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pyHRV is a toolbox for Heart Rate Variability (HRV) written in Python.
The toolbox bundles a selection of functions to compute Time Domain, Frequency Domain, and nonlinear HRV parameters,
along with other additional features designed to support your HRV research.
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Highlights

This Python package computes…


	… fundamental HRV data series (NNI, ∆NNI, HR)


	… HRV Time Domain parameters


	… HRV Frequency Domain parameters


	… nonlinear HRV parameters




… and comes with variety of additional HRV tools, such as…


	… ECG and Tachogram plotting features


	… export and import of HRV results to .JSON files


	… HRV report generation in .TXT, .CSV and .PDF formats


	… and many other useful features to support your HRV research!






Installation

This package can be installed using the pip tool:

$ pip install pyhrv







Disclaimer & Context

This program is distributed in the hope it will be useful and provided to you “as is”, but WITHOUT ANY WARRANTY, without even the implied warranty of MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. This program is NOT intended for medical diagnosis. We expressly disclaim any liability whatsoever for any direct, indirect, consequential, incidental or special damages, including, without limitation, lost revenues, lost profits, losses resulting from business interruption or loss of data, regardless of the form of action or legal theory under which the liability may be asserted, even if advised of the possibility of such damages.

This package has initially (up to version 0.3) been developed within the scope of my master thesis “Development of an Open-Source Python Toolbox for Heart Rate Variability (HRV)” at the University of Applied Sciences Hamburg, Germany (Faculty Life Sciences, Department of Biomedical Engineering) and PLUX wireless biosignals, S.A., Lisbon, Portugal.




          

      

      

    

  

    
      
          
            
  
1. Getting Started


1.1. Installation

Use the pip tool to download pyHRV from the Python Package Index (PyPi) [https://pypi.org]. If you are using macOS or a Linux-based operating system, open the Terminal and type in the
command below. Windows users may use the Command Prompt.

$ pip install pyhrv





pyHRV depends on the following third-party packages, which will be automatically installed using the pip tool, if
these are not already on your machine:


	biosppy [https://github.com/PIA-Group/BioSPPy]


	numpy [http://www.numpy.org]


	scipy [http://scipy.org]


	matplotlib [https://matplotlib.org]


	nolds [https://github.com/CSchoel/nolds]


	spectrum [https://github.com/withspectrum/spectrum]





Note

This has been primarily developed for the Python 2.7 programming language. Running the pip command above may cause
errors when trying to install the package using Python 3.

In this case, try to install the pyHRV dependencies first:

$ pip install biosppy
$ pip install matplotlib
$ pip install numpy
$ pip install scipy
$ pip install nolds
$ pip install spectrum
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2. API Reference


Contents:


	2.1. pyHRV Function Levels

	2.2. The HRV Function: hrv()

	2.3. Time Domain Module

	2.4. Frequency Domain Module

	2.5. Nonlinear Module

	2.6. Tools Module

	2.7. Utils Module
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2.1. pyHRV Function Levels

The HRV feature extraction functions of the pyHRV toolbox have been implemented and categorized into three levels, which are intended to facilitate the usage and increase the usability of the toolbox according to the needs of the user or programming background. This multilevel-architecture is illustrated in the Figure below.


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

Multilevel architecture of the pyHRV toolbox.



Level 1 - HRV Level:

This level consists of a single function that allows you to compute the full range of HRV parameters using only a single line of code by calling the hrv() function found in the hrv.py. This function calls all underlying HRV parameter functions and returns the bundled results in a biosppy.utils.ReturnTuple() object. Custom settings or parameters for the computation of specific parameters can be passed to the hrv() function if needed using the kwargs input dictionaries. Otherwise, the default values will be used.


See also

The HRV Function: hrv()
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2.2. The HRV Function: hrv()


	
pyhrv.hrv.hrv(nni=None, rpeaks=None, signal=None, sampling_rate=1000., interval=[0, 10], plot_ecg=True, plot_Tachogram=True, show=True, fbands=None, kwargs_ecg_plot=None, kwargs_tachogram=None, kwargs_)

	



Function Description

Computes all HRV parameters of the pyHRV toolkit (see list below).


See also


	Time Domain Module


	Frequency Domain Module


	Nonlinear Module
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2.3. Time Domain Module

The time_domain.py module contains all the functions to compute the HRV time domain parameters.


See also

pyHRV Time Domain Module source code [https://github.com/PGomes92/pyhrv/blob/master/pyhrv/time_domain.py]
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2.4. Frequency Domain Module

The Frequency Domain Module contains all functions to compute the frequency domain parameters derived from the PSD estimation using the Welch’s method, the Lomb-Scargle Periodogram and the Autoregressive method.


See also

pyHRV Frequency Domain Module source code [https://github.com/PGomes92/pyhrv/blob/master/pyhrv/frequency_domain.py]
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2.5. Nonlinear Module

The nonlinear.py module contains functions to compute nonlinear HRV parameters and methods.


See also

pyHRV Nonlinear Module source code [https://github.com/PGomes92/pyhrv/blob/master/pyhrv/nonlinear.py]
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2.6. Tools Module

The Tools Module contains general purpose functions and key functionalities (e.g. computation of NNI series) for the entire HRV package, among other useful features for HRV analysis workflow (e.g. HRV export/import).


See also

pyHRV Tools Module source code [https://github.com/PGomes92/pyhrv/blob/master/pyhrv/tools.py]
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2.7. Utils Module

The Utils Module contains general purpose functions (utilities) to support the features of the pyHRV toolbox incl. loading NNI sample data, check input data of HRV functions, segment arrays, check for duplicate file names to avoid accidental overwriting of files, and other utilities. These functions do not compute any HRV parameters nor provide any parameter-specific features (e.g. comparison plots).


See also

pyHRV Utils Module source code [https://github.com/PGomes92/pyhrv/blob/master/pyhrv/utils.py]
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3. Tutorials


Contents:


	3.1. Bulk Processing of Multiple NNI Series with pyHRV

	3.2. ECG Acquisition & HRV Analysis with BITalino & pyHRV
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3.1. Bulk Processing of Multiple NNI Series with pyHRV

This tutorial aims to guide you through all the steps needed to bulk process multiple NNI series using a simple
Python script. This can be helpful in one of the following examples (there exist of course many other cases for which this might be useful:


	You need to analyse datasets from multiple participants joining your experiment


	Over time, multiple new participants join your experiment and you need to compute their datasets


	The analysis process requires you to test different input settings, such as for example adjusting the selected frequency bands or filter orders, which requires you to recompute the HRV parameters with each change being made to the intput


	Any other reason that you might think of needing bulk processing…




For instance, I have a couple of files with NNI series stored in the .npy numpy array format [https://docs.scipy.org/doc/numpy/reference/generated/numpy.lib.format.html] which I would like to process using the same input settings.

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

3.1.1. Step 1: Loading the Necessary Packages

We will require the following 3 packages in this script:


	glob [https://docs.python.org/3/library/glob.html] to loop through all the files containing the NNI series in a folder


	numpy [https://numpy.org] to load the NNI series


	pyHRV [https://github.com/PGomes92/pyhrv] to compute the HRV results




import glob
import pyhrv
import numpy as np







3.1.2. Step 2: Defining the Input Parameters for the HRV Functions

pyHRV’s functions already come with default values for input parameters. However, the use of custom input values is often
interesting in order to adjust the functions to the experimental conditions.

In this step, we will prepare a series of dictionaries containing the input parameters for the computation of Time Domain, Frequency Domain and Nonlinear parameters. These dictionaries will afterwards be used with the pyhrv.hrv() (see The HRV Function: hrv()).

First, we prepare the inputs for the Time Domain functions:

# Time Domain Settings
settings_time = {
    'threshold': 50,            # Computation of NNXX/pNNXX with 50 ms threshold -> NN50 & pNN50
    'plot': True,               # If True, plots NNI histogram
    'binsize': 7.8125           # Binsize of the NNI histogram
}





For the Frequency Domain parameters, we will prepare individual input dictionaries for each of the available functions, Welch’s Method: welch_psd(), Lomb-Scargle Periodogram: lomb_psd() and Autoregressive Method: ar_psd().

# Frequency Domain Settings
settings_welch = {
    'nfft': 2 ** 12,            # Number of points computed for the FFT result
    'detrend': True,            # If True, detrend NNI series by subtracting the mean NNI
    'window': 'hanning'         # Window function used for PSD estimation
}

settings_lomb = {
    'nfft': 2**8,               # Number of points computed for the Lomb PSD
    'ma_size': 5                # Moving average window size
}

settings_ar = {
    'nfft': 2**12,              # Number of points computed for the AR PSD
    'order': 32                 # AR order
}





At last, we will set the input parameters for the Nonlinear Parameters.

# Nonlinear Parameter Settings
settings_nonlinear = {
    'short': [4, 16],           # Interval limits of the short term fluctuations
    'long': [17, 64],           # Interval limits of the long term fluctuations
    'dim': 2,                   # Sample entropy embedding dimension
    'tolerance': None           # Tolerance distance for which the vectors to be considered equal (None sets default values)
}






Tip

Storing the settings in multiple dictionaries within a Python script might become unhandy if you would like to share your settings or simply keep those out of a Python script for more versatility.

In those cases, store the settings in a JSON file which can be easily read with Python’s native JSON Package [https://docs.python.org/3/library/json.html].


  
    

    3.2. ECG Acquisition & HRV Analysis with BITalino & pyHRV
    

    
 
  

    
      
          
            
  
3.2. ECG Acquisition & HRV Analysis with BITalino & pyHRV

This tutorial aims to guide you through all the steps from recording your own ECG signals up to computing all HRV
parameters using pyHRV and saving them in your own, first HRV report.

[image: ../../_images/bitalino_board.png]
The ECG signals will be acquired using a BITalino (r) evolution Board [http://bitalino.com/en/board-kit-bt] and
the OpenSignals (r)evolution [http://bitalino.com/en/software] software. Additionally, this tutorial uses the BioSPPy
toolkit [https://github.com/PIA-Group/BioSPPy] to filter your ECG signal and to extract the R-peak locations.
Finally, we’ll use the pyHRV package to compute all available HRV parameters from your ECG signal(s) and generate
your first HRV report.


Note

This tutorial demonstrates how to acquire ECG signals using the BITalino toolkit and the OpenSignals software. It is of course not limited to these tools. You can, of course, use any other ECG signal independent from the signal acquisition hardware and software.
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4. License & Disclaimer


4.1. License

BSD 3-Clause License

Copyright (c) 2018, Pedro Gomes
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 name of the copyright holder nor the names of its
contributors may be used to endorse or promote products derived from
this software without specific prior written permission.






4.2. Disclaimer

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.





          

      

      

    

  

  
    
    Index
    

    
 
  

    
      
          
            

Index



 P
 


P


  	
      	pyhrv.frequency_domain.ar_psd() (built-in function)


      	pyhrv.frequency_domain.frequency_domain() (built-in function)


      	pyhrv.frequency_domain.lomb_psd() (built-in function)


      	pyhrv.frequency_domain.psd_comparison() (built-in function), [1]


      	pyhrv.frequency_domain.welch_psd() (built-in function)


      	pyhrv.hrv.hrv() (built-in function)


      	pyhrv.nonlinear.dfa() (built-in function)


      	pyhrv.nonlinear.frequency_domain() (built-in function)


      	pyhrv.nonlinear.poincare() (built-in function)


      	pyhrv.nonlinear.sampen() (built-in function)


      	pyhrv.time_domain.geometrical_parameters() (built-in function)


      	pyhrv.time_domain.hr_parameters() (built-in function)


      	pyhrv.time_domain.nn20() (built-in function)


      	pyhrv.time_domain.nn50() (built-in function)


      	pyhrv.time_domain.nni_differences_parameters() (built-in function)


      	pyhrv.time_domain.nni_parameters() (built-in function)


      	pyhrv.time_domain.nnXX() (built-in function)


      	pyhrv.time_domain.rmssd() (built-in function)


      	pyhrv.time_domain.sdann() (built-in function)


      	pyhrv.time_domain.sdnn() (built-in function)


      	pyhrv.time_domain.sdnn_index() (built-in function)


      	pyhrv.time_domain.sdsd() (built-in function)


  

  	
      	pyhrv.time_domain.time_domain() (built-in function)


      	pyhrv.time_domain.tinn() (built-in function)


      	pyhrv.time_domain.triangular_index() (built-in function)


      	pyhrv.tools.heart_rate() (built-in function)


      	pyhrv.tools.hr_heatplot() (built-in function)


      	pyhrv.tools.hrv_export() (built-in function)


      	pyhrv.tools.hrv_import() (built-in function)


      	pyhrv.tools.hrv_report() (built-in function)


      	pyhrv.tools.nn_diff() (built-in function)


      	pyhrv.tools.nn_intervals() (built-in function)


      	pyhrv.tools.plot_ecg() (built-in function)


      	pyhrv.tools.radar_chart() (built-in function)


      	pyhrv.tools.tachogram() (built-in function)


      	pyhrv.utils.check_input() (built-in function)


      	pyhrv.utils.check_interval() (built-in function)


      	pyhrv.utils.join_tuples() (built-in function)


      	pyhrv.utils.load_hrv_keys_json() (built-in function)


      	pyhrv.utils.load_sample_nni() (built-in function)


      	pyhrv.utils.nn_format() (built-in function)


      	pyhrv.utils.segmentation() (built-in function)


      	pyhrv.utils.std() (built-in function)


      	pyhrv.utils.time_vector() (built-in function)
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Reports Module

The Reports Module contains functions


See also

pyHRV Tools Module source code [https://github.com/PGomes92/pyhrv/blob/master/pyhrv/tools.py]
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# BIOSPPY HRV REPORT - v.0.2

# Sampling Rate ; n/a

# Date Time ; 2018-10-16_23-31-57
# File ; series 1.npy

# Device ; n/a

# Identifier/MAC ; n/a

# Resolution ; n/a

COMMENTS

n/a

Number of NNIs (-) 337.000
Mean NNI (ms) ; 888.955

Minimum NNI (ms) ; 719.000
Maximum NNI (ms) 1195.000
Mean Delta-NNI (ms) 74.295
Minimum Delta-NNI (ms) ; 0.000
Maximum Delta-NNI (ms) ; 336.000
Standard Deviation of Delta-NNI (8) ; 68.966
Mean Heart Rate (bpm) ; 68.215
Minimum Heart Rate (bpm) ; 50.209
Maximum Heart Rate (bpm) ; 83.449
Standard Deviation of Heart Rate (bpm) ; 6.773
SDNN (ms) ; 95.690
SDNN Index (ms) ; n/a
SDANN (ms) ; n/a
SDSD (ms) ; 68.966
RMSSD (ms) 101.301
NN50 (-) ; 163.000
PNN50 (%) ; 48.512
NN20 (-) ; 266.000
PNN20 (%) 79.167
Triangular Index (-) 12.036
TINN (ms) 148.438
TINN N (ms) ; 765.625

TINN M (ms) ; 914.062
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