

    
      
          
            
  
BOTMpy : spike sorting using Bayes Optimal Template Matching in Python

This package implements spike sorting with the BOTM algorithm in Python [http://python.org]. The
reference for the algorithm is [2]

It is intended as a tool for neuro-scientists to process time series data. It
can be used to detect and classify action potentials of distinct single cells
in voltage traces recorded from the brain.
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(The original entry is located in /home/docs/checkouts/readthedocs.org/user_builds/botmpy/checkouts/latest/doc/source/spike-sorting.rst, line 28.)


Todo

might need references



(The original entry is located in /home/docs/checkouts/readthedocs.org/user_builds/botmpy/checkouts/latest/doc/source/spike-sorting.rst, line 39.)







          

      

      

    

  

    
      
          
            
  
Download and Installation

BOTMpy can be used as a pure Python [http://python.org] package. There are some additional Cython [http://cython.org]
implementations for parts of the code that benefit from it, the Cython [http://cython.org] part
is optional but recommended, BOTMpy will run as a pure Python [http://python.org] if desired.


Requirements

For the basic Python [http://python.org] version this stack is required:


	Python [http://python.org] >= 2.7.3

	Scipy [http://scipy.org] >= 0.9.0

	Numpy [http://numpy.org] >= 1.6.1

	scikit-learn [http://scikit-learn.org/stable] >= 0.12.1

	mdp [http://mdp-toolkit.sourceforge.net] >= 3.3



Please follow the links to the respective websites for instructions on how
to install them if they are not present on your computer. For Python [http://python.org], Scipy [http://scipy.org]
and Numpy [http://numpy.org] it is advised to use install mechanism appropriate to your operating
system, and not use the python packaging mechanism like pip [http://www.pip-installer.org] and easy_install [http://packages.python.org/distribute/easy_install.html].




Download

The easiest way to get BOTMpy is from the Python Package Index (PyPI [http://pypi.python.org]).
If you have pip [http://www.pip-installer.org] installed:

$ pip install botmpy





Alternatively, if you have setuptools [http://pypi.python.org/pypi/setuptools]:

$ easy_install botmpy





Alternatively, you can get the latest version directly from GitHub at
https://github.com/pmeier82/BOTMpy.:

$ git clone https://github.com/pmeier82/BOTMpy.git





The master branch (selected by default) always contains the current stable
version. All the other branches will be feature branches or integration
branches and are not recommended for general usage.




Installation

After you have acquired a copy of the package from GitHub you need to install
it on your system by calling:

$ python setup.py install





This is not necessary when you install with either pip [http://www.pip-installer.org] or easy_install [http://packages.python.org/distribute/easy_install.html].




Cython Speedup

To use the Cython [http://cython.org] implementations you will need a current Cython [http://cython.org] package
(>= 0.15.1) and the sources for Python [http://python.org] and Numpy [http://numpy.org] to build the extention
modules. The relevant packages for debian are called pythonX.Y-dev and
python-numpy-dev.

If the required packages and Cython [http://cython.org] is present on your system during
installation, the cython extensions will be build automatically. There is no
change to the interface specific to the cython implementations that the user
needs to take care of.







          

      

      

    

  

    
      
          
            
  
Spike Sorting

Spike sorting is a combined detection and classification task for transient
patterns in time series. In neuroscience this task is found when analysing
voltage traces recorded from the brain of mammals. This kind of recording
yields discrete time series that represent the brain activity of the cortex at
the site under consideration.

Single cells in the cortex (neurons) communicate by means of electrical and
chemical signals. These signals are called action potential (AP), and arise
when a neuron receive enough input signals from other neurons. The AP builds as
an ion current inside the cell body (soma) of the neuron. At certain threshold
levels the current flows out of the soma and is released into a transmission
channel (axon). At terminal points on the axon chemical transmission devices
(sysnapses) communicate the AP to other neurons, in turn exciting ot inhibiting
their activity. The ion current gives rise to a transmembrane potential as
ion are transported from one side of the membrane to the other. This (de-)
polarisation is measurable inside the neuron and in the medium surrounding the
neuron. The time course of the membrane potential during an AP, as measured in
the voltage trace recorded, has a very distinct gestalt, motivating the term
spike.

The aim of the spike sorting task is to identify the points in time when an
AP has occurred in the signal (spike detection) and to predict which of the
neurons present has emitted this spike (spike sorting).


Todo

might need references




Intracellular Recordings

Voltage recordings from the inside of the neuron are called intracellular
recordings. This kind of recording can help to understand intracellular
current dynamics. In general the detection of the AP from intracellular
recordings does not pose a challenge, so that this kind of recording will not
be considered in detail here.


Todo

might need references






Extracellular recording

The leading paradigm to record ensembles of neurons from the cortex is that
of extracellular recording. An electrode will be placed in the part of the
cortex under consideration and record from the local neuronal population.


[image: cartoon of the experimental setup for extracellular recordings]
Cartoon of the experimental setup for extracellular recordings.






Literature Introduction

For further information about spike sorting please refer to the following
publications [Lewiki99], [ScholarpediaSS] and more recent and recommended
[Einevoll11].






Bayes Optimal Template Matching

Lorem ipsum dolor sit amet, consectetur adipiscing elit. Morbi bibendum, neque
eu hendrerit scelerisque, orci nisl auctor risus, pulvinar congue augue turpis
fermentum odio. Lorem ipsum dolor sit amet, consectetur adipiscing elit. Nullam
venenatis lacinia elit, id aliquet dolor ultricies non. Sed quam massa,
ullamcorper sit amet scelerisque et, volutpat nec erat. Curabitur tincidunt
scelerisque dolor sit amet bibendum. Class aptent taciti sociosqu ad litora
torquent per conubia nostra, per inceptos himenaeos. Cras fermentum hendrerit
mattis. Nam ullamcorper nisl lacinia tortor suscipit sed iaculis augue
dignissim. Integer magna leo, pulvinar a pellentesque in, tincidunt quis lacus.
Donec et urna iaculis elit mollis venenatis. Maecenas a enim vitae arcu semper
ultrices condimentum eu justo. In hac habitasse platea dictumst. Maecenas in
felis quis enim malesuada laoreet.
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      	set_input_dim() (Node method)


      	set_noise_prior() (BayesOptimalTemplateMatchingNode method)


      	set_output_dim() (Node method)


      	set_spike_prior() (BayesOptimalTemplateMatchingNode method)


      	set_spike_prior_bias() (BayesOptimalTemplateMatchingNode method)


  

  	
      	set_tf_max() (TimeSeriesCovE method)


      	shifted_matrix_sub() (in module botmpy.common.funcs_general)


      	sinc_interp1d() (in module botmpy.common.spike_alignment)


      	smooth() (in module botmpy.nodes.smoothing)


      	SmoothingNode (class in botmpy.nodes.smoothing)


      	snr (FilterNode attribute)


      	snr_maha() (in module botmpy.common.funcs_spike)


      	snr_peak() (in module botmpy.common.funcs_spike)


      	snr_power() (in module botmpy.common.funcs_spike)


      	sorting2gdf() (FilterBankSortingNode method)


      	sortrows() (in module botmpy.common.funcs_general)


      	SpectrumArtifactDetector (class in botmpy.nodes.artifact_detector)


      	spike_prior (BayesOptimalTemplateMatchingNode attribute)


      	spike_prior_bias (BayesOptimalTemplateMatchingNode attribute)


      	spikes_u() (FilterBankSortingNode method)


      	stop_training() (Node method)

      
        	(PCANode method)


        	(ThresholdDetectorNode method)


      


      	supported_dtypes (Node attribute)
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      	template_set (FilterBankNode attribute)


      	ten2vec() (in module botmpy.common.funcs_general)


      	tf (FilterBankNode attribute)

      
        	(FilterNode attribute)


      


      	tf_max (TimeSeriesCovE attribute)


      	threshold_detection() (in module botmpy.common.funcs_spike)


  

  	
      	ThresholdDetectorNode (class in botmpy.nodes.spike_detection)


      	TimeSeriesCovE (class in botmpy.common.covariance_estimator)


      	tolist() (MxRingBuffer method)


      	train() (Node method)

      
        	(PCANode method)


        	(ThresholdDetectorNode method)


      


      	TrainingResetMixin (class in botmpy.nodes.base_nodes)


  





U


  	
      	update() (BaseTimeSeriesCovarianceEstimator method)

      
        	(PrewhiteningNode method)


      


  





V


  	
      	vec2ten() (in module botmpy.common.funcs_general)


  

  	
      	VERBOSE (class in botmpy.common.util)


  





W


  	
      	white_noise_init() (TimeSeriesCovE static method)


      	WriFile (class in botmpy.common.datafile.wri)


  

  	
      	write_gdf() (GdfFile static method)


      	write_header() (NasFile method)


      	write_row() (NasFile method)


  





X


  	
      	xcorr() (in module botmpy.common.funcs_general)


      	xcorrs (FilterBankNode attribute)


      	XcorrStore (class in botmpy.common.covariance_estimator)


  

  	
      	xi (FilterNode attribute)


      	xi_conc (FilterNode attribute)


      	xi_vs_f() (in module botmpy.common.funcs_filterutil)


      	XpdFile (class in botmpy.common.datafile.xpd)


  







          

      

      

    

  

    
      
          
            
  

          

      

      

    

  

    
      
          
            
  
common Package


common Package

common functions for the BOTMpy package




amplitude_histogram Module

amplitude histogram to track time-variant waveforms


	
class AmplitudeHistogram(ampl_range=(-2.0, 2.0, 0.1), ampl_noise=(-0.2, 0.2), nchan=1, bin_size=32000, bin_hist=3000)

	Bases: object [https://docs.python.org/2/library/functions.html#object]

amplitude histogram calculator


	
append_bin(bin)

	append an AmplHistBin instance





	Parameters:	bin (ndarray like) – the amplHistBin to append










	
append_data_all(data, force=False)

	append bin(s) calculated from a strip of data

with this method a histogram of the amplitude distribution of the
passed data is generated as one observation and appended to the
current amplitude histogram.





	Parameters:	
	data (ndarray) – the data to generate the bin(s) to append from

	force (bool [https://docs.python.org/2/library/functions.html#bool]) – if True, immediately start a new bin before calculation














	
append_data_peaks(data, force=False)

	append bin(s) calculated from a strip of data

with this method the data is first queried for peaks. this should
reduce the noise/smoothness of the histogram as observed from the
amplitude distribution of the pure signal.





	Parameters:	
	data (ndarray) – the data to generate the bin(s) to append from

	force (bool [https://docs.python.org/2/library/functions.html#bool]) – if True, immediately start a new bin before calculation














	
force_new_bin()

	force a new bin and finalize the current bin






	
get_channel_hist(channel=0, omit_noise=True)

	yield the current amplitude histogram for the requested channel
of the data

:type channel : int
:param cahnnel: channel of the data
:type omit_noise: bool
:param omit_noise: if True, omit value in the noise band






	
get_hist(omit_noise=True)

	yield tuple of amplitude histograms for all channels of the data





	Parameters:	omit_noise (bool [https://docs.python.org/2/library/functions.html#bool]) – if True, omit value in the noise band










	
plot_ampl_hist()

	plot the amplitude histogram






	
static range(min_val, max_val, bin_size)

	range function for the binning of the histogram












covariance_estimator Module

covariance estimator for timeseries data


	
class BaseTimeSeriesCovarianceEstimator(weight=0.05, cond=50, dtype=None)

	Bases: object [https://docs.python.org/2/library/functions.html#object]

covariance estimator base class


	
get_cmx(**kwargs)

	




	
get_cmx_loaded(**kwargs)

	




	
get_cond(**kwargs)

	




	
get_icmx(**kwargs)

	




	
get_icmx_loaded(**kwargs)

	




	
get_svd(**kwargs)

	




	
get_whitening_op(**kwargs)

	




	
is_cond_ok(**kwargs)

	




	
is_initialised()

	




	
reset()

	reset the internal buffers to None






	
update(data, **kwargs)

	update covariance matrix with epochs of :data:





	Parameters:	data (ndarray) – data vector [samples, channels]


	Raises:	ValueError – data is not a ndarray with ndim == 2














	
class TimeSeriesCovE(tf_max=100, nc=4, weight=0.05, cond=50, with_default_chan_set=True, dtype=None)

	Bases: botmpy.common.covariance_estimator.BaseTimeSeriesCovarianceEstimator

covariance estimator for timeseries data

Given strips of (multi-channeled) data, this covariance estimator is able
to estimate the time-lagged (block-)covariance-matrix, which has a
(block-)toeplitz structure.
Estimates are built by taking (cross- and) auto-correlations of the
(multi-channeled) data pieces, for all lags in the defined range. From
this data a toeplitz matrix is build (for each combination of channels).


	
static cmx_init(cmx, nc, tf_max=None, dtype=None)

	init from given covariance matrix





	Parameters:	
	cmx (ndarray) – covariance matrix in concatenated representation

	nc (int [https://docs.python.org/2/library/functions.html#int]) – number of channels

	tf_max (int [https://docs.python.org/2/library/functions.html#int]) – max length of template in samples, if None derive it
from the passed matrix.

Default=None








	Return type:	TimeSeriesCovE




	Returns:	TimeSeriesCovE with the passed matrix set












	
get_chan_set()

	




	
get_nc()

	




	
get_tf_max()

	




	
nc

	




	
new_chan_set(cs_new)

	




	
rm_chan_set(cs_rm)

	




	
set_tf_max(value)

	




	
tf_max

	




	
static white_noise_init(tf_max, nc, std=1.0, dtype=None)

	init as white noise





	Parameters:	
	tf_max (int [https://docs.python.org/2/library/functions.html#int]) – max length of template in samples

	nc (int [https://docs.python.org/2/library/functions.html#int]) – number of channels

	std (float [https://docs.python.org/2/library/functions.html#float]) – standard deviation of white noise process

Default=1.0



	dtype (dtype resolvable) – 






	Return type:	TimeSeriesCovE




	Returns:	TimeSeriesCovE with white noise init
















	
class XcorrStore(tf=100, nc=4)

	Bases: object [https://docs.python.org/2/library/functions.html#object]

storage for cross-correlations


	
reset()

	








	
build_idx_set(ids)

	builds the block index set for an upper triangular matrix





	Parameters:	ids (iterable) – set of channel ids










	
build_block_toeplitz_from_xcorrs(tf, chan_set, xcorrs, dtype=None)

	builds a block toeplitz matrix from a set of channel xcorrs





	Parameters:	
	tf (int [https://docs.python.org/2/library/functions.html#int]) – desired lag in samples

	chan_set (list) – list of channel ids to build the channel set from. the
block covariance matrix will be build so that blocks are ordered from
lower to higher channel id.

	xcorrs (XcorrStore) – XcorrStore object holding the xcorrs for various channel
combinations

	dtype (dtype derivable) – will be passed to the constructor for the matrix returned.
Default=None
















funcs_filterutil Module

filter related utility functions

!! multichanneled crosscorrelation filtering implementations are outsourced
to botmpy.common.mcfilter !!


	
xi_vs_f(xi, f, nc=4)

	cross-correlation-tensor for a set of matched patterns and filters

The xcorr-tensor for a set of patterns (xi) and their matched filters (f)
with a certain lag is returned as ndarray with dimensions [xi, f, tau].
All multichanneled vectors are presented in their concatenated form.





	Parameters:	
	xi (ndarray) – The patterns, one concatenated pattern per row.

	f (ndarray) – The filters, one concatenated filter per row.

	nc (int [https://docs.python.org/2/library/functions.html#int]) – The channel count for the concatenated patterns and filters.

Default=4








	Returns:	ndarray - The tensor of cross-correlation for each pattern
with each filter. Dimensions as [xi, f, xcorr].












	
kteo(data, k=1)

	teager energy operator of range k [TEO]

The discrete teager energy operator (TEO) of window size k is defined as:
M{S{Psi}[x(n)] = x^2(n) - x(n-k) x(n+k)}





	Parameters:	
	data (ndarray) – The signal to operate on. ndim=1

	k (int [https://docs.python.org/2/library/functions.html#int]) – Parameter defining the window size for the TEO.






	Returns:	ndarray - Array of same shape as the input signal, holding the
kteo response.




	Except:	If inconsistant dims or shapes.












	
mteo(data, kvalues=[1, 3, 5], condense=True)

	multiresolution teager energy operator using given k-values [MTEO]

The multi-resolution teager energy operator (MTEO) applies TEO operators
of varying k-values and returns the reduced maximum response TEO for each
input sample.

To assure a constant noise power over all kteo channels, we convolve the
individual kteo responses with a window:
h_k(i) = hamming(4k+1) / sqrt(3sum(hamming(4k+1)^2) + sum(hamming(4k+1))
^2), as suggested in Choi et al., 2006.





	Parameters:	
	data (ndarray) – The signal to operate on. ndim=1

	kvalues (list) – List of k-values to run the kteo for. If you want to give
a single k-value, either use the kteo directly or put it in a list
like [2].

	condense (bool [https://docs.python.org/2/library/functions.html#bool]) – if True, use max operator condensing onto one time series,
else return a multichannel version with one channel per kvalue.
Default=True






	Returns:	ndarray- Array of same shape as the input signal, holding the
response of the kteo which response was maximum after smoothing for
each sample in the input signal.














funcs_general Module

general utility functions


	
sortrows(data)

	sort matrix by rows





	Parameters:	data (ndarray) – ndarray that should be sorted by its rows


	Returns:	ndarray - data sorted by its rows.










	
vec2ten(data, nchan=4)

	converts from templates/spikes that are concatenated across the
channels to tensors that have an extra dim for the channels





	Parameters:	
	data (ndarray) – input array [templates][vars * channels]

	nchan (int [https://docs.python.org/2/library/functions.html#int]) – count of channels
Default=4






	Returns:	ndarray - data converted to tensor [templates][vars][channels]












	
ten2vec(data)

	converts from templates/spikes that are not concatenated across the
channels to vectors.





	Parameters:	data (ndarray) – input array [templates][vars][channels]


	Returns:	ndarray- data converted to concatenated vectors
[templates][channels * vars]










	
mcvec_to_conc(x)

	returns the concatenated vector for a multichanneled vector





	Parameters:	x (ndarray) – multi-channeled vector in matrix form


	Returns:	ndarray - multi-channeled vector in channel concatenated form










	
mcvec_from_conc(x, nc=4)

	returns the multichanneled vector from a concatenated representation





	Parameters:	
	x (ndarray) – multi-channeled vector in channel concatenated form

	nc (int [https://docs.python.org/2/library/functions.html#int]) – channel count






	Returns:	ndarray - multi-channeled vector in matrix form












	
xcorr(a, b=None, lag=None, normalise=False, unbiased=False)

	cross-correlation for one-dimensional input signals of equal size

If :b: is not given the auto-correlation of :a: will be computed.





	Parameters:	
	a (ndarray) – one-dimensional time series

	b (ndarray) – one-dimensional time series, if None :a: will be taken instead
Default=None

	lag (int [https://docs.python.org/2/library/functions.html#int]) – lag up to which the cross correlation will be calculated. If
None all possible lags (2*a.size-1) will be computed.
Default=None

	normalise (bool [https://docs.python.org/2/library/functions.html#bool]) – if True, normalise
Default=True

	unbiased (bool [https://docs.python.org/2/library/functions.html#bool]) – if True and :normalise: is True, use a.size-|tau| to
normalize instead of a.size
Default=False






	Returns:	ndarray - cross-correlate of :a: and :b: upt to lags :lag:












	
shifted_matrix_sub(data, sub, tau, pad_val=0.0)

	Subtracts the multi-channeled vector (rows are channels) y from
the vector x with a certain offset. x and y can due to the offset be only
partly overlapping.

REM: from matlab





	Parameters:	
	data (ndarray) – data array to apply the subtractor to

	sub (ndarray) – subtractor array

	tau (int [https://docs.python.org/2/library/functions.html#int]) – offset of :sub: w.r.t. start of :data:

	pad_val (float [https://docs.python.org/2/library/functions.html#float]) – value to use for the padding
Default=0.0






	Returns:	ndarray - data minus sub at offset, len(data)












	
dict_sort_ndarrays(in_dict)

	sort all arrays in a dictionary, works recursively





	Parameters:	in_dict (dict [https://docs.python.org/2/library/stdtypes.html#dict]) – dict to work on


	Returns:	










	
dict_list_to_ndarray(in_dict)

	converts all lists in a dictionary to ndarray, works recursively





	Parameters:	in_dict (dict [https://docs.python.org/2/library/stdtypes.html#dict]) – dict to workd on


	Returns:	dict - all list are converted to ndarray










	
get_idx(idxset, append=False)

	yields the first free index in a positive integer index set





	Parameters:	append (bool [https://docs.python.org/2/library/functions.html#bool]) – if True, returns max(:idxset:)+1,
else find the first free index in :idxset:


	Returns:	int - the first free index












funcs_spike Module

functions for spike sorting


	
threshold_detection(data, th, min_dist=1, mode='gt', find_max=True)

	detect events by applying a threshold to the data





	Parameters:	
	data (ndarray) – the 2d-data to apply the threshold on. channels are in the
second dimension (columns).
Required

	th (ndarray or list) – list of threshold values, one value per channel in the data
Required

	min_dist (int [https://docs.python.org/2/library/functions.html#int]) – minimal distance two successive events have to be
separated in samples, else the event is ignored.
Default=1

	mode (str [https://docs.python.org/2/library/functions.html#str]) – one of ‘gt’ for greater than or ‘lt’ for less than. will
determine how the threshold is applied.
Default=’gt’

	find_max (bool [https://docs.python.org/2/library/functions.html#bool]) – if True, will find the maximum for each event epoch, else
will find the start for each event epoch.
Default=True






	Return type:	ndarray




	Returns:	event samples












	
merge_epochs(*args, **kwargs)

	for a set of epoch sets check if the combined set of epochs overlap
and merge to one set with no overlapping epochs and no epochs of negative
length.





	Parameters:	
	args – arbitrary count of epoch sets [[start, end]]

	min_dist – int - If present and greater than zero, this integer
will be taken as the minimum distance in between epochs that is
allowed. Should the gap in between two epochs smaller than min_dist,
they are merged including the gap. This might reduce the
segmentation of the data.






	Returns:	ndarray - merged epoch set [[start, end]]












	
invert_epochs(epochs, end=None)

	inverts epochs inverted

The first epoch will be mapped to [0, start] and the last will be mapped
to [end of last epoch, :end:]. Epochs that accidentally become negative
or zero-length will be omitted.





	Parameters:	
	epochs (ndarray) – epoch set to invert

	end (int [https://docs.python.org/2/library/functions.html#int]) – If not None, it i taken for the end of the last epoch,
else max(index-dtype) is taken instead.
Default=None






	Returns:	ndarray - inverted epoch set












	
epochs_from_binvec(binvec)

	returns the discrete epochs where the :binvec: is true





	Parameters:	binvec (ndarray) – one-domensinal boolean ndarray.


	Returns:	ndarray - epoch set where :binvec: is True [[start, end]]










	
epochs_from_spiketrain(st, cut, end=None, with_corrected_st=False)

	yields epoch set, given a spiketrain and cut parameter





	Parameters:	
	st (ndarray) – spiketrains as 1d array

	cut (tuple [https://docs.python.org/2/library/functions.html#tuple]) – 2-tuple of cutting parameters, (cut_left,cut_right) spike
epochs will be generated by using cut_left and cut_right on the spike
time. If an int is given, a symmetric cut tuple is assumed.

	end (int [https://docs.python.org/2/library/functions.html#int]) – to determine potential problems with epochs overlapping data
boundaries. If an event in the spiketrain is closer to 0 than :cut[0]:
or closer to :end: than :cut[1]: the corresponding epoch will be
omitted. If None, :end: will be set to max(INDEX_DTYPE)
Default=None

	with_corrected_st (bool [https://docs.python.org/2/library/functions.html#bool]) – if True, return the corrected spiketrain by
omitting spike events that cannot generate valid spike epochs given
the passed cut settings.
Default=False






	Returns:	ndarray - epoch set of valid spike epochs, and if
:with_corrected_st: is True additionally the corrected spike train












	
epochs_from_spiketrain_set(sts, cut, end=None)

	yields epoch sets, given a spiketrain set and cut parameter

one set for each unit plus one for the noise epochs in a dict





	Parameters:	
	sts (dict [https://docs.python.org/2/library/stdtypes.html#dict]) – dict with the spiketrains for each unit in the set. none of
the units in the spiketrain set may have the key ‘noise’!

	cut (tuple [https://docs.python.org/2/library/functions.html#tuple]) – 2-tuple of cutting parameters, (cut_left, cut_right) spike
epochs will be generated by using cu_left and cut_right on the spike
time. If an int is given, a symmetric cut tuple is assumed.

	end – to determine potential problems with epochs overlapping data
boundaries. If an event in the spiketrain is closer to 0 than :cut[0]:
or closer to :end: than :cut[1]: the corresponding epoch will be
omitted. If None, :end: will be set to max(INDEX_DTYPE)
Default=None






	Returns:	dict - one epoch set per spike train plus the merged noise
epoch set.












	
chunk_data(data, epochs=None, invert=False, min_len=0)

	returns a generator of chunks from data given epochs





	Parameters:	
	data (ndarray) – signal data [[samples, channels]]

	epochs (ndarray) – epoch set, positive mask

	invert (bool [https://docs.python.org/2/library/functions.html#bool]) – invert epochs, negative mask instead of positive mask

	min_len (int [https://docs.python.org/2/library/functions.html#int]) – epochs with fewer samples will be ignored and not returned






	Returns:	generator - data chunks as per :epochs:












	
extract_spikes(data, epochs, mc=False)

	extract spike waveforms of size tf from data





	Parameters:	
	data (ndarray) – signal data [[samples, channels]]

	epochs (ndarray) – spike epoch set [[start,end]]

	mc (bool [https://docs.python.org/2/library/functions.html#bool]) – if True, extract multichanneled spike waveforms as [n,tf,nc]
else extract channel concatenated spike waveforms as [n, tf*nc]
False as default for legacy compatibility
Default=False






	Returns:	ndarray - extracted spike data epochs












	
get_cut(tf, off=0)

	cut 2-tuple (cut_left,cut_right) generating function

Used to generate epochs from events. Per default the epoch will be
placed symmetrically around the event sample. :off: can be used to
influence the placement. For odd tf values the extension of the
cut_right part will be favored.





	Parameters:	
	tf (int [https://docs.python.org/2/library/functions.html#int]) – length of the waveform in samples

	off (int [https://docs.python.org/2/library/functions.html#int]) – offset for epoch start/end
Default=0














	
snr_maha(waveforms, invC, mu=None)

	SNR from Mahalanobis distance (generalised euclidean distance)

Definition of signal to noise ratio (SNR) as derived from the Mahalanobis
distance. For C=eye this is equivalent to snr_power.





	Parameters:	
	waveforms (ndarray) – waveform data (signal), one per row

	invC (ndarray) – inverted noise covariance matrix (a block toeplitz matrix)

	mu (ndarray) – mean correction. Usually we assume zero-mean waveforms,
so if this is None it will be ignored.
Default=None






	Returns:	ndarray - SNR per waveform












	
snr_peak(waveforms, noise_var)

	SNR from instantaneous variance

Definition of signal to noise ratio (SNR) as the ratio between the peak of
a waveforms and the noise standard deviation.





	Parameters:	
	waveforms (ndarray) – waveform data (signal), one per row

	noise_var (float [https://docs.python.org/2/library/functions.html#float]) – instantaneous variance of the noise (noise)






	Returns:	ndarray - SNR per waveform












	
snr_power(waveforms, noise_var)

	SNR from signal energy

Definition of signal to noise ratio (SNR) using the waveforms energy as
defined by Rutishauser et al (2006)





	Parameters:	
	waveforms (ndarray) – waveform data (signal), one per row

	noise_var (float [https://docs.python.org/2/library/functions.html#float]) – instantaneous variance of the noise (noise)






	Returns:	ndarray - SNR per waveform












	
overlaps(sts, window)

	produces dict of boolean sequences indicating for all spikes in all
spike trains in :sts: if it participates in an overlap event.





	Parameters:	
	sts (dict [https://docs.python.org/2/library/stdtypes.html#dict]) – spike train set

	window (int [https://docs.python.org/2/library/functions.html#int]) – overlap window size






	Returns:	dict - boolean spike train set, dict - number of overlaps for
each unit














matrix_ops Module

matrix operations


	
matrix_cond(mat)

	yield the matrix condition number w.r.t. l2-norm (using svd)





	Parameters:	mat (ndarray) – input matrix


	Returns:	float - condition number of :mat: or :inf: on error










	
diagonal_loading(mat, target_cond=50, overwrite_mat=False)

	tries to condition the :mat: by imposing a spherical constraint on the
covariance ellipsoid (adding alpha*eye)

solves: cond(mat + alpha*I) = target_cond for alpha

Note: this is a noop if the condition is already >= target_cond!





	Parameters:	
	mat (ndarray) – input matrix

	target_cond (float [https://docs.python.org/2/library/functions.html#float]) – condition number to archive after loading

	overwrite_mat (bool [https://docs.python.org/2/library/functions.html#bool]) – if True, operate inplace and overwrite :mat:






	Returns:	ndarray - matrix like :mat: conditioned s.t. cond = target_cond












	
coloured_loading(mat, target_cond=50, overwrite_mat=False)

	tries to condition :mat: by inflating the badly conditioned subspace
of :mat: using a spherical constraint.





	Parameters:	
	mat (ndarray) – input matrix

	target_cond (float [https://docs.python.org/2/library/functions.html#float]) – condition number to archive after loading

	overwrite_mat (bool [https://docs.python.org/2/library/functions.html#bool]) – if True, operate inplace and overwrite :mat:






	Returns:	ndarray - matrix like :mat: conditioned s.t. cond = target_cond












	
matrix_argmax(mat)

	returns the indices (row,col) of the maximum value in :mat:





	Parameters:	mat (ndarray) – input matrix


	Returns:	tuple - (row,col) of the maximum value in :mat:










	
matrix_argmin(mat)

	returns the indices (row,col) of the minimum value in :mat:





	Parameters:	mat (ndarray) – input matrix


	Returns:	tuple - (row,col) of the minimum value in :mat:












ringbuffer Module

matrix based ringbuffer implementation


	
class MxRingBuffer(capacity=64, dimension=1, dtype=None)

	Bases: object [https://docs.python.org/2/library/functions.html#object]

ringbuffer implementation based on pre-allocated ndarray

Ringbuffer behavior is archived by cycling though the buffer forward,
wrapping around to the start upon reaching capacity.


	
append(datum)

	append one datum at the end of the buffer, overwriting the oldest
datum in the buffer if the capacity has been reached.





	Parameters:	datum (ndarray) – ndarray of shape :self.dimension:










	
capacity

	




	
clear()

	clears the data and resets internals






	
dimension

	




	
extend(iterable)

	append iterable at the end of the buffer using multiple append’s





	Parameters:	iterable (iterable) – iterable of objects to be stored in the ringbuffer










	
fill(datum)

	fill all slots of the ringbuffer with the same datum.





	Parameters:	daaum – ndarray of shape :self.dimension:










	
flush()

	return the buffer as a list and clear the RingBuffer

Convenience method. This returns self.tolist() and calls self.clear()
afterwards.





	Returns:	list - the buffer as a python list of the objects stored










	
get_capacity()

	




	
get_dimension()

	




	
get_is_full()

	




	
is_full

	




	
mean(last=None)

	yields the mean over the :last: entries





	Parameters:	last (int [https://docs.python.org/2/library/functions.html#int]) – number entries from the back of the ringbuffer to
include for mean calculation. If None, use all contents
Default=None


	Returns:	ndarray(self.dimension) - mean over the last entries,
or the appropriate zero element if the ringbuffer is empty.










	
set_capacity(value)

	




	
tolist()

	return the buffer as a list





	Returns:	list- the buffer as a python list
















spike_alignment Module

spikes alignment functions


	
sinc_interp1d(x, s, r)

	Interpolates x, sampled at times s
Output y is sampled at times r

inspired from from Matlab:
http://phaseportrait.blogspot.com/2008/06/sinc-interpolation-in-matlab.html





	Parameters:	
	x (ndarray) – input data time series

	s (ndarray) – input sampling time series (regular sample interval)

	r (ndarray) – output sampling time series






	Return ndarray:	output data time series (regular sample interval)












	
get_tau_for_alignment(spikes, align_at)

	return the per spike offset in samples (taus) of the maximum values to
the desired alignment sample within the spike waveform.





	Parameters:	
	spikes (ndarray) – stacked mc spike waveforms [ns, tf, nc]

	align_at (int [https://docs.python.org/2/library/functions.html#int]) – sample to align the maximum at






	Returns:	ndarray - offset per spike












	
get_tau_align_min(spks, ali)

	




	
get_tau_align_max(spks, ali)

	




	
get_tau_align_energy(spks, ali)

	




	
get_aligned_spikes(data, spike_train, align_at=-1, tf=47, look_ahead=0, mc=True, kind='none', rsf=1.0, sample_back=True)

	return the set of aligned spikes waveforms and the aligned spike train





	Parameters:	
	data (ndarray) – data with channels in the columns

	spike_train (ndarray or list) – spike train of events in data

	align_at (int [https://docs.python.org/2/library/functions.html#int]) – align feature at this sample in the waveform

	tf (int [https://docs.python.org/2/library/functions.html#int]) – temporal extend of the waveform in samples

	look_ahead (int [https://docs.python.org/2/library/functions.html#int]) – samples to look beyond the cut window for finding the align feature

	mc (bool [https://docs.python.org/2/library/functions.html#bool]) – if True, return mc waveforms, else return concatenated waveforms.
Default=True

	kind (str [https://docs.python.org/2/library/functions.html#str]) – String giving the type of alignment to conduct. One of:


	“max”    - align on maximum of the waveform

	“min”    - align on minimum of the waveform

	“energy” - align on peak of energy

	“none”   - no alignment



Default=’none’



	rsf (float [https://docs.python.org/2/library/functions.html#float]) – resampling factor (use integer values of powers of 2)

	sample_back (bool [https://docs.python.org/2/library/functions.html#bool]) – if True, resample spikes to original length after resampling






	Return type:	ndarray, ndarray




	Returns:	stacked spike events, spike train with events corrected for
alignment














util Module

constants for the common package


	
class VERBOSE(level=None, has_print=False, has_plot=False)

	Bases: object [https://docs.python.org/2/library/functions.html#object]

verbosity manager


	
NONE = 0

	




	
PLOT = 16

	




	
PRINT = 1

	




	
get_has_plot(n=0)

	




	
get_has_print(n=0)

	




	
get_is_verbose()

	




	
has_plot

	




	
has_print

	




	
is_verbose
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botmpy Package

spike sorter package from BOTMpy




Subpackages



	common Package
	common Package

	amplitude_histogram Module

	covariance_estimator Module

	funcs_filterutil Module

	funcs_general Module

	funcs_spike Module

	matrix_ops Module

	ringbuffer Module

	spike_alignment Module

	util Module

	Subpackages
	datafile Package
	datafile Package

	atf Module

	datafile Module

	gdf Module

	nas Module

	wri Module

	xpd Module





	mcfilter Package
	mcfilter Package

	mcfilter_py Module













	nodes Package
	nodes Package

	alignment Module

	artifact_detector Module

	base_nodes Module

	cluster Module

	filter_bank Module

	linear_filter Module

	prewhiten Module

	smoothing Module

	spike_detection Module

	spike_sorting Module















          

      

      

    

  

    
      
          
            
  
APIDocs



	botmpy Package
	botmpy Package

	Subpackages
	common Package
	common Package

	amplitude_histogram Module

	covariance_estimator Module

	funcs_filterutil Module

	funcs_general Module

	funcs_spike Module

	matrix_ops Module

	ringbuffer Module

	spike_alignment Module

	util Module

	Subpackages





	nodes Package
	nodes Package

	alignment Module

	artifact_detector Module

	base_nodes Module

	cluster Module

	filter_bank Module

	linear_filter Module

	prewhiten Module

	smoothing Module

	spike_detection Module

	spike_sorting Module





















          

      

      

    

  

    
      
          
            
  
mcfilter Package


mcfilter Package

implementation of mc filter application with time domain FIR filters

There is a general implementation suitable for larger chunks of data and batch
mode filtering mcfilter. Also there is a filtering strategy that implements
a history item for the part of the signal that could not be filtered in case
of chunked continuous data, so that the filter is applied as far as possible
and the relevant part of the signal data thas is needed to process the next
chunk is passed on as the so called history item.

Implementations are given in Python and alternatively as in Cython. On
import the Cython function is being tried to load, on failure the python
version is loaded as a fallback.


	
mcfilter(mc_data, mc_filt)

	filter a multi-channeled signal with a multi-channeled filter

This is the Python implementation for batch mode filtering. The signal
will be zeros on both ends to overcome filter artifacts.





	Parameters:	
	mc_data (ndarray) – signal data [data_samples, channels]

	mc_filt (ndarray) – FIR filter [filter_samples, channels]






	Return type:	ndarray




	Returns:	filtered signal [data_samples]












	
mcfilter_hist(mc_data, mc_filt, mc_hist=None)

	filter a multichanneled signal with a multichanneled fir filter

This is the Python implementation for online mode filtering with a
chunk-wise history item, holding the last samples of tha preceding chunk.





	Parameters:	
	mc_data (ndarray) – signal data [data_samples, channels]

	mc_filt (ndarray) – FIR filter [filter_samples, channels]

	mc_hist – history [hist_samples, channels]. the history is of size
´filter_samples - 1´. If None, this will be substituted with zeros.






	Return type:	tuple [https://docs.python.org/2/library/functions.html#tuple](ndarray,ndarray)




	Returns:	filter output [data_samples], history item [hist_samples,
channels]














mcfilter_py Module

multichanneled filter application for time domain FIR filters

PYTHON IMPLEMENTATIONS USING SCIPY







          

      

      

    

  

    
      
          
            
  
nodes Package


nodes Package

nodes using the mdp-toolkit node interface




alignment Module

initialization - alignment of spike waveform sets


	
class AlignmentNode(nchan=4, max_rep=32, max_tau=10, resample_factor=None, cut_down=True, dtype=<type 'numpy.float32'>, debug=False)

	Bases: botmpy.nodes.base_nodes.ResetNode

aligns a set of spikes on the mean waveform of the set


	
execute(x)

	Process the data contained in x.

If the object is still in the training phase, the function
stop_training will be called.
x is a matrix having different variables on different columns
and observations on the rows.

By default, subclasses should overwrite _execute to implement
their execution phase. The docstring of the _execute method
overwrites this docstring.






	
is_invertable()

	




	
is_trainable()

	










artifact_detector Module

detector nodes for capacitative artifacts in multichanneled data

These detectors find events and event epochs on potentially multichanneled data
signal. Mostly, you will want to reset the internals of the detector after
processing a chunk of data. There are different kinds of detectors, the common
product of the detector is the discrete events or epochs in the data signal.

DATA_TYPE: fixed for float32 (single precision)


	
class ArtifactDetectorNode(wsize_ms=15.0, psize_ms=(5.0, 10.0), wfunc=<function ones>, srate=32000.0, zcr_th=0.1, mindist_ms=10.0)

	Bases: botmpy.nodes.spike_detection.ThresholdDetectorNode

detects artifacts by detecting zero-crossing frequencies

For a zero-mean gaussian process the the zero-crossing rate zcr is
independent of its moments and approaches 0.5 as the integration window
size approaches infinity:


[image: s_t \sim N(0,\Sigma)  zcr_{wsize}(s_t) = \frac{1}{wsize-1} \sum_{t=1}^{wsize-1} {{\mathbb I}\left\{{s_t s_{t-1} < 0}\right\}}  \lim_{wsize \rightarrow \infty} zcr_{wsize}(s_t) = 0.5]


The capacitive artifacts seen in the Munk dataset have a significantly
lower frequency, s.t. zcr decreases to 0.1 and below, for the integration
window sizes relevant to our application. Detecting epochs where the zcr
significantly deviates from the expectation, assuming a coloured Gaussian
noise process, can thus lead be used for detection of artifact epochs.

The zero crossing rate (zcr) is given by the convolution of a moving
average window (although this is configurable to use other weighting
methods) with the XOR of the signbits of X(t) and X(t+1).


	
execute(x, *args, **kwargs)

	calls self._apply_threshold() and return the events found






	
get_fragmentation()

	returns the artifact fragmentation






	
get_nonartefact_epochs()

	return the index set that represents the non-artifact epochs










	
class SpectrumArtifactDetector(wsize_ms=8.0, srate=32000.0, cutoff_hz=2000.0, nfft=512, en_func='max_normed', overlap=1, max_merge_dist=6, min_allowed_length=2, **kw)

	Bases: botmpy.nodes.spike_detection.ThresholdDetectorNode

detects artifacts by identifying unwanted frequency packages in the spectrum of the signal

For a zero-mean gaussian process the the zero-crossing rate zcr is
independent of its moments and approaches 0.5 as the integration window
size approaches infinity:


[image: s_t \sim N(0,\Sigma)  zcr_{wsize}(s_t) = \frac{1}{wsize-1} \sum_{t=1}^{wsize-1} {{\mathbb I}\left\{{s_t s_{t-1} < 0}\right\}}  \lim_{wsize \rightarrow \infty} zcr_{wsize}(s_t) = 0.5]


The capacitive artifacts seen in the Munk dataset have a significantly
lower frequency, s.t. zcr decreases to 0.1 and below, for the integration
window sizes relevant to our application. Detecting epochs where the zcr
significantly deviates from the expectation, assuming a coloured Gaussian
noise process, can thus lead be used for detection of artifact epochs.

The zero crossing rate (zcr) is given by the convolution of a moving
average window (although this is configurable to use other weighting
methods) with the XOR of the signbits of X(t) and X(t+1).


	
execute(x, *args, **kwargs)

	calls self._apply_threshold() and return the events found






	
get_nonartefact_epochs()

	return the index set that represents the non-artifact epochs












base_nodes Module

abstract base classes derived from MDP nodes


	
class Node(input_dim=None, output_dim=None, dtype=None)

	Bases: future.types.newobject.newobject

A Node is the basic building block of an MDP application.

It represents a data processing element, like for example a learning
algorithm, a data filter, or a visualization step.
Each node can have one or more training phases, during which the
internal structures are learned from training data (e.g. the weights
of a neural network are adapted or the covariance matrix is estimated)
and an execution phase, where new data can be processed forwards (by
processing the data through the node) or backwards (by applying the
inverse of the transformation computed by the node if defined).

Nodes have been designed to be applied to arbitrarily long sets of data:
if the underlying algorithms supports it, the internal structures can
be updated incrementally by sending multiple batches of data (this is
equivalent to online learning if the chunks consists of single
observations, or to batch learning if the whole data is sent in a
single chunk). It is thus possible to perform computations on amounts
of data that would not fit into memory or to generate data on-the-fly.

A Node also defines some utility methods, like for example
copy and save, that return an exact copy of a node and save it
in a file, respectively. Additional methods may be present, depending
on the algorithm.

Node subclasses should take care of overwriting (if necessary)
the functions is_trainable, _train, _stop_training, _execute,
is_invertible, _inverse, _get_train_seq, and _get_supported_dtypes.
If you need to overwrite the getters and setters of the
node’s properties refer to the docstring of get_input_dim/set_input_dim,
get_output_dim/set_output_dim, and get_dtype/set_dtype.


	
copy(protocol=None)

	Return a deep copy of the node.





	Parameters:	protocol – the pickle protocol (deprecated).










	
dtype

	




	
execute(x, *args, **kwargs)

	Process the data contained in x.

If the object is still in the training phase, the function
stop_training will be called.
x is a matrix having different variables on different columns
and observations on the rows.

By default, subclasses should overwrite _execute to implement
their execution phase. The docstring of the _execute method
overwrites this docstring.






	
get_current_train_phase()

	Return the index of the current training phase.

The training phases are defined in the list self._train_seq.






	
get_dtype()

	Return dtype.






	
get_input_dim()

	Return input dimensions.






	
get_output_dim()

	Return output dimensions.






	
get_remaining_train_phase()

	Return the number of training phases still to accomplish.

If the node is not trainable then return 0.






	
get_supported_dtypes()

	Return dtypes supported by the node as a list of :numpy:`dtype`
objects.

Note that subclasses should overwrite self._get_supported_dtypes
when needed.






	
has_multiple_training_phases()

	Return True if the node has multiple training phases.






	
input_dim

	Input dimensions






	
inverse(y, *args, **kwargs)

	Invert y.

If the node is invertible, compute the input x such that
y = execute(x).

By default, subclasses should overwrite _inverse to implement
their inverse function. The docstring of the inverse method
overwrites this docstring.






	
static is_invertible()

	Return True if the node can be inverted, False otherwise.






	
static is_trainable()

	Return True if the node can be trained, False otherwise.






	
is_training()

	Return True if the node is in the training phase,
False otherwise.






	
output_dim

	Output dimensions






	
save(filename, protocol=-1)

	Save a pickled serialization of the node to filename.
If filename is None, return a string.

Note: the pickled Node is not guaranteed to be forwards or
backwards compatible.






	
set_dtype(t)

	Set internal structures’ dtype.

Perform sanity checks and then calls self._set_dtype(n), which
is responsible for setting the internal attribute self._dtype.
Note that subclasses should overwrite self._set_dtype
when needed.






	
set_input_dim(n)

	Set input dimensions.

Perform sanity checks and then calls self._set_input_dim(n), which
is responsible for setting the internal attribute self._input_dim.
Note that subclasses should overwrite self._set_input_dim
when needed.






	
set_output_dim(n)

	Set output dimensions.

Perform sanity checks and then calls self._set_output_dim(n), which
is responsible for setting the internal attribute self._output_dim.
Note that subclasses should overwrite self._set_output_dim
when needed.






	
stop_training(*args, **kwargs)

	Stop the training phase.

By default, subclasses should overwrite _stop_training to implement
this functionality. The docstring of the _stop_training method
overwrites this docstring.






	
supported_dtypes

	Supported dtypes






	
train(x, *args, **kwargs)

	Update the internal structures according to the input data x.

x is a matrix having different variables on different columns
and observations on the rows.

By default, subclasses should overwrite _train to implement their
training phase. The docstring of the _train method overwrites this
docstring.

Note: a subclass supporting multiple training phases should implement
the same signature for all the training phases and document the
meaning of the arguments in the _train method doc-string. Having
consistent signatures is a requirement to use the node in a flow.










	
class ResetNode(input_dim=None, output_dim=None, dtype=None)

	Bases: botmpy.nodes.base_nodes.TrainingResetMixin, mdp.Node






	
class TrainingResetMixin

	Bases: object [https://docs.python.org/2/library/functions.html#object]

allows mdp.Node to reset to training state

This is a mixin class for subclasses of mdp.Node. To use it
inherit from mdp.Node and put this mixin as the first
superclass.

node is a mdp.signal_node.Cumulator that can have its training phase
reinitialised once a batch of cumulated data has been processed on. This
is useful for online algorithms that derive parameters from the batch of
data currently under consideration (Ex.: stochastic thresholding).


	
reset()

	reset handler, calls the reset hook and resets to training phase










	
class PCANode(input_dim=None, output_dim=None, dtype=None, svd=False, reduce=False, var_rel=1e-12, var_abs=1e-15, var_part=None)

	Bases: mdp.Node

Filter the input data through the most significatives of its
principal components.

Internal variables of interest



	self.avg

	Mean of the input data (available after training).

	self.v

	Transposed of the projection matrix (available after training).

	self.d

	Variance corresponding to the PCA components (eigenvalues of the
covariance matrix).

	self.explained_variance

	When output_dim has been specified as a fraction of the total
variance, this is the fraction of the total variance that is
actually explained.






More information about Principal Component Analysis, a.k.a. discrete
Karhunen-Loeve transform can be found among others in
I.T. Jolliffe, Principal Component Analysis, Springer-Verlag (1986).


	
execute(x, n=None)

	Project the input on the first ‘n’ principal components.
If ‘n’ is not set, use all available components.






	
get_explained_variance()

	Return the fraction of the original variance that can be
explained by self._output_dim PCA components.
If for example output_dim has been set to 0.95, the explained
variance could be something like 0.958...
Note that if output_dim was explicitly set to be a fixed number
of components, there is no way to calculate the explained variance.






	
get_projmatrix(transposed=1)

	Return the projection matrix.






	
get_recmatrix(transposed=1)

	Return the back-projection matrix (i.e. the reconstruction matrix).






	
inverse(y, n=None)

	Project ‘y’ to the input space using the first ‘n’ components.
If ‘n’ is not set, use all available components.






	
stop_training(debug=False)

	Stop the training phase.

Keyword arguments:


	debug=True     if stop_training fails because of singular cov

	matrices, the singular matrices itselves are stored in
self.cov_mtx and self.dcov_mtx to be examined.








	
train(x)

	Update the internal structures according to the input data x.

x is a matrix having different variables on different columns
and observations on the rows.

By default, subclasses should overwrite _train to implement their
training phase. The docstring of the _train method overwrites this
docstring.

Note: a subclass supporting multiple training phases should implement
the same signature for all the training phases and document the
meaning of the arguments in the _train method doc-string. Having
consistent signatures is a requirement to use the node in a flow.












cluster Module

initialization - clustering of spikes in feature space


	
class ClusteringNode(dtype=None)

	Bases: botmpy.nodes.base_nodes.ResetNode

interface for clustering algorithms


	
is_invertable()

	




	
is_trainable()

	








	
class HomoscedasticClusteringNode(clus_type='kmeans', crange=[1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15], repeats=4, sigma_factor=4.0, max_iter=None, conv_thresh=None, alpha=None, cvtype='diag', gof_type='bic', dtype=None, debug=False, **kwargs)

	Bases: botmpy.nodes.cluster.ClusteringNode

clustering with model order selection to learn a mixture model

Assuming the data are prewhitened spikes, possibly in some condensed
representation e.g. PCA, the problem is to find the correct number of
components and their corresponding means. The covariance matrix of all
components is assumed to be the same, as the variation in the data is
produced by an additive noise process. Further the covariance matrix can
be assumed be the identity matrix (or a scaled version due to estimation
errors, thus a spherical covariance),

To increase performance, it is assumed all necessary pre-processing has
been taken care of already, to assure an optimal clustering performance
(e.g.: alignment, resampling, (noise)whitening, etc.)

So we have to find the number of components and their means in a
homoscedastic clustering problem. The ‘goodness of fit’ will be evaluated
by evaluating a likelihood based criterion that is penalised for an
increasing number of model parameters (to prevent overfitting) (ref: BIC).
Minimising said criterion will lead to the most likely model.


	
execute(x, *args, **kwargs)

	run the clustering on a set of observations






	
static gauss_heat_kernel(x, delta=1.0)

	




	
plot(data, views=2, show=False, filename=None)

	plot clustering












filter_bank Module

implementation of a filter bank consisting of a set of filters


	
exception FilterBankError

	Bases: exceptions.Exception [https://docs.python.org/2/library/exceptions.html#exceptions.Exception]






	
class FilterBankNode(**kwargs)

	Bases: mdp.Node

abstract class that handles filter instances and their outputs

All filters constituting the filter bank have to be of the same temporal extend (Tf) and process
the same channel set.

There are two different index sets. One is abbreviated “idx” and one “key”. The “idx” the index
of filter in self.bank and thus a unique, hashable identifier. Where as the “key” an index in a
subset of idx. Ex.: the index for list(self._idx_active_set) would be a “key”.


	
activate(idx, check=False)

	activates a filter in the filter bank

Filters are never deleted, but can be de-/reactivated and will be used
respecting there activation state for the filter output of the
filter bank.

No effect if idx not in self.bank.






	
ce

	




	
create_filter(xi, check=True)

	adds a new filter to the filter bank





	Parameters:	xi (ndarray) – template to build the filter for










	
cs

	




	
deactivate(idx, check=False)

	deactivates a filter in the filter bank

Filters are never deleted, but can be de-/reactivated and will be used
respecting there activation state for the filter output of the
filter bank.

No effect if idx not in self.bank.






	
execute(x)

	Process the data contained in x.

If the object is still in the training phase, the function
stop_training will be called.
x is a matrix having different variables on different columns
and observations on the rows.

By default, subclasses should overwrite _execute to implement
their execution phase. The docstring of the _execute method
overwrites this docstring.






	
filter_set

	filter set of active filters






	
get_ce()

	




	
get_chan_set()

	




	
get_filter_set(active=True, mc=True)

	




	
get_idx_for(key)

	




	
get_nc()

	




	
get_nf(active=True)

	




	
get_template_set(active=True, mc=True)

	




	
get_tf()

	




	
get_xcorrs()

	




	
get_xcorrs_at(idx0, idx1=None, shift=0)

	




	
is_invertible()

	




	
is_trainable()

	




	
nc

	number of channels






	
nf

	number of filters






	
plot_filter_set(ph=None, show=False)

	plot the filter set in a waveform plot






	
plot_template_set(ph=None, show=False)

	plot the template set in a waveform plot






	
plot_template_set2(show=False)

	plot the template set in a waveform plot






	
plot_xvft(ph=None, show=False)

	plot the Xi vs F Tensor of the filter bank






	
reset_history()

	sets the history to all zeros for all filters






	
reset_rates()

	resets the rate estimators for all filters (if applicable)






	
set_ce(value)

	




	
set_chan_set(value)

	




	
template_set

	template set of active filters






	
tf

	temporal filter extend [samples]






	
xcorrs

	cross correlation tensor for active filters












linear_filter Module

filter classes for linear filters in the time domain


	
exception FilterError

	Bases: exceptions.Exception [https://docs.python.org/2/library/exceptions.html#exceptions.Exception]






	
class FilterNode(tf, nc, ce, chan_set=None, rb_cap=None, dtype=None)

	Bases: mdp.Node

linear filter in the time domain

This node applies a linear filter to the data and returns the filtered
data. The derivation of the filter (f) from the pattern (xi) is
specified in the implementing subclass via the ‘filter_calculation’
classmethod. The template will be averaged from a ringbuffer of
observations. The covariance matrix is supplied from an external
covariance estimator.


	
append_xi_buf(wf, recalc=False)

	append one waveform to the xi_buffer





	Parameters:	
	wf (ndarray) – wavefom data [self.tf, self.nc]

	recalc (bool [https://docs.python.org/2/library/functions.html#bool]) – if True, call self.calc_filter after appending














	
calc_filter()

	initiate a calculation of the filter






	
ce

	covariance estimator






	
execute(x)

	apply the filter to data






	
extend_xi_buf(wfs, recalc=False)

	append an iterable of waveforms to the xi_buffer





	Parameters:	
	wfs (iterable of ndarray) – wavefom data [n][self.tf, self.nc]

	recalc (bool [https://docs.python.org/2/library/functions.html#bool]) – if True, call self.calc_filter after extending














	
f

	filter (multi-channeled)






	
f_conc

	filter (concatenated)






	
fill_xi_buf(wf, recalc=False)

	fill all of the xi_buffer with wf





	Parameters:	
	wf : ndarrsay

	ndarray of shape (self.tf, self.nc)



	recalc : bool

	if True, call self.calc_filter after appending
















	
classmethod filter_calculation(xi, ce, cs, *args, **kwargs)

	ABSTRACT METHOD FOR FILTER CALCULATION

Implement this in a meaningful way in any subclass. The method should
return the filter given the multichanneled template xi, the
covariance estimator ce and the channel set cs plus any number
of optional arguments and keywords. The filter is usually the same
shape as the pattern xi.






	
get_ce()

	




	
get_f()

	




	
get_f_conc()

	




	
get_nc()

	




	
get_snr()

	




	
get_tf()

	




	
get_xi()

	




	
get_xi_conc()

	




	
is_invertible()

	




	
is_trainable()

	




	
nc

	number of channels






	
plot_buffer_to_axis(axis=None, idx=None, limits=None)

	plots the current buffer on the passed axis handle






	
reset_history()

	sets the history to all zeros






	
set_ce(value)

	




	
snr

	signal to noise ratio (mahalanobis distance)






	
tf

	temporal extend [sample]






	
xi

	template (multi-channeled)






	
xi_conc

	template (concatenated)










	
class MatchedFilterNode(tf, nc, ce, chan_set=None, rb_cap=None, dtype=None)

	Bases: botmpy.nodes.linear_filter.FilterNode

matched filters in the time domain optimise the signal to noise ratio
(SNR) of the matched pattern with respect to covariance matrix
describing the noise background (deconvolution).


	
classmethod filter_calculation(xi, ce, cs, *args, **kwargs)

	








	
class NormalisedMatchedFilterNode(tf, nc, ce, chan_set=None, rb_cap=None, dtype=None)

	Bases: botmpy.nodes.linear_filter.FilterNode

matched filters in the time domain optimise the signal to noise ratio
(SNR) of the matched pattern with respect to covariance matrix
describing the noise background (deconvolution). Here the deconvolution
output is normalised s.t. the response of the pattern is peak of unit
amplitude.


	
classmethod filter_calculation(xi, ce, cs, *args, **kwargs)

	










prewhiten Module

spike noise prewhitening algorithm


	
class PrewhiteningNode(ncov=None, dtype=<type 'numpy.float32'>)

	Bases: mdp.Node

prewhitens the data with respect to a noise covariance matrix


	
execute(x, ncov=None)

	Process the data contained in x.

If the object is still in the training phase, the function
stop_training will be called.
x is a matrix having different variables on different columns
and observations on the rows.

By default, subclasses should overwrite _execute to implement
their execution phase. The docstring of the _execute method
overwrites this docstring.






	
static is_invertible()

	




	
static is_trainable()

	




	
update(ncov)

	updates the covariance matrix and recalculates internals





	Parameters:	
	ncov : ndarray

	symetric matrix, noise covariance




















	
class PrewhiteningNode2(covest)

	Bases: mdp.Node

pre-whitens data with respect to a noise covariance matrix


	
execute(x)

	Process the data contained in x.

If the object is still in the training phase, the function
stop_training will be called.
x is a matrix having different variables on different columns
and observations on the rows.

By default, subclasses should overwrite _execute to implement
their execution phase. The docstring of the _execute method
overwrites this docstring.






	
static is_invertible()

	




	
static is_trainable()

	










smoothing Module

smoothing algorithms for multichanneled data


	
class SmoothingNode(size=5, input_dim=None, dtype=None)

	Bases: botmpy.nodes.base_nodes.ResetNode

smooths the data using a gauss kernel of size 5 to 11


	
execute(x)

	Process the data contained in x.

If the object is still in the training phase, the function
stop_training will be called.
x is a matrix having different variables on different columns
and observations on the rows.

By default, subclasses should overwrite _execute to implement
their execution phase. The docstring of the _execute method
overwrites this docstring.






	
is_invertable()

	




	
is_trainable()

	








	
smooth(signal, window=5, kernel='gauss')

	smooth signal with kernel of type kernel and window size window





	Parameters:	
	signal : ndarray

	multichanneled signal [data, channel]



	window : ndarray

	window size of the smoothing filter (len(window) < signal
.shape[0])



	kernel : ndarray

	
	kernel to use, one of

	
	‘gauss’: least squares

	‘box’: moving average
























spike_detection Module

detector nodes for multichanneled data

These detecors find features and feature epochs on multichanneled signals.
Mostly, you will want to reset the internals of the detector after
processing a
chunk of data, which is featured by deriving from ResetNode. There are
different
kinds of detectors, distinguished by their way of feature to noise
discrimination.


	
exception EnergyNotCalculatedError

	Bases: exceptions.Exception [https://docs.python.org/2/library/exceptions.html#exceptions.Exception]

EnergyNotCalculatedError Exception






	
class ThresholdDetectorNode(input_dim=None, output_dim=None, dtype=None, energy_func=None, threshold_func=None, threshold_mode='gt', threshold_base='energy', threshold_factor=1.0, tf=47, min_dist=1, find_max=True, ch_separate=False)

	Bases: botmpy.nodes.base_nodes.ResetNode

abstract interface for detecting feature epochs in a signal

The ThresholdDetectorNode is the abstract interface for all detectors. The
input signal is assumed to be a (multi-channeled) signal,
with data for one
channel in each column (or one multi-channeled observation/sample per
row).

The output will be a timeseries of detected feature in the input signal.
To find the features, the input signal is transformed by applying an
operator
(called the energy function from here on) that produces an
representation of the input signal, which should optimize the SNR of the
features vs the
remainder of the input signal. A threshold is then applied to this energy
representation of the input signal to find the feature epochs.

The output timeseries either holds the onsets of the feature epochs or the
maximum of the energy function within the feature epoch, givin in samples.

Extra information about the events or the internals has to be saved in
member variables along with a proper interface.


	
events

	




	
execute(x, **kwargs)

	calls self._apply_threshold() and return the events found






	
get_epochs(cut=None, invert=False, merge=False)

	returns epochs based on self.events for the current iteration





	Parameters:	
	cut : (int,int)

	Window size of an epoch in samples (befor,after) the event
sample. If None, self._tf will be used.



	invert : bool

	Inverts the epochs, frex to yield noise epochs instead of
spike
epochs.



	merge : bool

	Merges overlapping epochs.








	Returns:	
	ndarray

	ndarray with epochs on the rows [[start,end]]
















	
get_events()

	




	
get_extracted_events(mc=False, align_at=-1, kind='min', rsf=1.0, buffer=False)

	yields the extracted spikes





	Parameters:	
	mc (bool [https://docs.python.org/2/library/functions.html#bool]) – if True, return multichannel events, else return
concatenated events.
Default=False

	align_at (int [https://docs.python.org/2/library/functions.html#int] or float [https://docs.python.org/2/library/functions.html#float]) – if a float from (0.0,1.0), determine the align_sample
according to that weight. If a positive integer from (0,
self.tf-1] use that sample as the align_sample.
Default=0.25 * self.tf

	kind (str [https://docs.python.org/2/library/functions.html#str]) – one of “min”, “max”, “energy” or “none”. method
to use for alignment, will be passed to the alignment function.
Default=’min’

	rsf (float [https://docs.python.org/2/library/functions.html#float]) – resampling factor (use integer values of powers of 2)

	buffer (bool [https://docs.python.org/2/library/functions.html#bool]) – if True, write to buffer regardless of current buffer
state.
Default=False














	
is_invertible()

	




	
is_trainable()

	




	
plot(show=False)

	plot detection in mcdata plot






	
set_events(value)

	




	
stop_training(*args, **kwargs)

	Stop the training phase.

By default, subclasses should overwrite _stop_training to implement
this functionality. The docstring of the _stop_training method
overwrites this docstring.






	
train(x)

	Update the internal structures according to the input data x.

x is a matrix having different variables on different columns
and observations on the rows.

By default, subclasses should overwrite _train to implement their
training phase. The docstring of the _train method overwrites this
docstring.

Note: a subclass supporting multiple training phases should implement
the same signature for all the training phases and document the
meaning of the arguments in the _train method doc-string. Having
consistent signatures is a requirement to use the node in a flow.










	
class SDAbsNode(**kwargs)

	Bases: botmpy.nodes.spike_detection.ThresholdDetectorNode

spike detector

energy: absolute of the signal
threshold: signal.std






	
class SDSqrNode(**kwargs)

	Bases: botmpy.nodes.spike_detection.ThresholdDetectorNode

spike detector

energy: square of the signal
threshold: signal.var






	
class SDMteoNode(kvalues=[1, 3, 5, 7, 9], quantile=0.98, **kwargs)

	Bases: botmpy.nodes.spike_detection.ThresholdDetectorNode

spike detector

energy: multiresolution teager energy operator
threshold: energy.std






	
class SDKteoNode(kvalue=1, quantile=0.98, **kwargs)

	Bases: botmpy.nodes.spike_detection.ThresholdDetectorNode

spike detector

energy: teager energy operator
threshold: energy.std






	
class SDIntraNode(**kwargs)

	Bases: botmpy.nodes.spike_detection.ThresholdDetectorNode

spike detector

energy: identity
threshold: zero






	
class SDPeakNode(**kwargs)

	Bases: botmpy.nodes.spike_detection.ThresholdDetectorNode

spike detector

energy: absolute of the signal
threshold: signal.std








spike_sorting Module

implementation of spike sorting with matched filters

See:
[1] F. Franke, M. Natora, C. Boucsein, M. Munk, and K. Obermayer. An online
spike detection and spike classification algorithm capable of instantaneous
resolution of overlapping spikes. Journal of Computational Neuroscience, 2009
[2] F. Franke, ... , 2012,
The revolutionary BOTM Paper


	
class FilterBankSortingNode(**kwargs)

	Bases: botmpy.nodes.filter_bank.FilterBankNode

abstract class that handles filter instances and their outputs

This class provides a pipeline structure to implement spike sorting
algorithms that operate on a filter bank. The implementation is done by
implementing the self._pre_filter, self._post_filter, self._pre_sort,
self._sort_chunk and self._post_sort methods with meaning full
processing. After the filter steps the filter output is present and can be
processed on. Input data can be partitioned into chunks of smaller size.


	
execute(x)

	Process the data contained in x.

If the object is still in the training phase, the function
stop_training will be called.
x is a matrix having different variables on different columns
and observations on the rows.

By default, subclasses should overwrite _execute to implement
their execution phase. The docstring of the _execute method
overwrites this docstring.






	
plot_sorting(ph=None, show=False)

	plot the sorting of the last data chunk





	Parameters:	
	ph (plot handle) – plot handle top use for the plot

	show (bool [https://docs.python.org/2/library/functions.html#bool]) – if True, call plt.show()














	
plot_sorting_waveforms(ph=None, show=False, **kwargs)

	plot the waveforms of the sorting of the last data chunk





	Parameters:	
	ph (plot handle) – plot handle to use for the

	show (bool [https://docs.python.org/2/library/functions.html#bool]) – if True, call plt.show()














	
sorting2gdf(fname)

	yield the gdf representing the current sorting






	
spikes_u(u, mc=True, exclude_overlaps=True, overlap_window=None, align_at=-1, align_kind='min', align_rsf=1.0)

	yields the spike for the u-th filter





	Parameters:	
	u (int [https://docs.python.org/2/library/functions.html#int]) – index of the filter # CHECK THIS

	mc (bool [https://docs.python.org/2/library/functions.html#bool]) – if True, return spikes multi-channeled, else return spikes
concatenated
Default=True

	exclude_overlaps (bool [https://docs.python.org/2/library/functions.html#bool]) – if True, exclude overlap spike

	overlap_window (int [https://docs.python.org/2/library/functions.html#int]) – if exclude_overlaps is True, this will define
the overlap range,
if None set overlap_window=self._tf.
Default=None


















	
class AdaptiveBayesOptimalTemplateMatchingNode(**kwargs)

	Bases: botmpy.nodes.spike_sorting.BayesOptimalTemplateMatchingNode

Adaptive BOTM Node

adaptivity here means,backwards sense, that known templates and
covariances are adapted local temporal changes. In the forward sense a
parallel spike detection is matched to find currently unidenified units
in the data.


	
det

	




	
execute(x, ex_st=None)

	Process the data contained in x.

If the object is still in the training phase, the function
stop_training will be called.
x is a matrix having different variables on different columns
and observations on the rows.

By default, subclasses should overwrite _execute to implement
their execution phase. The docstring of the _execute method
overwrites this docstring.






	
get_det()

	




	
resampled_mean_dist(spks1, spks2)

	Caclulate distance of resampled means from two sets of spikes










	
class BayesOptimalTemplateMatchingNode(**kwargs)

	Bases: botmpy.nodes.spike_sorting.FilterBankSortingNode

FilterBanksSortingNode derivative for the BOTM algorithm

Can use two implementations of the Bayes Optimal Template-Matching (BOTM)
algorithm as presented in [2]. First implementation uses explicitly
constructed overlap channels for the extend of the complete input
signal, the other implementation uses subtractive interference
cancellation (SIC) on epochs of the signal, where the template
discriminants are greater the the noise discriminant.


	
component_divergence(obs, with_noise=False, loading=False, subdim=None)

	component probabilities under the model





	Parameters:	
	obs (ndarray) – observations to be evaluated [n, tf, nc]

	with_noise (bool [https://docs.python.org/2/library/functions.html#bool]) – if True, include the noise cluster as component
in the mixture.
Default=False

	loading (bool [https://docs.python.org/2/library/functions.html#bool]) – if True, use the loaded matrix
Default=False

	subdim (int [https://docs.python.org/2/library/functions.html#int]) – dimensionality of subspace to build the inverse over.
if None ignore
Default=None






	Return type:	ndarray




	Returns:	divergence from means of current filter bank[n, c]












	
copy = <module 'copy' from '/usr/lib/python2.7/copy.pyc'>

	




	
get_noise_prior()

	




	
get_spike_prior()

	




	
get_spike_prior_bias()

	




	
noise_prior

	




	
posterior_prob(obs, with_noise=False)

	posterior probabilities for data under the model





	Parameters:	
	obs (ndarray) – observations to be evaluated [n, tf, nc]

	with_noise (bool [https://docs.python.org/2/library/functions.html#bool]) – if True, include the noise cluster as component
in the mixture.
Default=False






	Return type:	ndarray




	Returns:	matrix with per component posterior probabilities [n, c]












	
set_noise_prior(value)

	




	
set_spike_prior(value)

	




	
set_spike_prior_bias(value)

	




	
spike_prior

	




	
spike_prior_bias

	








	
BOTMNode

	alias of BayesOptimalTemplateMatchingNode






	
ABOTMNode

	alias of AdaptiveBayesOptimalTemplateMatchingNode











          

      

      

    

  

    
      
          
            
  
datafile Package


datafile Package

interfaces for reading (multichanneled) data from files




atf Module

datafile implementation for atf file format


	
class AtfFile(filename=None, dtype=None)

	Bases: botmpy.common.datafile.datafile.DataFile

ATF file format - GenePix software


	
get_data(**kwargs)

	returns a numpy array of the data with samples on the rows and
channels on the columns. channels may be selected via the channels
parameter.





	Parameters:	
	mode (str [https://docs.python.org/2/library/functions.html#str]) – One of ‘all’, ‘chan’, ‘data’ or ‘device’. ‘all’ return
all the data in the file. ‘chan’ returns a specific channel.’data’
returns. ‘device’ returns all data for a specific device.

	item (int [https://docs.python.org/2/library/functions.html#int]) – identifier as per mode






	Return type:	ndarray




	Returns:	requested data


















datafile Module

interfaces for reading (multichanneled) data from various file formats


	
exception DataFileError

	Bases: exceptions.Exception [https://docs.python.org/2/library/exceptions.html#exceptions.Exception]






	
class DataFileMetaclass

	Bases: type [https://docs.python.org/2/library/functions.html#type]

This Metaclass is meant to overwrite doc strings of methods with
those defined in the corresponding private methods. Corresponding means
there is a public interface entry method and a private implementation
method. For the instances object, the call to the public method should
present the private methods docstring.

This makes it possible for subclasses implementing the interface to
document the usage of public methods, without the need to overwrite
the ancestor’s methods.


	
DOC_METHODS = ['_close', '_closed', '_filename', '_get_data']

	








	
class DataFile(filename=None, dtype=None, **kwargs)

	Bases: object [https://docs.python.org/2/library/functions.html#object]

abstract data file interface

This is an abstract datafile interface. Implementations should implement
the private interface as required for that file format! A DataFile
manages a file handle to the physical file and should try to hold
its contents in memory, and use buffering to reduce filesystem load.

All public methods belong to the interface and relay to their private
counter parts, which are provided by the file format implementation.


	
close()

	close this DataFile






	
closed()

	return the closed status






	
filename()

	return the filename of the physical file






	
get_data(**kwargs)

	returns a numpy array of the data with samples on the rows and
channels on the columns. channels may be selected via the channels
parameter.





	Return type:	ndarray


	Returns:	requested data
















gdf Module

datafile implementation for gdf file format


	
class GdfFile(filename=None, dtype=None, **kwargs)

	Bases: botmpy.common.datafile.datafile.DataFile

GDF file format - Chen Sorter


	
static convert_dict_to_matrix(gdf)

	converts a GDF dict representation to a matrix





	Parameters:	gdf (dict [https://docs.python.org/2/library/stdtypes.html#dict]) – mapping unit ids to spike trains


	Return type:	ndarray


	Returns:	first column ids, second column samples










	
static convert_matrix_to_dict(gdf)

	converts a GDF ndarray representation to a dict





	Parameters:	gdf (ndarray) – first column ids, second column samples


	Return type:	dict [https://docs.python.org/2/library/stdtypes.html#dict]


	Returns:	mapping unit ids to spike trains










	
get_data(**kwargs)

	returns the GDF data as ndarray





	Return type:	dict [https://docs.python.org/2/library/stdtypes.html#dict]


	Returns:	mapping unit ids to spike trains










	
static read_gdf(filename)

	reads a GDF file and stores to a dict





	Parameters:	filename (string [https://docs.python.org/2/library/string.html#module-string][path]) – path to the file to read


	Return type:	dict of numpy.ndarray


	Returns:	one sequence per unit










	
static write_gdf(filename, gdf)

	Writes GDF data file.





	Parameters:	
	filename (str [https://docs.python.org/2/library/functions.html#str]) – valid path on the filesystem

	gdf (dict [https://docs.python.org/2/library/stdtypes.html#dict] or ndarray) – either a dict mapping unit ids to spike trains or a
ndarray with the keys in the first column and the samples in the
second column




















nas Module

datafile implementation for nas file format


	
class NasFile(filename=None, dtype=None)

	Bases: botmpy.common.datafile.datafile.DataFile

NAS file format - NeuronMeter


	
static check_nas_file(filename)

	




	
static get_cols(filename, cols)

	




	
static get_gdf(filename)

	




	
get_n_data_points()

	sample count per waveform





	Return type:	int [https://docs.python.org/2/library/functions.html#int]


	Returns:	sample count per waveform










	
static get_timepoints(filename)

	




	
static read_data(filename)

	




	
write_header(contact_count, srate, window_before, window_after)

	write the NAS file format header





	Parameters:	
	contact_count (int [https://docs.python.org/2/library/functions.html#int]) – electrodes per recording point

	srate (int [https://docs.python.org/2/library/functions.html#int]) – sampling rate in Hz

	window_before (int [https://docs.python.org/2/library/functions.html#int]) – cut_left in us

	window_after (int [https://docs.python.org/2/library/functions.html#int]) – cut_right in us














	
write_row(tetr=0, unit=0, trial=0, time=0, data=None)

	write one row of data to the file





	Parameters:	
	tetr (int [https://docs.python.org/2/library/functions.html#int]) – tetrode id

	unit (int [https://docs.python.org/2/library/functions.html#int]) – unit id

	trial (int [https://docs.python.org/2/library/functions.html#int]) – trial id

	time (float [https://docs.python.org/2/library/functions.html#float]) – time in us

	data (sequence) – waveform data




















wri Module

datafile implementation for wri file format


	
class WriFile(filename=None, dtype=<type 'numpy.float32'>)

	Bases: botmpy.common.datafile.datafile.DataFile

WRI file format - Chen Sorter


	
get_data(**kwargs)

	Returns the wri content as a dictionary of numpy arrays
:rtype: dict
:returns: mapping unit id to spike train












xpd Module

datafile implementation for xpd file format


	
class XpdFile(filename=None, dtype=None, cache=False)

	Bases: botmpy.common.datafile.datafile.DataFile

XPD file from - Matthias Munk Group @ MPI Tübingen


	
get_available_tetrodes()

	yields the set of available tetrodes






	
get_data(**kwargs)

	returns a numpy array of the data with samples on the rows and
channels on the columns. channels may be selected via the channels
parameter.

get data for one tetrode (default all channels) as ndarray





	Parameters:	
	item (int [https://docs.python.org/2/library/functions.html#int]) – tetrode id. starts at 1!!
Default = 1

	chans (list) – Channel list.
Default = [0,1,2,3]
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