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PhyPy

[image: _images/phypy.svg]
 [https://pypi.python.org/pypi/phypy][image: _images/phypy1.svg]
 [https://travis-ci.org/ctarver/phypy][image: Documentation Status]
 [https://phypy.readthedocs.io/en/latest/?badge=latest][image: Updates]
 [https://pyup.io/repos/github/ctarver/phypy/]Library of tools for wireless, physical layer research, simulations, and testing.


	Free software: MIT license


	Documentation: https://phypy.readthedocs.io.





Features


	TODO







Credits

This package was created with Cookiecutter [https://github.com/audreyr/cookiecutter] and the audreyr/cookiecutter-pypackage [https://github.com/audreyr/cookiecutter-pypackage] project template.







          

      

      

    

  

    
      
          
            
  
Installation


Stable release

To install PhyPy, run this command in your terminal:

$ pip install phypy





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

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




From sources

The sources for PhyPy can be downloaded from the Github repo [https://github.com/ctarver/phypy].

You can either clone the public repository:

$ git clone git://github.com/ctarver/phypy





Or download the tarball [https://github.com/ctarver/phypy/tarball/master]:

$ curl -OJL https://github.com/ctarver/phypy/tarball/master





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

$ python setup.py install











          

      

      

    

  

    
      
          
            
  
Usage

To use PhyPy in a project:

import phypy









          

      

      

    

  

    
      
          
            
  
Contributing

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

You can contribute in many ways:


Types of Contributions


Report Bugs

Report bugs at https://github.com/ctarver/phypy/issues.

If you are reporting a bug, please include:


	Your operating system name and version.


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


	Detailed steps to reproduce the bug.







Fix Bugs

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




Implement Features

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




Write Documentation

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




Submit Feedback

The best way to send feedback is to file an issue at https://github.com/ctarver/phypy/issues.

If you are proposing a feature:


	Explain in detail how it would work.


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


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









Get Started!

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


	Fork the phypy repo on GitHub.


	Clone your fork locally:

$ git clone git@github.com:your_name_here/phypy.git







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

$ mkvirtualenv phypy
$ cd phypy/
$ python setup.py develop







	Create a branch for local development:

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





Now you can make your changes locally.



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

$ flake8 phypy tests
$ python setup.py test or pytest
$ tox





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



	Commit your changes and push your branch to GitHub:

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







	Submit a pull request through the GitHub website.







Pull Request Guidelines

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


	The pull request should include tests.


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


	The pull request should work for Python 3.6 and 3.7, and for PyPy. Check
https://travis-ci.org/ctarver/phypy/pull_requests
and make sure that the tests pass for all supported Python versions.







Tips

To run a subset of tests:

$ pytest tests.test_phypy








Deploying

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

$ bump2version patch # possible: major / minor / patch
$ git push
$ git push --tags





Travis will then deploy to PyPI if tests pass.







          

      

      

    

  

    
      
          
            
  
Credits


Development Lead


	Chance Tarver <tarver.chance@gmail.com>







Contributors

None yet. Why not be the first?







          

      

      

    

  

    
      
          
            
  
History


0.2.8 (2019-09-26)


	Critical fix for LS estimation regarding conjugate transpose


	Updated cookiecutter template to get new versions of things


	Started (but unfinished MIMO module)







0.2.7 (2019-03-22)


	Fix OFDM modulation and Demodulation dropping the middle subcarrier


	Fix EVM calculation







0.2.6 (2019-03-21)


	Added Demodulation to OFDM


	Added EVM calculation to demodulation







0.2.5 (2019-03-10)


	Make it so the MemoryPolynomial is a superclass for PAs and DPDs


	Add a memory_stride parameter for memory polynomial modeling







0.2.4 (2019-03-10)


	Fix an issue where the DPD was limited to 7th order with 4 taps.







0.2.3 (2019-03-10)


	Fix an issue where the memory taps in DPD were defaulting to “1” instead of 0.


	Change to plain LS since I didn’t trust the regularization







0.2.2 (2019-03-01)


	Includes what is probably a working DPD







0.2.1 (2019-02-18)


	Adds a random number seed to OFDM







0.2.0 (2019-02-01)


	Add a DSP module with a frequency shifter







0.1.1 (2019-01-23)


	Adds a working PA and OFDM modulator.


	Begins working on basic DPD







0.1.0 (2019-01-22)


	First release on PyPI.
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phypy.mimo package


Submodules




phypy.mimo.channels module




phypy.mimo.mimo module


	
class phypy.mimo.mimo.LinearPrecoder

	Bases: object


	
precode(symbols)

	




	
precode_update_process(env)

	








	
class phypy.mimo.mimo.MIMO_Channel

	Bases: object


	
channel_update_process(env)

	








	
class phypy.mimo.mimo.MimoAwgn(n_users: int = 8, n_antennas: int = 64, n_subcarriers=1200, update_rate: int = 7)

	Bases: phypy.mimo.mimo.MIMO_Channel


	
update_channel()

	








	
class phypy.mimo.mimo.MimoTransmitter(n_antennas: int = 64, n_users: int = 4, precoder: str = 'zero_forcing', update_precoder_frequency: int = 7)

	Bases: object

Class that represents an entire MIMO Transmitter Array. Includes channel and precoder.


	
transmit(symbols)

	




	
update_channel(channel)

	The channel object exists in its own object. Periodically, our transmitter will get new CSI/channel.
This method updates the classes copy of the channel










	
class phypy.mimo.mimo.ZeroForcing(channel_matrix, update_rate)

	Bases: phypy.mimo.mimo.LinearPrecoder


	
create_precoder_matrix(channel_matrix)

	










phypy.mimo.precoders module




Module contents

MIMO Module for PhyPy







          

      

      

    

  

    
      
          
            
  
phypy package


Subpackages
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Submodules




phypy.analog module

Module for performing ‘analog’ related PHY tasks such as the power amplifier


	
class phypy.analog.PowerAmp(order: int = 5, memory_depth: int = 4, memory_stride: int = 1, noise_variance: float = 0.05, add_lo_leakage: bool = True, add_iq_imbalance: bool = True, seed: int = 1)

	Bases: phypy.structures.MemoryPolynomial

Power amplifier class that implements a baseband, memory-polynomial based PA


	
static calculate_nmse(desired, actual)

	Calculate the normalized mean squared error
Todo:



	Check this. I think I need to divide by number of samples












	
make_new_model(pa_input, pa_output)

	Learn new coefficients based on pa_inputs and pa_outputs






	
transmit(x)

	Transmit a signal through the Memory Polynomial object












phypy.cli module

Console script for phypy.




phypy.corrections module

Module for performing corrections on impairments related  to the PHY such as DPD


	
class phypy.corrections.ILA_DPD(order: int = 5, memory_depth: int = 1, memory_stride: int = 5, n_iterations: int = 2)

	Bases: phypy.structures.MemoryPolynomial

Implements a DPD object that uses an indirect learning architecture (ILA)

Implements a digital predistorter (DPD) that uses an indirect learning architecture (ILA)
and a parallel hammerstein, memory polynomial structure that acts as an inverse of the PA model.


	
perform_learning(pa, signal)

	Learn a new DPD model for a given pa












phypy.dsp module

DSP Module for basic DSP functions


	
phypy.dsp.frequency_shift(signal, shift_amount, sampling_rate)

	Performs a shift in the freqeuency shift by multiplying by a complex sinusoid


	Args:

	signal: The signal to be shifted as a nparray
shift_amount: Amount to shift by in Hz
sampling_rate: The original sampling rate of the signal in Hz



	Returns:

	Returns a nparray with the signal shifted by the shift amount












phypy.modulators module

Modulator Module that implements various wireless modulators

These modulators are meant to turn arbitrary bit patterns to analog waveforms for wireless
transmission.


	
class phypy.modulators.OFDM(n_subcarriers: int = 1200, subcarrier_spacing: int = 15000, cp_length: int = 144, constellation: str = 'QPSK', seed: int = 0)

	Bases: object

Class that creates OFDM signals.

This class will set up an OFDM modulator to create random OFDM signals.


	Attributes:

	n_subcarriers: Number of subcarriers per OFDM symbol
subcarrier_spacing: Spacing between subcarriers in Hz
cp_length : Number of samples in the cyclic prefix
fft_size: Size of the IFFT/FFT used.
sampling_rate: The native sampling rate based on the FFT size and subcarrier spacing
symbol_alphabet: The constellation points



	Todo:

	
	Add an arbitrary bit input


	Add a demodulator









	
add_cyclic_prefix(td_waveform)

	Adds cyclic prefix

Adds by taking the last few samples and appending it to the beginning of the signal


	Args:

	td_waveform: IFFT output signal.



	Returns:

	time domain signal with a cyclic prefix










	
calculate_evm(fd_rx_signal)

	




	
demodulate(time_domain_rx_signal)

	Demodulate a time domain signal back into the FD symbols






	
frequency_to_time_domain(fd_symbol)

	Convert the frequency domain symbol to time domain via IFFT


	Args:

	fd_symbol: One frequency domain symbol



	Returns:

	time domain signal










	
static qam_alphabet(constellation)

	Returns constellation points for QPSK, 16QAM, or 64 QAM


	Args:

	constellation: String saying the desired constellation



	Returns:

	symbol alphabet on the complex plane










	
remove_cyclic_prefix(td_grid)

	




	
time_to_frequency_domain(td_symbol)

	




	
use(n_symbols: int = 10)

	Use the OFDM modulator to generate a random signal.


	Args:

	n_symbols: Number of OFDM symbols to generate



	Returns:

	A time-domain OFDM signal



	TODO:

	
	Allow to pass in an arbitrary bit pattern for modulation.



















phypy.structures module

File for mathematical structures like a memory polynomial


	
class phypy.structures.MemoryPolynomial(order: int = 5, memory_depth: int = 4, memory_stride: int = 1)

	Bases: object


	
static check_for_errors(order, memory_depth, memory_stride)

	Check for errors. Must be odd order with positive memory






	
n_coeffs

	“Total number of coefficients including the polynomial order and memory depth






	
n_rows

	Total number of rows in the coeff matrix






	
perform_least_squares(x, y)

	Perform a least squares fit
Todo:



	Add support for regularized LS.












	
setup_basis_matrix(x)

	Setup a matrix of the signal and delayed replicas for multiplication by the coeffs






	
transmit(x)

	Transmit a signal through the Memory Polynomial object












Module contents

Top-level package for PhyPy.
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