type is determined according to the values of cut-off
    # frequencies
    if lowpass_freq and highpass_freq:
        if highpass_freq < lowpass_freq:
            Wn = (highpass_freq / Fn, lowpass_freq / Fn)
            btype = 'bandpass'
        else:
            Wn = (lowpass_freq / Fn, highpass_freq / Fn)
            btype = 'bandstop'
    elif lowpass_freq:
        Wn = lowpass_freq / Fn
        btype = 'lowpass'
    elif highpass_freq:
        Wn = highpass_freq / Fn
        btype = 'highpass'
    else:
        raise ValueError(
            "Either highpass_freq or lowpass_freq must be given"
        )
    if filter_function == 'sosfiltfilt':
        output = 'sos'
    else:
        output = 'ba'
    designed_filter = scipy.signal.butter(order, Wn, btype=btype,
                                          output=output)

    # When the input is AnalogSignal, the axis for time index (i.e. the
    # first axis) needs to be rolled to the last
    data = np.asarray(signal)
    if isinstance(signal, neo.AnalogSignal):
        data = np.rollaxis(data, 0, len(data.shape))

    # apply filter
    if filter_function == 'lfilter':
        b, a = designed_filter
        filtered_data = scipy.signal.lfilter(b=b, a=a, x=data, axis=axis)
    elif filter_function == 'filtfilt':
        b, a = designed_filter
        filtered_data = scipy.signal.filtfilt(b=b, a=a, x=data, axis=axis)
    else:
        filtered_data = scipy.signal.sosfiltfilt(sos=designed_filter,
                                                 x=data, axis=axis)

    if isinstance(signal, neo.AnalogSignal):
        filtered_data = np.rollaxis(filtered_data, -1, 0)
        return signal.duplicate_with_new_data(filtered_data)
    elif isinstance(signal, pq.quantity.Quantity):
        return filtered_data * signal.units
    else:
        return filtered_data

def rauc(signal, baseline=None, bin_duration=None, t_start=None, t_stop=None):
    '''
    Calculate the rectified area under the curve (RAUC) for an AnalogSignal.

    The signal is optionally divided into bins with duration `bin_duration`,
    and the rectified signal (absolute value) is integrated within each bin to
    find the area under the curve. The mean or median of the signal or an
    arbitrary baseline may optionally be subtracted before rectification. If
    the number of bins is 1 (default), a single value is returned for each
    channel in the input signal. Otherwise, an AnalogSignal containing the
    values for each bin is returned along with the times of the centers of the
    bins.

    Parameters
    ----------
    signal : neo.AnalogSignal
        The signal to integrate. If `signal` contains more than one channel,
        each is integrated separately.
    bin_duration : quantities.Quantity
        The length of time that each integration should span. If None, there
        will be only one bin spanning the entire signal duration. If
        `bin_duration` does not divide evenly into the signal duration, the end
        of the signal is padded with zeros to accomodate the final,
        overextending bin.
        Default: None
    baseline : string or quantities.Quantity
        A factor to subtract from the signal before rectification. If `'mean'`
        or `'median'`, the mean or median value of the entire signal is
        subtracted on a channel-by-channel basis.
        Default: None
    t_start, t_stop : quantities.Quantity
        Times to start and end the algorithm. The signal is cropped using
        `signal.time_slice(t_start, t_stop)` after baseline removal. Useful if
        you want the RAUC for a short section of the signal but want the
        mean or median calculation (`baseline='mean'` or `baseline='median'`)
        to use the entire signal for better baseline estimation.
        Default: None

    Returns
    -------
    quantities.Quantity or neo.AnalogSignal
        If the number of bins is 1, the returned object is a scalar or
        vector Quantity containing a single RAUC value for each channel.
        Otherwise, the returned object is an AnalogSignal containing the
        RAUC(s) for each bin stored as a sample, with times corresponding to
        the center of each bin. The output signal will have the same number
        of channels as the input signal.

    Raises
    ------
    TypeError
        If the input signal is not a neo.AnalogSignal.
    TypeError
        If `bin_duration` is not None or a Quantity.
    TypeError
        If `baseline` is not None, `'mean'`, `'median'`, or a Quantity.
    '''

    if not isinstance(signal, neo.AnalogSignal):
        raise TypeError('Input signal is not a neo.AnalogSignal!')

    if baseline is None:
        pass
    elif baseline == 'mean':
        # subtract mean from each channel
        signal = signal - signal.mean(axis=0)
    elif baseline == 'median':
        # subtract median from each channel
        signal = signal - np.median(signal.as_quantity(), axis=0)
    elif isinstance(baseline, pq.Quantity):
        # subtract arbitrary baseline
        signal = signal - baseline
    else:
        raise TypeError(
            'baseline must be None, \'mean\', \'median\', '
            'or a Quantity: {}'.format(baseline))

    # slice the signal after subtracting baseline
    signal = signal.time_slice(t_start, t_stop)

    if bin_duration is not None:
        # from bin duration, determine samples per bin and number of bins
        if isinstance(bin_duration, pq.Quantity):
            samples_per_bin = int(np.round(
                bin_duration.rescale('s')/signal.sampling_period.rescale('s')))
            n_bins = int(np.ceil(signal.shape[0]/samples_per_bin))
        else:
            raise TypeError(
                'bin_duration must be a Quantity: {}'.format(bin_duration))
    else:
        # all samples in one bin
        samples_per_bin = signal.shape[0]
        n_bins = 1

    # store the actual bin duration
    bin_duration = samples_per_bin * signal.sampling_period

    # reshape into equal size bins, padding the end with zeros if necessary
    n_channels = signal.shape[1]
    sig_binned = signal.as_quantity().copy()
    sig_binned.resize(n_bins * samples_per_bin, n_channels, refcheck=False)
    sig_binned = sig_binned.reshape(n_bins, samples_per_bin, n_channels)

    # rectify and integrate over each bin
    rauc = np.trapz(np.abs(sig_binned), dx=signal.sampling_period, axis=1)

    if n_bins == 1:
        # return a single value for each channel
        return rauc.squeeze()

    else:
        # return an AnalogSignal with times corresponding to center of each bin
        rauc_sig = neo.AnalogSignal(
            rauc,
            t_start=signal.t_start.rescale(bin_duration.units)+bin_duration/2,
            sampling_period=bin_duration)
        return rauc_sig

###############################################################################
# elephant.spike_train_generation

def peak_detection(signal, threshold=0.0 * mV, sign='above', format=None):
    """
    Return the peak times for all events that cross threshold.
    Usually used for extracting spike times from a membrane potential.
    Similar to spike_train_generation.threshold_detection.

    Parameters
    ----------
    signal : neo AnalogSignal object
        'signal' is an analog signal.
    threshold : A quantity, e.g. in mV
        'threshold' contains a value that must be reached
        for an event to be detected.
    sign : 'above' or 'below'
        'sign' determines whether to count thresholding crossings that
        cross above or below the threshold. Default: 'above'.
    format : None or 'raw'
        Whether to return as SpikeTrain (None) or as a plain array
        of times ('raw'). Default: None.

    Returns
    -------
    result_st : neo SpikeTrain object
        'result_st' contains the spike times of each of the events
        (spikes) extracted from the signal.
    """
    assert threshold is not None, "A threshold must be provided"

    if sign == 'above':
        cutout = np.where(signal > threshold)[0]
        peak_func = np.argmax
    elif sign == 'below':
        cutout = np.where(signal < threshold)[0]
        peak_func = np.argmin
    else:
        raise ValueError("sign must be 'above' or 'below'")

    if len(cutout) <= 0:
        events_base = np.zeros(0)
    else:
        # Select thr crossings lasting at least 2 dtps, np.diff(cutout) > 2
        # This avoids empty slices
        border_start = np.where(np.diff(cutout) > 1)[0]
        border_end = border_start + 1
        borders = np.concatenate((border_start, border_end))
        borders = np.append(0, borders)
        borders = np.append(borders, len(cutout)-1)
        borders = np.sort(borders)
        true_borders = cutout[borders]
        right_borders = true_borders[1::2] + 1
        true_borders = np.sort(np.append(true_borders[0::2], right_borders))

        # Workaround for bug that occurs when signal goes below thr for 1 dtp,
        # Workaround eliminates empy slices from np. split
        backward_mask = np.absolute(np.ediff1d(true_borders, to_begin=1)) > 0
        forward_mask = np.absolute(np.ediff1d(true_borders[::-1],
                                              to_begin=1)[::-1]) > 0
        true_borders = true_borders[backward_mask * forward_mask]
        split_signal = np.split(np.array(signal), true_borders)[1::2]

        maxima_idc_split = np.array([peak_func(x) for x in split_signal])

        max_idc = maxima_idc_split + true_borders[0::2]

        events = signal.times[max_idc]
        events_base = events.magnitude

        if events_base is None:
            # This occurs in some Python 3 builds due to some
            # bug in quantities.
            events_base = np.array([event.magnitude for event in events])  # Workaround
    if format is None:
        result_st = SpikeTrain(events_base, units=signal.times.units,
                               t_start=signal.t_start, t_stop=signal.t_stop)
    elif 'raw':
        result_st = events_base
    else:
        raise ValueError("Format argument must be None or 'raw'")

    return result_st

###############################################################################
# elephant.statistics

def isi(spiketrain, axis=-1):
    """
    Return an array containing the inter-spike intervals of the SpikeTrain.

    Accepts a Neo SpikeTrain, a Quantity array, or a plain NumPy array.
    If either a SpikeTrain or Quantity array is provided, the return value will
    be a quantities array, otherwise a plain NumPy array. The units of
    the quantities array will be the same as spiketrain.

    Parameters
    ----------

    spiketrain : Neo SpikeTrain or Quantity array or NumPy ndarray
                 The spike times.
    axis : int, optional
           The axis along which the difference is taken.
           Default is the last axis.

    Returns
    -------

    NumPy array or quantities array.

    """
    if axis is None:
        axis = -1
    if isinstance(spiketrain, neo.SpikeTrain):
        intervals = np.diff(
            np.sort(spiketrain.times.view(pq.Quantity)), axis=axis)
    else:
        intervals = np.diff(np.sort(spiketrain), axis=axis)
    return intervals

def instantaneous_rate(spiketrain, sampling_period, kernel='auto',
                       cutoff=5.0, t_start=None, t_stop=None, trim=False):
    """
    Estimates instantaneous firing rate by kernel convolution.

    Parameters
    -----------
    spiketrain : neo.SpikeTrain or list of neo.SpikeTrain objects
        Neo object that contains spike times, the unit of the time stamps
        and t_start and t_stop of the spike train.
    sampling_period : Time Quantity
        Time stamp resolution of the spike times. The same resolution will
        be assumed for the kernel
    kernel : string 'auto' or callable object of :class:`Kernel` from module
        'kernels.py'. Currently implemented kernel forms are rectangular,
        triangular, epanechnikovlike, gaussian, laplacian, exponential,
        and alpha function.
        Example: kernel = kernels.RectangularKernel(sigma=10*ms, invert=False)
        The kernel is used for convolution with the spike train and its
        standard deviation determines the time resolution of the instantaneous
        rate estimation.
        Default: 'auto'. In this case, the optimized kernel width for the
        rate estimation is calculated according to [1] and with this width
        a gaussian kernel is constructed. Automatized calculation of the
        kernel width is not available for other than gaussian kernel shapes.
    cutoff : float
        This factor determines the cutoff of the probability distribution of
        the kernel, i.e., the considered width of the kernel in terms of
        multiples of the standard deviation sigma.
        Default: 5.0
    t_start : Time Quantity (optional)
        Start time of the interval used to compute the firing rate. If None
        assumed equal to spiketrain.t_start
        Default: None
    t_stop : Time Quantity (optional)
        End time of the interval used to compute the firing rate (included).
        If None assumed equal to spiketrain.t_stop
        Default: None
    trim : bool
        if False, the output of the Fast Fourier Transformation being a longer
        vector than the input vector by the size of the kernel is reduced back
        to the original size of the considered time interval of the spiketrain
        using the median of the kernel.
        if True, only the region of the convolved signal is returned, where
        there is complete overlap between kernel and spike train. This is
        achieved by reducing the length of the output of the Fast Fourier
        Transformation by a total of two times the size of the kernel, and
        t_start and t_stop are adjusted.
        Default: False

    Returns
    -------
    rate : neo.AnalogSignal
        Contains the rate estimation in unit hertz (Hz).
        Has a property 'rate.times' which contains the time axis of the rate
        estimate. The unit of this property is the same as the resolution that
        is given via the argument 'sampling_period' to the function.

    Raises
    ------
    TypeError:
        If `spiketrain` is not an instance of :class:`SpikeTrain` of Neo.
        If `sampling_period` is not a time quantity.
        If `kernel` is neither instance of :class:`Kernel` or string 'auto'.
        If `cutoff` is neither float nor int.
        If `t_start` and `t_stop` are neither None nor a time quantity.
        If `trim` is not bool.

    ValueError:
        If `sampling_period` is smaller than zero.

    Example
    --------
    kernel = kernels.AlphaKernel(sigma = 0.05*s, invert = True)
    rate = instantaneous_rate(spiketrain, sampling_period = 2*ms, kernel)

    References
    ----------
    ..[1] H. Shimazaki, S. Shinomoto, J Comput Neurosci (2010) 29:171–182.

    """
    # Merge spike trains if list of spike trains given:
    if isinstance(spiketrain, list):
        _check_consistency_of_spiketrainlist(
            spiketrain, t_start=t_start, t_stop=t_stop)
        if t_start is None:
            t_start = spiketrain[0].t_start
        if t_stop is None:
            t_stop = spiketrain[0].t_stop
        spikes = np.concatenate([st.magnitude for st in spiketrain])
        merged_spiketrain = SpikeTrain(np.sort(spikes), units=spiketrain[0].units,
                                       t_start=t_start, t_stop=t_stop)
        return instantaneous_rate(merged_spiketrain, sampling_period=sampling_period,
                                  kernel=kernel, cutoff=cutoff, t_start=t_start,
                                  t_stop=t_stop, trim=trim)

    # Checks of input variables:
    if not isinstance(spiketrain, SpikeTrain):
        raise TypeError(
            "spiketrain must be instance of :class:`SpikeTrain` of Neo!\n"
            "    Found: %s, value %s" % (type(spiketrain), str(spiketrain)))

    if not (isinstance(sampling_period, pq.Quantity) and
            sampling_period.dimensionality.simplified ==
            pq.Quantity(1, "s").dimensionality):
        raise TypeError(
            "The sampling period must be a time quantity!\n"
            "    Found: %s, value %s" % (type(sampling_period), str(sampling_period)))

    if sampling_period.magnitude < 0:
        raise ValueError("The sampling period must be larger than zero.")

    if kernel == 'auto':
        kernel_width = sskernel(spiketrain.magnitude, tin=None,
                                bootstrap=True)['optw']
        if kernel_width is None:
            raise ValueError(
                "Unable to calculate optimal kernel width for "
                "instantaneous rate from input data.")
        unit = spiketrain.units
        sigma = 1 / (2.0 * 2.7) * kernel_width * unit
        # factor 2.0 connects kernel width with its half width,
        # factor 2.7 connects half width of Gaussian distribution with
        #             99% probability mass with its standard deviation.
        kernel = GaussianKernel(sigma)
    elif not isinstance(kernel, Kernel):
        raise TypeError(
            "kernel must be either instance of :class:`Kernel` "
            "or the string 'auto'!\n"
            "    Found: %s, value %s" % (type(kernel), str(kernel)))

    if not (isinstance(cutoff, float) or isinstance(cutoff, int)):
        raise TypeError("cutoff must be float or integer!")

    if not (t_start is None or (isinstance(t_start, pq.Quantity) and
                                t_start.dimensionality.simplified ==
                                pq.Quantity(1, "s").dimensionality)):
        raise TypeError("t_start must be a time quantity!")

    if not (t_stop is None or (isinstance(t_stop, pq.Quantity) and
                               t_stop.dimensionality.simplified ==
                               pq.Quantity(1, "s").dimensionality)):
        raise TypeError("t_stop must be a time quantity!")

    if not (isinstance(trim, bool)):
        raise TypeError("trim must be bool!")

    # main function:
    units = pq.CompoundUnit(
        "%s*s" % str(sampling_period.rescale('s').magnitude))
    spiketrain = spiketrain.rescale(units)
    if t_start is None:
        t_start = spiketrain.t_start
    else:
        t_start = t_start.rescale(spiketrain.units)

    if t_stop is None:
        t_stop = spiketrain.t_stop
    else:
        t_stop = t_stop.rescale(spiketrain.units)

    time_vector = np.zeros(int((t_stop - t_start)) + 1)

    spikes_slice = spiketrain.time_slice(t_start, t_stop) \
        if len(spiketrain) else np.array([])

    for spike in spikes_slice:
        index = int((spike - t_start))
        time_vector[index] += 1

    if cutoff < kernel.min_cutoff:
        cutoff = kernel.min_cutoff
        warnings.warn("The width of the kernel was adjusted to a minimally "
                      "allowed width.")

    t_arr = np.arange(-cutoff * kernel.sigma.rescale(units).magnitude,
                      cutoff * kernel.sigma.rescale(units).magnitude +
                      sampling_period.rescale(units).magnitude,
                      sampling_period.rescale(units).magnitude) * units

    r = scipy.signal.fftconvolve(time_vector,
                                 kernel(t_arr).rescale(pq.Hz).magnitude, 'full')
    if np.any(r < 0):
        # warnings.warn("Instantaneous firing rate approximation contains "
        #               "negative values, possibly caused due to machine "
        #               "precision errors.")
        r = r.clip(0, None)  # replace negative values with 0

    if not trim:
        r = r[kernel.median_index(t_arr):-(kernel(t_arr).size -
                                           kernel.median_index(t_arr))]
    elif trim:
        r = r[2 * kernel.median_index(t_arr):-2 * (kernel(t_arr).size -
                                                   kernel.median_index(t_arr))]
        t_start += kernel.median_index(t_arr) * spiketrain.units
        t_stop -= (kernel(t_arr).size -
                   kernel.median_index(t_arr)) * spiketrain.units

    rate = neo.AnalogSignal(signal=r.reshape(r.size, 1),
                            sampling_period=sampling_period,
                            units=pq.Hz, t_start=t_start, t_stop=t_stop)

    return rate

def nextpow2(x):
    """ Return the smallest integral power of 2 that >= x """
    n = 2
    while n < x:
        n = 2 * n
    return n

def fftkernel(x, w):
    """

    y = fftkernel(x,w)

    Function `fftkernel' applies the Gauss kernel smoother to an input
    signal using FFT algorithm.

    Input argument
    x:    Sample signal vector.
    w: 	Kernel bandwidth (the standard deviation) in unit of
    the sampling resolution of x.

    Output argument
    y: 	Smoothed signal.

    MAY 5/23, 2012 Author Hideaki Shimazaki
    RIKEN Brain Science Insitute
    http://2000.jukuin.keio.ac.jp/shimazaki

    Ported to Python: Subhasis Ray, NCBS. Tue Jun 10 10:42:38 IST 2014

    """
    L = len(x)
    Lmax = L + 3 * w
    n = nextpow2(Lmax)
    X = np.fft.fft(x, n)
    f = np.arange(0, n, 1.0) / n
    f = np.concatenate((-f[:int(n / 2)], f[int(n / 2):0:-1]))
    K = np.exp(-0.5 * (w * 2 * np.pi * f)**2)
    y = np.fft.ifft(X * K, n)
    y = y[:L].copy()
    return y

def logexp(x):
    if x < 1e2:
        y = np.log(1 + np.exp(x))
    else:
        y = x
    return y

def ilogexp(x):
    if x < 1e2:
        y = np.log(np.exp(x) - 1)
    else:
        y = x
    return y

def cost_function(x, N, w, dt):
    """

    The cost function
    Cn(w) = sum_{i,j} int k(x - x_i) k(x - x_j) dx - 2 sum_{i~=j} k(x_i - x_j)

     """
    yh = np.abs(fftkernel(x, w / dt))  # density
    # formula for density
    C = np.sum(yh ** 2) * dt - 2 * np.sum(yh * x) * \
        dt + 2 / np.sqrt(2 * np.pi) / w / N
    C = C * N * N
    # formula for rate
    # C = dt*sum( yh.^2 - 2*yh.*y_hist + 2/sqrt(2*pi)/w*y_hist )
    return C, yh

def sskernel(spiketimes, tin=None, w=None, bootstrap=False):
    """

    Calculates optimal fixed kernel bandwidth.

    spiketimes: sequence of spike times (sorted to be ascending).

    tin: (optional) time points at which the kernel bandwidth is to be estimated.

    w: (optional) vector of kernel bandwidths. If specified, optimal
    bandwidth is selected from this.

    bootstrap (optional): whether to calculate the 95% confidence
    interval. (default False)

    Returns

    A dictionary containing the following key value pairs:

    'y': estimated density,
    't': points at which estimation was computed,
    'optw': optimal kernel bandwidth,
    'w': kernel bandwidths examined,
    'C': cost functions of w,
    'confb95': (lower bootstrap confidence level, upper bootstrap confidence level),
    'yb': bootstrap samples.

    If no optimal kernel could be found, all entries of the dictionary are set
    to None.


    Ref: Shimazaki, Hideaki, and Shigeru Shinomoto. 2010. Kernel
    Bandwidth Optimization in Spike Rate Estimation. Journal of
    Computational Neuroscience 29 (1-2):
    171-82. doi:10.1007/s10827-009-0180-4.

    """

    if tin is None:
        time = np.max(spiketimes) - np.min(spiketimes)
        isi = np.diff(spiketimes)
        isi = isi[isi > 0].copy()
        dt = np.min(isi)
        tin = np.linspace(np.min(spiketimes),
                          np.max(spiketimes),
                          min(int(time / dt + 0.5), 1000))  # The 1000 seems somewhat arbitrary
        t = tin
    else:
        time = np.max(tin) - np.min(tin)
        spiketimes = spiketimes[(spiketimes >= np.min(tin)) &
                                (spiketimes <= np.max(tin))].copy()
        isi = np.diff(spiketimes)
        isi = isi[isi > 0].copy()
        dt = np.min(isi)
        if dt > np.min(np.diff(tin)):
            t = np.linspace(np.min(tin), np.max(tin),
                            min(int(time / dt + 0.5), 1000))
        else:
            t = tin
    dt = np.min(np.diff(tin))
    yhist, bins = np.histogram(spiketimes, np.r_[t - dt / 2, t[-1] + dt / 2])
    N = np.sum(yhist)
    yhist = yhist / (N * dt)  # density
    optw = None
    y = None
    if w is not None:
        C = np.zeros(len(w))
        Cmin = np.inf
        for k, w_ in enumerate(w):
            C[k], yh = cost_function(yhist, N, w_, dt)
            if C[k] < Cmin:
                Cmin = C[k]
                optw = w_
                y = yh
    else:
        # Golden section search on a log-exp scale
        wmin = 2 * dt
        wmax = max(spiketimes) - min(spiketimes)
        imax = 20  # max iterations
        w = np.zeros(imax)
        C = np.zeros(imax)
        tolerance = 1e-5
        phi = 0.5 * (np.sqrt(5) + 1)  # The Golden ratio
        a = ilogexp(wmin)
        b = ilogexp(wmax)
        c1 = (phi - 1) * a + (2 - phi) * b
        c2 = (2 - phi) * a + (phi - 1) * b
        f1, y1 = cost_function(yhist, N, logexp(c1), dt)
        f2, y2 = cost_function(yhist, N, logexp(c2), dt)
        k = 0
        while (np.abs(b - a) > (tolerance * (np.abs(c1) + np.abs(c2))))\
                and (k < imax):
            if f1 < f2:
                b = c2
                c2 = c1
                c1 = (phi - 1) * a + (2 - phi) * b
                f2 = f1
                f1, y1 = cost_function(yhist, N, logexp(c1), dt)
                w[k] = logexp(c1)
                C[k] = f1
                optw = logexp(c1)
                y = y1 / (np.sum(y1 * dt))
            else:
                a = c1
                c1 = c2
                c2 = (2 - phi) * a + (phi - 1) * b
                f1 = f2
                f2, y2 = cost_function(yhist, N, logexp(c2), dt)
                w[k] = logexp(c2)
                C[k] = f2
                optw = logexp(c2)
                y = y2 / np.sum(y2 * dt)
            k = k + 1
    # Bootstrap confidence intervals
    confb95 = None
    yb = None
    # If bootstrap is requested, and an optimal kernel was found
    if bootstrap and optw:
        nbs = 1000
        yb = np.zeros((nbs, len(tin)))
        for ii in range(nbs):
            idx = np.floor(np.random.rand(N) * N).astype(int)
            xb = spiketimes[idx]
            y_histb, bins = np.histogram(
                xb, np.r_[t - dt / 2, t[-1] + dt / 2]) / dt / N
            yb_buf = fftkernel(y_histb, optw / dt).real
            yb_buf = yb_buf / np.sum(yb_buf * dt)
            yb[ii, :] = np.interp(tin, t, yb_buf)
        ybsort = np.sort(yb, axis=0)
        y95b = ybsort[np.floor(0.05 * nbs).astype(int), :]
        y95u = ybsort[np.floor(0.95 * nbs).astype(int), :]
        confb95 = (y95b, y95u)
    # Only perform interpolation if y could be calculated
    if y is not None:
        y = np.interp(tin, t, y)
    return {'y': y,
            't': tin,
            'optw': optw,
            'w': w,
            'C': C,
            'confb95': confb95,
            'yb': yb}

def _check_consistency_of_spiketrainlist(spiketrainlist, t_start=None, t_stop=None):
    for spiketrain in spiketrainlist:
        if not isinstance(spiketrain, SpikeTrain):
            raise TypeError(
                "spike train must be instance of :class:`SpikeTrain` of Neo!\n"
                "    Found: %s, value %s" % (type(spiketrain), str(spiketrain)))
        if t_start is None and not spiketrain.t_start == spiketrainlist[0].t_start:
            raise ValueError(
                "the spike trains must have the same t_start!")
        if t_stop is None and not spiketrain.t_stop == spiketrainlist[0].t_stop:
            raise ValueError(
                "the spike trains must have the same t_stop!")
        if not spiketrain.units == spiketrainlist[0].units:
            raise ValueError(
                "the spike trains must have the same units!")
    return None




          

      

      

    

  

    
      
          
            
  Source code for neurotic.scripts

# -*- coding: utf-8 -*-
"""
The :mod:`neurotic.scripts` module handles starting the app from the command
line. It also provides a convenience function for quickly launching the app
using minimal metadata or an existing Neo :class:`Block <neo.core.Block>`, and
another for starting a Jupyter server with an example notebook.

.. autofunction:: quick_launch

.. autofunction:: launch_example_notebook
"""

import os
import sys
import argparse
import subprocess
import pkg_resources

from ephyviewer import QT, mkQApp

from . import __version__, global_config, _global_config_factory_defaults, global_config_file, default_log_level
from .datasets.data import load_dataset
from .gui.config import EphyviewerConfigurator, available_themes, available_ui_scales
from .gui.standalone import MainWindow

import logging
logger = logging.getLogger(__name__)


def parse_args(argv):
    """

    """

    description = """
    neurotic lets you curate, visualize, annotate, and share your behavioral
    ephys data.
    """

    epilog = f"""
    Defaults for arguments and options can be changed in a global config file,
    {os.path.relpath(global_config_file, os.path.expanduser('~'))}, located in
    your home directory.
    """

    parser = argparse.ArgumentParser(description=description, epilog=epilog)

    defaults = global_config['defaults']
    parser.set_defaults(**defaults)

    parser.add_argument('file', nargs='?',
                        help='the path to a metadata YAML file'
                             f' (default: {"an example file" if defaults["file"] in [False, "example"] else defaults["file"] + "; to force the example, use: example"})')

    parser.add_argument('dataset', nargs='?',
                        help='the name of a dataset in the metadata file to '
                             'select initially'
                             f' (default: {"the first entry in the metadata file" if defaults["dataset"] in [False, "first"] else defaults["dataset"] + "; to force the first, use: - first"})')

    parser.add_argument('-V', '--version',
                        action='version',
                        version='neurotic {}'.format(__version__))

    group = parser.add_mutually_exclusive_group()
    group.add_argument('--debug', dest='debug',
                       action='store_true',
                       help='enable detailed log messages for debugging'
                            f'{" (default)" if defaults["debug"] else ""}')
    group.add_argument('--no-debug', dest='debug',
                       action='store_false',
                       help='disable detailed log messages for debugging'
                            f'{" (default)" if not defaults["debug"] else ""}')

    group = parser.add_mutually_exclusive_group()
    group.add_argument('--lazy', dest='lazy',
                       action='store_true',
                       help='enable fast loading'
                            f'{" (default)" if defaults["lazy"] else ""}')
    group.add_argument('--no-lazy', dest='lazy',
                       action='store_false',
                       help='disable fast loading'
                            f'{" (default)" if not defaults["lazy"] else ""}')

    group = parser.add_mutually_exclusive_group()
    group.add_argument('--thick-traces', dest='thick_traces',
                       action='store_true',
                       help='enable support for traces with thick lines, '
                            'which has a performance cost'
                            f'{" (default)" if defaults["thick_traces"] else ""}')
    group.add_argument('--no-thick-traces', dest='thick_traces',
                       action='store_false',
                       help='disable support for traces with thick lines'
                            f'{" (default)" if not defaults["thick_traces"] else ""}')

    group = parser.add_mutually_exclusive_group()
    group.add_argument('--show-datetime', dest='show_datetime',
                       action='store_true',
                       help='display the real-world date and time, which '
                            'may be inaccurate depending on file type and '
                            'acquisition software'
                            f'{" (default)" if defaults["show_datetime"] else ""}')
    group.add_argument('--no-show-datetime', dest='show_datetime',
                       action='store_false',
                       help='do not display the real-world date and time'
                            f'{" (default)" if not defaults["show_datetime"] else ""}')

    parser.add_argument('--ui-scale', dest='ui_scale',
                        choices=available_ui_scales,
                        help='the scale of user interface elements, such as '
                             'text'
                             f' (default: {defaults["ui_scale"]})')

    parser.add_argument('--theme', dest='theme',
                        choices=available_themes,
                        help='a color theme for the GUI'
                             f' (default: {defaults["theme"]})')

    parser.add_argument('--use-factory-defaults',
                        action='store_true',
                        help='start with "factory default" settings, ignoring '
                             'other args and your global config file')

    group = parser.add_argument_group('alternative modes')
    group.add_argument('--launch-example-notebook',
                       action='store_true',
                       help='launch Jupyter with an example notebook '
                            'instead of starting the standalone app (other '
                            'args will be ignored)')

    args = parser.parse_args(argv[1:])

    if args.use_factory_defaults:
        # replace every argument with the factory default
        for k, v in _global_config_factory_defaults['defaults'].items():
            setattr(args, k, v)

    # this special value for the first positional argument can be used to skip
    # specifying any file and instead use the default file
    if args.file == '-':
        args.file = defaults['file']

    # these special values for the positional arguments can be used to override
    # the defaults set in the global config file with the defaults normally set
    # in the absence of global config file settings
    if args.file == 'example':
        args.file = _global_config_factory_defaults['defaults']['file']
    if args.dataset == 'first':
        args.dataset = _global_config_factory_defaults['defaults']['dataset']

    if args.debug:
        logger.parent.setLevel(logging.DEBUG)

        # lower the threshold for PyAV messages printed to the console from
        # critical to warning
        logging.getLogger('libav').setLevel(logging.WARNING)

        if not args.launch_example_notebook:
            # show only if Jupyter won't be launched, since the setting will
            # not carry over into the kernel started by Jupyter
            logger.debug('Debug messages enabled')

    else:
        # this should only be necessary if parse_args is called with --no-debug
        # after having previously enabled debug messages in the current session
        # (such as during unit testing)

        logger.parent.setLevel(default_log_level)

        # raise the threshold for PyAV messages printed to the console from
        # warning to critical
        logging.getLogger('libav').setLevel(logging.CRITICAL)

    logger.debug(f'Global config: {global_config}')
    logger.debug(f'Parsed arguments: {args}')

    return args

def win_from_args(args):
    """

    """

    win = MainWindow(file=args.file, initial_selection=args.dataset,
                     lazy=args.lazy, theme=args.theme, ui_scale=args.ui_scale,
                     support_increased_line_width=args.thick_traces,
                     show_datetime=args.show_datetime)
    return win

[docs]def launch_example_notebook():
    """
    Start a Jupyter server and open the example notebook.
    """

    path = pkg_resources.resource_filename('neurotic',
                                           'example/example-notebook.ipynb')
    out = None

    # check whether Jupyter is installed
    try:
        out = subprocess.Popen(['jupyter', 'notebook', '--version'],
                               stdout=subprocess.PIPE).communicate()[0]
    except FileNotFoundError as e:
        logger.error('Unable to verify Jupyter is installed using "jupyter '
                     'notebook --version". Is it installed?')

    if out:
        # run Jupyter on the example notebook
        try:
            out = subprocess.Popen(['jupyter', 'notebook', path],
                                   stdout=subprocess.PIPE).communicate()[0]
        except FileNotFoundError as e:
            logger.error(f'Unable to locate the example notebook at {path}')


def main():
    """

    """

    args = parse_args(sys.argv)
    if args.launch_example_notebook:
        launch_example_notebook()
    else:
        logger.info('Loading user interface')
        app = mkQApp()
        splash = QT.QSplashScreen(QT.QPixmap(':/neurotic-logo-300.png'))
        splash.show()
        win = win_from_args(args)
        win.show()
        splash.finish(win)
        logger.info('Ready')
        app.exec_()

[docs]def quick_launch(metadata={}, blk=None, lazy=True):
    """
    Load data, configure the GUI, and launch the app with one convenient
    function.

    This function allows *neurotic* to be used easily in interactive sessions
    and scripts. For example, dictionaries can be passed as metadata:

    >>> metadata = {'data_file': 'data.axgx'}
    >>> neurotic.quick_launch(metadata=metadata)

    An existing Neo :class:`Block <neo.core.Block>` can be passed directly:

    >>> neurotic.quick_launch(blk=my_neo_block)

    This function is equivalent to the following:

    >>> blk = load_dataset(metadata, blk, lazy=lazy)
    >>> ephyviewer_config = EphyviewerConfigurator(metadata, blk, lazy=lazy)
    >>> ephyviewer_config.show_all()
    >>> ephyviewer_config.launch_ephyviewer()
    """

    # make sure this matches the docstring after making changes
    blk = load_dataset(metadata, blk, lazy=lazy)
    ephyviewer_config = EphyviewerConfigurator(metadata, blk, lazy=lazy)
    ephyviewer_config.show_all()
    ephyviewer_config.launch_ephyviewer()





          

      

      

    

  

    
      
          
            
  Source code for neurotic.datasets.data

# -*- coding: utf-8 -*-
"""
The :mod:`neurotic.datasets.data` module implements a function for loading a
dataset from selected metadata.

.. autofunction:: load_dataset
"""

import datetime
import inspect
from packaging import version
import numpy as np
import pandas as pd
import quantities as pq
import neo

from ..datasets.metadata import _abs_path
from .. import _elephant_tools

import logging
logger = logging.getLogger(__name__)


[docs]def load_dataset(metadata, blk=None, lazy=False, signal_group_mode='split-all', filter_events_from_epochs=False):
    """
    Load a dataset.

    ``metadata`` may be a :class:`MetadataSelector
    <neurotic.datasets.metadata.MetadataSelector>` or a simple dictionary
    containing the appropriate data.

    The ``data_file`` in ``metadata`` is read into a Neo :class:`Block
    <neo.core.Block>` using an automatically detected :mod:`neo.io` class
    if ``lazy=False`` or a :mod:`neo.rawio` class if ``lazy=True``. If
    ``data_file`` is unspecified, an empty Neo Block is created instead. If a
    Neo Block is passed as ``blk``, ``data_file`` is ignored.

    Epochs and events loaded from ``annotations_file`` and
    ``epoch_encoder_file`` and spike trains loaded from ``tridesclous_file``
    are added to the Neo Block.

    If ``lazy=False``, parameters given in ``metadata`` are used to apply
    filters to the signals, to detect spikes using amplitude discriminators, to
    calculate smoothed firing rates from spike trains, to detect bursts of
    spikes, and to calculate the rectified area under the curve (RAUC) for each
    signal.
    """

    if blk is None:
        if metadata.get('data_file', None) is not None:
            # read in the electrophysiology data
            blk = _read_data_file(metadata, lazy, signal_group_mode)
        else:
            # create an empty Block
            blk = neo.Block()
            seg = neo.Segment()
            blk.segments.append(seg)
    else:
        # a Block was provided
        if not isinstance(blk, neo.Block):
            raise TypeError('blk must be a neo.Block')

    # update the real-world start time of the data if provided
    if metadata.get('rec_datetime', None) is not None:
        if isinstance(metadata['rec_datetime'], datetime.datetime):
            blk.rec_datetime = metadata['rec_datetime']
        else:
            logger.warning('Ignoring rec_datetime because it is not a properly formatted datetime: {}'.format(metadata['rec_datetime']))

    # apply filters to signals if not using lazy loading of signals
    if not lazy:
        blk = _apply_filters(metadata, blk)

    # copy events into epochs and vice versa
    epochs_from_events = [neo.Epoch(name=ev.name, times=ev.times, labels=ev.labels, durations=np.zeros_like(ev.times)) for ev in blk.segments[0].events]
    events_from_epochs = [neo.Event(name=ep.name, times=ep.times, labels=ep.labels) for ep in blk.segments[0].epochs]
    if not filter_events_from_epochs:
        blk.segments[0].epochs += epochs_from_events
    blk.segments[0].events += events_from_epochs

    # read in annotations
    annotations_dataframe = _read_annotations_file(metadata)
    blk.segments[0].epochs += _create_neo_epochs_from_dataframe(annotations_dataframe, metadata, _abs_path(metadata, 'annotations_file'), filter_events_from_epochs)
    blk.segments[0].events += _create_neo_events_from_dataframe(annotations_dataframe, metadata, _abs_path(metadata, 'annotations_file'))

    # read in epoch encoder file
    epoch_encoder_dataframe = _read_epoch_encoder_file(metadata)
    blk.segments[0].epochs += _create_neo_epochs_from_dataframe(epoch_encoder_dataframe, metadata, _abs_path(metadata, 'epoch_encoder_file'), filter_events_from_epochs)
    blk.segments[0].events += _create_neo_events_from_dataframe(epoch_encoder_dataframe, metadata, _abs_path(metadata, 'epoch_encoder_file'))

    # classify spikes by amplitude if not using lazy loading of signals
    if not lazy:
        blk.segments[0].spiketrains += _run_amplitude_discriminators(metadata, blk)

    # read in spikes identified by spike sorting using tridesclous
    spikes_dataframe = _read_spikes_file(metadata, blk)
    if spikes_dataframe is not None:
        if blk.segments[0].analogsignals:
            t_start = blk.segments[0].analogsignals[0].t_start                 # assuming all AnalogSignals start at the same time
            t_stop = blk.segments[0].analogsignals[0].t_stop                   # assuming all AnalogSignals start at the same time
            sampling_period = blk.segments[0].analogsignals[0].sampling_period # assuming all AnalogSignals have the same sampling rate
            blk.segments[0].spiketrains += _create_neo_spike_trains_from_dataframe(spikes_dataframe, metadata, t_start, t_stop, sampling_period)
        else:
            logger.warning('Ignoring tridesclous_file because the sampling rate and start time could not be inferred from analog signals')

    # calculate smoothed firing rates from spike trains if not using lazy
    # loading of signals
    if not lazy:
        blk = _compute_firing_rates(metadata, blk)

    # identify bursts from spike trains if not using lazy loading of signals
    if not lazy:
        blk.segments[0].epochs += _run_burst_detectors(metadata, blk)

    # alphabetize epoch and event channels by name
    blk.segments[0].epochs.sort(key=lambda ep: ep.name or '')
    blk.segments[0].events.sort(key=lambda ev: ev.name or '')

    # compute rectified area under the curve (RAUC) for each signal if not
    # using lazy loading of signals
    if not lazy and metadata.get('rauc_bin_duration', None) is not None:
        for sig in blk.segments[0].analogsignals:
            rauc_sig = _elephant_tools.rauc(
                signal=sig,
                baseline=metadata.get('rauc_baseline', None),
                bin_duration=metadata['rauc_bin_duration']*pq.s,
            )
            rauc_sig.name = sig.name + ' RAUC'
            sig.annotate(
                rauc_sig=rauc_sig,
                rauc_baseline=metadata.get('rauc_baseline', None),
                rauc_bin_duration=metadata['rauc_bin_duration']*pq.s,
            )

    return blk


def _get_io(metadata):
    """
    Return a :mod:`neo.io` object for reading the ``data_file`` in
    ``metadata``. An appropriate :mod:`neo.io` class is typically determined
    automatically from the file extension, but this can be overridden with the
    optional ``io_class`` metadata parameter. Arbitrary arguments can be passed
    to the :mod:`neo.io` class using the optional ``io_args`` metadata
    parameter.
    """

    # prepare arguments for instantiating a Neo IO class
    if metadata.get('io_args', None) is not None:
        io_args = metadata['io_args'].copy()
        if 'sampling_rate' in io_args:
            # AsciiSignalIO's sampling_rate must be a Quantity
            io_args['sampling_rate'] *= pq.Hz
    else:
        io_args = {}

    if metadata.get('io_class', None) is None:
        try:
            # detect the class automatically using the file extension
            io = neo.io.get_io(_abs_path(metadata, 'data_file'), **io_args)
        except IOError as e:
            if len(e.args) > 0 and type(e.args[0]) is str and e.args[0].startswith('File extension'):
                # provide a useful error message when format detection fails
                raise IOError("Could not find an appropriate neo.io class " \
                              f"for data_file \"{metadata['data_file']}\". " \
                              "Try specifying one in your metadata using " \
                              "the io_class parameter.")
            else:
                # something else has gone wrong, like the file not being found
                raise e

    else:
        # use a user-specified class
        io_list = [io.__name__ for io in neo.io.iolist]
        if metadata['io_class'] not in io_list:
            raise ValueError(f"specified io_class \"{metadata['io_class']}\" was not found in neo.io.iolist: {io_list}")
        io_class_index = io_list.index(metadata['io_class'])
        io_class = neo.io.iolist[io_class_index]
        io = io_class(_abs_path(metadata, 'data_file'), **io_args)

    return io

def _read_data_file(metadata, lazy=False, signal_group_mode='split-all'):
    """
    Read in the ``data_file`` given in ``metadata`` using a :mod:`neo.io`
    class. Lazy-loading is used for signals if both ``lazy=True`` and the data
    file type is supported by a :mod:`neo.rawio` class; otherwise, signals are
    fully loaded. Lazy-loading is never used for epochs, events, and spike
    trains contained in the data file; these are always fully loaded. Returns a
    Neo :class:`Block <neo.core.Block>`.
    """

    # get a Neo IO object appropriate for the data file type
    io = _get_io(metadata)

    # force lazy=False if lazy is not supported by the reader class
    if lazy and not io.support_lazy:
        lazy = False
        logger.info(f'NOTE: Not reading signals in lazy mode because Neo\'s {io.__class__.__name__} reader does not support it.')

    if 'signal_group_mode' in inspect.signature(io.read_block).parameters.keys():
        # - signal_group_mode='split-all' is the default because this ensures
        #   every channel gets its own AnalogSignal, which is important for
        #   indexing in EphyviewerConfigurator
        blk = io.read_block(lazy=lazy, signal_group_mode=signal_group_mode)
    else:
        # some IOs do not have signal_group_mode
        blk = io.read_block(lazy=lazy)

    if lazy and isinstance(io, neo.rawio.baserawio.BaseRawIO):
        # store the rawio for use with AnalogSignalFromNeoRawIOSource
        blk.rawio = io

    # load all objects except analog signals
    if lazy:

        if version.parse(neo.__version__) >= version.parse('0.8.0'):  # Neo >= 0.8.0 has proxy objects with load method

            for i in range(len(blk.segments[0].epochs)):
                epoch = blk.segments[0].epochs[i]
                if hasattr(epoch, 'load'):
                    blk.segments[0].epochs[i] = epoch.load()

            for i in range(len(blk.segments[0].events)):
                event = blk.segments[0].events[i]
                if hasattr(event, 'load'):
                    blk.segments[0].events[i] = event.load()

            for i in range(len(blk.segments[0].spiketrains)):
                spiketrain = blk.segments[0].spiketrains[i]
                if hasattr(spiketrain, 'load'):
                    blk.segments[0].spiketrains[i] = spiketrain.load()

        else:  # Neo < 0.8.0 does not have proxy objects

            neorawioclass = neo.rawio.get_rawio_class(_abs_path(metadata, 'data_file'))
            if neorawioclass is not None:
                neorawio = neorawioclass(_abs_path(metadata, 'data_file'))
                neorawio.parse_header()

                for i in range(len(blk.segments[0].epochs)):
                    epoch = blk.segments[0].epochs[i]
                    channel_index = next((i for i, chan in enumerate(neorawio.header['event_channels']) if chan['name'] == epoch.name and chan['type'] == b'epoch'), None)
                    if channel_index is not None:
                        ep_raw_times, ep_raw_durations, ep_labels = neorawio.get_event_timestamps(event_channel_index=channel_index)
                        ep_times = neorawio.rescale_event_timestamp(ep_raw_times, dtype='float64')
                        ep_durations = neorawio.rescale_epoch_duration(ep_raw_durations, dtype='float64')
                        ep = neo.Epoch(times=ep_times*pq.s, durations=ep_durations*pq.s, labels=ep_labels, name=epoch.name)
                        blk.segments[0].epochs[i] = ep

                for i in range(len(blk.segments[0].events)):
                    event = blk.segments[0].events[i]
                    channel_index = next((i for i, chan in enumerate(neorawio.header['event_channels']) if chan['name'] == event.name and chan['type'] == b'event'), None)
                    if channel_index is not None:
                        ev_raw_times, _, ev_labels = neorawio.get_event_timestamps(event_channel_index=channel_index)
                        ev_times = neorawio.rescale_event_timestamp(ev_raw_times, dtype='float64')
                        ev = neo.Event(times=ev_times*pq.s, labels=ev_labels, name=event.name)
                        blk.segments[0].events[i] = ev

                for i in range(len(blk.segments[0].spiketrains)):
                    spiketrain = blk.segments[0].spiketrains[i]
                    channel_index = next((i for i, chan in enumerate(neorawio.header['unit_channels']) if chan['name'] == spiketrain.name), None)
                    if channel_index is not None:
                        st_raw_times = neorawio.get_spike_timestamps(unit_index=channel_index)
                        st_times = neorawio.rescale_spike_timestamp(st_raw_times, dtype='float64')
                        st = neo.SpikeTrain(times=st_times*pq.s, name=st.name)
                        blk.segments[0].spiketrains[i] = st

    # convert byte labels to Unicode strings
    for epoch in blk.segments[0].epochs:
        epoch.labels = epoch.labels.astype('U')

    for event in blk.segments[0].events:
        event.labels = event.labels.astype('U')

    return blk

def _read_annotations_file(metadata):
    """
    Read in epochs and events from the ``annotations_file`` in ``metadata`` and
    return a dataframe.
    """

    if metadata.get('annotations_file', None) is None:

        return None

    else:

        # data types for each column in the file
        dtypes = {
            'Start (s)': float,
            'End (s)':   float,
            'Type':      str,
            'Label':     str,
        }

        # parse the file and create a dataframe
        df = pd.read_csv(_abs_path(metadata, 'annotations_file'), dtype = dtypes)

        # increment row labels by 2 so they match the source file
        # which is 1-indexed and has a header
        df.index += 2

        # discard entries with missing or negative start times
        bad_start = df['Start (s)'].isnull() | (df['Start (s)'] < 0)
        if bad_start.any():
            logger.warning('These rows will be discarded because their Start '
                           'times are missing or negative:\n'
                           f'{df[bad_start]}')
            df = df[~bad_start]

        # discard entries with end time preceding start time
        bad_end = df['End (s)'] < df['Start (s)']
        if bad_end.any():
            logger.warning('These rows will be discarded because their End '
                           'times precede their Start times:\n'
                           f'{df[bad_end]}')
            df = df[~bad_end]

        # compute durations
        df.insert(
            column = 'Duration (s)',
            value = df['End (s)'] - df['Start (s)'],
            loc = 2, # insert after 'End (s)'
        )

        # replace some NaNs
        df.fillna({
            'Duration (s)': 0,
            'Type': 'Other',
            'Label': '',
        }, inplace = True)

        # sort entries by time
        df.sort_values([
            'Start (s)',
            'Duration (s)',
        ], inplace = True)

        # return the dataframe
        return df

def _read_epoch_encoder_file(metadata):
    """
    Read in epochs from the ``epoch_encoder_file`` in ``metadata`` and return a
    dataframe.
    """

    if metadata.get('epoch_encoder_file', None) is None:

        return None

    else:

        # data types for each column in the file
        dtypes = {
            'Start (s)': float,
            'End (s)':   float,
            'Type':      str,
        }

        # parse the file and create a dataframe
        df = pd.read_csv(_abs_path(metadata, 'epoch_encoder_file'), dtype = dtypes)

        # increment row labels by 2 so they match the source file
        # which is 1-indexed and has a header
        df.index += 2

        # discard entries with missing or negative start times
        bad_start = df['Start (s)'].isnull() | (df['Start (s)'] < 0)
        if bad_start.any():
            logger.warning('These rows will be discarded because their Start '
                           'times are missing or negative:\n'
                           f'{df[bad_start]}')
            df = df[~bad_start]

        # discard entries with end time preceding start time
        bad_end = df['End (s)'] < df['Start (s)']
        if bad_end.any():
            logger.warning('These rows will be discarded because their End '
                           'times precede their Start times:\n'
                           f'{df[bad_end]}')
            df = df[~bad_end]

        # compute durations
        df.insert(
            column = 'Duration (s)',
            value = df['End (s)'] - df['Start (s)'],
            loc = 2, # insert after 'End (s)'
        )

        # replace some NaNs
        df.fillna({
            'Duration (s)': 0,
            'Type': 'Other',
        }, inplace = True)

        # sort entries by time
        df.sort_values([
            'Start (s)',
            'Duration (s)',
        ], inplace = True)

        # add 'Label' column to indicate where these epochs came from
        df.insert(
            column = 'Label',
            value = '(from epoch encoder file)',
            loc = 4, # insert after 'Type'
        )

        # return the dataframe
        return df

def _read_spikes_file(metadata, blk):
    """
    Read in spikes identified by spike sorting with tridesclous and return a
    dataframe.
    """

    if metadata.get('tridesclous_file', None) is None or metadata.get('tridesclous_channels', None) is None:

        return None

    else:

        # parse the file and create a dataframe
        df = pd.read_csv(_abs_path(metadata, 'tridesclous_file'), names = ['index', 'label'])

        # drop clusters with negative labels
        df = df[df['label'] >= 0]

        if metadata.get('tridesclous_merge', None):
            # merge some clusters and drop all others
            new_labels = []
            for clusters_to_merge in metadata['tridesclous_merge']:
                new_label = clusters_to_merge[0]
                new_labels.append(new_label)
                df.loc[df['label'].isin(clusters_to_merge), 'label'] = new_label
            df = df[df['label'].isin(new_labels)]

        # return the dataframe
        return df

def _create_neo_epochs_from_dataframe(dataframe, metadata, file_origin, filter_events_from_epochs=False):
    """
    Convert the contents of a dataframe into Neo :class:`Epochs
    <neo.core.Epoch>`.
    """

    epochs_list = []

    if dataframe is not None:

        if filter_events_from_epochs:
            # keep only rows with a positive duration
            dataframe = dataframe[dataframe['Duration (s)'] > 0]

        # group epochs by type
        for type_name, df in dataframe.groupby('Type'):

            # create a Neo Epoch for each type
            epoch = neo.Epoch(
                name = type_name,
                file_origin = file_origin,
                times = df['Start (s)'].values * pq.s,
                durations = df['Duration (s)'].values * pq.s,
                labels = df['Label'].values,
            )

            epochs_list.append(epoch)

    # return the list of Neo Epochs
    return epochs_list

def _create_neo_events_from_dataframe(dataframe, metadata, file_origin):
    """
    Convert the contents of a dataframe into Neo :class:`Events
    <neo.core.Event>`.
    """

    events_list = []

    if dataframe is not None:

        # group events by type
        for type_name, df in dataframe.groupby('Type'):

            # create a Neo Event for each type
            event = neo.Event(
                name = type_name,
                file_origin = file_origin,
                times = df['Start (s)'].values * pq.s,
                labels = df['Label'].values,
            )

            events_list.append(event)

    # return the list of Neo Events
    return events_list

def _create_neo_spike_trains_from_dataframe(dataframe, metadata, t_start, t_stop, sampling_period):
    """
    Convert the contents of a dataframe into Neo :class:`SpikeTrains
    <neo.core.SpikeTrain>`.
    """

    spiketrain_list = []

    if dataframe is not None:

        # group spikes by cluster label
        for spike_label, df in dataframe.groupby('label'):

            # look up the channels that this unit was found on
            channels = metadata['tridesclous_channels'][spike_label]

            # create a Neo SpikeTrain for each cluster label
            st = neo.SpikeTrain(
                name = str(spike_label),
                file_origin = _abs_path(metadata, 'tridesclous_file'),
                times = t_start + sampling_period * df['index'].values,
                t_start = t_start,
                t_stop = t_stop,
            )

            st.annotate(
                channels=channels,
                amplitude=None,
            )

            spiketrain_list.append(st)

    return spiketrain_list

def _apply_filters(metadata, blk):
    """
    Apply filters specified in ``metadata`` to the signals in ``blk``.
    """

    if metadata.get('filters', None) is not None:

        signalNameToIndex = {sig.name:i for i, sig in enumerate(blk.segments[0].analogsignals)}

        for sig_filter in metadata['filters']:

            index = signalNameToIndex.get(sig_filter['channel'], None)
            if index is None:

                logger.warning('Skipping filter with channel name {} because channel was not found!'.format(sig_filter['channel']))

            else:

                high = sig_filter.get('highpass', None)
                low  = sig_filter.get('lowpass',  None)
                if high:
                    high *= pq.Hz
                if low:
                    low  *= pq.Hz
                blk.segments[0].analogsignals[index] = _elephant_tools.butter(
                    signal = blk.segments[0].analogsignals[index],
                    highpass_freq = high,
                    lowpass_freq  = low,
                )

    return blk

def _run_amplitude_discriminators(metadata, blk):
    """
    Run all amplitude discriminators for spike detection given in ``metadata``
    on the signals in ``blk``.
    """

    spiketrain_list = []

    if metadata.get('amplitude_discriminators', None) is not None:

        signalNameToIndex = {sig.name:i for i, sig in enumerate(blk.segments[0].analogsignals)}
        epochs = blk.segments[0].epochs

        # classify spikes by amplitude
        for discriminator in metadata['amplitude_discriminators']:

            index = signalNameToIndex.get(discriminator['channel'], None)
            if index is None:

                logger.warning('Skipping amplitude discriminator with channel name {} because channel was not found!'.format(discriminator['channel']))

            else:

                sig = blk.segments[0].analogsignals[index]
                st = _detect_spikes(sig, discriminator, epochs)
                spiketrain_list.append(st)

    return spiketrain_list


def _detect_spikes(sig, discriminator, epochs):
    """
    Detect spikes in the amplitude window given by ``discriminator`` and
    optionally filter them by coincidence with epochs of a given name.
    """

    assert sig.name == discriminator['channel'], 'sig name "{}" does not match amplitude discriminator channel "{}"'.format(sig.name, discriminator['channel'])

    min_threshold = min(discriminator['amplitude'])
    max_threshold = max(discriminator['amplitude'])
    spike_type = discriminator.get('type', None)
    if spike_type == 'peak':
        sign = 'above'
    elif spike_type == 'trough':
        sign = 'below'
    elif spike_type is None:
        # infer type from thresholds
        if min_threshold >= 0 and max_threshold > 0:
            spike_type = 'peak'
            sign = 'above'
        elif min_threshold < 0 and max_threshold <= 0:
            spike_type = 'trough'
            sign = 'below'
        else:
            raise ValueError('automatic spike type inference for amplitude discriminator is possible only with two nonnegative thresholds (type=peak) or two nonpositive thresholds (type=trough); otherwise, type must be given explicitly: {}'.format(discriminator))
    else:
        raise ValueError('amplitude discriminator type must be "peak", "trough", or unspecified: {}'.format(discriminator))

    spikes_crossing_min = _elephant_tools.peak_detection(sig, pq.Quantity(min_threshold, discriminator['units']), sign, 'raw')
    spikes_crossing_max = _elephant_tools.peak_detection(sig, pq.Quantity(max_threshold, discriminator['units']), sign, 'raw')
    if spike_type == 'peak':
        spikes_between_min_and_max = np.setdiff1d(spikes_crossing_min, spikes_crossing_max)
    elif spike_type == 'trough':
        spikes_between_min_and_max = np.setdiff1d(spikes_crossing_max, spikes_crossing_min)
    else:
        raise ValueError('type should be "peak" or "trough": {}'.format(spike_type))

    st = neo.SpikeTrain(
        name = discriminator['name'],
        times = spikes_between_min_and_max * pq.s,
        t_start = sig.t_start,
        t_stop  = sig.t_stop,
    )

    st.annotate(
        channels=[discriminator['channel']],
        amplitude=pq.Quantity(discriminator['amplitude'], discriminator['units']),
        type=spike_type,
    )

    if 'epoch' in discriminator:

        time_masks = []
        if isinstance(discriminator['epoch'], str):
            # search for matching epochs
            ep = next((ep for ep in epochs if ep.name == discriminator['epoch']), None)
            if ep is not None:
                # select spike times that fall within each epoch
                for t_start, duration in zip(ep.times, ep.durations):
                    t_stop = t_start + duration
                    time_masks.append((t_start <= st) & (st < t_stop))
            else:
                # no matching epochs found
                time_masks.append([False] * len(st))
        else:
            # may eventually implement lists of ordered pairs, but
            # for now raise an error
            raise ValueError('amplitude discriminator epoch could not be handled: {}'.format(discriminator['epoch']))

        # select the subset of spikes that fall within the epoch
        # windows
        st = st[np.any(time_masks, axis=0)]

        st.annotate(epoch=discriminator['epoch'])

    return st

def _run_burst_detectors(metadata, blk):
    """
    Run all burst detectors given in ``metadata`` on the spike trains in
    ``blk``.
    """

    burst_list = []

    if metadata.get('burst_detectors', None) is not None:

        spikeTrainNameToIndex = {st.name:i for i, st in enumerate(blk.segments[0].spiketrains)}

        # detect bursts of spikes using frequency thresholds
        for detector in metadata['burst_detectors']:

            index = spikeTrainNameToIndex.get(detector['spiketrain'], None)
            if index is None:

                logger.warning("Skipping burst detector for spike train named "
                      f"\"{detector['spiketrain']}\" because spike train was "
                      "not found!")

            else:

                st = blk.segments[0].spiketrains[index]
                start_freq, stop_freq = detector['thresholds']*pq.Hz
                burst = _find_bursts(st, start_freq, stop_freq)
                burst.name = detector.get('name', detector['spiketrain'] + ' burst')
                burst_list.append(burst)

    return burst_list

def _find_bursts(st, start_freq, stop_freq):
    """
    Find every period of time during which the instantaneous firing frequency
    (IFF) of the Neo :class:`SpikeTrain <neo.core.SpikeTrain>` ``st`` meets the
    criteria for bursting. Return the set of bursts as a Neo :class:`Epoch
    <neo.core.Epoch>`, with ``array_annotations['spikes']`` listing the number
    of spikes contained in each burst.

    A burst is defined as a period beginning when the IFF exceeds
    ``start_freq`` and ending when the IFF subsequently drops below the
    ``stop_freq``. Note that in general ``stop_freq`` should not exceed
    ``start_freq``, since otherwise bursts may not be detected.
    """

    isi = _elephant_tools.isi(st).rescale('s')
    iff = 1/isi

    start_mask = iff > start_freq
    stop_mask = iff < stop_freq

    times = []
    durations = []
    n_spikes = []
    scan_index = -1
    while scan_index < iff.size:
        start_index = None
        stop_index = None

        start_mask_indexes = np.where(start_mask)[0]
        start_mask_indexes = start_mask_indexes[start_mask_indexes > scan_index]
        if start_mask_indexes.size == 0:
            break

        start_index = start_mask_indexes[0] # first time that iff rises above start threshold

        stop_mask_indexes = np.where(stop_mask)[0]
        stop_mask_indexes = stop_mask_indexes[stop_mask_indexes > start_index]
        if stop_mask_indexes.size > 0:
            stop_index = stop_mask_indexes[0] # first time after start that iff drops below stop theshold
        else:
            stop_index = -1 # end of spike train (include all spikes after start)

        times.append(st[start_index].rescale('s').magnitude)
        durations.append((st[stop_index] - st[start_index]).rescale('s').magnitude)
        n_spikes.append(stop_index-start_index+1 if stop_index > 0 else st.size-start_index)

        if stop_index == -1:
            break
        else:
            scan_index = stop_index

    bursts = neo.Epoch(
        times = times*pq.s,
        durations = durations*pq.s,
        labels = [''] * len(times),
        array_annotations = {'spikes': n_spikes},
    )

    return bursts

def _compute_firing_rates(metadata, blk):
    """
    Compute instantaneous firing rates using parameters given in ``metadata``
    on spike trains in ``blk``.

    The elephant package's :func:`instantaneous_rate
    <elephant.statistics.instantaneous_rate>` function is used for calculating
    firing rates. The :mod:`kernel <elephant.kernels>` classes from the
    elephant package, as well as :class:`CausalAlphaKernel
    <neurotic._elephant_tools.CausalAlphaKernel>`, may be used. The function
    and kernel classes are sourced from :mod:`neurotic._elephant_tools`, rather
    than the elephant package itself, to avoid having elephant as a package
    dependency.
    """

    if metadata.get('firing_rates', None) is not None:

        t_start = blk.segments[0].t_start
        t_stop = blk.segments[0].t_stop
        sampling_period = blk.segments[0].analogsignals[0].sampling_period

        for firing_rate in metadata['firing_rates']:

            spiketrain = next((st for st in blk.segments[0].spiketrains if st.name == firing_rate['name']), None)
            if spiketrain is None:

                logger.warning('Skipping firing rate computation with name {} because spike train was not found!'.format(firing_rate['name']))

            else:

                kernel_cls = getattr(_elephant_tools, firing_rate['kernel'], None)

                if kernel_cls is None or not issubclass(kernel_cls, _elephant_tools.Kernel):

                    logger.warning('Skipping firing rate computation with name {} because kernel "{}" was not found!'.format(firing_rate['name'], firing_rate['kernel']))

                else:

                    kernel = kernel_cls(firing_rate['sigma']*pq.s)
                    firing_rate_sig = _elephant_tools.instantaneous_rate(
                        spiketrain=spiketrain,
                        sampling_period=sampling_period,
                        kernel=kernel,
                        t_start=t_start,
                        t_stop=t_stop,
                    )
                    firing_rate_sig.t_start = firing_rate_sig.t_start.rescale('s')
                    firing_rate_sig.name = firing_rate['name']
                    firing_rate_sig.annotations['t_stop'] = firing_rate_sig.annotations['t_stop'].rescale('s')
                    spiketrain.annotate(
                        firing_rate_sig=firing_rate_sig,
                        firing_rate_kernel=firing_rate['kernel'],
                        firing_rate_sigma=firing_rate['sigma']*pq.s,
                    )

    return blk




          

      

      

    

  

    
      
          
            
  Source code for neurotic.datasets.download

# -*- coding: utf-8 -*-
"""
The :mod:`neurotic.datasets.download` module implements a general purpose
download function that handles connecting to remote servers, performing
authentication, and downloading files with progress reporting. The function
handles various errors and will automatically reprompt the user for login
credentials if a bad user name or password is given.

The module installs an :class:`urllib.request.HTTPBasicAuthHandler` and a
:class:`neurotic.datasets.ftpauth.FTPBasicAuthHandler` at import time.

.. autofunction:: download
"""

import os
import shutil
import urllib
from getpass import getpass
import numpy as np
from tqdm.auto import tqdm

from urllib.request import HTTPBasicAuthHandler, HTTPPasswordMgrWithDefaultRealm
from .. import global_config
from ..datasets.ftpauth import FTPBasicAuthHandler
from ..datasets.gdrive import GoogleDriveDownloader

import logging
logger = logging.getLogger(__name__)


# install HTTP and FTP authentication handlers, the latter of which also adds
# reliable file size retrieval before downloading
_max_bad_login_attempts = 3
_http_auth_handler = HTTPBasicAuthHandler(HTTPPasswordMgrWithDefaultRealm())
_ftp_auth_handler = FTPBasicAuthHandler()
_opener = urllib.request.build_opener(_http_auth_handler, _ftp_auth_handler)
urllib.request.install_opener(_opener)

gdrive_downloader = GoogleDriveDownloader(
    client_secret_file=global_config['gdrive']['client_secret_file'],
    tokens_file=global_config['gdrive']['tokens_file'],
    save_tokens=global_config['gdrive']['save_tokens'],
)


[docs]def download(url, local_file, overwrite_existing=False, show_progress=True, bytes_per_chunk=1024*8):
    """
    Download a file.
    """
    if urllib.parse.urlparse(url).scheme == 'gdrive':
        return gdrive_downloader.download(url, local_file, show_progress=show_progress, bytes_per_chunk=1024*1024*5)

    if not overwrite_existing and os.path.exists(local_file):
        logger.info(f'Skipping {os.path.basename(local_file)} (already exists)')
        return

    error = None
    error_code = None

    logger.info(f'Downloading {os.path.basename(local_file)}')
    try:
        _download_with_progress_bar(url, local_file, show_progress=show_progress, bytes_per_chunk=bytes_per_chunk)

    except urllib.error.HTTPError as e:

        error = e
        error_code = e.code

    except urllib.error.URLError as e:

        error = e

        if isinstance(e.reason, str):

            # special cases for ftp errors
            if e.reason.startswith('ftp error: error_perm('):
                reason = e.reason[23:-2]
                error_code = int(reason[:3])
            elif e.reason.startswith('ftp error: TimeoutError('):
                reason = e.reason[24:-2]
                error_code = int(reason[:5])
            else:
                error_code = -1

        else:

            error_code = e.reason.errno

    finally:

        if error_code is not None:

            if error_code == 404:
                # not found
                logger.error(f'Skipping {os.path.basename(local_file)} (not found on server)')
                raise error

            elif error_code == 550:
                # no such file or folder, or permission denied
                logger.error(f'Skipping {os.path.basename(local_file)} (not found on server, or user is unauthorized)')
                raise error

            elif error_code == 10060:
                # timeout
                hostname = urllib.parse.urlparse(url).hostname
                logger.error(f'Skipping {os.path.basename(local_file)} (timed out when connecting to {hostname})')
                raise error

            elif error_code == 11001:
                # could not reach server or resolve hostname
                hostname = urllib.parse.urlparse(url).hostname
                logger.error(f'Skipping {os.path.basename(local_file)} (cannot connect to {hostname})')
                raise error

            else:
                logger.error(f'Encountered a problem: {error}')
                raise error



def _download_with_progress_bar(url, local_file, show_progress=True, bytes_per_chunk=1024*8):
    """
    Authenticate if necessary, then download while showing a progress bar.
    """

    auth_needed =  _auth_needed(url)
    if auth_needed:
        authenticated = _authenticate(url)

    if not auth_needed or (auth_needed and authenticated):

        # determine where to temporarily save the file during download
        temp_file = local_file + '.part'
        logger.debug(f'Temporarily downloading to {temp_file}')

        # create the containing directory if necessary
        if not os.path.exists(os.path.dirname(local_file)):
            os.makedirs(os.path.dirname(local_file))

        try:
            with urllib.request.urlopen(urllib.parse.quote(url, safe='/:')) as dist:
                with open(temp_file, 'wb') as f:
                    if show_progress:
                        if 'Content-Length' in dist.headers:
                            # knowing the file size allows progress to be displayed
                            file_size_in_bytes = int(dist.headers['Content-Length'])
                            num_chunks = int(np.ceil(file_size_in_bytes/bytes_per_chunk))
                            total = num_chunks*bytes_per_chunk
                        else:
                            # progress can't be displayed, but other stats can be
                            total = None
                        pbar = tqdm(total=total, unit='B', unit_scale=True)
                    while True:
                        chunk = dist.read(bytes_per_chunk)
                        if chunk:
                            f.write(chunk)
                            if show_progress:
                                pbar.update(bytes_per_chunk)
                        else:
                            break
                    if show_progress:
                        pbar.close()

        except:
            # the download is likely incomplete, so delete the temporary file
            if os.path.exists(temp_file):
                os.remove(temp_file)

            # raise the exception so that it can be handled elsewhere
            raise

        else:
            # download completed, so move the temp file to the final location
            shutil.move(temp_file, local_file)


def _auth_needed(url):
    """
    Determine whether authentication is needed by attempting to make a
    connection.
    """

    # escape spaces and other unsafe characters
    url = urllib.parse.quote(url, safe='/:')

    error = None
    error_code = None

    try:
        # try to connect
        with urllib.request.urlopen(url) as dist:
            # if connection was successful, additional auth is not needed
            return False

    except urllib.error.HTTPError as e:

        error = e
        error_code = e.code

    except urllib.error.URLError as e:

        error = e

        if isinstance(e.reason, str):

            # special cases for ftp errors
            if e.reason.startswith('ftp error: error_perm('):
                reason = e.reason[23:-2]
                error_code = int(reason[:3])
            else:
                raise

        else:

            error_code = e.reason.errno

    finally:

        if error_code is not None:

            if error_code in [401, 530, 553]:
                # unauthorized
                return True

            else:
                raise error


def _authenticate(url):
    """
    Perform HTTP or FTP authentication.
    """

    # escape spaces and other unsafe characters
    url = urllib.parse.quote(url, safe='/:')

    bad_login_attempts = 0
    while True:

        error = None
        error_code = None

        try:
            # try to connect
            with urllib.request.urlopen(url) as dist:
                # if connection was successful, authentication is done
                return True

        except urllib.error.HTTPError as e:

            error = e
            error_code = e.code

        except urllib.error.URLError as e:

            error = e

            if isinstance(e.reason, str):

                # special cases for ftp errors
                if e.reason.startswith('ftp error: error_perm('):
                    reason = e.reason[23:-2]
                    error_code = int(reason[:3])
                else:
                    raise

            else:

                error_code = e.reason.errno

        finally:

            if error_code is not None:

                if error_code == 401:
                    # unauthorized -- will try to authenticate with http handler
                    handler = _http_auth_handler

                elif error_code in [530, 553]:
                    # unauthorized -- will try to authenticate with ftp handler
                    handler = _ftp_auth_handler

                else:
                    raise error

        if bad_login_attempts >= _max_bad_login_attempts:
            logger.error('Unauthorized: Aborting login')
            return False
        else:
            if bad_login_attempts == 0:
                logger.info('Authentication required')
            else:
                logger.warning(f'Failed login ({bad_login_attempts} of '
                      f'{_max_bad_login_attempts}): Bad login credentials, or '
                      f'else user {user} does not have permission to access '
                      f'{url}')
            bad_login_attempts += 1

            netloc = urllib.parse.urlparse(url).netloc
            host, port = urllib.parse.splitport(netloc)
            user = input(f'User name on {host}: ')
            if not user:
                logger.error('No user given, aborting login')
                return False
            passwd = getpass('Password: ')
            handler.add_password(None, netloc, user, passwd)




          

      

      

    

  

    
      
          
            
  Source code for neurotic.datasets.ftpauth

# -*- coding: utf-8 -*-
"""
The :mod:`neurotic.datasets.ftpauth` module implements a
:mod:`urllib.request`-compatible FTP handler that prompts for and remembers
passwords.

.. autoclass:: FTPBasicAuthHandler

.. autofunction:: setup_ftpauth
"""

import ftplib
import urllib
from urllib.request import FTPHandler, HTTPPasswordMgr
from urllib.parse import splitport, splituser, unquote

import logging
logger = logging.getLogger(__name__)


[docs]class FTPBasicAuthHandler(FTPHandler):
    """
    This subclass of :class:`urllib.request.FTPHandler` implements basic
    authentication management for FTP connections. Like
    :class:`urllib.request.HTTPBasicAuthHandler`, this handler for FTP connections
    has a password manager that it checks for login credentials before
    connecting to a server.

    This subclass also ensures that file size is included in the response
    header, which can fail for some FTP servers if the original
    :class:`FTPHandler <urllib.request.FTPHandler>` is used.

    This handler can be installed globally in a Python session so that calls
    to :func:`urllib.request.urlopen('ftp://...') <urllib.request.urlopen>`
    will use it automatically:

    >>> handler = FTPBasicAuthHandler()
    >>> handler.add_password(None, uri, user, passwd)  # realm must be None
    >>> opener = urllib.request.build_opener(handler)
    >>> urllib.request.install_opener(opener)
    """

    def __init__(self, password_mgr=None):
        """
        Initialize a new FTPBasicAuthHandler.
        """

        if password_mgr is None:
            password_mgr = HTTPPasswordMgr()
        self.passwd = password_mgr
        self.add_password = self.passwd.add_password
        return super().__init__()

    def ftp_open(self, req):
        """
        When ftp requests are made using this handler, this function gets
        called at some point, and it in turn calls the ``connect_ftp`` method.
        In this subclass's reimplementation of ``connect_ftp``, the FQDN of
        the request's host is needed for looking up login credentials in the
        password manager. However, by the time ``connect_ftp`` is called, that
        information has been stripped away, and the host argument passed to
        ``connect_ftp`` contains only the host's IP address instead of the
        FQDN. This reimplementation of ``ftp_open``, which is little more than
        a copy-and-paste from the superclass's implementation, captures the
        original host FQDN before it is replaced with the IP address and saves
        it for later use.

        This reimplementation also ensures that the file size appears in the
        response header by querying for it directly. For some FTP servers the
        original implementation should handle this (``retrlen`` should contain
        the file size). However, for others this can fail silently due to the
        server response not matching an anticipated regular expression.
        """

        import sys
        import email
        import socket
        from urllib.error import URLError
        from urllib.parse import splitattr, splitpasswd, splitvalue
        from urllib.response import addinfourl

        ####################################################
        #  COPIED FROM FTPHandler.ftp_open (PYTHON 3.6.6)  #
        #  WITH JUST A FEW ADDITIONS                       #
        ####################################################

        import ftplib
        import mimetypes
        host = req.host
        if not host:
            raise URLError('ftp error: no host given')
        host, port = splitport(host)
        if port is None:
            port = ftplib.FTP_PORT
        else:
            port = int(port)

        # username/password handling
        user, host = splituser(host)
        if user:
            user, passwd = splitpasswd(user)
        else:
            passwd = None
        host = unquote(host)
        user = user or ''
        passwd = passwd or ''

        ############################################
        # DIFFERENT FROM FTPHandler.ftp_open
        # save the host FQDN for later
        self.last_req_host = host
        ############################################
        try:
            host = socket.gethostbyname(host)
        except OSError as msg:
            raise URLError(msg)
        path, attrs = splitattr(req.selector)
        dirs = path.split('/')
        dirs = list(map(unquote, dirs))
        dirs, file = dirs[:-1], dirs[-1]
        if dirs and not dirs[0]:
            dirs = dirs[1:]
        try:
            fw = self.connect_ftp(user, passwd, host, port, dirs, req.timeout)
            type = file and 'I' or 'D'
            for attr in attrs:
                attr, value = splitvalue(attr)
                if attr.lower() == 'type' and \
                   value in ('a', 'A', 'i', 'I', 'd', 'D'):
                    type = value.upper()
            ############################################
            # DIFFERENT FROM FTPHandler.ftp_open
            size = fw.ftp.size(file)
            ############################################
            fp, retrlen = fw.retrfile(file, type)
            headers = ""
            mtype = mimetypes.guess_type(req.full_url)[0]
            if mtype:
                headers += "Content-type: %s\n" % mtype
            if retrlen is not None and retrlen >= 0:
                headers += "Content-length: %d\n" % retrlen
            ############################################
            # DIFFERENT FROM FTPHandler.ftp_open
            elif size is not None and size >= 0:
                headers += "Content-length: %d\n" % size
            ############################################
            headers = email.message_from_string(headers)
            return addinfourl(fp, headers, req.full_url)
        except ftplib.all_errors as exp:
            exc = URLError('ftp error: %r' % exp)
            raise exc.with_traceback(sys.exc_info()[2])

    def connect_ftp(self, user, passwd, host, port, dirs, timeout):
        """
        Unless authentication credentials are provided in the request URL
        (``ftp://user:passwd@host/path``), this method will be called with
        empty user and passwd arguments. In that case, this reimplementation of
        ``connect_ftp`` checks the password manager for credentials matching
        the ``last_req_host`` (the host argument will be an IP address instead
        of the FQDN and is thereby useless if the password manager is keyed by
        FQDN).
        """

        if not user and not passwd:
            user, passwd = self.passwd.find_user_password(None, self.last_req_host)
        return super().connect_ftp(user, passwd, host, port, dirs, timeout)



[docs]def setup_ftpauth():
    """
    Install :class:`neurotic.datasets.ftpauth.FTPBasicAuthHandler` as the
    global default FTP handler.

    Note that :func:`urllib.request.install_opener` used here will remove all
    other non-default handlers installed in a different opener, such as an
    :class:`urllib.request.HTTPBasicAuthHandler`.
    """

    handler = FTPBasicAuthHandler()
    opener = urllib.request.build_opener(handler)
    urllib.request.install_opener(opener)
    return handler





          

      

      

    

  

    
      
          
            
  Source code for neurotic.datasets.gdrive

# -*- coding: utf-8 -*-
"""
The :mod:`neurotic.datasets.gdrive` module implements a class for downloading
files from Google Drive using paths, rather than file IDs or shareable links.

.. autoclass:: GoogleDriveDownloader
   :members:
"""

import os
import shutil
import urllib
from functools import reduce
from tqdm.auto import tqdm
from pydrive2.auth import GoogleAuth, LoadAuth
from pydrive2.drive import GoogleDrive

import logging
logger = logging.getLogger(__name__)


[docs]class GoogleDriveDownloader(GoogleDrive):
    """
    A class for downloading files from Google Drive using paths.

    Files can be specified for download using URL-like paths of the form

        gdrive://<drive name>/<folder 1>/<...>/<folder N>/<file name>

    The "<drive name>" may be "My Drive" for files located in a personal
    Google Drive, or it may be the name of a Shared Drive that the user has
    permission to access.

    Note that these URL-like paths are not equivalent to ordinary URLs
    associated with Google Drive files, such as shareable links, which are
    composed of pseudorandom file IDs and do not reveal anything about the name
    of the file or the folders containing it.

    This class can only download files that are uniquely identifiable by their
    paths. Google Drive does not require file or folder names to be unique, so
    two or more files or folders with identical names may coexist in a folder.
    Such files and folders cannot be distinguished by their paths, so they
    cannot be downloaded using this class. A download will fail while
    traversing the file tree if at any step there is more than one folder or
    file that matches the path.

    This class manages access authorization, optionally saving authorization
    tokens to a file so that the authorization flow does not need to be
    repeated in the future.

    The ``client_secret_file`` should be the path to a client secret file in
    JSON format, obtained from the `Google API Console
    <https://console.developers.google.com/>`_. The Drive API must be enabled
    for the corresponding client.

    If ``save_tokens=False``, the authorization flow (a request via web browser
    for permission to access Google Drive) will always run the first time a new
    instance of this class is used, and authorization will not persist after
    the instance is destroyed. If ``save_tokens=True`` and a file path is
    provided with ``tokens_file``, access/refresh tokens resulting from a
    successful authorization are stored in the file, and tokens are loaded from
    the file in the future, so that the authorization flow does not need to be
    repeated.
    """

    def __init__(self, client_secret_file, tokens_file=None, save_tokens=False):
        """
        Initialize a new GoogleDriveDownloader.
        """

        self.settings = {
            'client_config_file': client_secret_file,
            'oauth_scope': ['https://www.googleapis.com/auth/drive.readonly'],
            'save_credentials': save_tokens,
            'save_credentials_backend': 'file',
            'save_credentials_file': tokens_file
        }

        GoogleDrive.__init__(self, auth=self._create_auth())

    def _create_auth(self):
        """
        Create a GoogleAuth object with the correct settings.
        """
        auth = GoogleAuth()
        auth.settings.update(self.settings)
        return auth

[docs]    @LoadAuth
    def authorize(self):
        """
        Obtain tokens for reading the contents of a Google Drive account.

        If ``save_tokens=True``, tokens will be loaded from the ``tokens_file``
        if possible. If tokens cannot be restored this way, or if the loaded
        tokens have expired, an authorization flow will be initiated, prompting
        the user through a web browser to grant read-only privileges to the
        client associated with the ``client_secret_file``. When the
        authorization flow completes, if ``save_tokens=True``, the newly
        created tokens will be stored in the ``tokens_file`` for future use.

        Authorization is performed automatically when needed, but this method
        can be called directly to retrieve (and possibly store) tokens without
        initiating a download.
        """
        # the LoadAuth decorator does all the work
        return


[docs]    def deauthorize(self):
        """
        Forget tokens and delete the ``tokens_file``. The authorization flow
        will be required for the next download.
        """
        if os.path.exists(self.settings['save_credentials_file']):
            os.remove(self.settings['save_credentials_file'])
        del self.auth
        self.auth = self._create_auth()


[docs]    def is_authorized(self):
        """
        Get the current authorization state.
        """
        return (self.auth is not None and
                self.auth.credentials is not None and
                self.auth.service is not None)


[docs]    @LoadAuth
    def GetUserEmail(self):
        """
        Get the email address for the authorized Google Drive account.
        """
        return self.GetAbout()['user']['emailAddress']


[docs]    @LoadAuth
    def GetSharedDrivesList(self):
        """
        Return information about available Shared Drives.
        """
        # no PyDrive2 interface for this, so implement it here
        return self.auth.service.drives().list().execute(http=self.http)


[docs]    def download(self, gdrive_url, local_file, overwrite_existing=False, show_progress=True, bytes_per_chunk=1024*1024*5):
        """
        Download a file from Google Drive using a URL-like path beginning with
        "gdrive://".
        """
        if not overwrite_existing and os.path.exists(local_file):
            logger.info(f'Skipping {os.path.basename(local_file)} (already exists)')
            return

        logger.info(f'Downloading {os.path.basename(local_file)}')
        try:
            self._download_with_progress_bar(gdrive_url, local_file, show_progress=show_progress, bytes_per_chunk=bytes_per_chunk)
        except Exception as e:
            logger.error(f'Skipping {os.path.basename(local_file)} ({e})')
            raise


    def _download_with_progress_bar(self, gdrive_url, local_file, show_progress=True, bytes_per_chunk=1024*1024*5):
        """
        Download while showing a progress bar.
        """
        # TODO: bytes_per_chunk=1024*1024*100 (100 MiB) would match
        # googleapiclient.http.MediaIoBaseDownload's default chunk size and
        # seems to be significantly faster than smaller values, suggesting
        # chunk fetching incurs a large overhead. Unfortunately, such a large
        # chunk size would prevent the progress bar from updating frequently.
        # As a compromise, the chunk size used by this method is just 5 MiB,
        # which is a little larger than is ideal for progress reporting and yet
        # still noticeably slows downloads. Is there a better solution?

        # determine where to temporarily save the file during download
        temp_file = local_file + '.part'
        logger.debug(f'Temporarily downloading to {temp_file}')

        # create the containing directory if necessary
        if not os.path.exists(os.path.dirname(local_file)):
            os.makedirs(os.path.dirname(local_file))

        # locate the Google Drive file
        file_id = self._get_file_id(gdrive_url)
        if file_id is None:
            raise ValueError(f'error locating file on server for account "{self.GetUserEmail()}"')
        file = self.CreateFile({'id': file_id})

        try:
            with tqdm(total=int(file['fileSize']), unit='B', unit_scale=True) as pbar:
                def update_pbar(total_transferred, file_size):
                    pbar.n = total_transferred
                    pbar.update()
                file.GetContentFile(temp_file, callback=update_pbar, chunksize=bytes_per_chunk)

        except:
            # the download is likely incomplete, so delete the temporary file
            if os.path.exists(temp_file):
                os.remove(temp_file)

            # raise the exception so that it can be handled elsewhere
            raise

        else:
            # download completed, so move the temp file to the final location
            shutil.move(temp_file, local_file)

    def _get_file_id(self, gdrive_url):
        """
        Retrieve the Google Drive ID for the file specified by ``gdrive_url``.
        """
        # verify the url is of the right type
        scheme = urllib.parse.urlparse(gdrive_url).scheme
        if scheme != 'gdrive':
            raise ValueError(f'gdrive_url must begin with "gdrive://": {gdrive_url}')

        # extract drive name ("My Drive" or some Shared Drive) and file path
        drive_name = urllib.parse.urlparse(gdrive_url).netloc
        path = urllib.parse.urlparse(gdrive_url).path
        path = os.path.normpath(path).strip(os.sep).split(os.sep)

        # find the drive id from its name
        if not drive_name:
            raise ValueError('problem parsing drive name')
        elif drive_name == 'My Drive':
            drive_id = 'root'
        else:
            # search for all Shared Drives with a matching name
            drives = self.GetSharedDrivesList().get('items', [])
            drives = [drive for drive in drives if drive['name'] == drive_name]

            # make sure the drive is unique
            if len(drives) == 0:
                raise ValueError(f'drive "{drive_name}" not found on server for account "{self.GetUserEmail()}"')
            elif len(drives) > 1:
                raise ValueError(f'ambigous path, multiple drives with name "{drive_name}" exist on server for account "{self.GetUserEmail()}"')
            else:
                drive_id = drives[0]['id']

        # find the file id from its path by starting at the drive root and
        # recursively searching for the id of the next folder in the path
        file_id = reduce(self._get_child_id, path, drive_id)

        return file_id

    def _get_child_id(self, parent_id, child_name):
        """
        Retrieve the Google Drive ID for the file or folder named
        ``child_name`` located in a folder or drive with ID ``parent_id``.
        """
        # search for all files with a matching name and parent id
        items = self.ListFile({'q': f'title="{child_name}" and "{parent_id}" '
                                    'in parents and trashed=false'}).GetList()

        # make sure the file is unique
        if len(items) == 0:
            raise ValueError(f'file or folder "{child_name}" not found on server for account "{self.GetUserEmail()}"')
        elif len(items) > 1:
            raise ValueError(f'ambiguous path, multiple files or folders with the name "{child_name}" exist under their parent folder on server for account "{self.GetUserEmail()}"')
        else:
            child_id = items[0]['id']

        return child_id





          

      

      

    

  

    
      
          
            
  Source code for neurotic.datasets.metadata

# -*- coding: utf-8 -*-
"""
The :mod:`neurotic.datasets.metadata` module implements a class for reading
metadata files.

.. autoclass:: MetadataSelector
   :members:
"""

import os
import urllib
import yaml
from packaging.specifiers import SpecifierSet
from packaging import version

from .. import __version__
from ..datasets.download import download

import logging
logger = logging.getLogger(__name__)


[docs]class MetadataSelector():
    """
    A class for managing metadata.

    A metadata file can be specified at initialization, in which case it is
    read immediately. The file contents are stored as a dictionary in
    :attr:`all_metadata`.

    >>> metadata = MetadataSelector(file='metadata.yml')
    >>> print(metadata.all_metadata)

    File contents can be reloaded after they have been changed, or after
    changing ``file``, using the :meth:`load` method.

    >>> metadata = MetadataSelector()
    >>> metadata.file = 'metadata.yml'
    >>> metadata.load()

    A particular metadata set contained within the file can be selected at
    initialization with ``initial_selection`` or later using the :meth:`select`
    method. After making a selection, the selected metadata set is accessible
    at :meth:`metadata.selected_metadata <selected_metadata>`, e.g.

    >>> metadata = MetadataSelector(file='metadata.yml')
    >>> metadata.select('Data Set 5')
    >>> print(metadata.selected_metadata['data_file'])

    A compact indexing method is implemented that allows the selected metadata
    set to be accessed directly, e.g.

    >>> print(metadata['data_file'])

    This allows the MetadataSelector to be passed to functions expecting a
    simple dictionary corresponding to a single metadata set, and the selected
    metadata set will be used automatically.

    Files associated with the selected metadata set can be downloaded
    individually or all together, e.g.

    >>> metadata.download('video_file')

    or

    >>> metadata.download_all_data_files()

    The absolute path to a local file or the full URL to a remote file
    associated with the selected metadata set can be resolved with the
    :meth:`abs_path` and :meth:`abs_url` methods, e.g.

    >>> print(metadata.abs_path('data_file'))
    >>> print(metadata.abs_url('data_file'))
    """

    def __init__(self, file=None, local_data_root=None, remote_data_root=None, initial_selection=None):
        """
        Initialize a new MetadataSelector.
        """

        self.file = file
        self.local_data_root = local_data_root
        self.remote_data_root = remote_data_root

        self.all_metadata = None  #: A dictionary containing the entire file contents, set by :meth:`load`.
        self._selection = None
        if self.file is not None:
            self.load()
            if initial_selection is not None:
                self.select(initial_selection)

[docs]    def load(self):
        """
        Read the metadata file.
        """
        self.all_metadata = _load_metadata(self.file, self.local_data_root, self.remote_data_root)
        if self._selection not in self.all_metadata:
            self._selection = None


[docs]    def select(self, selection):
        """
        Select a metadata set.
        """
        if self.all_metadata is None:
            logger.error('Load metadata before selecting')
        elif selection not in self.all_metadata:
            raise ValueError('{} was not found in {}'.format(selection, self.file))
        else:
            self._selection = selection


    @property
    def keys(self):
        """
        The available metadata keys.
        """
        if self.all_metadata is None:
            return None
        else:
            return list(self.all_metadata.keys())

    @property
    def selected_metadata(self):
        """
        The access point for the selected metadata set.
        """
        if self._selection is None:
            return None
        else:
            return self.all_metadata[self._selection]

[docs]    def abs_path(self, file):
        """
        Convert the relative path of ``file`` to an absolute path using
        ``data_dir``.
        """
        return _abs_path(self.selected_metadata, file)


[docs]    def abs_url(self, file):
        """
        Convert the relative path of ``file`` to a full URL using
        ``remote_data_dir``.
        """
        return _abs_url(self.selected_metadata, file)


[docs]    def download(self, file, **kwargs):
        """
        Download a file associated with the selected metadata set.

        See :func:`neurotic.datasets.download.download` for possible keyword
        arguments.
        """
        _download_file(self.selected_metadata, file, **kwargs)


[docs]    def download_all_data_files(self, **kwargs):
        """
        Download all files associated with the selected metadata set.

        See :func:`neurotic.datasets.download.download` for possible keyword
        arguments.
        """
        _download_all_data_files(self.selected_metadata, **kwargs)


    def __iter__(self, *args):
        if self.selected_metadata is None:
            logger.error('No metadata set is selected. Use the select() method first.')
        else:
            return self.selected_metadata.__iter__(*args)

    def __getitem__(self, *args):
        if self.selected_metadata is None:
            logger.error('No metadata set is selected. Use the select() method first.')
        else:
            return self.selected_metadata.__getitem__(*args)

    def __setitem__(self, *args):
        if self.selected_metadata is None:
            logger.error('No metadata set is selected. Use the select() method first.')
        else:
            return self.selected_metadata.__setitem__(*args)

    def __delitem__(self, *args):
        if self.selected_metadata is None:
            logger.error('No metadata set is selected. Use the select() method first.')
        else:
            return self.selected_metadata.__delitem__(*args)

    def get(self, *args):
        if self.selected_metadata is None:
            logger.error('No metadata set is selected. Use the select() method first.')
        else:
            return self.selected_metadata.get(*args)

    def setdefault(self, *args):
        if self.selected_metadata is None:
            logger.error('No metadata set is selected. Use the select() method first.')
        else:
            return self.selected_metadata.setdefault(*args)



def _load_metadata(file = 'metadata.yml', local_data_root = None, remote_data_root = None):
    """
    Read metadata stored in a YAML file about available collections of data,
    assign defaults to missing parameters, and resolve absolute paths for local
    data stores and full URLs for remote data stores.

    ``local_data_root`` must be an absolute or relative path on the local
    system, or None. If it is a relative path, it is relative to the current
    working directory. If it is None, its value defaults to the directory
    containing ``file``.

    ``remote_data_root`` must be a full URL or None. If it is None, ``file``
    will be checked for a fallback value. "remote_data_root" may be provided in
    the YAML file under the reserved keyword "neurotic_config". Any non-None
    value passed to this function will override the value provided in the file.
    If both are unspecified, it is assumed that no remote data store exists.

    The "data_dir" property is optional for every data set in ``file`` and
    specifies the directory on the local system containing the data files.
    "data_dir" may be an absolute path or a relative path with respect to
    ``local_data_root``. If it is a relative path, it will be converted to an
    absolute path.

    The "remote_data_dir" property is optional for every data set in ``file``
    and specifies the directory on a remote server containing the data files.
    "remote_data_dir" may be a full URL or a relative path with respect to
    ``remote_data_root``. If it is a relative path, it will be converted to a
    full URL.

    File paths (e.g., "data_file", "video_file") are assumed to be relative to
    both "data_dir" and "remote_data_dir" (i.e., the local and remote data
    stores mirror one another) and can be resolved with ``_abs_path`` or
    ``_abs_url``.
    """

    assert file is not None, 'metadata file must be specified'
    assert os.path.exists(file), 'metadata file "{}" cannot be found'.format(file)

    # local_data_root defaults to the directory containing file
    if local_data_root is None:
        local_data_root = os.path.dirname(file)

    # load metadata from file
    with open(file) as f:
        md = yaml.safe_load(f)

    # remove special entry "neurotic_config" from the dict if it exists
    config = md.pop('neurotic_config', None)
    if isinstance(config, dict):
        # process global settings
        neurotic_version = config.get('neurotic_version', None)
        remote_data_root_from_file = config.get('remote_data_root', None)
    else:
        # use defaults for all global settings
        neurotic_version = None
        remote_data_root_from_file = None

    # check neurotic version requirements
    if neurotic_version is not None:
        version_spec = SpecifierSet(str(neurotic_version), prereleases=True)
        if version.parse(__version__) not in version_spec:
            logger.warning('the installed version of neurotic '
                           f'({__version__}) does not meet version '
                           'requirements specified in the metadata file: '
                           f'{version_spec}')

    # use remote_data_root passed to function preferentially
    if remote_data_root is not None:
        if not _is_url(remote_data_root):
            raise ValueError('"remote_data_root" passed to function is not a full URL: "{}"'.format(remote_data_root))
        else:
            # use the value passed to the function
            pass
    elif remote_data_root_from_file is not None:
        if not _is_url(remote_data_root_from_file):
            raise ValueError('"remote_data_root" provided in file is not a full URL: "{}"'.format(remote_data_root_from_file))
        else:
            # use the value provided in the file
            remote_data_root = remote_data_root_from_file
    else:
        # both potential sources of remote_data_root are None
        pass

    # iterate over all data sets
    for key in md:

        assert type(md[key]) is dict, 'File "{}" may be formatted incorrectly, especially beginning with entry "{}"'.format(file, key)

        # fill in missing metadata with default values
        defaults = _defaults_for_key(key)
        for k in defaults:
            md[key].setdefault(k, defaults[k])

        # determine the absolute path of the local data directory
        if md[key]['data_dir'] is not None:
            # data_dir is either an absolute path already or is specified
            # relative to local_data_root
            if os.path.isabs(md[key]['data_dir']):
                dir = md[key]['data_dir']
            else:
                dir = os.path.abspath(os.path.join(local_data_root, md[key]['data_dir']))
        else:
            # data_dir is a required property
            raise ValueError('"data_dir" missing for "{}"'.format(key))
        md[key]['data_dir'] = os.path.normpath(dir)

        # determine the full URL to the remote data directory
        if md[key]['remote_data_dir'] is not None:
            # remote_data_dir is either a full URL already or is specified
            # relative to remote_data_root
            if _is_url(md[key]['remote_data_dir']):
                url = md[key]['remote_data_dir']
            elif _is_url(remote_data_root):
                url = '/'.join([remote_data_root, md[key]['remote_data_dir']])
            else:
                url = None
        else:
            # there is no remote data store
            url = None
        md[key]['remote_data_dir'] = url

    return md


def _defaults_for_key(key):
    """
    Default values for metadata.
    """

    defaults = {
        # store the key with the metadata
        'key': key,

        # description of data set
        'description': None,

        # the path of the directory containing the data on the local system
        # - this may be an absolute or relative path, but not None since data
        #   must be located locally
        # - if it is a relative path, it will be interpreted by _load_metadata
        #   as relative to local_data_root and will be converted to an absolute
        #   path
        'data_dir': '.',

        # the path of the directory containing the data on a remote server
        # - this may be a full URL or a relative path, or None if there exists
        #   no remote data store
        # - if it is a relative path, it will be interpreted by _load_metadata
        #   as relative to remote_data_root and will be converted to a full URL
        'remote_data_dir': None,

        # the ephys data file
        # - path relative to data_dir and remote_data_dir
        'data_file': None,

        # the name of a Neo IO class
        # - this parameter is optional and exists for overriding the IO class
        #   determined automatically from the data file's extension
        'io_class': None,

        # arguments for the Neo IO class
        # - e.g. for AsciiSignalIO, {'delimiter': ',', 'sampling_rate': 1000, 'units': 'mV'}
        'io_args': None,

        # a real-world start time for the data_file, which overrides the value
        # that may be stored in the data_file
        # - e.g. '2020-01-01 13:14:15'
        'rec_datetime': None,

        # digital filters to apply before analysis and plotting
        # 0 <= highpass <= lowpass < sample_rate/2
        # - e.g. [{'channel': 'Channel A', 'highpass': 0, 'lowpass': 50}, ...]
        'filters': None,

        # the annotations file
        # - path relative to data_dir and remote_data_dir
        'annotations_file': None,

        # the epoch encoder file
        # - path relative to data_dir and remote_data_dir
        'epoch_encoder_file': None,

        # list of labels for epoch encoder
        'epoch_encoder_possible_labels': [],

        # list of dicts giving name, channel, units, amplitude window, epoch window, color for each unit
        # - e.g. [{'name': 'Unit X', 'channel': 'Channel A', 'units': 'uV', 'amplitude': [75, 150], 'epoch': 'Type 1', 'color': 'ff0000'}, ...]
        'amplitude_discriminators': None,

        # list of dicts giving name of a spiketrain, start and stop firing rate
        # thresholds in Hz for each burst
        # - 'spiketrain' is required and used to find the appropriate spike
        #   train by name, whereas 'name' is option and is used to name the
        #   Epoch generated by load_dataset, defaults to the spiketrain's name
        #   with ' burst' appended
        # - e.g. [{'spiketrain': 'Unit X', 'name': 'Unit X burst', 'thresholds': [10, 8]}, ...]
        'burst_detectors': None,

        # the output file of a tridesclous spike sorting analysis
        # - path relative to data_dir and remote_data_dir
        'tridesclous_file': None,

        # dict mapping spike ids to lists of channel indices
        # - e.g. {0: ['Channel A'], 1: ['Channel A'], ...} to indicate clusters 0 and 1 are both on channel A
        # - e.g. {0: ['Channel A', 'Channel B'], ...} to indicate cluster 0 is on both channels A and B
        'tridesclous_channels': None,

        # list of lists of spike ids specifying how to merge clusters
        # - e.g. [[0, 1, 2], [3, 4]] to merge clusters 1 and 2 into 0, merge 4 into 3, and discard all others
        # - e.g. [[0], [1], [2], [3], [4]] to keep clusters 0-4 as they are and discard all others
        'tridesclous_merge': None,

        # list of dicts giving name of a spiketrain, name of a kernel to be
        # convolved with the spiketrain, and the sigma parameter of the kernel
        # in seconds
        # - e.g. [{'name': 'Unit X', 'kernel': 'CausalAlphaKernel', 'sigma': 0.5}, ...]
        'firing_rates': None,

        # the video file
        # - path relative to data_dir and remote_data_dir
        'video_file': None,

        # the video time offset in seconds
        'video_offset': None,

        # list of ordered pairs specifying times and durations that the ephys
        # data collection was paused while the video continued recording
        # - e.g. [[60, 10], [120, 10], [240, 10]] for three 10-second pauses
        #   occurring at times 1:00, 2:00, 3:00 according to the daq, which
        #   would correspond to times 1:00, 2:10, 3:20 according to the video
        'video_jumps': None,

        # a factor to multiply the video frame rate by to correct for async
        # error that accumulates over time at a constant rate
        # - a value less than 1 will decrease the frame rate and shift video
        #   events to later times
        # - a value greater than 1 will increase the frame rate and shift video
        #   events to earlier times
        # - a good estimate can be obtained by taking the amount of time
        #   between two events in the video and dividing by the amount of time
        #   between the same two events in the data
        'video_rate_correction': None,

        # list the channels in the order they should be plotted
        # - e.g. [{'channel': 'Channel A', 'ylabel': 'My channel', 'ylim': [-120, 120], 'units': 'uV', 'color': 'ff0000'}, ...]
        'plots': None,

        # amount of time in seconds to plot initially
        't_width': 40,

        # proportion of the plot range, between 0 and 1, to the left of the
        # current time (in the "past"), indicated by the position of the
        # vertical line
        'past_fraction': 0.3,

        # factor to subtract from each signal before rectification when
        # calculating rectified area under the curve (RAUC)
        # - can be None, 'mean', or 'median'
        'rauc_baseline': None,

        # width of bins in seconds used for calculating rectified area under
        # the curve (RAUC) for signals
        'rauc_bin_duration': None,
    }

    return defaults


def _abs_path(metadata, file):
    """
    Convert the relative path of file to an absolute path using data_dir
    """
    if metadata.get(file, None) is None:
        return None
    else:
        return os.path.normpath(os.path.join(metadata.get('data_dir', '.'), metadata[file]))


def _abs_url(metadata, file):
    """
    Convert the relative path of file to a full URL using remote_data_dir
    """
    if metadata.get(file, None) is None or metadata.get('remote_data_dir', None) is None:
        return None
    else:
        file_path = metadata[file].replace(os.sep, '/')
        url = '/'.join([metadata['remote_data_dir'], file_path])
        # url = urllib.parse.unquote(url)
        # url = urllib.parse.quote(url, safe='/:')
        return url


def _is_url(url):
    """
    Returns True only if the parameter begins with the form <scheme>://<netloc>
    """
    try:
        result = urllib.parse.urlparse(url)
        return all([result.scheme, result.netloc])
    except Exception:
        return False


def _download_file(metadata, file, **kwargs):
    """
    Download a file.

    See :func:`neurotic.datasets.download.download` for possible keyword
    arguments.
    """

    if not _is_url(metadata.get('remote_data_dir', None)):
        logger.error('metadata[remote_data_dir] is not a full URL')
        return

    if metadata.get(file, None):

        # create directories if necessary
        if not os.path.exists(os.path.dirname(_abs_path(metadata, file))):
            os.makedirs(os.path.dirname(_abs_path(metadata, file)))

        # download the file only if it does not already exist
        download(_abs_url(metadata, file), _abs_path(metadata, file), **kwargs)


def _download_all_data_files(metadata, **kwargs):
    """
    Download all files associated with metadata.

    See :func:`neurotic.datasets.download.download` for possible keyword
    arguments.
    """

    if not _is_url(metadata.get('remote_data_dir', None)):
        logger.error('metadata[remote_data_dir] is not a full URL')
        return

    for file in [k for k in metadata if k.endswith('_file')]:
        _download_file(metadata, file, **kwargs)
    logger.info('Downloads complete')


def _selector_labels(all_metadata):
    """

    """

    # indicate presence of local data files with symbols
    has_local_data = {}
    for key, metadata in all_metadata.items():
        filenames = [k for k in metadata if k.endswith('_file') and metadata[k] is not None]
        files_exist = [os.path.exists(_abs_path(metadata, file)) for file in filenames]
        if all(files_exist):
            has_local_data[key] = '◆'
        elif any(files_exist):
            has_local_data[key] = '⬖'
        else:
            has_local_data[key] = '◇'

    # indicate lack of video_offset with an exclamation point unless there is
    # no video_file
    has_video_offset = {}
    for key, metadata in all_metadata.items():
        if metadata.get('video_offset', None) is None and metadata.get('video_file', None) is not None:
            has_video_offset[key] = '!'
        else:
            has_video_offset[key] = ' '

    # create display text for the selector from keys and descriptions
    longest_key_length = max([len(k) for k in all_metadata.keys()])
    labels = [
        has_local_data[k] +
        has_video_offset[k] +
        ' ' +
        k.ljust(longest_key_length + 4) +
        str(all_metadata[k]['description']
            if all_metadata[k]['description'] else '')

        for k in all_metadata.keys()]

    return labels




          

      

      

    

  

    
      
          
            
  Source code for neurotic.gui.config

# -*- coding: utf-8 -*-
"""
The :mod:`neurotic.gui.config` module implements a class for configuring and
launching ephyviewer for a loaded dataset.

.. autoclass:: EphyviewerConfigurator
   :members:
"""

import re

import numpy as np
import pandas as pd
import quantities as pq
import neo
import ephyviewer

from ..datasets.metadata import _abs_path
from ..gui.epochencoder import NeuroticWritableEpochSource

import logging
logger = logging.getLogger(__name__)


# raise the threshold for PyAV messages printed to the console from
# warning to critical
logging.getLogger('libav').setLevel(logging.CRITICAL)


pq.mN = pq.UnitQuantity('millinewton', pq.N/1e3, symbol = 'mN');  # define millinewton


available_themes = ['light', 'dark', 'original', 'printer-friendly']
available_ui_scales = ['tiny', 'small', 'medium', 'large', 'huge']


[docs]class EphyviewerConfigurator():
    """
    A class for launching ephyviewer for a dataset with configurable viewers.

    At initialization, invalid viewers are automatically disabled (e.g., the
    video viewer is disabled if ``video_file`` is not given in ``metadata``).
    Viewers can be hidden or shown before launch using the built-in methods.
    Valid viewer names are:

        * ``traces``
        * ``traces_rauc``
        * ``freqs``
        * ``spike_trains``
        * ``traces_rates``
        * ``epochs``
        * ``epoch_encoder``
        * ``video``
        * ``event_list``
        * ``data_frame``

    :meth:`launch_ephyviewer` is provided for starting a new Qt app and
    launching the ephyviewer main window all at once.
    :meth:`create_ephyviewer_window` generates just the ephyviewer window
    and should be used if there is already a Qt app running.
    """

    def __init__(self, metadata, blk, lazy = False):
        """
        Initialize a new EphyviewerConfigurator.
        """

        self.metadata = metadata
        self.blk = blk
        self.lazy = lazy

        self.viewer_settings = {
            'traces':        {'show': True, 'disabled': False, 'reason': ''},
            'traces_rauc':   {'show': False, 'disabled': False, 'reason': ''},
            'freqs':         {'show': False, 'disabled': True, 'reason': 'Disabled because feature is experimental and computationally expensive'},
            'spike_trains':  {'show': True, 'disabled': False, 'reason': ''},
            'traces_rates':  {'show': True, 'disabled': False, 'reason': ''},
            'epochs':        {'show': True, 'disabled': False, 'reason': ''},
            'epoch_encoder': {'show': True, 'disabled': False, 'reason': ''},
            'video':         {'show': True, 'disabled': False, 'reason': ''},
            'event_list':    {'show': True, 'disabled': False, 'reason': ''},
            'data_frame':    {'show': False, 'disabled': False, 'reason': ''},
        }

        self.themes = {}
        self.themes['original'] = None # special keyword to use ephyviewer's defaults
        self.themes['light'] = {
            'cmap': 'Dark2', # dark traces
            'background_color': '#F0F0F0', # light gray
            'vline_color': '#000000AA', # transparent black
            'label_fill_color': '#DDDDDDDD', # transparent light gray
        }
        self.themes['dark'] = {
            'cmap': 'Accent', # light traces
            'background_color': 'k', # black
            'vline_color': '#FFFFFFAA', # transparent white
            'label_fill_color': '#222222DD', # transparent dark gray
        }
        self.themes['printer-friendly'] = {
            'cmap': 'Dark2', # dark traces
            'background_color': '#FFFFFF', # white
            'vline_color': '#000000AA', # transparent black
            'label_fill_color': '#DDDDDDDD', # transparent light gray
        }

        # hide and disable viewers for which inputs are missing
        if not self.blk.segments[0].analogsignals:
            self.viewer_settings['traces']['show'] = False
            self.viewer_settings['traces']['disabled'] = True
            self.viewer_settings['traces']['reason'] = 'Cannot enable because there are no signals'
        if not [sig.annotations['rauc_sig'] for sig in blk.segments[0].analogsignals if 'rauc_sig' in sig.annotations]:
            self.viewer_settings['traces_rauc']['show'] = False
            self.viewer_settings['traces_rauc']['disabled'] = True
            self.viewer_settings['traces_rauc']['reason'] = 'Cannot enable because there are no RAUC signals'
        if not self.blk.segments[0].spiketrains:
            self.viewer_settings['spike_trains']['show'] = False
            self.viewer_settings['spike_trains']['disabled'] = True
            self.viewer_settings['spike_trains']['reason'] = 'Cannot enable because there are no spike trains'
        if not [st.annotations['firing_rate_sig'] for st in blk.segments[0].spiketrains if 'firing_rate_sig' in st.annotations]:
            self.viewer_settings['traces_rates']['show'] = False
            self.viewer_settings['traces_rates']['disabled'] = True
            self.viewer_settings['traces_rates']['reason'] = 'Cannot enable because there are no firing rate signals'
        if not [ep for ep in self.blk.segments[0].epochs if ep.size > 0 and '(from epoch encoder file)' not in ep.labels]:
            self.viewer_settings['epochs']['show'] = False
            self.viewer_settings['epochs']['disabled'] = True
            self.viewer_settings['epochs']['reason'] = 'Cannot enable because there are no read-only epochs'
            self.viewer_settings['data_frame']['show'] = False
            self.viewer_settings['data_frame']['disabled'] = True
            self.viewer_settings['data_frame']['reason'] = 'Cannot enable because there are no read-only epochs'
            if not [ev for ev in self.blk.segments[0].events if ev.size > 0]:
                self.viewer_settings['event_list']['show'] = False
                self.viewer_settings['event_list']['disabled'] = True
                self.viewer_settings['event_list']['reason'] = 'Cannot enable because there are no read-only epochs or events'
        if not self.metadata.get('epoch_encoder_file', None):
            self.viewer_settings['epoch_encoder']['show'] = False
            self.viewer_settings['epoch_encoder']['disabled'] = True
            self.viewer_settings['epoch_encoder']['reason'] = 'Cannot enable because epoch_encoder_file is not set'
        if not ephyviewer.HAVE_AV:
            self.viewer_settings['video']['show'] = False
            self.viewer_settings['video']['disabled'] = True
            self.viewer_settings['video']['reason'] = 'Cannot enable because PyAV is not installed'
        if not self.metadata.get('video_file', None):
            self.viewer_settings['video']['show'] = False
            self.viewer_settings['video']['disabled'] = True
            self.viewer_settings['video']['reason'] = 'Cannot enable because video_file is not set'
        if not ephyviewer.HAVE_AV and self.metadata.get('video_file', None):
            logger.warning('Ignoring video_file because PyAV is not installed')

        # warn about potential video sync problems
        if metadata.get('video_file', None) is not None and metadata.get('video_offset', None) is None:
            logger.warning('Your video will likely be out of sync with your '
                           'data because video_offset is unspecified! '
                           'Consider adding it to your metadata.')
        if metadata.get('video_file', None) is not None and metadata.get('video_jumps', None) is None:
            approx_video_jumps = _estimate_video_jump_times(blk)
            if approx_video_jumps:
                approx_video_jumps_recommendation = '    video_jumps:\n' + \
                    '\n'.join([f'        - [{t}, {dur}]' for t, dur in approx_video_jumps])
                logger.warning('It seems that AxoGraph was paused at least '
                               'once during data acquisition, but video_jumps '
                               'is unspecified. This will cause your video '
                               'and data to get out of sync. Consider adding '
                               'the following to your metadata:'
                               f'\n{approx_video_jumps_recommendation}\n'
                               'Each ordered pair specifies the timing of a '
                               'pause and approximately how long the pause '
                               'lasted in seconds. The pause durations are '
                               'only rough estimates +/- a second! You should '
                               'refine them by inspecting the video to make '
                               'sure your sync is accurate!')

[docs]    def is_enabled(self, name):
        """
        Return whether the viewer ``name`` is enabled.
        """
        if name in self.viewer_settings:
            return not self.viewer_settings[name]['disabled']
        else:
            return False


[docs]    def enable(self, name):
        """
        Enable the viewer ``name``.
        """
        if name in self.viewer_settings:
            self.viewer_settings[name]['disabled'] = False


[docs]    def disable(self, name):
        """
        Disable the viewer ``name``.
        """
        if name in self.viewer_settings:
            self.viewer_settings[name]['disabled'] = True


[docs]    def is_shown(self, name):
        """
        Return whether the viewer ``name`` is shown.
        """
        if name in self.viewer_settings:
            return self.viewer_settings[name]['show']
        else:
            return False


[docs]    def show(self, name):
        """
        Show the viewer ``name``.
        """
        if name in self.viewer_settings:
            if not self.viewer_settings[name]['disabled']:
                self.viewer_settings[name]['show'] = True
            else:
                logger.warning(self.viewer_settings[name]['reason'])
        else:
            logger.error(f'"{name}" is not a viewer in viewer_settings')


[docs]    def hide(self, name):
        """
        Hide the viewer ``name``.
        """
        if name in self.viewer_settings:
            self.viewer_settings[name]['show'] = False
        else:
            logger.error(f'"{name}" is not a viewer in viewer_settings')


[docs]    def show_all(self):
        """
        Show all viewers.
        """
        for name in self.viewer_settings:
            if not self.viewer_settings[name]['disabled']:
                self.show(name)


[docs]    def hide_all(self):
        """
        Hide all viewers.
        """
        for name in self.viewer_settings:
            self.hide(name)


[docs]    def launch_ephyviewer(self, theme='light', ui_scale='medium', support_increased_line_width=False, show_datetime=False, datetime_format='%Y-%m-%d %H:%M:%S'):
        """
        Start a Qt app and create an ephyviewer window.
        """

        app = ephyviewer.mkQApp()
        win = self.create_ephyviewer_window(theme=theme, ui_scale=ui_scale, support_increased_line_width=support_increased_line_width, show_datetime=show_datetime, datetime_format=datetime_format)
        win.show()
        app.exec_()


[docs]    def create_ephyviewer_window(self, theme='light', ui_scale='medium', support_increased_line_width=False, show_datetime=False, datetime_format='%Y-%m-%d %H:%M:%S'):
        """
        Load data into each ephyviewer viewer and return the main window.
        """

        ########################################################################
        # DATA SOURCES

        seg = self.blk.segments[0]
        sigs = seg.analogsignals

        sources = {'signal': [], 'epoch': [], 'event': [], 'spike': []}
        sources['epoch'].append(ephyviewer.NeoEpochSource(seg.epochs))
        sources['event'].append(ephyviewer.NeoEventSource(seg.events))
        sources['spike'].append(ephyviewer.NeoSpikeTrainSource(seg.spiketrains))

        # filter epoch encoder data out of read-only epoch and event lists
        # so they are not presented multiple times, and remove empty channels
        sources['epoch'][0].all = [ep for ep in sources['epoch'][0].all if len(ep['time']) > 0 and '(from epoch encoder file)' not in ep['label']]
        sources['event'][0].all = [ev for ev in sources['event'][0].all if len(ev['time']) > 0 and '(from epoch encoder file)' not in ev['label']]

        ########################################################################
        # WINDOW

        # optionally display the real-world date and time
        if show_datetime and self.blk.rec_datetime is not None:
            show_label_datetime = True
            datetime0 = self.blk.rec_datetime
        else:
            show_label_datetime = False
            datetime0 = None

        # create a window that will be populated with viewers
        win = ephyviewer.MainViewer(
            # settings_name='test2', # remember settings (e.g. xsize) between sessions
            show_auto_scale = True,
            global_xsize_zoom = True,
            play_interval = 0.1, # refresh period in seconds
            show_label_datetime = show_label_datetime,
            datetime0 = datetime0,
            datetime_format = datetime_format,
        )
        win.setWindowTitle(self.metadata.get('key', 'neurotic'))
        win.setWindowIcon(ephyviewer.QT.QIcon(':/neurotic-logo-150.png'))

        # delete on close so that memory and file resources are released
        win.setAttribute(ephyviewer.QT.WA_DeleteOnClose, True)

        # determine ui_scale parameters
        default_font_size = ephyviewer.QT.QFont().pointSize()
        ui_scales = {
            'tiny':   {'app_font_size': default_font_size-4, 'channel_label_size': default_font_size-4, 'scatter_size':  4},
            'small':  {'app_font_size': default_font_size-2, 'channel_label_size': default_font_size-2, 'scatter_size':  6},
            'medium': {'app_font_size': default_font_size,   'channel_label_size': default_font_size,   'scatter_size':  8},
            'large':  {'app_font_size': default_font_size+4, 'channel_label_size': default_font_size+4, 'scatter_size': 10},
            'huge':   {'app_font_size': default_font_size+8, 'channel_label_size': default_font_size+8, 'scatter_size': 12},
        }

        # set the font size for most text
        font = win.font()
        font.setPointSize(ui_scales[ui_scale]['app_font_size'])
        win.setFont(font)

        ########################################################################
        # COLORS

        # colors for signals given explicitly in plots, used for raw signals
        # and RAUC
        sig_colors = {}
        if self.metadata.get('plots', None) is not None:
            sig_colors = {p['channel']: p['color'] for p in self.metadata['plots'] if 'color' in p}

        # colors for units given explicitly in amplitude_discriminators, used
        # for scatter markers, spike trains, and burst epochs
        unit_colors = {}
        if self.metadata.get('amplitude_discriminators', None) is not None:
            unit_colors = {d['name']: d['color'] for d in self.metadata['amplitude_discriminators'] if 'color' in d}

        ########################################################################
        # TRACES WITH SCATTER PLOTS

        _set_defaults_for_plots(self.metadata, self.blk)

        if self.is_shown('traces') and self.metadata['plots']:

            lazy_load_signals = False
            if self.lazy:
                # check whether blk contains a rawio, which would have been put
                # there by _read_data_file if lazy=True and if Neo has a RawIO
                # that supports the file format
                if hasattr(self.blk, 'rawio') and isinstance(self.blk.rawio, neo.rawio.baserawio.BaseRawIO):
                    io = self.blk.rawio
                    if io.support_lazy:
                        lazy_load_signals = True

            if lazy_load_signals:

                # Intan-specific tricks
                if isinstance(io, neo.io.IntanIO):
                    # dirty trick for getting ungrouped channels into a single source
                    io.header['signal_channels']['group_id'] = 0

                    # prepare to append custom channel names stored in data file to ylabels
                    custom_channel_names = {c['native_channel_name']: c['custom_channel_name'] for c in io._ordered_channels}

                channel_indexes = [p['index'] for p in self.metadata['plots']]
                sources['signal'].append(ephyviewer.AnalogSignalFromNeoRawIOSource(io, channel_indexes))

                # modify loaded channel names to use ylabels
                for i, p in enumerate(self.metadata['plots']):

                    ylabel = p['ylabel']

                    # Intan-specific tricks
                    if isinstance(io, neo.io.IntanIO):
                        # append custom channel names stored in data file to ylabels
                        if custom_channel_names[p['channel']] != ylabel:
                            ylabel += ' ({})'.format(custom_channel_names[p['channel']])

                    sources['signal'][-1].channels['name'][i] = ylabel

                # TODO support scatter from tridesclous_file

            else: # lazy==False or io.support_lazy==False

                # even if lazy==True, signals do not need to be loaded now
                # because load_dataset will have already taken care of that and
                # saved them in blk when it detected that Neo did not support
                # lazy loading for the given file reader

                # prepare scatter plot parameters
                plotNameToIndex = {p['channel']:i for i, p in enumerate(self.metadata['plots'])}
                all_times = sigs[0].times.rescale('s').magnitude # assuming all AnalogSignals have the same sampling rate and start time
                spike_indices = {}
                spike_channels = {}
                for st in seg.spiketrains:
                    if 'channels' in st.annotations:
                        c = []
                        for channel in st.annotations['channels']:
                            index = plotNameToIndex.get(channel, None)
                            if index is None:
                                logger.warning('Spike train {} will not be plotted on channel {} because that channel isn\'t being plotted'.format(st.name, channel))
                            else:
                                c.append(index)
                        if c:
                            spike_channels[st.name] = c
                            spike_indices[st.name] = np.where(np.isin(all_times, st.times.magnitude))[0]

                sources['signal'].append(ephyviewer.AnalogSignalSourceWithScatter(
                    signals = np.concatenate([sigs[p['index']].magnitude for p in self.metadata['plots']], axis = 1),
                    sample_rate = sigs[0].sampling_rate.rescale('Hz'), # assuming all AnalogSignals have the same sampling rate
                    t_start = sigs[0].t_start.rescale('s'),            # assuming all AnalogSignals start at the same time
                    channel_names = [p['ylabel'] for p in self.metadata['plots']],
                    scatter_indexes = spike_indices,
                    scatter_channels = spike_channels,
                ))

                # instead of passing colors into AnalogSignalSourceWithScatter
                # constructor with scatter_colors, first let the constructor
                # choose reasonable default colors (done above), and only then
                # override colors for units that have been explicitly set in
                # amplitude_discriminators (done here)
                sources['signal'][-1].scatter_colors.update(unit_colors)

            # useOpenGL=True eliminates the extremely poor performance associated
            # with TraceViewer's line_width > 1.0, but it also degrades overall
            # performance somewhat and is reportedly unstable
            if support_increased_line_width:
                useOpenGL = True
                line_width = 2.0
            else:
                useOpenGL = None
                line_width = 1.0

            trace_view = ephyviewer.TraceViewer(source = sources['signal'][0], name = 'Signals', useOpenGL = useOpenGL)

            win.add_view(trace_view)

            trace_view.params['xratio'] = self.metadata.get('past_fraction', 0.3)
            trace_view.params['auto_scale_factor'] = 0.02
            trace_view.params['scatter_size'] = ui_scales[ui_scale]['scatter_size']
            trace_view.params['line_width'] = line_width
            trace_view.params['label_size'] = ui_scales[ui_scale]['channel_label_size']
            trace_view.params['display_labels'] = True
            trace_view.params['antialias'] = True

            # set the theme
            if theme != 'original':
                trace_view.params['background_color'] = self.themes[theme]['background_color']
                trace_view.params['vline_color'] = self.themes[theme]['vline_color']
                trace_view.params['label_fill_color'] = self.themes[theme]['label_fill_color']
                trace_view.params_controller.combo_cmap.setCurrentText(self.themes[theme]['cmap'])
                trace_view.params_controller.on_automatic_color()

            # set explicitly assigned signal colors
            for name, color in sig_colors.items():
                try:
                    index = [p['channel'] for p in self.metadata['plots']].index(name)
                    trace_view.by_channel_params['ch{}'.format(index), 'color'] = color
                except ValueError:
                    # sig name may not have been found in the trace list
                    pass

            # adjust plot range, scaling, and positioning
            trace_view.params['ylim_max'] = 0.5
            trace_view.params['ylim_min'] = -trace_view.source.nb_channel + 0.5
            trace_view.params['scale_mode'] = 'by_channel'
            for i, p in enumerate(self.metadata['plots']):
                sig_units = sigs[p['index']].units
                units_ratio = (pq.Quantity(1, p['units'])/pq.Quantity(1, sig_units)).simplified
                assert units_ratio.dimensionality.string == 'dimensionless', f"Channel \"{p['channel']}\" has units {sig_units} and cannot be converted to {p['units']}"
                ylim_span = np.ptp(p['ylim'] * units_ratio.magnitude)
                ylim_center = np.mean(p['ylim'] * units_ratio.magnitude)
                trace_view.by_channel_params['ch{}'.format(i), 'gain'] = 1/ylim_span # rescale [ymin,ymax] across a unit
                trace_view.by_channel_params['ch{}'.format(i), 'offset'] = -i - ylim_center/ylim_span # center [ymin,ymax] within the unit

        ########################################################################
        # TRACES OF RAUC

        if self.is_shown('traces_rauc'):

            rauc_sigs = [sig.annotations['rauc_sig'] for sig in sigs if 'rauc_sig' in sig.annotations]

            if rauc_sigs:

                sig_rauc_source = ephyviewer.InMemoryAnalogSignalSource(
                    signals = np.concatenate([rauc_sigs[p['index']].as_array() for p in self.metadata['plots']], axis = 1),
                    sample_rate = rauc_sigs[0].sampling_rate.rescale('Hz'), # assuming all AnalogSignals have the same sampling rate
                    t_start = rauc_sigs[0].t_start.rescale('s'),            # assuming all AnalogSignals start at the same time
                    channel_names = [p['ylabel'] + ' RAUC' for p in self.metadata['plots']],
                )
                sources['signal_rauc'] = [sig_rauc_source]

                trace_rauc_view = ephyviewer.TraceViewer(source = sources['signal_rauc'][0], name = 'Integrated signals (RAUC)')

                if 'Signals' in win.viewers:
                    win.add_view(trace_rauc_view, tabify_with = 'Signals')
                else:
                    win.add_view(trace_rauc_view)

                trace_rauc_view.params['xratio'] = self.metadata.get('past_fraction', 0.3)
                trace_rauc_view.params['line_width'] = line_width
                trace_rauc_view.params['label_size'] = ui_scales[ui_scale]['channel_label_size']
                trace_rauc_view.params['display_labels'] = True
                trace_rauc_view.params['display_offset'] = True
                trace_rauc_view.params['antialias'] = True

                # set the theme
                if theme != 'original':
                    trace_rauc_view.params['background_color'] = self.themes[theme]['background_color']
                    trace_rauc_view.params['vline_color'] = self.themes[theme]['vline_color']
                    trace_rauc_view.params['label_fill_color'] = self.themes[theme]['label_fill_color']
                    trace_rauc_view.params_controller.combo_cmap.setCurrentText(self.themes[theme]['cmap'])
                    trace_rauc_view.params_controller.on_automatic_color()

                # set explicitly assigned signal colors
                for name, color in sig_colors.items():
                    try:
                        index = [p['channel'] for p in self.metadata['plots']].index(name)
                        trace_rauc_view.by_channel_params['ch{}'.format(index), 'color'] = color
                    except ValueError:
                        # sig name may not have been found in the rauc trace list
                        pass

                # adjust plot range
                trace_rauc_view.params['ylim_max'] = 0.5
                trace_rauc_view.params['ylim_min'] = -trace_rauc_view.source.nb_channel + 0.5
                trace_rauc_view.params['scale_mode'] = 'by_channel'
                for i, p in enumerate(self.metadata['plots']):
                    ylim_span = np.median(rauc_sigs[p['index']].magnitude) * 10
                    ylim_center = ylim_span / 2
                    trace_rauc_view.by_channel_params['ch{}'.format(i), 'gain'] = 1/ylim_span # rescale [ymin,ymax] across a unit
                    trace_rauc_view.by_channel_params['ch{}'.format(i), 'offset'] = -i - ylim_center/ylim_span # center [ymin,ymax] within the unit

        ########################################################################
        # FREQUENCY (EXPERIMENTAL AND COMPUTATIONALLY EXPENSIVE!)

        if self.is_shown('freqs'):

            freq_view = ephyviewer.TimeFreqViewer(source = trace_view.source, name = 'Time-Frequency')

            freq_view.params['xratio'] = self.metadata.get('past_fraction', 0.3)
            freq_view.params['scale_mode'] = 'by_channel'
            freq_view.params['nb_column'] = 1
            freq_view.params['colormap'] = 'gray'
            freq_view.params.param('timefreq')['deltafreq'] = 100
            freq_view.params.param('timefreq')['f_start'] = 1
            freq_view.params.param('timefreq')['f_stop'] = 1500

            freq_view.by_channel_params['ch0', 'visible'] = False
            freq_view.by_channel_params['ch1', 'visible'] = True
            freq_view.by_channel_params['ch2', 'visible'] = True
            freq_view.by_channel_params['ch3', 'visible'] = True
            freq_view.by_channel_params['ch4', 'visible'] = False

            # freq_view.params.param('timefreq')['normalisation'] = 1.5
            freq_view.by_channel_params['ch1', 'clim'] = 3
            freq_view.by_channel_params['ch2', 'clim'] = 5
            freq_view.by_channel_params['ch3', 'clim'] = 10

            if 'Signals' in win.viewers:
                win.add_view(freq_view, tabify_with = 'Signals')
            elif 'Integrated signals (RAUC)' in win.viewers:
                win.add_view(freq_view, tabify_with = 'Integrated signals (RAUC)')
            else:
                win.add_view(freq_view)

        ########################################################################
        # SPIKE TRAINS

        if self.is_shown('spike_trains') and sources['spike'][0].nb_channel > 0:

            spike_train_view = ephyviewer.SpikeTrainViewer(source = sources['spike'][0], name = 'Spike trains')
            win.add_view(spike_train_view)

            # set the theme
            if theme != 'original':
                spike_train_view.params['background_color'] = self.themes[theme]['background_color']
                spike_train_view.params['vline_color'] = self.themes[theme]['vline_color']
                spike_train_view.params['label_fill_color'] = self.themes[theme]['label_fill_color']
                spike_train_view.params_controller.combo_cmap.setCurrentText(self.themes[theme]['cmap'])
                spike_train_view.params_controller.on_automatic_color()

            # set explicitly assigned unit colors
            for name, color in unit_colors.items():
                try:
                    index = [st.name for st in seg.spiketrains].index(name)
                    spike_train_view.by_channel_params['ch{}'.format(index), 'color'] = color
                except ValueError:
                    # unit name may not have been found in the spike train list
                    pass

            spike_train_view.params['xratio'] = self.metadata.get('past_fraction', 0.3)
            spike_train_view.params['label_size'] = ui_scales[ui_scale]['channel_label_size']

        ########################################################################
        # TRACES OF FIRING RATES

        if self.is_shown('traces_rates'):

            firing_rate_sigs = [st.annotations['firing_rate_sig'] for st in seg.spiketrains if 'firing_rate_sig' in st.annotations]

            if firing_rate_sigs:

                sig_rates_source = ephyviewer.InMemoryAnalogSignalSource(
                    signals = np.concatenate([sig.as_array() for sig in firing_rate_sigs], axis = 1),
                    sample_rate = firing_rate_sigs[0].sampling_rate.rescale('Hz'), # assuming all AnalogSignals have the same sampling rate
                    t_start = firing_rate_sigs[0].t_start.rescale('s'),            # assuming all AnalogSignals start at the same time
                    channel_names = [sig.name for sig in firing_rate_sigs],
                )
                sources['signal_rates'] = [sig_rates_source]

                trace_rates_view = ephyviewer.TraceViewer(source = sources['signal_rates'][0], name = 'Firing rates')

                if 'Spike trains' in win.viewers:
                    win.add_view(trace_rates_view, tabify_with = 'Spike trains')
                else:
                    win.add_view(trace_rates_view)

                trace_rates_view.params['xratio'] = self.metadata.get('past_fraction', 0.3)
                trace_rates_view.params['line_width'] = line_width
                trace_rates_view.params['label_size'] = ui_scales[ui_scale]['channel_label_size']
                trace_rates_view.params['display_labels'] = True
                trace_rates_view.params['display_offset'] = True
                trace_rates_view.params['antialias'] = True

                # set the theme
                if theme != 'original':
                    trace_rates_view.params['background_color'] = self.themes[theme]['background_color']
                    trace_rates_view.params['vline_color'] = self.themes[theme]['vline_color']
                    trace_rates_view.params['label_fill_color'] = self.themes[theme]['label_fill_color']
                    trace_rates_view.params_controller.combo_cmap.setCurrentText(self.themes[theme]['cmap'])
                    trace_rates_view.params_controller.on_automatic_color()

                # set explicitly assigned firing rate sig colors
                for name, color in unit_colors.items():
                    try:
                        index = [sig.name for sig in firing_rate_sigs].index(name)
                        trace_rates_view.by_channel_params['ch{}'.format(index), 'color'] = color
                    except ValueError:
                        # unit name may not have been found in the firing rate sig list
                        pass

                # adjust plot range
                trace_rates_view.params['ylim_max'] = 0.5
                trace_rates_view.params['ylim_min'] = -trace_rates_view.source.nb_channel + 0.5
                trace_rates_view.params['scale_mode'] = 'by_channel'
                for i, sig in enumerate(firing_rate_sigs):
                    ylim_span = 10
                    ylim_center = ylim_span / 2
                    trace_rates_view.by_channel_params['ch{}'.format(i), 'gain'] = 1/ylim_span # rescale [ymin,ymax] across a unit
                    trace_rates_view.by_channel_params['ch{}'.format(i), 'offset'] = -i - ylim_center/ylim_span # center [ymin,ymax] within the unit

        ########################################################################
        # EPOCHS

        if self.is_shown('epochs') and sources['epoch'][0].nb_channel > 0:

            epoch_view = ephyviewer.EpochViewer(source = sources['epoch'][0], name = 'Epochs')
            win.add_view(epoch_view)

            # set the theme
            if theme != 'original':
                epoch_view.params['background_color'] = self.themes[theme]['background_color']
                epoch_view.params['vline_color'] = self.themes[theme]['vline_color']
                epoch_view.params['label_fill_color'] = self.themes[theme]['label_fill_color']
                epoch_view.params_controller.combo_cmap.setCurrentText(self.themes[theme]['cmap'])
                epoch_view.params_controller.on_automatic_color()

            # set explicitly assigned unit colors
            for name, color in unit_colors.items():
                try:
                    index = [ep['name'] for ep in sources['epoch'][0].all].index(name + ' burst')
                    epoch_view.by_channel_params['ch{}'.format(index), 'color'] = color
                except ValueError:
                    # unit burst name may not have been found in the epoch list
                    pass

            epoch_view.params['xratio'] = self.metadata.get('past_fraction', 0.3)
            epoch_view.params['label_size'] = ui_scales[ui_scale]['channel_label_size']

        ########################################################################
        # EPOCH ENCODER

        if self.is_shown('epoch_encoder') and self.metadata.get('epoch_encoder_file', None) is not None:

            possible_labels = self.metadata.get('epoch_encoder_possible_labels', [])

            # append labels found in the epoch encoder file but not in the
            # epoch_encoder_possible_labels list, preserving the original
            # ordering of epoch_encoder_possible_labels
            labels_from_file = [ep.name for ep in seg.epochs if len(ep.times) > 0 and '(from epoch encoder file)' in ep.labels]
            for label in labels_from_file:
                if label not in possible_labels:
                    possible_labels.append(label)

            if not possible_labels:

                # an empty epoch encoder file and an empty list of possible
                # labels were provided
                logger.warning('Ignoring epoch_encoder_file because epoch_encoder_possible_labels was unspecified')

            else:

                writable_epoch_source = NeuroticWritableEpochSource(
                    filename = _abs_path(self.metadata, 'epoch_encoder_file'),
                    possible_labels = possible_labels,
                )

                epoch_encoder = ephyviewer.EpochEncoder(source = writable_epoch_source, name = 'Epoch encoder')
                epoch_encoder.params['exclusive_mode'] = False
                win.add_view(epoch_encoder)

                # set the theme
                if theme != 'original':
                    epoch_encoder.params['background_color'] = self.themes[theme]['background_color']
                    epoch_encoder.params['vline_color'] = self.themes[theme]['vline_color']
                    epoch_encoder.params['label_fill_color'] = self.themes[theme]['label_fill_color']
                    # TODO add support for combo_cmap

                epoch_encoder.params['xratio'] = self.metadata.get('past_fraction', 0.3)
                epoch_encoder.params['label_size'] = ui_scales[ui_scale]['channel_label_size']

        ########################################################################
        # VIDEO

        if self.is_shown('video') and self.metadata.get('video_file', None) is not None:

            video_source = ephyviewer.MultiVideoFileSource(video_filenames = [_abs_path(self.metadata, 'video_file')])

            # some video files are loaded with an incorrect start time, so
            # reset video start to zero
            video_source.t_stops[0] -= video_source.t_starts[0]
            video_source.t_starts[0] = 0

            # apply the video_offset
            if self.metadata.get('video_offset', None) is not None:
                video_source.t_starts[0] += self.metadata['video_offset']
                video_source.t_stops[0]  += self.metadata['video_offset']

            # correct for videos that report frame rates that are too fast or
            # too slow compared to the clock on the data acquisition system
            if self.metadata.get('video_rate_correction', None) is not None:
                video_source.rates[0] *= self.metadata['video_rate_correction']

            if self.metadata.get('video_jumps', None) is not None:

                # create an unmodified video_times vector with evenly spaced times
                video_times = np.arange(video_source.nb_frames[0])/video_source.rates[0] + video_source.t_starts[0]

                # insert repeating times at pause_start to fill pause_duration
                # so that that section of the video is skipped over
                for pause_start, pause_duration in self.metadata['video_jumps']:
                    pause_start_index = np.searchsorted(video_times, pause_start)
                    pause_fill = video_times[pause_start_index] * np.ones(int(np.round(pause_duration*video_source.rates[0])))
                    video_times = np.insert(video_times, pause_start_index, pause_fill)
                    video_times = video_times[:video_source.nb_frames[0]]

                # add the modified video_times to the video_source
                video_source.video_times = [video_times]
                video_source.t_starts[0] = min(video_times)
                video_source.t_stops[0]  = max(video_times)

            # update the source-level times from the modified file-level times
            video_source._t_start = max(min(video_source.t_starts), 0)
            video_source._t_stop  = max(video_source.t_stops)

            video_view = ephyviewer.VideoViewer(source = video_source, name = 'Video')
            if theme != 'original':
                video_view.graphiclayout.setBackground(self.themes[theme]['background_color'])
            win.add_view(video_view, location = 'bottom', orientation = 'horizontal')

        ########################################################################
        # EVENTS

        if self.is_shown('event_list') and sources['event'][0].nb_channel > 0:

            event_list = ephyviewer.EventList(source = sources['event'][0], name = 'Events')
            if 'Video' in win.viewers:
                win.add_view(event_list, split_with = 'Video')
            else:
                win.add_view(event_list, location = 'bottom', orientation = 'horizontal')

        ########################################################################
        # DATAFRAME

        annotations_dataframe = _neo_epoch_to_dataframe(seg.epochs, exclude_epoch_encoder_epochs=True)
        if self.is_shown('data_frame') and len(annotations_dataframe) > 0:

            data_frame_view = ephyviewer.DataFrameView(source = annotations_dataframe, name = 'Table')
            if 'Events' in win.viewers:
                win.add_view(data_frame_view, tabify_with = 'Events')
            elif 'Video' in win.viewers:
                win.add_view(data_frame_view, split_with = 'Video')
            else:
                win.add_view(data_frame_view, location = 'bottom', orientation = 'horizontal')

        ########################################################################
        # FINAL TOUCHES

        # select first tabs
        for widget in win.children():
            if isinstance(widget, ephyviewer.PyQt5.QtWidgets.QTabBar):
                widget.setCurrentIndex(0)

        # set amount of time shown initially
        win.set_xsize(self.metadata.get('t_width', 40)) # seconds

        return win



def _set_defaults_for_plots(metadata, blk):
    """
    Set defaults for plot channels, units, ylim, and ylabel if these
    parameters are missing from ``metadata``.
    """

    sigs = blk.segments[0].analogsignals
    signalNameToIndex = {sig.name:i for i, sig in enumerate(sigs)}

    if metadata.get('plots', None) is None:
        metadata['plots'] = [{'channel': sig.name} for sig in sigs if _default_keep_signal(sig)]

    plots = []
    for plot in metadata['plots']:
        index = signalNameToIndex.get(plot['channel'], None)
        if index is None:
            logger.warning('Removing plot with channel name "{}" because channel was not found in blk!'.format(plot['channel']))
        else:
            plot['index'] = index
            plot.setdefault('units',  _default_units(sigs[index]))
            plot.setdefault('ylim',   _default_ylim(sigs[index]))
            plot.setdefault('ylabel', sigs[index].name)
            plots.append(plot)
    metadata['plots'] = plots

    return metadata['plots']

def _default_keep_signal(sig):
    """
    If ``plots`` is not specified in ``metadata``, this function determines
    which channels are plotted by default.
    """
    return (not sig.name.startswith('Analog Input #')) and (sig.name != 'Clock')

def _default_units(sig):
    """
    If ``plots`` is missing ``units`` in ``metadata``, this function determines
    default units.
    """

    mapping = {
        'V': 'uV', # convert voltages to microvolts
        'N': 'mN', # convert forces to millinewtons
    }
    mapping = {pq.Quantity(1, k).dimensionality.simplified: v for k, v in mapping.items()}
    return mapping.get(sig.units.dimensionality.simplified, sig.units)

def _default_ylim(sig):
    """
    If ``plots`` is missing ``ylim`` in ``metadata``, this function determines
    default plot ranges.
    """

    mapping = {
        'V': [-120, 120], # plot range for voltages
        'N': [ -10, 300], # plot range for forces
    }
    mapping = {pq.Quantity(1, k).dimensionality.simplified: v for k, v in mapping.items()}
    return mapping.get(sig.units.dimensionality.simplified, [-1, 1])

def _neo_epoch_to_dataframe(neo_epochs, exclude_epoch_encoder_epochs=False):
    """
    Convert a list of Neo Epochs into a dataframe.
    """

    dtypes = {
        'Start (s)':    float,
        'End (s)':      float,
        'Duration (s)': float,
        'Type':         str,
        'Label':        str,
    }
    columns = list(dtypes.keys())
    df = pd.DataFrame(columns=columns)
    for ep in neo_epochs:
        if len(ep.times) > 0 and (not exclude_epoch_encoder_epochs or '(from epoch encoder file)' not in ep.labels):
            data = np.array([ep.times, ep.times+ep.durations, ep.durations, [ep.name]*len(ep), ep.labels]).T
            df = df.append(pd.DataFrame(data, columns=columns), ignore_index=True)
    return df.astype(dtype=dtypes).sort_values(['Start (s)', 'End (s)', 'Type', 'Label']).reset_index(drop=True)

def _estimate_video_jump_times(blk):
    """
    Estimate how much time to skip in video playback if AxoGraph was temporarily
    paused during data acquisition while the video continued to record. Returns
    a list of ordered pairs suitable for the video_jumps metadata parameter. The
    returned stop times are exact, but pause durations have only whole-second
    precision and should be manually refined by inspecting the video before
    using.
    """

    if 'notes' not in blk.annotations:
        return None
    else:

        # obtain approximate start and stop times according to AxoGraph notes
        note_start_times = np.array([0], dtype=np.int)
        note_stop_times = np.array([], dtype=np.int)
        for note_line in blk.annotations['notes'].split('\n'):
            m = re.match('\d\d\d: Start at (\d*) s', note_line)
            if m:
                note_start_times = np.append(note_start_times, int(m.group(1)))
            m = re.match('\d\d\d: Stop at (\d*) s', note_line)
            if m:
                note_stop_times = np.append(note_stop_times, int(m.group(1)))

        # calculate approximate pause durations
        pause_durations = note_start_times[1:]-note_stop_times[:-1]

        # obtain exact stop times (AxoGraph time, not video time)
        event_stop_times = np.array([], dtype=np.float)
        ev = next((ev for ev in blk.segments[0].events if ev.name == 'AxoGraph Tags'), None)
        if ev is not None:
            for time, label in zip(ev.times, ev.labels):
                if label == 'Stop':
                    event_stop_times = np.append(event_stop_times, time.magnitude)

        # pair stop times with pause durations
        video_jumps = []
        for t, dur in zip(event_stop_times[:-1], pause_durations):
            video_jumps.append([t, dur])

        return video_jumps




          

      

      

    

  

    
      
          
            
  Source code for neurotic.gui.epochencoder

# -*- coding: utf-8 -*-
"""
The :mod:`neurotic.gui.epochencoder` module implements a subclass of
:class:`ephyviewer.datasource.epochs.WritableEpochSource`.

.. autoclass:: NeuroticWritableEpochSource
"""

import os
import shutil
import numpy as np
import pandas as pd
from ephyviewer import WritableEpochSource

import logging
logger = logging.getLogger(__name__)


[docs]class NeuroticWritableEpochSource(WritableEpochSource):
    """
    A subclass of :class:`ephyviewer.datasource.epochs.WritableEpochSource` for
    custom CSV column formatting and automatic file backup.
    """

    def __init__(self, filename, possible_labels, color_labels=None, channel_name='', backup=True):
        """
        Initialize a new NeuroticWritableEpochSource.
        """

        self.filename = filename
        self.backup = backup

        WritableEpochSource.__init__(self, epoch=None, possible_labels=possible_labels, color_labels=color_labels, channel_name=channel_name)

    def load(self):
        """
        Returns a dictionary containing the data for an epoch.

        Data is loaded from the CSV file if it exists; otherwise the superclass
        implementation in WritableEpochSource.load() is called to create an
        empty dictionary with the correct keys and types.

        The method returns a dictionary containing the loaded data in this form:

        { 'time': np.array, 'duration': np.array, 'label': np.array, 'name': string }
        """

        if os.path.exists(self.filename):
            # if file already exists, load previous epoch
            df = pd.read_csv(self.filename,  index_col=None, dtype={
                'Start (s)': 'float64',
                'End (s)':   'float64',
                'Type':      'U'})
            epoch = {'time':     df['Start (s)'].values,
                     'duration': df['End (s)'].values - df['Start (s)'].values,
                     'label':    df['Type'].values,
                     'name':     self.channel_name}
        else:
            # if file does NOT already exist, use superclass method for creating
            # an empty dictionary
            epoch = super().load()

        return epoch

    def save(self):
        """
        Save the epoch data to a CSV file, creating a backup first if the file
        already exists.
        """

        # if file already exists, make a backup copy first
        if self.backup and os.path.exists(self.filename):
            backup_filename = self.filename.split('.')
            backup_filename.insert(-1, 'bck')
            backup_filename = '.'.join(backup_filename)
            shutil.copy2(self.filename, backup_filename)

        df = pd.DataFrame()
        df['Start (s)'] = np.round(self.ep_times, 6)                   # round to nearest microsecond
        df['End (s)'] = np.round(self.ep_times + self.ep_durations, 6) # round to nearest microsecond
        df['Type'] = self.ep_labels
        df.sort_values(['Start (s)', 'End (s)', 'Type'], inplace=True)
        df.to_csv(self.filename, index=False)





          

      

      

    

  

    
      
          
            
  Source code for neurotic.gui.notebook

# -*- coding: utf-8 -*-
"""
The :mod:`neurotic.gui.notebook` module implements Jupyter notebook widget
counterparts for the :class:`MetadataSelector
<neurotic.datasets.metadata.MetadataSelector>` and the
:class:`EphyviewerConfigurator <neurotic.gui.config.EphyviewerConfigurator>`.

.. autoclass:: MetadataSelectorWidget

.. autoclass:: EphyviewerConfiguratorWidget
   :members:
"""

try:
    import ipywidgets
    from IPython.display import HTML
    HAVE_IPYWIDGETS = True
except ImportError:
    HAVE_IPYWIDGETS = False

from ..datasets.metadata import MetadataSelector, _selector_labels
from ..gui.config import EphyviewerConfigurator

import logging
logger = logging.getLogger(__name__)


[docs]class MetadataSelectorWidget(MetadataSelector):
    """
    Interactive list box for Jupyter notebooks that allows the user to select
    which metadata set they would like to work with.

    >>> metadata = MetadataSelectorWidget(file='metadata.yml')
    >>> display(metadata)

    After clicking on an item in the list, the selected metadata set is
    accessible at ``metadata.selected_metadata``, e.g.

    >>> metadata.selected_metadata['data_file']

    A compact indexing method is implemented that allows the selected metadata
    set to be accessed directly, e.g.

    >>> metadata['data_file']

    This allows the MetadataSelectorWidget to be passed to functions expecting a
    simple dictionary corresponding to a single metadata set, and the selected
    metadata set will be used automatically.
    """

    def __init__(self, file=None, local_data_root=None, remote_data_root=None, initial_selection=None):
        """
        Initialize a new MetadataSelectorWidget.
        """

        assert HAVE_IPYWIDGETS, 'ipywidgets is a requirement for MetadataSelectorWidget'

        # load the metadata and set the initial selection
        MetadataSelector.__init__(
            self,
            file=file,
            local_data_root=local_data_root,
            remote_data_root=remote_data_root,
            initial_selection=initial_selection)

        # create a widget container which will be displayed whenever the
        # MetadataSelectorWidget is displayed
        self.main_widget = ipywidgets.VBox()
        self._ipython_display_ = self.main_widget._ipython_display_

        # create the selector widget
        self.selector = ipywidgets.Select()

        if self.all_metadata is not None:
            # create display text for the selector from keys and descriptions
            self.selector.options = zip(_selector_labels(self.all_metadata), self.all_metadata.keys())

            # set initial selection
            if self._selection is None:
                self.selector.value = list(self.all_metadata)[0]
            else:
                self.selector.value = self._selection

        # use monospace font for items in the selector
        self.selector.add_class('metadata-selector')
        try:
            display(HTML('<style>.metadata-selector select {font-family: monospace;}</style>'))
        except NameError:
            # likely operating outside Jupyter notebook
            pass

        # set other selector display options
        self.selector.description = 'Data set:'
        self.selector.rows = 20
        self.selector.layout = ipywidgets.Layout(width = '99%')
        self.selector.style = {'description_width': 'initial'}

        # configure the _on_select function to be called whenever the selection changes
        self.selector.observe(self._on_select, names = 'value')
        if self.all_metadata is not None:
            self._on_select({'new': self.selector.value}) # run now on initial selection

        # create the reload button
        self.reload_button = ipywidgets.Button(icon='refresh', description='Reload', layout=ipywidgets.Layout(height='auto'), disabled=False)
        self.reload_button.on_click(self._on_reload_clicked)

        # create the download button
        self.download_button = ipywidgets.Button(icon='download', description='Download', layout=ipywidgets.Layout(height='auto'), disabled=False)
        self.download_button.on_click(self._on_download_clicked)

        # populate the box
        # self.main_widget.children = [self.selector, self.reload_button, self.download_button]
        self.main_widget.children = [self.selector, self.reload_button]

    def _on_select(self, change):
        """
        Run each time the selection changes.
        """
        self._selection = self.selector.value

        # warn if video_offset is not set
        if self.selected_metadata.get('video_file', None) is not None and self.selected_metadata.get('video_offset', None) is None:
            logger.warning('Video sync may be incorrect! video_offset not set for {}'.format(self._selection))

    def _on_reload_clicked(self, button):
        """
        Run each time the reload button is clicked.
        """
        self.load()

        if self.all_metadata is not None:
            # remember the current selection
            old_selection = self._selection

            # changing the options triggers the selection to change
            self.selector.options = zip(_selector_labels(self.all_metadata), self.all_metadata.keys())

            # reselect the original selection if it still exists
            if old_selection in self.all_metadata:
                self.selector.value = old_selection

    def _on_download_clicked(self, button):
        """
        Run each time the download button is clicked.
        """
        self.download_all_data_files()



[docs]class EphyviewerConfiguratorWidget(EphyviewerConfigurator):
    """
    Interactive button grid for Jupyter notebooks that allows the user to
    select which ephyviewer viewers they would like to display and then launch
    ephyviewer.
    """

    def __init__(self, metadata, blk, lazy = False):
        """
        Initialize a new EphyviewerConfiguratorWidget.
        """

        assert HAVE_IPYWIDGETS, 'ipywidgets is a requirement for EphyviewerConfiguratorWidget'

        # initial the configurator
        EphyviewerConfigurator.__init__(
            self,
            metadata=metadata,
            blk=blk,
            lazy=lazy)

        self.viewer_settings['traces'].update({       'icon': 'line-chart',   'description': 'Traces'})
        self.viewer_settings['traces_rauc'].update({  'icon': 'area-chart',   'description': 'RAUC'})
        self.viewer_settings['freqs'].update({        'icon': 'wifi',         'description': 'Frequencies'})
        self.viewer_settings['spike_trains'].update({ 'icon': 'barcode',      'description': 'Spike Trains'})
        self.viewer_settings['traces_rates'].update({ 'icon': 'line-chart',   'description': 'Firing Rates'})
        self.viewer_settings['epochs'].update({       'icon': 'align-left',   'description': 'Read-Only Epochs'})
        self.viewer_settings['epoch_encoder'].update({'icon': 'align-left',   'description': 'Epoch Encoder'})
        self.viewer_settings['video'].update({        'icon': 'youtube-play', 'description': 'Video'})
        self.viewer_settings['event_list'].update({   'icon': 'list',         'description': 'Events'})
        self.viewer_settings['data_frame'].update({   'icon': 'table',        'description': 'Annotation Table'})

        # create a widget container which will be displayed whenever the
        # EphyviewerConfiguratorWidget is displayed
        self.main_widget = ipywidgets.HBox()
        self._ipython_display_ = self.main_widget._ipython_display_

        # create buttons for controlling which elements to show
        self.controls = {}
        for name, d in self.viewer_settings.items():
            self.controls[name] = ipywidgets.ToggleButton(
                value=d['show'], disabled=d['disabled'], icon=d['icon'],
                description=d['description'], tooltip=d['reason'])
            self.controls[name].key = name  # save control name for _on_toggle
            self.controls[name].observe(self._on_toggle, names='value')
        controls_vbox = ipywidgets.VBox(list(self.controls.values()))

        # create the launch button
        self.launch_button = ipywidgets.Button(icon='rocket', description='Launch', layout=ipywidgets.Layout(height='auto'))
        self.launch_button.on_click(self._on_launch_clicked)

        # populate the box
        self.main_widget.children = [controls_vbox, self.launch_button]

    def _on_toggle(self, change):
        """
        Show or hide the viewer corresponding to the clicked button.
        """
        name = change['owner'].key
        show = change['new']
        if show:
            EphyviewerConfigurator.show(self, name)
        else:
            EphyviewerConfigurator.hide(self, name)

    def _on_launch_clicked(self, button):
        """
        Start a Qt app and create an ephyviewer window.
        """
        self.launch_ephyviewer()

[docs]    def enable(self, name):
        """
        Enable the viewer ``name``.
        """
        EphyviewerConfigurator.enable(self, name)
        if name in self.controls:
            self.controls[name].disabled = False
            self.controls[name].tooltip = ''


[docs]    def disable(self, name):
        """
        Disable the viewer ``name``.
        """
        EphyviewerConfigurator.disable(self, name)
        if name in self.controls:
            self.controls[name].disabled = True


[docs]    def show(self, name):
        """
        Show the viewer ``name``.
        """
        EphyviewerConfigurator.show(self, name)
        if name in self.controls:
            if not self.controls[name].disabled:
                self.controls[name].value = True


[docs]    def hide(self, name):
        """
        Hide the viewer ``name``.
        """
        EphyviewerConfigurator.hide(self, name)
        if name in self.controls:
            self.controls[name].value = False






          

      

      

    

  

    
      
          
            
  Source code for neurotic.gui.standalone

# -*- coding: utf-8 -*-
"""
The :mod:`neurotic.gui.standalone` module implements the main window of the
app.

.. autoclass:: MainWindow
"""

import os
import gc
import platform
import requests
import subprocess
import pkg_resources
import warnings
from packaging import version

import quantities as pq
import neo
from ephyviewer import QT, QT_MODE

from .. import __version__, _elephant_tools, global_config, global_config_file, default_log_level, log_file, gdrive_downloader
from ..datasets import MetadataSelector, load_dataset
from ..datasets.metadata import _selector_labels
from ..gui.config import EphyviewerConfigurator, available_themes, available_ui_scales

import logging
logger = logging.getLogger(__name__)

# suppress warning that gdrive token file does not exist
warnings.filterwarnings('ignore', message='Cannot access .*', module='oauth2client')


def open_path_with_default_program(path):
    """
    Open a directory or file with its default program.
    """

    if platform.system() == "Windows":
        os.startfile(path)
    elif platform.system() == "Darwin":
        subprocess.Popen(["open", path])
    else:
        subprocess.Popen(["xdg-open", path])

def open_url(url):
    """
    Open a URL in a browser.
    """

    QT.QDesktopServices.openUrl(QT.QUrl(url))

def get_versioned_docs_url():
    """
    Get the URL for the docs that best fits the package version.
    """

    url = 'https://neurotic.readthedocs.io/en/'
    if version.parse(__version__).is_devrelease:
        url += 'latest'
    else:
        url += version.parse(__version__).base_version
    return url

[docs]class MainWindow(QT.QMainWindow):
    """
    The main window of the app.
    """

    request_download = QT.pyqtSignal()
    request_load_dataset = QT.pyqtSignal()
    request_gdrive_authorization = QT.pyqtSignal()
    request_check_for_updates = QT.pyqtSignal(bool)

    def __init__(self, file=None, initial_selection=None, lazy=True, theme='light', ui_scale='medium', support_increased_line_width=False, show_datetime=False):
        """
        Initialize a new MainWindow.
        """

        QT.QMainWindow.__init__(self)

        self.setWindowIcon(QT.QIcon(':/neurotic-logo-150.png'))

        self.setWindowTitle('neurotic')
        self.resize(600, 300)
        self.statusBar()

        # lazy loading using Neo RawIO
        self.lazy = lazy

        if theme not in available_themes:
            logger.error(f'theme "{theme}" is unrecognized')
            raise ValueError(f'theme "{theme}" is unrecognized')
        self.theme = theme

        if ui_scale not in available_ui_scales:
            logger.error(f'ui scale "{ui_scale}" is unrecognized')
            raise ValueError(f'ui scale "{ui_scale}" is unrecognized')
        self.ui_scale = ui_scale
        self.default_font_size = QT.QFont().pointSize()

        # support_increased_line_width=True eliminates the extremely poor
        # performance associated with TraceViewer's line_width > 1.0, but it
        # also degrades overall performance somewhat and uses a mode of
        # pyqtgraph that is reportedly unstable
        self.support_increased_line_width = support_increased_line_width

        # show_datetime=True will display the real-world date and time next to
        # the in-file time, but this may be inaccurate for several reasons,
        # e.g. if data acquisition was paused and continued after some delay or
        # if an AxoGraph chart was not started immediately after creation
        self.show_datetime = show_datetime

        # windows are appended to this list so that they persist after the
        # function that spawned them returns
        self.windows = []

        # metadata selector
        self.metadata_selector = _MetadataSelectorQt(self)

        # loading label
        self.loading_label = QT.QLabel('Launching, please wait...')
        self.loading_label.setFrameStyle(QT.QFrame.Panel | QT.QFrame.Sunken)
        self.loading_label.setAlignment(QT.Qt.AlignCenter)

        # gdrive auth flow label
        self.gdrive_auth_label = QT.QLabel('Continue Google Drive authorization\nin your web browser')
        self.gdrive_auth_label.setFrameStyle(QT.QFrame.Panel | QT.QFrame.Sunken)
        self.gdrive_auth_label.setAlignment(QT.Qt.AlignCenter)

        # initially stack the metadata selector above the loading label
        self.stacked_layout = QT.QStackedLayout()
        self.stacked_layout.addWidget(self.metadata_selector)  # index 0
        self.stacked_layout.addWidget(self.loading_label)      # index 1
        self.stacked_layout.addWidget(self.gdrive_auth_label)  # index 2
        central_widget = QT.QWidget()
        central_widget.setLayout(self.stacked_layout)
        self.setCentralWidget(central_widget)

        # create a worker thread for network activity (e.g., downloading data)
        self.network_thread = QT.QThread()
        self.network_worker = _NetworkWorker(self)
        self.network_worker.moveToThread(self.network_thread)

        # set up the network thread to perform data downloads
        self.request_download.connect(self.network_worker.download)
        self.network_worker.download_finished.connect(self.on_download_finished)

        # set up the network thread to perform checks for updates
        self.request_check_for_updates.connect(self.network_worker.get_latest_release_number)
        self.network_worker.version_check_finished.connect(self.on_version_check_finished)

        # set up the network thread to run the Google Drive authorization flow
        self.request_gdrive_authorization.connect(self.network_worker.authorize_gdrive)
        self.network_worker.gdrive_authorization_finished.connect(self.on_gdrive_authorization_finished)

        # create a worker thread for loading datasets
        self.load_dataset_thread = QT.QThread()
        self.load_dataset_worker = _LoadDatasetWorker(self)
        self.load_dataset_worker.moveToThread(self.load_dataset_thread)
        self.request_load_dataset.connect(self.load_dataset_worker.load_dataset)
        self.load_dataset_worker.load_dataset_finished.connect(self.on_load_dataset_finished)
        self.load_dataset_worker.show_status_msg.connect(self.statusBar().showMessage)
        self.blk = None

        # construct the menus
        self.create_menus()

        # open metadata file
        if file:
            # try the user-specified file
            self.metadata_selector.file = file
            self.metadata_selector.load()
        if self.metadata_selector.all_metadata is None:
            # use an example metadata file if the user-specified file failed to
            # load or one was not provided
            self.metadata_selector.file = pkg_resources.resource_filename('neurotic', 'example/metadata.yml')
            self.metadata_selector.load()

        # select a dataset if the user provided one
        if initial_selection:
            try:
                self.metadata_selector.setCurrentRow(list(self.metadata_selector.all_metadata).index(initial_selection))
            except (TypeError, ValueError) as e:
                logger.error(f'Bad dataset key, will ignore: {e}')
                self.statusBar().showMessage('ERROR: Bad dataset key, will '
                                             'ignore', msecs=5000)

    def showEvent(self, event):
        """
        Executed when the window is shown.
        """
        QT.QMainWindow.showEvent(self, event)

        if global_config['app']['auto_check_for_updates']:
            self.check_for_updates(show_new_only=True)

    def create_menus(self):
        """
        Construct the menus of the app.
        """

        self.menu_bar = self.menuBar()
        self.menu_bar.setNativeMenuBar(False)  # disable for macOS, see GH-239

        file_menu = self.menu_bar.addMenu(self.tr('&File'))

        do_open_metadata = file_menu.addAction('&Open metadata')
        do_open_metadata.setShortcut('Ctrl+O')
        do_open_metadata.setStatusTip('Open a YAML file containing dataset '
                                      'configurations')
        do_open_metadata.triggered.connect(self.open_metadata)

        do_edit_metadata = file_menu.addAction('&Edit metadata')
        do_edit_metadata.setStatusTip('Tip: Remember to reload metadata after '
                                      'saving changes')
        do_edit_metadata.setShortcut('Ctrl+E')
        do_edit_metadata.triggered.connect(self.edit_metadata)

        do_reload_metadata = file_menu.addAction('&Reload metadata')
        do_reload_metadata.setStatusTip('Reload the metadata file that is '
                                        'currently open (use after making '
                                        'changes)')
        do_reload_metadata.setShortcut('Ctrl+R')
        do_reload_metadata.triggered.connect(self.metadata_selector.load)

        file_menu.addSeparator()

        self.do_download_data = file_menu.addAction('&Download data')
        self.do_download_data.setShortcut('Ctrl+D')
        self.do_download_data.triggered.connect(self.download_files)

        do_open_directory = file_menu.addAction('Open data &folder')
        do_open_directory.setShortcut('Ctrl+F')
        do_open_directory.triggered.connect(self.open_directory)

        self.do_launch = file_menu.addAction('&Launch')
        self.do_launch.setShortcut('Return')
        self.do_launch.triggered.connect(self.start_launch)

        options_menu = self.menu_bar.addMenu(self.tr('&Options'))

        do_toggle_lazy = options_menu.addAction('&Fast loading')
        do_toggle_lazy.setStatusTip('Reduces load time and memory usage, disables expensive features like spike detection')
        do_toggle_lazy.setCheckable(True)
        do_toggle_lazy.setChecked(self.lazy)
        do_toggle_lazy.triggered.connect(self.toggle_lazy)

        do_toggle_show_datetime = options_menu.addAction('&Display date and time')
        do_toggle_show_datetime.setStatusTip('May be inaccurate for some data files unless manually set with rec_datetime')
        do_toggle_show_datetime.setCheckable(True)
        do_toggle_show_datetime.setChecked(self.show_datetime)
        do_toggle_show_datetime.triggered.connect(self.toggle_show_datetime)

        options_menu.addSeparator()

        do_view_global_config_file = options_menu.addAction('View global &config file')
        do_view_global_config_file.triggered.connect(self.view_global_config_file)

        appearance_menu = self.menu_bar.addMenu(self.tr('&Appearance'))

        ui_scale_group = QT.QActionGroup(appearance_menu)
        ui_scale_actions = {}
        for size in available_ui_scales:
            ui_scale_actions[size] = appearance_menu.addAction(f'&{size.capitalize()} scale')
            ui_scale_actions[size].setCheckable(True)
            ui_scale_actions[size].triggered.connect(lambda checked, size=size: self.set_ui_scale(size))
            ui_scale_group.addAction(ui_scale_actions[size])
        ui_scale_actions[self.ui_scale].setChecked(True)
        self.set_ui_scale(self.ui_scale)  # adjust the UI scale now

        appearance_menu.addSeparator()

        theme_group = QT.QActionGroup(appearance_menu)
        theme_actions = {}
        for theme in available_themes:
            theme_actions[theme] = appearance_menu.addAction(f'&{theme.capitalize()} theme')
            theme_actions[theme].setCheckable(True)
            theme_actions[theme].triggered.connect(lambda checked, theme=theme: self.set_theme(theme))
            theme_group.addAction(theme_actions[theme])
        theme_actions[self.theme].setChecked(True)

        appearance_menu.addSeparator()

        do_toggle_support_increased_line_width = appearance_menu.addAction('&Thick traces')
        do_toggle_support_increased_line_width.setStatusTip('Thickens signal traces at the cost of reduced performance')
        do_toggle_support_increased_line_width.setCheckable(True)
        do_toggle_support_increased_line_width.setChecked(self.support_increased_line_width)
        do_toggle_support_increased_line_width.triggered.connect(self.toggle_support_increased_line_width)

        help_menu = self.menu_bar.addMenu(self.tr('&Help'))

        self.do_toggle_debug_logging = help_menu.addAction('Show and log &debug messages')
        self.do_toggle_debug_logging.setCheckable(True)
        self.do_toggle_debug_logging.setChecked(logger.parent.level == logging.DEBUG)
        self.do_toggle_debug_logging.triggered.connect(self.toggle_debug_logging)

        do_view_log_file = help_menu.addAction('View &log file')
        do_view_log_file.triggered.connect(self.view_log_file)

        do_open_issues = help_menu.addAction('Report issues')
        do_open_issues.triggered.connect(lambda: open_url('https://github.com/jpgill86/neurotic/issues'))

        help_menu.addSeparator()

        do_open_gdrive_creds_dir = help_menu.addAction('Open Google Drive credentials directory')
        do_open_gdrive_creds_dir.triggered.connect(self.open_gdrive_creds_dir)

        self.do_authorize_gdrive = help_menu.addAction('Request Google Drive authorization now')
        self.do_authorize_gdrive.triggered.connect(self.authorize_gdrive)

        do_deauthorize_gdrive = help_menu.addAction('Purge Google Drive authorization token')
        do_deauthorize_gdrive.triggered.connect(self.deauthorize_gdrive)

        help_menu.addSeparator()

        do_check_for_updates = help_menu.addAction('Check for updates')
        do_check_for_updates.triggered.connect(self.check_for_updates)

        do_open_update_docs = help_menu.addAction('How to update')
        do_open_update_docs.triggered.connect(lambda: open_url('https://neurotic.readthedocs.io/en/latest/update.html'))

        do_open_release_notes = help_menu.addAction('Release notes')
        do_open_release_notes.triggered.connect(lambda: open_url('https://neurotic.readthedocs.io/en/latest/releasenotes.html'))

        help_menu.addSeparator()

        do_open_docs = help_menu.addAction('Documentation')
        do_open_docs.triggered.connect(lambda: open_url(get_versioned_docs_url()))

        do_open_ui_guide = help_menu.addAction('User interface guide')
        do_open_ui_guide.triggered.connect(lambda: open_url('https://ephyviewer.readthedocs.io/en/latest/interface.html'))

        do_show_about = help_menu.addAction('&About neurotic')
        do_show_about.triggered.connect(self.show_about)

    def open_metadata(self):
        """
        Open and load a metadata file.
        """

        file, _ = QT.QFileDialog.getOpenFileName(
            parent=self,
            caption='Open metadata',
            directory=None,
            filter='YAML files (*.yml *.yaml)')

        if file:
            self.metadata_selector.file = file
            self.metadata_selector.load()

    def edit_metadata(self):
        """
        Open the metadata file in an editor.
        """

        try:
            open_path_with_default_program(self.metadata_selector.file)

            title = 'Reload metadata?'
            text = 'The metadata file must be reloaded if you made changes. ' \
                   'Do you want to reload now?'
            button = QT.QMessageBox.question(self, title, text,
                                             defaultButton=QT.QMessageBox.Yes)
            if button == QT.QMessageBox.Yes:
                self.metadata_selector.load()

        except FileNotFoundError as e:

            logger.error(f'The metadata file was not found: {e}')
            self.statusBar().showMessage('ERROR: The metadata file could not '
                                         'be found', msecs=5000)

    def download_files(self):
        """
        Download all files for the selected dataset in a separate thread.
        """

        self.network_thread.start()
        self.request_download.emit()
        self.do_download_data.setText('&Download in progress!')
        self.do_download_data.setEnabled(False)
        self.statusBar().showMessage('Starting downloads (see console window)',
                                     msecs=5000)

    def on_download_finished(self, success):
        """
        Cleanup network thread and reload the metadata list content to update
        file indicators.
        """

        self.network_thread.quit()
        self.metadata_selector.load()
        self.do_download_data.setText('&Download data')
        self.do_download_data.setEnabled(True)

        if success:
            self.statusBar().showMessage('Downloads complete', msecs=5000)
        else:
            self.statusBar().showMessage('ERROR: Download failed (see console '
                                         'for details)', msecs=5000)

    def open_directory(self):
        """
        Open the directory of the selected dataset in Win Explorer / Mac
        Finder.
        """

        try:
            open_path_with_default_program(self.metadata_selector['data_dir'])
        except FileNotFoundError as e:
            logger.error('The directory for the selected dataset was not '
                         'found locally, perhaps because it does not exist '
                         f'yet: {e}')
            self.statusBar().showMessage('ERROR: Folder not found locally '
                                         '(need to download?)', msecs=5000)

    def start_launch(self):
        """
        Load data for the selected dataset in a separate thread.
        """

        self.menu_bar.setEnabled(False)
        self.metadata_selector.setEnabled(False)
        self.stacked_layout.setCurrentIndex(1)  # show loading label
        self.load_dataset_thread.start()
        self.request_load_dataset.emit()

    def on_load_dataset_finished(self):
        """
        Launch the ephyviewer window after loading the dataset.
        """

        self.load_dataset_thread.quit()

        try:

            if self.blk is None:
                pass

            elif not isinstance(self.blk, neo.Block):
                raise ValueError('blk must be a Neo Block but instead is '
                                 f'{self.blk}')

            else:
                metadata = self.metadata_selector.selected_metadata
                ephyviewer_config = EphyviewerConfigurator(metadata, self.blk, self.lazy)
                ephyviewer_config.show_all()

                win = ephyviewer_config.create_ephyviewer_window(theme=self.theme, ui_scale=self.ui_scale, support_increased_line_width=self.support_increased_line_width, show_datetime=self.show_datetime)
                self.windows.append(win)
                win.destroyed.connect(lambda qobject, i=len(self.windows)-1: self.free_resources(i))
                win.show()

        except FileNotFoundError as e:

            logger.error('Some files were not found locally and may need to '
                         f'be downloaded: {e}')
            self.statusBar().showMessage('ERROR: Launch failed because some '
                                         'files are missing (need to '
                                         'download?)', msecs=5000)

        except Exception:

            logger.exception('Encountered a fatal error. Traceback will be '
                             'written to log file.')
            self.statusBar().showMessage('ERROR: Launch failed (see console '
                                         'for details)', msecs=5000)

        finally:

            self.menu_bar.setEnabled(True)
            self.metadata_selector.setEnabled(True)
            self.stacked_layout.setCurrentIndex(0)  # show metadata selector

    def view_global_config_file(self):
        """
        Open the global config file in an editor.
        """

        try:
            open_path_with_default_program(global_config_file)
        except FileNotFoundError as e:
            logger.error(f'The global config file was not found: {e}')
            self.statusBar().showMessage('ERROR: The global config file could '
                                         'not be found', msecs=5000)
            return

    def toggle_debug_logging(self, checked):
        """
        Toggle log filtering level between its original level and debug mode
        """
        if checked:
            logger.parent.setLevel(logging.DEBUG)
            logger.debug('Debug messages enabled')

            # lower the threshold for PyAV messages printed to the console from
            # critical to warning
            logging.getLogger('libav').setLevel(logging.WARNING)

        else:
            logger.debug('Disabling debug messages')
            logger.parent.setLevel(default_log_level)

            # raise the threshold for PyAV messages printed to the console from
            # warning to critical
            logging.getLogger('libav').setLevel(logging.CRITICAL)

    def view_log_file(self):
        """
        Open the log file in an editor.
        """

        try:
            open_path_with_default_program(log_file)
        except FileNotFoundError as e:
            logger.error(f'The log file was not found: {e}')
            self.statusBar().showMessage('ERROR: The log file could not be '
                                         'found', msecs=5000)

    def open_gdrive_creds_dir(self):
        """
        Open the Google Drive credentials directory.
        """

        gdrive_creds_dir = os.path.dirname(global_config['gdrive']['client_secret_file'])
        try:
            open_path_with_default_program(gdrive_creds_dir)
        except FileNotFoundError as e:
            logger.error(f'Could not open Google Drive credentials directory: '
                         f'{e}')
            self.statusBar().showMessage('ERROR: Could not open Google Drive '
                                         'credentials directory', msecs=5000)

    def authorize_gdrive(self):
        """
        Trigger the Google Drive authorization flow if necessary.
        """
        if gdrive_downloader.is_authorized() or os.path.exists(global_config['gdrive']['tokens_file']):
            # already authorized
            logger.info('Already authorized to access Google Drive for '
                        f'{gdrive_downloader.GetUserEmail()}')
            self.statusBar().showMessage('Google Drive authorization already '
                                         'complete for '
                                         f'{gdrive_downloader.GetUserEmail()}',
                                         msecs=5000)

        elif not os.path.exists(global_config['gdrive']['client_secret_file']):
            # missing client secret file
            logger.error('Google Drive authorization could not begin due to '
                         'missing client secret file')
            self.statusBar().showMessage('ERROR: Missing client secret file',
                                         msecs=5000)

        else:
            title = 'Continue with authorization?'
            text = 'Completing this process will allow <i>neurotic</i> to ' \
                   'download files from your Google Drive. A web browser ' \
                   'will open so that you can log into your Google account ' \
                   'and accept the request for permissions. You will not be ' \
                   'able to use <i>neurotic</i> until this process finishes.' \
                   '<br/><br/>Do you want to continue?'
            button = QT.QMessageBox.question(self, title, text,
                                             defaultButton=QT.QMessageBox.Yes)
            if button == QT.QMessageBox.Yes:
                self.menu_bar.setEnabled(False)
                self.metadata_selector.setEnabled(False)
                self.stacked_layout.setCurrentIndex(2)  # show gdrive auth label
                self.network_thread.start()
                self.request_gdrive_authorization.emit()

    def on_gdrive_authorization_finished(self, success):
        """
        Cleanup network thread and display success or failute of Google Drive
        authorization flow.
        """
        self.network_thread.quit()
        if success:
            self.statusBar().showMessage('Authorization successful',
                                         msecs=5000)
        else:
            self.statusBar().showMessage('ERROR: Authorization failed '
                                         '(see console for details)',
                                         msecs=5000)
        self.menu_bar.setEnabled(True)
        self.metadata_selector.setEnabled(True)
        self.stacked_layout.setCurrentIndex(0)  # show metadata selector

    def deauthorize_gdrive(self):
        """
        Forget Google Drive access tokens and delete the token file.
        """
        gdrive_downloader.deauthorize()
        logger.info(f'Purged Google Drive authorization token')
        self.statusBar().showMessage('Purged Google Drive authorization token',
                                     msecs=5000)

    def check_for_updates(self, *args, show_new_only=False):
        """
        Check for new releases in a separate thread.
        """

        self.network_thread.start()
        self.request_check_for_updates.emit(show_new_only)

    def on_version_check_finished(self, latest_release, show_new_only):
        """
        Cleanup network thread and display a dialog window showing the state of
        available updates.
        """
        self.network_thread.quit()

        urls = {}
        urls['globalconfig'] = 'https://neurotic.readthedocs.io/en/latest/globalconfig.html'
        urls['releases'] = 'https://github.com/jpgill86/neurotic/releases'
        urls['updating'] = 'https://neurotic.readthedocs.io/en/latest/update.html'

        if latest_release:
            if version.parse(latest_release) > version.parse(__version__):
                text = f"""
                <h2>A new version is available</h2>

                <p><table>
                <tr><td>Installed version:</td>  <td>{__version__}</td></tr>
                <tr><td>Latest version:</td>     <td>{latest_release}</td></tr>
                </table></p>

                <p><a href='{urls['updating']}'>How do I update <i>neurotic</i>?</a></p>

                <p>Automatically check for updates at launch: {'Yes' if global_config['app']['auto_check_for_updates'] else 'No'}<br/>
                <a href='{urls['globalconfig']}'>Learn how to change this</a></p>
                """
                title = 'Check for updates'
                return QT.QMessageBox.about(self, title, text)

            elif not show_new_only:
                # display up to date
                text = f"""
                <h2>neurotic is up to date</h2>

                <p><table>
                <tr><td>Installed version:</td>  <td>{__version__}</td></tr>
                <tr><td>Latest version:</td>     <td>{latest_release}</td></tr>
                </table></p>

                <p>Automatically check for updates at launch: {'Yes' if global_config['app']['auto_check_for_updates'] else 'No'}<br/>
                <a href='{urls['globalconfig']}'>Learn how to change this</a></p>
                """
                title = 'Check for updates'
                return QT.QMessageBox.about(self, title, text)

        elif not show_new_only:
            # display failure message
            text = f"""
            <h2>Could not detect latest version</h2>

            <p><table>
            <tr><td>Installed version:</td>  <td>{__version__}</td></tr>
            <tr><td>Latest version:</td>     <td>unknown</td></tr>
            </table></p>

            <p><a href='{urls['releases']}'>Check for latest version manually</a></p>

            <p><a href='{urls['updating']}'>How do I update <i>neurotic</i>?</a></p>

            <p>Automatically check for updates at launch: {'Yes' if global_config['app']['auto_check_for_updates'] else 'No'}<br/>
            <a href='{urls['globalconfig']}'>Learn how to change this</a></p>
            """
            title = 'Check for updates'
            return QT.QMessageBox.about(self, title, text)

    def show_about(self):
        """
        Display the "About neurotic" message box.
        """

        import platform
        import ephyviewer
        import numpy
        import pyqtgraph
        try:
            pyqt_version = QT.PYQT_VERSION_STR
        except AttributeError:
            pyqt_version = 'unknown'

        title = 'About neurotic'

        urls = {}
        urls['GitHub'] = 'https://github.com/jpgill86/neurotic'
        urls['GitHub user'] = 'https://github.com/jpgill86'
        urls['PyPI'] = 'https://pypi.org/project/neurotic'

        gdrive_creds_dir = os.path.dirname(global_config['gdrive']['client_secret_file'])

        text = f"""
        <h2><i>neurotic</i> {__version__}</h2>

        <p><b>NEUROscience Tool for Interactive Characterization</b></p>

        <p><i>Curate, visualize, annotate, and share <br/>
        your behavioral ephys data using Python</i></p>

        <p>Author: Jeffrey Gill (<a href='{urls['GitHub user']}'>@jpgill86</a>)</p>

        <p>Websites: <a href='{urls['GitHub']}'>GitHub</a>
                   | <a href='{urls['PyPI']}'>PyPI</a></p>

        <p>Installed dependencies:</p>
        <table width='80%' align='center'>
        <tr><td>ephyviewer</td>         <td>{ephyviewer.__version__}</td></tr>
        <tr><td>neo</td>                <td>{neo.__version__}</td></tr>
        <tr><td>numpy</td>              <td>{numpy.__version__}</td></tr>
        <tr><td>{QT_MODE.lower()}</td>  <td>{pyqt_version}</td></tr>
        <tr><td>pyqtgraph</td>          <td>{pyqtgraph.__version__}</td></tr>
        <tr><td>python</td>             <td>{platform.python_version()}</td></tr>
        </table>

        <p>Install path: <code>{os.path.dirname(os.path.dirname(__file__))}</code></p>

        <p>Google Drive credentials directory: <code>{gdrive_creds_dir}</code></p>
        """

        QT.QMessageBox.about(self, title, text)

    def toggle_lazy(self, checked):
        self.lazy = checked

    def toggle_show_datetime(self, checked):
        self.show_datetime = checked

    def set_ui_scale(self, size):
        self.ui_scale = size

        font_size = {
            'tiny':   self.default_font_size-4,
            'small':  self.default_font_size-2,
            'medium': self.default_font_size,
            'large':  self.default_font_size+4,
            'huge':   self.default_font_size+8,
        }

        font = self.font()
        font.setPointSize(font_size[size])
        self.setFont(font)

        font = self.loading_label.font()
        font.setPointSize(font_size[size]+4)
        self.loading_label.setFont(font)

        font = self.gdrive_auth_label.font()
        font.setPointSize(font_size[size]+4)
        self.gdrive_auth_label.setFont(font)

    def set_theme(self, theme):
        self.theme = theme

    def toggle_support_increased_line_width(self, checked):
        self.support_increased_line_width = checked

    def free_resources(self, i):
        """
        Run garbage collection to unlock files and free memory for the closed
        window with index ``i``.

        Data files opened by Neo in lazy mode remain locked for as long as the
        RawIO objects pointing to them exist in memory. Normally such objects
        would be automatically garbage collected when they go out of scope,
        i.e., when the window that created them is closed. However, due to an
        issue in Neo, circular references to these objects are always created,
        so they persist even after the window is closed. This function performs
        a manual garbage collection after a window has been closed to clean up
        any lingering Neo objects that keep files locked. For more info about
        the issue, see https://github.com/NeuralEnsemble/python-neo/issues/684.
        """

        # first remove the last remaining references to the closed window and
        # Neo Block
        self.windows[i] = None
        self.blk = None

        # run garbage collection
        gc.collect()



class _MetadataSelectorQt(MetadataSelector, QT.QListWidget):
    """
    A QListWidget that displays the state of a MetadataSelector.
    """

    def __init__(self, mainwindow):
        """
        Initialize a new _MetadataSelectorQt.
        """

        MetadataSelector.__init__(self)
        QT.QListWidget.__init__(self, parent=mainwindow)

        self.mainwindow = mainwindow

        self.setSelectionMode(QT.QListWidget.SingleSelection)

        font = self.font()
        font.setFamily('Courier')
        self.setFont(font)

        self.currentRowChanged.connect(self._on_select)
        self.itemDoubleClicked.connect(self.mainwindow.start_launch)

    def _on_select(self, currentRow):
        """
        Update the MetadataSelector's selection after changing the
        QListWidget's selection.
        """

        if currentRow >= 0:
            self._selection = list(self.all_metadata)[currentRow]
        else:
            self._selection = None

    def load(self):
        """
        Load or reload the metadata file and populate the QListWidget.
        """

        # remember the current selection
        old_selection = self._selection

        try:
            MetadataSelector.load(self)
        except Exception as e:
            logger.error(f'Bad metadata file\n{e}')
            self.mainwindow.statusBar().showMessage('ERROR: Bad metadata file '
                                                    '(see console for '
                                                    'details)', msecs=5000)

        if self.all_metadata is not None:

            # clear and repopulate the list,
            # which triggers the selection to change
            self.clear()
            for label in _selector_labels(self.all_metadata):
                QT.QListWidgetItem(label, self)

            if old_selection in self.all_metadata:
                # reselect the original selection if it still exists
                self.setCurrentRow(list(self.all_metadata).index(old_selection))
            else:
                # otherwise select the first item
                self.setCurrentRow(0)


class _NetworkWorker(QT.QObject):
    """
    A thread worker for for network activity (e.g., downloading data)
    """

    download_finished = QT.pyqtSignal(bool)
    gdrive_authorization_finished = QT.pyqtSignal(bool)
    version_check_finished = QT.pyqtSignal(str, bool)

    def __init__(self, mainwindow):
        """
        Initialize a new _NetworkWorker.
        """

        QT.QObject.__init__(self)

        self.mainwindow = mainwindow

    def download(self):
        """
        Download all files and emit a signal when complete.
        """

        success = False
        try:
            self.mainwindow.metadata_selector.download_all_data_files()
            success = True
        except:
            pass
        finally:
            self.download_finished.emit(success)

    def authorize_gdrive(self):
        success = False
        try:
            logger.info('Initiating Google Drive authorization flow')
            gdrive_downloader.authorize()
            success = True
            logger.info('Authorization successful')
        except Exception as e:
            logger.error(f'Problem during authorization: {e}')
        finally:
            self.gdrive_authorization_finished.emit(success)

    def get_latest_release_number(self, show_new_only):
        """
        Query GitHub for the version number of the latest release and emit a
        signal when complete.
        """

        latest_release = None
        try:
            # query GitHub for the latest release
            logger.debug('Checking for new release versions of neurotic')
            url = 'https://api.github.com/repos/jpgill86/neurotic/releases/latest'
            r = requests.get(url)
            latest_release = r.json()['tag_name']
            logger.debug(f'Found latest release version: {latest_release}')
        except Exception as e:
            # something went wrong with the query
            logger.error(f'Query for latest release version failed: {e}')
        finally:
            self.version_check_finished.emit(latest_release, show_new_only)


class _LoadDatasetWorker(QT.QObject):
    """
    A thread worker for loading data sets.
    """

    load_dataset_finished = QT.pyqtSignal()
    show_status_msg = QT.pyqtSignal(str, int)

    def __init__(self, mainwindow):
        """
        Initialize a new _LoadDatasetWorker.
        """

        QT.QObject.__init__(self)

        self.mainwindow = mainwindow

    def load_dataset(self):
        """
        Load the selected dataset.
        """

        metadata = self.mainwindow.metadata_selector.selected_metadata
        lazy = self.mainwindow.lazy

        try:

            self.mainwindow.blk = load_dataset(metadata, lazy=lazy)

        except FileNotFoundError as e:

            logger.error('Some files were not found locally and may need to '
                         f'be downloaded: {e}')
            self.show_status_msg.emit('ERROR: Launch failed because some '
                                      'files are missing (need to download?)',
                                      5000)
            self.mainwindow.blk = None

        except Exception:

            logger.exception('Encountered a fatal error. Traceback will be '
                             'written to log file.')
            self.show_status_msg.emit('ERROR: Launch failed (see console for '
                                      'details)', 5000)
            self.mainwindow.blk = None

        finally:

            self.load_dataset_finished.emit()
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