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  Source code for botmpy.nodes.spike_detection

# -*- coding: utf-8 -*-
#_____________________________________________________________________________
#
# Copyright (c) 2012-2013, Berlin Institute of Technology
# All rights reserved.
#
# Developed by:	Philipp Meier <pmeier82@gmail.com>
#
#               Neural Information Processing Group (NI)
#               School for Electrical Engineering and Computer Science
#               Berlin Institute of Technology
#               MAR 5-6, Marchstr. 23, 10587 Berlin, Germany
#               http://www.ni.tu-berlin.de/
#
# Repository:   https://github.com/pmeier82/BOTMpy
#
# Permission is hereby granted, free of charge, to any person obtaining a copy
# of this software and associated documentation files (the "Software"), to
# deal with the Software without restriction, including without limitation the
# rights to use, copy, modify, merge, publish, distribute, sublicense, and/or
# sell copies of the Software, and to permit persons to whom the Software is
# furnished to do so, subject to the following conditions:
#
# * Redistributions of source code must retain the above copyright notice,
#   this list of conditions and the following disclaimers.
# * Redistributions in binary form must reproduce the above copyright notice,
#   this list of conditions and the following disclaimers in the documentation
#   and/or other materials provided with the distribution.
# * Neither the names of Neural Information Processing Group (NI), Berlin
#   Institute of Technology, nor the names of its contributors may be used to
#   endorse or promote products derived from this Software without specific
#   prior written permission.
#
# THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
# IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
# FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
# CONTRIBUTORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
# LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING
# FROM, OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS
# WITH THE SOFTWARE.
#_____________________________________________________________________________
#
# Acknowledgements:
#   Philipp Meier <pmeier82@gmail.com>
#_____________________________________________________________________________
#
# Changelog:
#   * <iso-date> <identity> :: <description>
#_____________________________________________________________________________
#

"""detector nodes for multi-channeled data

These detectors find features and feature epochs on multi-channeled 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.
"""

__docformat__ = 'restructuredtext'
__all__ = ['EnergyNotCalculatedError', 'ThresholdDetectorNode', 'SDAbsNode',
           'SDSqrNode', 'SDMteoNode', 'SDKteoNode', 'SDIntraNode', 'SDPeakNode']

##  IMPORTS

import scipy as sp
from scipy.stats.mstats import mquantiles
from .base_nodes import ResetNode
from ..common import (threshold_detection, merge_epochs, get_cut, kteo, mteo, INDEX_DTYPE, get_aligned_spikes)

##  CLASSES

[docs]class EnergyNotCalculatedError(Exception):
    pass



[docs]class ThresholdDetectorNode(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, in samples.

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

    ## constructor

    def __init__(self, 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):
        """
        see mdp.Node
        :type energy_func: function
        :param energy_func: function handle to calculate the energy of the
            input signal. If this parameter is specified, self._energy_func
            will be replaced with the function passed. The energy operator
            should take the input signal as the only input argument.
            Default=None
        :type threshold_func: function
        :param threshold_func: function handle to calculate the thresholds for
            feature epoch detection. The threshold function has to return a
            scalar value and will be used as the threshold. If this parameter
            is specified, self._threshold_func will be replaced with the
            function passed.
            Default=None
        :type threshold_mode: str
        :param threshold_mode: one of 'gt' or 'lt'. Defines wether the
            threshold is applied with the 'gt' (greater than) or 'lt' (less
            than) mode.
            Default='gt'
        :type threshold_base: str
        :param threshold_base: one of 'signal' or 'energy'. Determines what
            quantity is taken to derive the threshold from. If 'signal', the
            current input signal will be taken to derive the threshold from.
            If 'energy', the energy representation of current input signal
            will be taken to derive the threshold from.
            Default='energy'
        :type threshold_factor: float
        :param threshold_factor: Scalar to adjust the threshold linearly.
            Threshold will be set at threshold_factor * threshold_func
            (threhold_base).
        :type tf: int
        :param tf: The width/length in samples ot the features to be detected.
            Used for extraction and self.get_epochs.
            Default=47
        :type min_dist: int
        :param min:dist: Minimum distance in samples that has to lie in
            between two detected feature epochs, so they will be detected as
            two distinct feature epochs. Feature epochs closer than min_dist
            will be merged into one feature epoch.
            Default=1
        :type find_max: bool
        :param find_max: If True, will find feature as the maxima in the
            feature epoch. Else, the onset of feature epoch will be taken as
            the event.
            Default=True
        :type ch_separate: bool
        :param ch_separate: if True, find event per channel separatly, else
            use the max along the signal energy function.
            Default=False
        """

        # super
        super(ThresholdDetectorNode, self).__init__(
            input_dim=input_dim,
            output_dim=output_dim,
            dtype=dtype)

        # members
        self.tf = int(tf)
        self.min_dist = int(min_dist)
        self.find_max = bool(find_max)
        if threshold_mode not in ['gt', 'lt']:
            raise ValueError('threshold mode must be either "gt" or "lt"')
        self.th_mode = threshold_mode
        if threshold_base not in ['signal', 'energy']:
            raise ValueError(
                'threshold base must be either "signal" or "energy"')
        self.th_base = threshold_base
        self.th_fac = float(threshold_factor)
        self.data = []
        self.energy = None
        self.threshold = None
        self.size = None
        self.nchan = None
        self.extracted_events = None
        self.ch_sep = bool(ch_separate)
        # properties handles
        self._events = None

        # energy function
        if energy_func is not None:
            self._energy_func = energy_func

        # threshold function
        if threshold_func is not None:
            self._threshold_func = threshold_func

    ## properties

    def _get_events(self):
        return self._events

[docs]    def get_events(self):
        return self._get_events()


    def _set_events(self, value):
        self._events = value

[docs]    def set_events(self, value):
        self._set_events(value)


    events = property(get_events, set_events)

    ## node implementations

[docs]    def is_invertible(self):
        return False


[docs]    def is_trainable(self):
        return True


    def _reset(self):
        self.data = []
        self.energy = None
        self.threshold = None
        self.size = None
        self.nchan = None
        self.events = None
        self.extracted_events = None

    def _get_supported_dtypes(self):
        return ['float32', 'float64']

    def _train(self, x):
        self.data.append(x)

    def _stop_training(self, *args, **kwargs):
        # produce data in one piece
        self.data = sp.vstack(self.data)
        # calculate energy
        self.energy = self._energy_func(self.data)
        if self.energy.ndim == 1:
            self.energy = sp.atleast_2d(self.energy).T
        self.size, self.nchan = self.energy.shape

    def _execute(self, x, **kwargs):
        """calls self._apply_threshold() and return the events found"""

        # assert energy and threshold
        if self.energy is None:
            raise EnergyNotCalculatedError

        # channels separate?
        if self.ch_sep is False:
            self.energy = sp.atleast_2d(self.energy.max(axis=1)).T

        # threshold
        self._calc_threshold()

        # events
        self.events = threshold_detection(
            self.energy,
            self.threshold,
            min_dist=self.min_dist,
            mode=self.th_mode,
            find_max=self.find_max)

        # return
        return x

    ## public methods

[docs]    def get_epochs(self, 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]]
        """

        # checks
        if self.events is None or self.events.size == 0:
            # do we have events yet?
            return sp.zeros((0, 2), dtype=INDEX_DTYPE)
        if cut is None:
            cut = get_cut(self.tf)
        else:
            cut = get_cut(cut)

        # calc epochs
        if invert is True:
            rval = sp.vstack((
                sp.concatenate(([0], self.events + cut[1])),
                sp.concatenate((self.events - cut[0], [self.size]))
            )).T
        else:
            rval = sp.vstack((
                self.events - cut[0],
                self.events + cut[1]
            )).T

        # check for merges
        if merge is True:
            rval = merge_epochs(rval)

        # return stuff
        if rval.dtype is not INDEX_DTYPE:
            rval = rval.astype(INDEX_DTYPE)
        return rval


[docs]    def get_extracted_events(self, mc=False, align_at=-1, kind='min',
                             rsf=1.0, buffer=False):
        """yields the extracted spikes

        :type mc: bool
        :param mc: if True, return multichannel events, else return
            concatenated events.
            Default=False
        :type align_at: int or float
        :param align_at: 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
        :type kind: str
        :param kind: one of "min", "max", "energy" or "none". method
            to use for alignment, will be passed to the alignment function.
            Default='min'
        :type rsf: float
        :param rsf: resampling factor (use integer values of powers of 2)
        :type buffer: bool
        :param buffer: if True, write to buffer regardless of current buffer
            state.
            Default=False
        """

        if self.events is None:
            if mc is True:
                size = 0, self.tf, self.nchan
            else:
                size = 0, self.tf * self.nchan
            return sp.zeros(size)
            #raise ValueError('no events present!')

        if self.extracted_events is None or buffer:
            if align_at < 0:
                align_at = .25
            if isinstance(align_at, float):
                if 0.0 <= align_at <= 1.0:
                    align_at *= self.tf
                align_at = int(align_at)
            self.extracted_events, self.events = get_aligned_spikes(
                self.data, self.events, align_at=align_at, tf=self.tf, mc=mc,
                kind=kind, rsf=rsf)

        # return extracted events
        return self.extracted_events

    ## internal methods


    def _energy_func(self, x):
        """energy operator to apply to the input signal

        Overwrite this method in subclasses, default behaviour: identity

        This method calculates the energy to use during the feature detection.
        This can be any operator that maps the input signal [x] into a
        signal of
        equal shape. Do not set any members here, just return the result of
        the
        energy operator applied to the input signal.
        """

        return x

    def _threshold_func(self, x):
        """method of threshold calculation

        Overwrite this method in subclasses, default behaviour: zero

        This method calculates the threshold to use during feature detection
        . It
        will be applied to each channel individually and must return a scalar
        when called with x, which is a ndim=1 ndarray.
        """

        return 0.0

    def _calc_threshold(self):
        """calculates the threshold"""

        base = {
            'signal': self.data,
            'energy': self.energy
        }[self.th_base]
        if self.ch_sep is False:
            base = sp.atleast_2d(sp.absolute(base).max(axis=1)).T
        self.threshold = sp.asarray(
            [self._threshold_func(base[:, c])
             for c in xrange(base.shape[1])], dtype=self.dtype)
        self.threshold *= self.th_fac

[docs]    def plot(self, show=False):
        """plot detection in mcdata plot"""

        try:
            from spikeplot import plt, mcdata, COLOURS
        except ImportError:
            return None

        fig = mcdata(self.data, other=self.energy, events={0: self.events},
                     show=False)
        for i, th in enumerate(self.threshold):
            fig.axes[-1].axhline(th, c=COLOURS[i % len(COLOURS)])
        self._plot_additional(fig)
        if show is True:
            plt.show()
        return fig


    def _plot_additional(self, fig):
        pass

## spike detector implementations


[docs]class SDAbsNode(ThresholdDetectorNode):
    """spike detector

    energy: absolute of the signal
    threshold: signal.std
    """

    def __init__(self, **kwargs):
        """
        :Parameters:
            see ThresholdDetectorNode
        """

        # super
        kwargs.update(energy_func=sp.absolute,
                      threshold_base='signal',
                      threshold_func=sp.std)
        super(SDAbsNode, self).__init__(**kwargs)

    def _threshold_func(self, x):
        return self.th_fac * x.std(axis=0)



[docs]class SDSqrNode(ThresholdDetectorNode):
    """spike detector

    energy: square of the signal
    threshold: signal.var
    """

    def __init__(self, **kwargs):
        """
        :Parameters:
            see ThresholdDetectorNode
        """

        # super
        kwargs.update(energy_func=sp.square,
                      threshold_base='signal',
                      threshold_func=sp.var)
        super(SDSqrNode, self).__init__(**kwargs)



[docs]class SDMteoNode(ThresholdDetectorNode):
    """spike detector

    energy: multiresolution teager energy operator
    threshold: energy.std
    """

    def __init__(self, kvalues=[1, 3, 5, 7, 9], quantile=0.98, **kwargs):
        """
        :type kvalues: list
        :param kvalues: integers determining the kteo detectors to build the
        multiresolution teo from.
        :type quantile: float
        :param quantile: quantile of the MTeo output to use for threshold
        calculation.
        """

        # super
        kwargs.update(
            threshold_base='energy',
            threshold_factor=kwargs.get('threshold_factor', 0.96),
            min_dist=kwargs.get('min_dist', 5),
            ch_separate=True)
        super(SDMteoNode, self).__init__(**kwargs)

        # members
        self.kvalues = map(int, kvalues)
        self.quantile = quantile

    def _energy_func(self, x):
        return sp.vstack([mteo(x[:, c], kvalues=self.kvalues, condense=True)
                          for c in xrange(x.shape[1])]).T

    def _threshold_func(self, x):
        return mquantiles(x, prob=[self.quantile])[0]



[docs]class SDPeakNode(ThresholdDetectorNode):
    """spike detector

    energy: absolute of the signal
    threshold: signal.std
    """

    def __init__(self, **kwargs):
        """
        :Parameters:
            see ThresholdDetectorNode
        """

        # super
        kwargs.update(threshold_base='signal',
                      threshold_func=sp.std)
        super(SDPeakNode, self).__init__(**kwargs)

    def _threshold_func(self, x):
        return self.th_fac * x.std(axis=0)



[docs]class SDKteoNode(ThresholdDetectorNode):
    """spike detector

    energy: teager energy operator
    threshold: energy.std
    """

    def __init__(self, kvalue=1, quantile=0.98, **kwargs):
        """
        :Parameters:
            see ThresholdDetectorNode

            kvalue : int
                Integer determining the kteo detector resolution.
        """

        # super
        kwargs.update(
            threshold_base='energy',
            threshold_factor=kwargs.get('threshold_factor', 0.96),
            min_dist=kwargs.get('min_dist', 5),
            ch_separate=True)
        super(SDKteoNode, self).__init__(**kwargs)

        # members
        self.kvalue = int(kvalue)
        self.quantile = quantile

    def _energy_func(self, x):
        return sp.vstack([kteo(x[:, c], k=self.kvalue)
                          for c in xrange(x.shape[1])]).T

    def _threshold_func(self, x):
        return mquantiles(x, prob=[self.quantile])[0]



[docs]class SDIntraNode(ThresholdDetectorNode):
    """spike detector

    energy: identity
    threshold: zero
    """

    def __init__(self, **kwargs):
        """
        :Parameters:
            see ThresholdDetectorNode
        """

        # super
        kwargs.update(threshold_base='signal')
        super(SDIntraNode, self).__init__(**kwargs)

##  MAIN


if __name__ == '__main__':
    pass
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  Source code for botmpy.nodes.alignment

# -*- coding: utf-8 -*-
#_____________________________________________________________________________
#
# Copyright (c) 2012-2013, Berlin Institute of Technology
# All rights reserved.
#
# Developed by:	Philipp Meier <pmeier82@gmail.com>
#
#               Neural Information Processing Group (NI)
#               School for Electrical Engineering and Computer Science
#               Berlin Institute of Technology
#               MAR 5-6, Marchstr. 23, 10587 Berlin, Germany
#               http://www.ni.tu-berlin.de/
#
# Repository:   https://github.com/pmeier82/BOTMpy
#
# Permission is hereby granted, free of charge, to any person obtaining a copy
# of this software and associated documentation files (the "Software"), to
# deal with the Software without restriction, including without limitation the
# rights to use, copy, modify, merge, publish, distribute, sublicense, and/or
# sell copies of the Software, and to permit persons to whom the Software is
# furnished to do so, subject to the following conditions:
#
# * Redistributions of source code must retain the above copyright notice,
#   this list of conditions and the following disclaimers.
# * Redistributions in binary form must reproduce the above copyright notice,
#   this list of conditions and the following disclaimers in the documentation
#   and/or other materials provided with the distribution.
# * Neither the names of Neural Information Processing Group (NI), Berlin
#   Institute of Technology, nor the names of its contributors may be used to
#   endorse or promote products derived from this Software without specific
#   prior written permission.
#
# THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
# IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
# FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
# CONTRIBUTORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
# LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING
# FROM, OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS
# WITH THE SOFTWARE.
#_____________________________________________________________________________
#
# Acknowledgements:
#   Philipp Meier <pmeier82@gmail.com>
#_____________________________________________________________________________
#
# Changelog:
#   * <iso-date> <identity> :: <description>
#_____________________________________________________________________________
#

"""initialization - alignment of spike waveform sets"""
__docformat__ = 'restructuredtext'
__all__ = ['AlignmentNode']

## IMPORTS

import scipy as sp
from scipy.signal import resample
from .base_nodes import ResetNode

## CLASSES

[docs]class AlignmentNode(ResetNode):
    """aligns a set of spikes on the mean waveform of the set"""

    ## constructor

    def __init__(self, nchan=4, max_rep=32, max_tau=10, resample_factor=None,
                 cut_down=True, dtype=sp.float32, debug=False):
        """
        :Parameters:
            nchan : int
                channel count
                Default=4
            max_rep : int
                maximum repetitions
                Default=32
            max_tau : int
                upper bound for the shifting. will shift from -tau to +tau
                Default=10
            resample_factor : float or None
                before shifting, resample with this factor. after return
                resample with inverse of this factor, if None ignore
                Default=None
            cut_down: bool
                If True, cut down to original size, stripping the padding
                dimensions. If False, return with the padding dimensions.
                Default=True
            dtype : scipy.dtype
                dtype for the internal calculations
                Default=scipy.float32
            debug : bool
                If True, be verbose.
                Defult=False
        """

        # super
        super(AlignmentNode, self).__init__(dtype=dtype)

        # members
        self.nchan = int(nchan)
        self.tau = None
        self.spikes = None
        self.debug = bool(debug)
        self.max_rep = int(max_rep)
        self.max_tau = int(max_tau)
        self.resample_factor = None
        if resample_factor is not None:
            self.resample_factor = float(resample_factor)
        self.cut_down = bool(cut_down)

    ## node implementation

[docs]    def is_invertable(self):
        return False


[docs]    def is_trainable(self):
        return False


    def _reset(self):
        self.tau = None
        self.spikes = None

    def _execute(self, x):
        # inits
        n, dim = x.shape
        if n < 2:
            raise ValueError('too few spikes to align')

        self.spikes = sp.zeros((n, dim + 2 * self.max_tau * self.nchan))
        self.tau = sp.zeros(n)

        # put spikes in, resample and extrapolate
        idx_base = sp.arange(dim / self.nchan)
        spike_idx = []
        for c in xrange(self.nchan):
            spike_idx += (
                idx_base +
                c * dim / self.nchan +
                (2 * c + 1) * self.max_tau
                ).tolist()
        self.spikes[:, spike_idx] = x
        if self.resample_factor is not None:
            if self.debug is True:
                print 'upsampling by %f' % self.resample_factor
            self.spikes = resample(
                self.spikes,
                self.spikes.shape[1] * self.resample_factor,
                axis=1
            )
            self.max_tau *= self.resample_factor
            self.max_tau = int(self.max_tau)
            if self.debug is True:
                print 'upsampled size: %d, maxtau: %d' % (self.spikes
                                                          .shape[1],
                                                          self.max_tau)

        # get the mean spike and start iteration
        mean_spike = self.spikes.mean(axis=0)

        changes = sp.inf
        cur_rep = 0
        while cur_rep < self.max_rep and changes > n * 0.005:
            changes = 0
            q_avg = 0.0
            for s in xrange(n):
                # take the current spike out of the mean
                mean_spike -= self.spikes[s, :] / n
                # fit quality
                q_max = 0.0
                best_tau = 0
                for tau in xrange(-self.max_tau, self.max_tau + 1):
                    # shift the current spike and compute distance to the mean
                    shifted_spike = shift_row(self.spikes[s, :], tau)
                    q_tau = sp.absolute(sp.dot(mean_spike, shifted_spike))
                    if q_tau > q_max or q_max == 0.0:
                        best_tau = tau
                        q_max = q_tau
                if best_tau != 0:
                    # apply shift
                    self.spikes[s, :] = shift_row(self.spikes[s, :], best_tau)
                    self.tau[s] += best_tau
                    changes += 1
                q_avg += q_max

                # put the shifted spike back into the mean
                mean_spike += self.spikes[s, :] / n

            cur_rep += 1
            if self.debug is True:
                print '\t[%s] -> qual=%.4f (*%d)' % (
                cur_rep, q_avg / n, changes)

        # get rid of the padding and resampling
        if self.resample_factor is not None:
            if self.debug is True:
                print 'downsampling again'
            self.spikes = resample(
                self.spikes,
                self.spikes.shape[1] * 1.0 / self.resample_factor,
                axis=1
            )
            # correct taus
            self.tau = (self.tau / self.resample_factor).round().astype(int)
        if self.cut_down is True:
            self.spikes = self.spikes[:, spike_idx]

        # return aligned spikes
        return self.spikes

## HELPERS


def shift_row(row, shift):
    if shift == 0:
        return row
    if shift > 0:
        return sp.concatenate(([0] * shift, row[:-shift]))
    else:
        return sp.concatenate((row[-shift:], [0] * -shift))

## MAIN

if __name__ == '__main__':
    pass
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  Source code for botmpy.common.funcs_spike

# -*- coding: utf-8 -*-
#_____________________________________________________________________________
#
# Copyright (c) 2012-2013, Berlin Institute of Technology
# All rights reserved.
#
# Developed by:	Philipp Meier <pmeier82@gmail.com>
#
#               Neural Information Processing Group (NI)
#               School for Electrical Engineering and Computer Science
#               Berlin Institute of Technology
#               MAR 5-6, Marchstr. 23, 10587 Berlin, Germany
#               http://www.ni.tu-berlin.de/
#
# Repository:   https://github.com/pmeier82/BOTMpy
#
# Permission is hereby granted, free of charge, to any person obtaining a copy
# of this software and associated documentation files (the "Software"), to
# deal with the Software without restriction, including without limitation the
# rights to use, copy, modify, merge, publish, distribute, sublicense, and/or
# sell copies of the Software, and to permit persons to whom the Software is
# furnished to do so, subject to the following conditions:
#
# * Redistributions of source code must retain the above copyright notice,
#   this list of conditions and the following disclaimers.
# * Redistributions in binary form must reproduce the above copyright notice,
#   this list of conditions and the following disclaimers in the documentation
#   and/or other materials provided with the distribution.
# * Neither the names of Neural Information Processing Group (NI), Berlin
#   Institute of Technology, nor the names of its contributors may be used to
#   endorse or promote products derived from this Software without specific
#   prior written permission.
#
# THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
# IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
# FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
# CONTRIBUTORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
# LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING
# FROM, OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS
# WITH THE SOFTWARE.
#_____________________________________________________________________________
#
# Acknowledgements:
#   Philipp Meier <pmeier82@gmail.com>
#_____________________________________________________________________________
#
# Changelog:
#   * <iso-date> <identity> :: <description>
#_____________________________________________________________________________
#


"""functions for spike sorting"""
__docformat__ = 'restructuredtext'
__all__ = [
    'threshold_detection', 'merge_epochs', 'invert_epochs',
    'epochs_from_binvec', 'epochs_from_spiketrain',
    'epochs_from_spiketrain_set', 'chunk_data', 'extract_spikes',
    'get_cut', 'snr_maha', 'snr_peak', 'snr_power', 'overlaps']

##  IMPORTS

import scipy as sp
from .util import *
from .funcs_general import sortrows

## FUNCTIONS

# event detection

[docs]def threshold_detection(data, th, min_dist=1, mode='gt', find_max=True):
    """detect events by applying a threshold to the data

    :type data: ndarray
    :param data: the 2d-data to apply the threshold on. channels are in the
        second dimension (columns).
        Required
    :type th: ndarray or list
    :param th: list of threshold values, one value per channel in the `data`
        Required
    :type min_dist: int
    :param min_dist: minimal distance two successive events have to be
        separated in samples, else the event is ignored.
        Default=1
    :type mode: str
    :param mode: one of 'gt' for greater than or 'lt' for less than. will
        determine how the threshold is applied.
        Default='gt'
    :type find_max: bool
    :param find_max: if True, will find the maximum for each event epoch, else
        will find the start for each event epoch.
        Default=True
    :rtype: ndarray
    :returns: event samples
    """

    # checks
    data = sp.asarray(data)
    if data.ndim != 2:
        if data.ndim == 1:
            data = sp.atleast_2d(data).T
        else:
            raise ValueError('data.ndim != 2')
    th = sp.asarray(th)
    if th.ndim != 1:
        raise ValueError('th.ndim != 1')
    if th.size != data.shape[1]:
        raise ValueError('thresholds have to match the data channel count')
    if mode not in ['gt', 'lt']:
        raise ValueError('unknown mode, use one of \'lt\' or \'gt\'')
    if min_dist < 1:
        min_dist = 1

    # inits
    rval = []
    ep_func = {'gt': lambda d, t: epochs_from_binvec(d > t).tolist(),
               'lt': lambda d, t: epochs_from_binvec(d < t).tolist(),
              }[mode]

    # per channel detection
    for c in xrange(data.shape[1]):
        epochs = ep_func(data[:, c], th[c])
        if len(epochs) == 0:
            continue
        for e in xrange(len(epochs)):
            rval.append(epochs[e][0])
            if find_max is True:
                rval[-1] += data[epochs[e][0]:epochs[e][1] + 1, c].argmax()
    rval = sp.asarray(rval, dtype=INDEX_DTYPE)

    # do we have events?
    if rval.size == 0:
        return rval

    # drop event duplicates by sorting and checking for min_dist
    rval.sort()
    rval = rval[sp.diff(sp.concatenate(([0], rval))) >= min_dist]

    # return
    return rval

## epoch handling functions


[docs]def 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.

    :param args: arbitrary count of epoch sets [[start, end]]
    :keyword 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]]
    """

    # checks
    for item in args:
        if not isinstance(item, (list, sp.ndarray)):
            raise ValueError('wrong inputs! lists and ndarrays allowed')

    # inits
    epochs = sortrows(sp.vstack(args)).tolist()
    if len(epochs) == 0:
        return sp.zeros((0, 2), dtype=INDEX_DTYPE)

    # rval_ovlp overlaps
    rval_ovlp = [epochs.pop(0)]
    k = 0
    while len(epochs) > 0:
        ep = epochs.pop(0)
        if ep[0] <= rval_ovlp[k][1] - 1:
            rval_ovlp[k] = [min(ep[0], rval_ovlp[k][0]),
                            max(ep[1], rval_ovlp[k][1])]
        else:
            k += 1
            rval_ovlp.append(ep)
    rval = rval_ovlp

    # rval_ovlp epochs with gaps smaller than minimum distance
    min_dist = int(kwargs.get('min_dist', 0))
    if min_dist > 0:
        rval_gaps = [rval_ovlp.pop(0)]
        while len(rval_ovlp) > 0:
            ep = rval_ovlp.pop(0)
            if ep[0] - rval_gaps[-1][1] < min_dist:
                rval_gaps[-1][1] = ep[1]
            else:
                rval_gaps.append(ep)
        rval = rval_gaps

    # return
    rval = sp.asarray(rval, dtype=INDEX_DTYPE)
    rval[rval[:, 0] < 0, :] = 0
    rval = rval[rval[:, 1] - rval[:, 0] > 0, :]
    return rval



[docs]def 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.

    :type epochs: ndarray
    :param epochs: epoch set to invert
    :type end: int
    :param end: 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
    """

    # checks
    if end is None:
        end = sp.iinfo(INDEX_DTYPE).max
    else:
        end = INDEX_DTYPE.type(end)

    # flip them
    rval = sp.vstack((
        sp.concatenate(([0], epochs[:, 1])),
        sp.concatenate((epochs[:, 0], [end])))).T
    return (rval[rval[:, 1] - rval[:, 0] > 0]).astype(INDEX_DTYPE)



[docs]def epochs_from_binvec(binvec):
    """returns the discrete epochs where the :binvec: is true

    :type binvec: ndarray
    :param binvec: one-domensinal boolean ndarray.
    :returns: ndarray - epoch set where :binvec: is True [[start, end]]
    """

    # early exit
    if not binvec.any():
        return sp.zeros((0, 2))

    # calculate
    output = sp.correlate(sp.concatenate(([0], binvec, [0])), [-1, 1], 'same')
    return sp.vstack((
        (output > 0).nonzero()[0] - 1,
        (output < 0).nonzero()[0] - 2)).T



[docs]def epochs_from_spiketrain(st, cut, end=None, with_corrected_st=False):
    """yields epoch set, given a spiketrain and cut parameter

    :type st: ndarray
    :param st: spiketrains as 1d array
    :type cut: tuple
    :param cut: 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.
    :type end: int
    :param 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
    :type with_corrected_st: bool
    :param with_corrected_st: 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
    """

    # checks
    st = sp.asarray(st)
    cut = get_cut(cut)
    if end is None:
        end = sp.iinfo(INDEX_DTYPE).max
    else:
        end = INDEX_DTYPE.type(end)

    # return the epochs for the spiketrain
    st_ok = (st >= cut[0]) * (st < end - cut[1])
    rval = sp.vstack((
        st[st_ok] - cut[0],
        st[st_ok] + cut[1])).T.astype(INDEX_DTYPE)
    if with_corrected_st is True:
        return rval, st[st_ok]
    else:
        return rval



[docs]def 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

    :type sts: dict
    :param sts: dict with the spiketrains for each unit in the set. none of
        the units in the spiketrain set may have the key 'noise'!
    :type cut: tuple
    :param cut: 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.
    :param 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.
    """

    # inits and checks
    if not isinstance(sts, dict):
        raise ValueError('sts has to be a set of spiketrains in a dict')
    rval = {}

    # get the spiketrain epochs
    for key in sts:
        rval[key] = epochs_from_spiketrain(sts[key], cut, end=end)

    # add the noise epochs
    rval['noise'] = invert_epochs(merge_epochs(*rval.values()), end=end)

    # return the epoch set
    return rval

## spike and data extraction


[docs]def chunk_data(data, epochs=None, invert=False):
    """returns a generator of chunks from data given epochs

    :type data: ndarray
    :param data: signal data [[samples, channels]]
    :type epochs: ndarray
    :param epochs: epoch set, positive mask
    :type invert: bool
    :param invert: invert epochs, negative mask instead of positive mask
    :returns: generator - data chunks as per :epochs:
    """

    # checks
    data = sp.asarray(data)
    if data.ndim != 2:
        data = sp.atleast_2d(data).T
    if epochs is not None:
        if epochs.ndim != 2:
            raise ValueError('epochs has to be ndim=2 like [[start,end]]')
    if invert is True and epochs is not None:
        epochs = invert_epochs(epochs, end=data.shape[0])
    if epochs is None or len(epochs) == 0:
        epochs = [[0, data.shape[0]]]

    # yield data chunks
    for ep in epochs:
        yield data[ep[0]:ep[1], :], list(ep)



[docs]def extract_spikes(data, epochs, mc=False):
    """extract spike waveforms of size tf from data

    :type data: ndarray
    :param data: signal data [[samples, channels]]
    :type epochs: ndarray
    :param epochs: spike epoch set [[start,end]]
    :type mc: bool
    :param mc: if True, extract multi-channeled 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
    """

    # checks
    data = sp.asarray(data)
    if data.ndim != 2:
        raise ValueError('data has to be ndim==2')
    if epochs.ndim != 2:
        raise ValueError('epochs has to be ndim==2')

    # inits
    nspikes = epochs.shape[0]
    if epochs.shape[0] == 0:
        # early exit
        return sp.zeros((0, epochs.shape[1]))
    tf, nc = epochs[0, 1] - epochs[0, 0], data.shape[1]

    # extract
    if mc is True:
        rval = sp.zeros((nspikes, tf, nc), dtype=data.dtype)
    else:
        rval = sp.zeros((nspikes, tf * nc), dtype=data.dtype)
    for s in xrange(nspikes):
        for c in xrange(nc):
            clamp = 0
            if epochs[s, 1] > data.shape[0]:
                clamp = epochs[s, 1] - data.shape[0]
            if mc is True:
                rval[s, :tf - clamp, c] =\
                data[epochs[s, 0]:epochs[s, 1] - clamp, c]
            else:
                rval[s, c * tf:(c + 1) * tf - clamp] =\
                data[epochs[s, 0]:epochs[s, 1] - clamp, c]

    # return
    return rval



[docs]def 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.

    :type tf: int
    :param tf: length of the waveform in samples
    :type off: int
    :param off: offset for epoch start/end
        Default=0
    """
    if isinstance(tf, tuple):
        if len(tf) == 2:
            return tf[0] - int(off), tf[1] + int(off)
        else:
            raise ValueError('tuples have to be of length==2 for get_cut')
    elif isinstance(tf, int):
        return int(tf / 2.0) - int(off), int(tf / 2.0) + tf % 2 + int(off)
    else:
        raise TypeError('only int or tuple are allowed for get_cut')

## SNR functions - added by Felix 10. aug 2009


[docs]def 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.

    :type waveforms: ndarray
    :param waveforms: waveform data (signal), one per row
    :type noise_var: float
    :param noise_var: instantaneous variance of the noise (noise)
    :returns: ndarray - SNR per waveform
    """

    return sp.absolute(waveforms).max(axis=1) / sp.sqrt(noise_var)



[docs]def 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)

    :type waveforms: ndarray
    :param waveforms: waveform data (signal), one per row
    :type noise_var: float
    :param noise_var: instantaneous variance of the noise (noise)
    :returns: ndarray - SNR per waveform
    """

    denom = waveforms.shape[1] * noise_var
    return sp.sqrt((waveforms * waveforms).sum(axis=1) / denom)



[docs]def 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.

    :type waveforms: ndarray
    :param waveforms: waveform data (signal), one per row
    :type invC: ndarray
    :param invC: inverted noise covariance matrix (a block toeplitz matrix)
    :type mu: ndarray
    :param mu: mean correction. Usually we assume zero-mean waveforms,
        so if this is None it will be ignored.
        Default=None
    :returns: ndarray - SNR per waveform
    """

    # inits and checks
    n, dim = waveforms.shape
    if dim != invC.shape[0] or dim != invC.shape[1]:
        raise ValueError('dimension mismatch for waveforms and covariance')
    rval = sp.zeros(n)

    # correct for mu
    if mu is not None:
        if mu.shape != (dim,):
            raise ValueError('dimension mismatch for waveforms and mu')
        waveforms -= mu

    # compute
    for i in xrange(n):
        rval[i] = sp.dot(sp.dot(waveforms[i], invC), waveforms[i].T)
        rval[i] /= float(dim)
    return sp.sqrt(rval)

## data processing algorithms


[docs]def 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.

    :type sts: dict
    :param sts: spike train set
    :type window: int
    :param window: overlap window size
    :returns: dict - boolean spike train set
    """

    # inits
    n = len(sts)
    ovlp, ovlp_nums = {}, {}
    for k in sts.keys():
        ovlp[k] = sp.zeros(sts[k].shape, dtype=bool)
        ovlp_nums[k] = 0

    # run over all pairs of spike trains in sts
    for i in xrange(n):
        i_ = sts.keys()[i]
        trainI = sts[i_]
        for j in xrange(i + 1, n):
            # for every pair run over all spikes in i and check if a spike
            # in j overlaps
            j_ = sts.keys()[j]
            trainJ = sts[j_]

            for spkI, spk in enumerate(trainI):
                d = trainJ - spk
                overlap_indices = sp.absolute(d) < window
                if not sum(overlap_indices):
                    continue

                ovlp[i_][spkI] = True
                ovlp[j_][overlap_indices] = True

    return ovlp, ovlp_nums

##  MAIN


if __name__ == '__main__':
    pass
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  Source code for botmpy.nodes.base_nodes

# -*- coding: utf-8 -*-
#_____________________________________________________________________________
#
# Copyright (c) 2012-2013, Berlin Institute of Technology
# All rights reserved.
#
# Developed by:	Philipp Meier <pmeier82@gmail.com>
#
#               Neural Information Processing Group (NI)
#               School for Electrical Engineering and Computer Science
#               Berlin Institute of Technology
#               MAR 5-6, Marchstr. 23, 10587 Berlin, Germany
#               http://www.ni.tu-berlin.de/
#
# Repository:   https://github.com/pmeier82/BOTMpy
#
# Permission is hereby granted, free of charge, to any person obtaining a copy
# of this software and associated documentation files (the "Software"), to
# deal with the Software without restriction, including without limitation the
# rights to use, copy, modify, merge, publish, distribute, sublicense, and/or
# sell copies of the Software, and to permit persons to whom the Software is
# furnished to do so, subject to the following conditions:
#
# * Redistributions of source code must retain the above copyright notice,
#   this list of conditions and the following disclaimers.
# * Redistributions in binary form must reproduce the above copyright notice,
#   this list of conditions and the following disclaimers in the documentation
#   and/or other materials provided with the distribution.
# * Neither the names of Neural Information Processing Group (NI), Berlin
#   Institute of Technology, nor the names of its contributors may be used to
#   endorse or promote products derived from this Software without specific
#   prior written permission.
#
# THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
# IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
# FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
# CONTRIBUTORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
# LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING
# FROM, OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS
# WITH THE SOFTWARE.
#_____________________________________________________________________________
#
# Acknowledgements:
#   Philipp Meier <pmeier82@gmail.com>
#_____________________________________________________________________________
#
# Changelog:
#   * <iso-date> <identity> :: <description>
#_____________________________________________________________________________
#

"""abstract base classes derived from MDP nodes"""
__docformat__ = "restructuredtext"
__all__ = ["Node", "ResetNode", "TrainingResetMixin", "PCANode"]

## IMPORTS

# MPD environ settings to stop it importing all sorts of packages

import os

os.environ["MDP_DISABLE_PARALLEL_PYTHON"] = "True"
os.environ["MDP_DISABLE_MONKEYPATCH_PP"] = "True"
os.environ["MDP_DISABLE_SHOGUN"] = "True"
os.environ["MDP_DISABLE_LIBSVM"] = "True"
os.environ["MDP_DISABLE_JOBLIB"] = "True"
os.environ['MDP_DISABLE_SKLEARN'] = "True"

# MPD DONE

from mdp import Node
from mdp.nodes import PCANode

## CLASSES

[docs]class TrainingResetMixin(object):
    """allows :py:class:`mdp.Node` to reset to training state

    This is a mixin class for subclasses of :py:class:`mdp.Node`. To use it
    inherit from :py:class:`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).
    """

    ## additional interface

[docs]    def reset(self):
        """reset handler, calls the reset hook and resets to training phase"""

        # reset training capability
        self._train_phase = 0
        self._train_phase_started = False
        self._training = True
        self._reset()


    def _reset(self):
        pass



[docs]class ResetNode(TrainingResetMixin, Node):
    pass

## MAIN


if __name__ == "__main__":
    pass

## EOF
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  Source code for botmpy.nodes.smoothing

# -*- coding: utf-8 -*-
#_____________________________________________________________________________
#
# Copyright (c) 2012-2013, Berlin Institute of Technology
# All rights reserved.
#
# Developed by:	Philipp Meier <pmeier82@gmail.com>
#
#               Neural Information Processing Group (NI)
#               School for Electrical Engineering and Computer Science
#               Berlin Institute of Technology
#               MAR 5-6, Marchstr. 23, 10587 Berlin, Germany
#               http://www.ni.tu-berlin.de/
#
# Repository:   https://github.com/pmeier82/BOTMpy
#
# Permission is hereby granted, free of charge, to any person obtaining a copy
# of this software and associated documentation files (the "Software"), to
# deal with the Software without restriction, including without limitation the
# rights to use, copy, modify, merge, publish, distribute, sublicense, and/or
# sell copies of the Software, and to permit persons to whom the Software is
# furnished to do so, subject to the following conditions:
#
# * Redistributions of source code must retain the above copyright notice,
#   this list of conditions and the following disclaimers.
# * Redistributions in binary form must reproduce the above copyright notice,
#   this list of conditions and the following disclaimers in the documentation
#   and/or other materials provided with the distribution.
# * Neither the names of Neural Information Processing Group (NI), Berlin
#   Institute of Technology, nor the names of its contributors may be used to
#   endorse or promote products derived from this Software without specific
#   prior written permission.
#
# THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
# IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
# FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
# CONTRIBUTORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
# LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING
# FROM, OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS
# WITH THE SOFTWARE.
#_____________________________________________________________________________
#
# Acknowledgements:
#   Philipp Meier <pmeier82@gmail.com>
#_____________________________________________________________________________
#
# Changelog:
#   * <iso-date> <identity> :: <description>
#_____________________________________________________________________________
#

"""smoothing algorithms for multi-channeled data"""

__docformat__ = 'restructuredtext'
__all__ = ['SmoothingNode', 'smooth']

## IMPORTS

import scipy as N
from .base_nodes import ResetNode

## CONSTANTS

FILTER_KERNELS = {
    5:N.array([-3, 12, 17, 12, -3]),
    7:N.array([-2, 3, 6, 7, 6, 3, -2]),
    9:N.array([-21, 14, 39, 54, 59, 54, 39, 14, -21]),
    11:N.array([-36, 9, 44, 69, 84, 89, 84, 69, 44, 9, -36])
}

## CLASSES

[docs]class SmoothingNode(ResetNode):
    """smooths the data using a gauss kernel of size 5 to 11"""

    ## constructor

    def __init__(self, size=5, input_dim=None, dtype=None):
        """
        :Parameters:
            size : int
                window size for the smoothing window
        """

        # super
        super(SmoothingNode, self).__init__(input_dim=input_dim, dtype=dtype)

        if size in FILTER_KERNELS:
            self.kernel = FILTER_KERNELS[size]
        else:
            raise ValueError('window must be in %s' % FILTER_KERNELS.keys())

    ## node implementation

[docs]    def is_invertable(self):
        return False


[docs]    def is_trainable(self):
        return False


    def _execute(self, x):
        rval = N.zeros_like(x)
        for c in xrange(x.shape[1]):
            rval[:, c] = N.convolve(x[:, c], self.kernel, 'same')
        return rval / self.kernel.sum()

## FUNCTIONS


def _basic_smooth(signal, kernel):
    """basic smoothing using the explicit kernel given

    :Parameters:
        signal : ndarray
            multi-channeled signal [data,channel]
        kernel : ndarray
            kernel used for smoothing
    """

    if kernel.size >= signal.shape[0]:
        raise ValueError('kernel window size larger than signal length')
    rval = N.zeros_like(signal)
    for i in xrange(signal.shape[1]):
        rval[:, i] = N.convolve(signal[:, i], kernel, 'same')
    return rval / kernel.sum()


[docs]def smooth(signal, window=5, kernel='gauss'):
    """smooth signal with kernel of type kernel and window size window

    :Parameters:
        signal : ndarray
            multi-channeled 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
    """

    if kernel not in ['gauss', 'box']:
        raise ValueError('kernel must be in %s' % ['gauss', 'box'])
    filter_kernel = None
    if kernel == 'gauss':
        if window not in FILTER_KERNELS:
            raise ValueError('window must be in %s' % FILTER_KERNELS.keys())
        filter_kernel = FILTER_KERNELS[window]
    elif kernel == 'box':
        filter_kernel = N.ones(window)
    return _basic_smooth(signal, filter_kernel)

##  MAIN


if __name__ == '__main__':
    pass
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  Source code for botmpy.common.matrix_ops

# -*- coding: utf-8 -*-
#_____________________________________________________________________________
#
# Copyright (c) 2012-2013, Berlin Institute of Technology
# All rights reserved.
#
# Developed by:	Philipp Meier <pmeier82@gmail.com>
#
#               Neural Information Processing Group (NI)
#               School for Electrical Engineering and Computer Science
#               Berlin Institute of Technology
#               MAR 5-6, Marchstr. 23, 10587 Berlin, Germany
#               http://www.ni.tu-berlin.de/
#
# Repository:   https://github.com/pmeier82/BOTMpy
#
# Permission is hereby granted, free of charge, to any person obtaining a copy
# of this software and associated documentation files (the "Software"), to
# deal with the Software without restriction, including without limitation the
# rights to use, copy, modify, merge, publish, distribute, sublicense, and/or
# sell copies of the Software, and to permit persons to whom the Software is
# furnished to do so, subject to the following conditions:
#
# * Redistributions of source code must retain the above copyright notice,
#   this list of conditions and the following disclaimers.
# * Redistributions in binary form must reproduce the above copyright notice,
#   this list of conditions and the following disclaimers in the documentation
#   and/or other materials provided with the distribution.
# * Neither the names of Neural Information Processing Group (NI), Berlin
#   Institute of Technology, nor the names of its contributors may be used to
#   endorse or promote products derived from this Software without specific
#   prior written permission.
#
# THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
# IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
# FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
# CONTRIBUTORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
# LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING
# FROM, OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS
# WITH THE SOFTWARE.
#_____________________________________________________________________________
#
# Acknowledgements:
#   Philipp Meier <pmeier82@gmail.com>
#_____________________________________________________________________________
#
# Changelog:
#   * <iso-date> <identity> :: <description>
#_____________________________________________________________________________
#


"""matrix operations"""
__docformat__ = 'restructuredtext'
__all__ = ['matrix_cond', 'diagonal_loading', 'coloured_loading',
           'matrix_argmax', 'matrix_argmin']

# TODO: should we enforce square matrices for all ops?

## IMPORTS

import scipy as sp
from scipy import linalg as sp_la

## CONSTANTS

SUFFICIENT_CONDITION = 50

## FUNCTIONS

def matrix_pos_def(mat):
    """checks if the matrix is positive definite

    :type mat: ndarray
    :param mat: input matrix
    :returns: True if p.d., False else
    """

    mat = sp.atleast_2d(mat)
    if mat.ndim != 2:
        raise ValueError('expected matrix')
    if mat.size == 0:
        raise ValueError('undefined for empty matrix')
    try:
        sv = sp_la.svd(mat, compute_uv=False)
        return sp.all(sv > 0.0)
    except:
        return False


[docs]def matrix_cond(mat):
    """yield the matrix condition number w.r.t. l2-norm (using svd)

    :type mat: ndarray
    :param mat: input matrix
    :returns: float - condition number of :mat: or :inf: on error
    """

    mat = sp.atleast_2d(mat)
    if mat.ndim != 2:
        raise ValueError('expected matrix')
    if mat.size == 0:
        raise ValueError('undefined for empty matrix')
    try:
        sv = sp_la.svd(mat, compute_uv=False)
        return compute_matrix_cond(sv)
    except:
        return sp.inf



def compute_matrix_cond(sv):
    """yield matrix condition number w.r.t. l2-norm given singular values

    :type sv: ndarray
    :param sv: vector of singular values sorted s.t. :sv[i]: >= :sv[i+1]:
    :returns: float - condition number of :mat: or :inf: on error
    """

    sv = sp.atleast_1d(sv)
    if sv.size == 0:
        raise ValueError('undefined for empty list')
    try:
        return sp.absolute(sv[0] / sv[-1])
    except:
        return sp.inf


[docs]def diagonal_loading(mat, target_cond=SUFFICIENT_CONDITION,
                     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!

    :type mat: ndarray
    :param mat: input matrix
    :type target_cond: float
    :param target_cond: condition number to archive after loading
    :type overwrite_mat: bool
    :param overwrite_mat: if True, operate inplace and overwrite :mat:
    :returns: ndarray - matrix like :mat: conditioned s.t. cond = target_cond
    """

    mat = sp.atleast_2d(mat)
    if mat.size == 0:
        raise ValueError('undefined for empty matrix')
    svd = sp_la.svd(mat)
    return compute_diagonal_loading(mat, svd, target_cond, overwrite_mat)



def compute_diagonal_loading(mat, svd, target_cond=SUFFICIENT_CONDITION,
                             overwrite_mat=False):
    """tries to condition :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!

    :type mat: ndarray
    :param mat: input matrix
    :type svd: tuple
    :param svd: return tuple of svd(:mat:) - consistency will not be checked!
    :type target_cond: float
    :param target_cond: condition number to archive after loading
    :type overwrite_mat: bool
    :param overwrite_mat: if True, operate inplace and overwrite :mat:
    :returns: ndarray - matrix like :mat: conditioned s.t. cond = target_cond
    """

    sv = svd[1]
    if target_cond == 1.0:
        return sp.eye(mat.shape[0], mat.shape[1])
    if target_cond > compute_matrix_cond(sv):
        return mat
    if overwrite_mat is True:
        rval = mat
    else:
        rval = mat.copy()
    alpha = (sv[0] - target_cond * sv[-1]) / (target_cond - 1)
    return rval + alpha * sp.eye(rval.shape[0], rval.shape[1])


[docs]def coloured_loading(mat, target_cond=SUFFICIENT_CONDITION,
                     overwrite_mat=False):
    """tries to condition :mat: by inflating the badly conditioned subspace
    of :mat: using a spherical constraint.

    :type mat: ndarray
    :param mat: input matrix
    :type target_cond: float
    :param target_cond: condition number to archive after loading
    :type overwrite_mat: bool
    :param overwrite_mat: if True, operate inplace and overwrite :mat:
    :returns: ndarray - matrix like :mat: conditioned s.t. cond = target_cond
    """

    mat = sp.atleast_2d(mat)
    if mat.size == 0:
        raise ValueError('undefined for empty matrix')
    svd = sp_la.svd(mat)
    return compute_coloured_loading(mat, svd, target_cond, overwrite_mat)



def compute_coloured_loading(mat, svd, target_cond=SUFFICIENT_CONDITION,
                             overwrite_mat=False):
    """tries to condition :mat: by inflating the badly conditioned subspace
    of :mat: using a spherical constraint.

    :type mat: ndarray
    :param mat: input matrix
    :type svd: tuple
    :param svd: return tuple of svd(:mat:) - consistency will not be checked!
    :type target_cond: float
    :param target_cond: condition number to archive after loading
    :type overwrite_mat: bool
    :param overwrite_mat: if True, operate inplace and overwrite :mat:
    :returns: ndarray - matrix like :mat: conditioned s.t. cond = target_cond
    """

    U, sv = svd[0], svd[1]
    if target_cond == 1.0:
        return sp.eye(mat.shape[0])
    if target_cond > compute_matrix_cond(sv):
        return mat
    if overwrite_mat is True:
        rval = mat
    else:
        rval = mat.copy()
    min_s = sv[0] / target_cond
    for i in xrange(sv.size):
        col_idx = -1 - i
        if sv[col_idx] < min_s:
            alpha = min_s - sv[col_idx]
            rval += alpha * sp.outer(U[:, col_idx], U[:, col_idx])
    return rval


[docs]def matrix_argmax(mat):
    """returns the indices (row,col) of the maximum value in :mat:

    :type mat: ndarray
    :param mat: input matrix
    :returns: tuple - (row,col) of the maximum value in :mat:
    """

    idx = sp.nanargmax(mat)
    j = int(idx % mat.shape[1])
    i = int(sp.floor(idx / mat.shape[1]))
    return i, j

    # XXX
    # DO NOT USE THIS VERSION; SINCE IT DOES NOT WORK IF THE EXTREMUM IS NOT
    # UNIQUE!
    # fout = []
    # for i in reversed(xrange(mat.ndim)):
    #     fout.append(mat.max(axis=i).argmax())
    # return tuple(fout)



[docs]def matrix_argmin(mat):
    """returns the indices (row,col) of the minimum value in :mat:

    :type mat: ndarray
    :param mat: input matrix
    :returns: tuple - (row,col) of the minimum value in :mat:
    """

    idx = sp.nanargmin(mat)
    j = int(idx % mat.shape[1])
    i = int(sp.floor(idx / mat.shape[1]))
    return i, j

    # XXX
    # DO NOT USE THIS VERSION; SINCE IT DOES NOT WORK IF THE EXTREMUM IS NOT
    # UNIQUE!
    # fout = []
    # for i in reversed(xrange(mat.ndim)):
    #     fout.append(mat.min(axis=i).argmin())
    # return tuple(fout)

## MAIN


if __name__ == '__main__':
    pass
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  Source code for botmpy.common.ringbuffer

# -*- coding: utf-8 -*-
#_____________________________________________________________________________
#
# Copyright (c) 2012-2013, Berlin Institute of Technology
# All rights reserved.
#
# Developed by:	Philipp Meier <pmeier82@gmail.com>
#
#               Neural Information Processing Group (NI)
#               School for Electrical Engineering and Computer Science
#               Berlin Institute of Technology
#               MAR 5-6, Marchstr. 23, 10587 Berlin, Germany
#               http://www.ni.tu-berlin.de/
#
# Repository:   https://github.com/pmeier82/BOTMpy
#
# Permission is hereby granted, free of charge, to any person obtaining a copy
# of this software and associated documentation files (the "Software"), to
# deal with the Software without restriction, including without limitation the
# rights to use, copy, modify, merge, publish, distribute, sublicense, and/or
# sell copies of the Software, and to permit persons to whom the Software is
# furnished to do so, subject to the following conditions:
#
# * Redistributions of source code must retain the above copyright notice,
#   this list of conditions and the following disclaimers.
# * Redistributions in binary form must reproduce the above copyright notice,
#   this list of conditions and the following disclaimers in the documentation
#   and/or other materials provided with the distribution.
# * Neither the names of Neural Information Processing Group (NI), Berlin
#   Institute of Technology, nor the names of its contributors may be used to
#   endorse or promote products derived from this Software without specific
#   prior written permission.
#
# THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
# IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
# FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
# CONTRIBUTORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
# LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING
# FROM, OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS
# WITH THE SOFTWARE.
#_____________________________________________________________________________
#
# Acknowledgements:
#   Philipp Meier <pmeier82@gmail.com>
#_____________________________________________________________________________
#
# Changelog:
#   * <iso-date> <identity> :: <description>
#_____________________________________________________________________________
#


"""matrix based ringbuffer implementation"""
__docformat__ = 'restructuredtext'
__all__ = ['MxRingBuffer']

## IMPORTS

import scipy as sp

## CLASSES

[docs]class MxRingBuffer(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.
    """

    ## constructor

    def __init__(self, capacity=64, dimension=1, dtype=None):
        """
        :type capacity: int
        :param capacity: capacity of the ringbuffer (rows)
            Default=64
        :type dimension: tuple or int
        :param dimension: dimensionality of the items to store in the
            ringbuffer. If int, this will be converted internally to (int,)
            Default=1
        :type dtype: dtype resolvable
        :param dtype: dtype of single entries
            Default=float32
        """

        # checks
        if capacity < 1:
            raise ValueError('capacity < 1')
        if isinstance(dimension, int):
            dimension = (dimension,)
        elif isinstance(dimension, tuple):
            pass
        else:
            raise ValueError('dimension has to be tuple or int')

        # members
        self._capacity = int(capacity)
        self._dimension = dimension
        self._dtype = sp.dtype(dtype or sp.float32)
        self._data = sp.empty((self._capacity,) + self._dimension,
                              dtype=self._dtype)
        self._next = 0
        self._full = False

        # mapping prototypes
        self._idx_belowcap_proto = lambda:range(self._next)
        self._idx_fullcap_proto =\
        lambda:range(self._next, self._capacity) + range(self._next)

        # mappings
        self._idx_append = self._idx_fullcap_proto
        self._idx_retrieve = self._idx_belowcap_proto

    ## properties

[docs]    def get_dimension(self):
        return self._dimension


    dimension = property(get_dimension)

[docs]    def get_is_full(self):
        return self._full


    is_full = property(get_is_full)

[docs]    def get_capacity(self):
        return self._capacity


[docs]    def set_capacity(self, value):
        if not isinstance(value, int):
            raise ValueError('takes integer as argument')
        if value < 1:
            raise ValueError('capacity < 1')
        hist = min(len(self), value)
        old_data = self[-hist:].copy()
        self._capacity = value
        self._data = sp.zeros((self._capacity,) + self._dimension,
                              dtype=self._dtype)
        self.clear()
        self.extend(old_data[:hist])


    capacity = property(get_capacity, set_capacity)

    ## methods interface

[docs]    def append(self, datum):
        """append one datum at the end of the buffer, overwriting the oldest
        datum in the buffer if the capacity has been reached.

        :type datum: ndarray
        :param datum: ndarray of shape :self.dimension:
        """

        # checks
        datum = sp.asarray(datum)
        if datum.shape != self._dimension:
            raise ValueError('datum has wrong dimension! expected %s was %s' %
                             (self._dimension, datum.shape))

        # append
        self._data[self._idx_append()[0], :] = datum

        # index and capacity status bookkeeping
        self._next += 1
        if self._next == self._capacity:
            self._next = 0
            if self._full is False:
                self._idx_retrieve = self._idx_fullcap_proto
                self._full = True


[docs]    def extend(self, iterable):
        """append iterable at the end of the buffer using multiple append's

        :type iterable: iterable
        :param iterable: iterable of objects to be stored in the ringbuffer
        """

        for item in iterable:
            self.append(item)


[docs]    def tolist(self):
        """return the buffer as a list

        :returns: list- the buffer as a python list
        """

        return self._data.tolist()


[docs]    def clear(self):
        """clears the data and resets internals"""

        self._next = 0
        self._full = False
        self._idx_retrieve = self._idx_belowcap_proto
        self._data[:] = 0.0


[docs]    def flush(self):
        """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
        """

        try:
            return self[:].tolist()
        finally:
            self.clear()


[docs]    def mean(self, last=None):
        """yields the mean over the :last: entries

        :type last: int
        :param last: 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.
        """

        # checks
        if len(self) == 0:
            # XXX: changed to just zeros(dim, dtype)
            # return sp.mean(sp.zeros(self._dimension, dtype=self._dtype),
            #                axis=0)
            return sp.zeros(self._dimension, dtype=self._dtype)
        if last is None or last > len(self):
            last = len(self)

        # return
        return sp.mean(self._data[self._idx_retrieve()[-last:], :], axis=0)


[docs]    def fill(self, datum):
        """fill all slots of the ringbuffer with the same datum.

        :type datum: ndarray
        :param daaum: ndarray of shape :self.dimension:
        """

        # checks
        datum = sp.asarray(datum)
        if datum.shape != self._dimension:
            raise ValueError('datum has wrong dimension! expected %s was' %
                             (self._dimension, datum.shape))

        # append
        self._data[:] = 1.0
        self._data *= datum

        # index and capacity status bookkeeping
        self._next = 0
        if self._full is False:
            self._idx_retrieve = self._idx_fullcap_proto
            self._full = True

    ## special methods


    def __str__(self):
        nitems = self._capacity
        if self._full is False:
            nitems = self._next
        return 'MxRingbuffer{items:%s - cap:%s@%s}' % (nitems,
                                                       self._capacity,
                                                       str(self._dimension))

    def __len__(self):
        return len(self._idx_retrieve())

    def __getitem__(self, k):
        try:
            idx = self._idx_retrieve()[k]
            return self._data[idx, ...]
        except IndexError:
            raise IndexError('ringbuffer index out of range')

    def __iter__(self):
        return self._data[self._idx_retrieve(), ...].__iter__()

## MAIN


if __name__ == '__main__':
    pass
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  Source code for botmpy.nodes.filter_bank

# -*- coding: utf-8 -*-
#_____________________________________________________________________________
#
# Copyright (c) 2012-2013, Berlin Institute of Technology
# All rights reserved.
#
# Developed by:	Philipp Meier <pmeier82@gmail.com>
#
#               Neural Information Processing Group (NI)
#               School for Electrical Engineering and Computer Science
#               Berlin Institute of Technology
#               MAR 5-6, Marchstr. 23, 10587 Berlin, Germany
#               http://www.ni.tu-berlin.de/
#
# Repository:   https://github.com/pmeier82/BOTMpy
#
# Permission is hereby granted, free of charge, to any person obtaining a copy
# of this software and associated documentation files (the "Software"), to
# deal with the Software without restriction, including without limitation the
# rights to use, copy, modify, merge, publish, distribute, sublicense, and/or
# sell copies of the Software, and to permit persons to whom the Software is
# furnished to do so, subject to the following conditions:
#
# * Redistributions of source code must retain the above copyright notice,
#   this list of conditions and the following disclaimers.
# * Redistributions in binary form must reproduce the above copyright notice,
#   this list of conditions and the following disclaimers in the documentation
#   and/or other materials provided with the distribution.
# * Neither the names of Neural Information Processing Group (NI), Berlin
#   Institute of Technology, nor the names of its contributors may be used to
#   endorse or promote products derived from this Software without specific
#   prior written permission.
#
# THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
# IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
# FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
# CONTRIBUTORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
# LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING
# FROM, OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS
# WITH THE SOFTWARE.
#_____________________________________________________________________________
#
# Acknowledgements:
#   Philipp Meier <pmeier82@gmail.com>
#_____________________________________________________________________________
#
# Changelog:
#   * <iso-date> <identity> :: <description>
#_____________________________________________________________________________
#

"""implementation of a filter bank consisting of a set of filters"""

from Queue import Queue
import ctypes as ctypes
import platform
from threading import Thread

__docformat__ = 'restructuredtext'
__all__ = ['FilterBankError', 'FilterBankNode']

## IMPORTS

import logging
import scipy as sp
from .base_nodes import Node
from .linear_filter import FilterNode, REMF
from ..common import (TimeSeriesCovE, xi_vs_f, VERBOSE)

## CLASSES

[docs]class FilterBankError(Exception):
    pass



[docs]class FilterBankNode(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".
    """

    ## constructor

    def __init__(self, **kwargs):
        """see `mdp.Node`

        :type ce: TimeSeriesCovE
        :keyword ce: covariance estimator instance, if None a new instance
            will be created and initialised with the identity matrix
            corresponding to the template size.
            required
        :type chan_set: tuple
        :keyword chan_set: tuple of int designating the subset of channels
            this filter bank operates on. Defaults to all the channels of
            the input data, as determined by the max chan_set of the covariance
            estimator.
            Default=tuple(range(nc))
        :type filter_cls: FilterNode
        :keyword filter_cls: the class of filter node to use for the filter
            bank, this must be a subclass of 'FilterNode'.
            required
        :type rb_cap: int
        :keyword rb_cap: capacity of the ringbuffer that stored observations
            for the filters to calculate the mean template.
            Default=350
        :type tf: int
        :keyword tf: temporal extend of the filters in the filter bank in
            samples.
            Default=47
        :type verbose: int
        :keyword verbose: verbosity level, 0:none, >1: print .. ref `VERBOSE`
            Default=0
        """

        # kwargs
        ce = kwargs.pop('ce', None)
        chan_set = kwargs.pop('chan_set', None)
        filter_cls = kwargs.pop('filter_cls', REMF)
        rb_cap = kwargs.pop('rb_cap', 350)
        tf = kwargs.pop('tf', 47)
        verbose = kwargs.pop('verbose', 0)
        # everything not popped goes to mdp.Node.__init__ via super

        # checks
        if not issubclass(ce.__class__, TimeSeriesCovE):
            raise TypeError('\'ce\' of type TimeSeriesCovE is required!')
        if not issubclass(filter_cls, FilterNode):
            raise TypeError('\'filter_cls\' of type FilterNode is required!')
        if chan_set is None:
            chan_set = tuple(range(ce.get_nc()))

        # super
        super(FilterBankNode, self).__init__(**kwargs)

        # members
        self._tf = int(tf)
        self._nc = None
        self._chan_set = None
        self._xcorrs = None
        self._ce = None
        self._filter_cls = filter_cls
        self._rb_cap = int(rb_cap)
        self._idx_active_set = set()
        self.bank = {}
        self.verbose = VERBOSE(verbose)

        # set members
        self.cs = chan_set
        self.ce = ce

    ## properties static or protected

[docs]    def get_tf(self):
        return self._tf


    tf = property(get_tf, doc='temporal filter extend [samples]')

[docs]    def get_nc(self):
        return self._nc


    nc = property(get_nc, doc='number of channels')

[docs]    def get_nf(self, active=True):
        if active:
            return len(self._idx_active_set)
        else:
            return len(self.bank)


    nf = property(get_nf, doc='number of filters')

[docs]    def get_template_set(self, active=True, mc=True):
        key_set = self._idx_active_set if active else set(self.bank.keys())
        if not key_set:
            shape = (0, self._tf, self._nc) if mc else (0, self._tf * self._nc)
            return sp.zeros(shape, dtype=self.dtype)
        f_list = self._get_idx_set(key_set)
        return sp.asarray([f.xi if mc else f.xi_conc for f in f_list])


    template_set = property(get_template_set, doc='template set of active filters')

[docs]    def get_filter_set(self, active=True, mc=True):
        key_set = self._idx_active_set if active else set(self.bank.keys())
        if not key_set:
            shape = (0, self._tf, self._nc) if mc else (0, self._tf * self._nc)
            return sp.zeros(shape, dtype=self.dtype)
        f_list = self._get_idx_set(key_set)
        return sp.asarray([f.f if mc else f.f_conc for f in f_list])


    filter_set = property(get_filter_set, doc='filter set of active filters')

[docs]    def get_xcorrs(self):
        return self._xcorrs


    xcorrs = property(get_xcorrs, doc='cross correlation tensor for active filters')

[docs]    def get_xcorrs_at(self, idx0, idx1=None, shift=0):
        if self._xcorrs is None:
            return None
        return self._xcorrs[idx0, idx1 or idx0, self._tf - 1 + shift]


[docs]    def get_idx_for(self, key):
        return list(self._idx_active_set)[key]


    def _get_idx_set(self, key_set):
        return [self.bank[k] for k in key_set]

    ## properties public

[docs]    def get_chan_set(self):
        return self._chan_set


[docs]    def set_chan_set(self, value):
        self._chan_set = tuple(sorted(value))
        self._nc = len(self._chan_set)


    cs = property(get_chan_set, set_chan_set)

[docs]    def get_ce(self):
        return self._ce


[docs]    def set_ce(self, value):
        if not issubclass(value.__class__, TimeSeriesCovE):
            raise TypeError('Has to be of type %s' % TimeSeriesCovE)
        if value.tf_max < self._tf:
            raise ValueError('tf_max of cov_est is < than filter bank tf')
        if self._chan_set not in value.get_chan_set():
            raise FilterBankError('\'chan_set\' not present at \'ce\'!')

        # TODO: not sure how to solve this
        #if value.get_nc() < self._nc:
        #    raise ValueError('nc of cov_est is < than the filter bank nc')
        self._ce = value
        self._check_internals()


    ce = property(get_ce, set_ce)

    ## filter bank interface

[docs]    def reset_history(self):
        """sets the history to all zeros for all filters"""

        for filt in self.bank.values():
            filt.reset_history()


[docs]    def reset_rates(self):
        """resets the rate estimators for all filters (if applicable)"""

        for filt in self.bank.values():
            if hasattr(filt, 'rate'):
                filt.rate.reset()


[docs]    def create_filter(self, xi, check=True):
        """adds a new filter to the filter bank

        :type xi: ndarray
        :param xi: template to build the filter for
        """

        # check input
        xi = sp.asarray(xi, dtype=self.dtype)
        if xi.ndim != 2 or xi.shape != (self._tf, self._nc):
            raise FilterBankError(
                'template does not match the filter banks filter shape of %s' %
                str((self._tf, self._nc)))

        # build filter and add to filter bank
        new_f = self._filter_cls(self._tf,
            self._nc,
            self._ce,
            rb_cap=self._rb_cap,
            chan_set=self._chan_set,
            dtype=self.dtype)
        #new_f.fill_xi_buf(xi)
        new_f.append_xi_buf(xi)
        idx = 0
        if len(self.bank):
            idx = max(self.bank.keys()) + 1
        self.bank[idx] = new_f
        self._idx_active_set.add(idx)

        # return and check internals
        rval = True
        if check is True:
            rval = self._check_internals()
        return rval


[docs]    def deactivate(self, 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.
        """

        if idx in self.bank:
            self.bank[idx].active = False
            self._idx_active_set.discard(idx)
            if check is True:
                self._check_internals()
        else:
            logging.warn('no idx=%s in filter bank!' % idx)


[docs]    def activate(self, 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.
        """

        if idx in self.bank:
            self.bank[idx].active = True
            self._idx_active_set.add(idx)
            if check is True:
                self._check_internals()
        else:
            logging.warn('no idx=%s in filter bank!' % idx)


    def _check_internals(self):
        """triggers filter recalculation and rebuild xcorr tensor"""

        # check
        if self.verbose.has_print:
            print '_check_internals'
        if not self.bank:
            return

        # build filters
        for i in self._idx_active_set:
            self.bank[i].calc_filter()

        # build cross-correlation tensor
        self._xcorrs = xi_vs_f(
            self.get_template_set(mc=False),
            self.get_filter_set(mc=False),
            nc=self._nc)

    ## mpd.Node interface

[docs]    def is_invertible(self):
        return False


[docs]    def is_trainable(self):
        return False


    def _execute(self, x):
        if not self._idx_active_set:
            return sp.zeros((x.shape[0], 0), dtype=self.dtype)
        rval = sp.empty((x.shape[0], self.nf))
        for k, i in enumerate(self._idx_active_set):
            rval[:, k] = self.bank[i](x)
        return rval

    ## plotting methods

[docs]    def plot_xvft(self, ph=None, show=False):
        """plot the Xi vs F Tensor of the filter bank"""

        # get plotting tools
        try:
            from spikeplot import xvf_tensor, plt
        except ImportError:
            return None

        # check
        if self.nf == 0:
            logging.warn('skipping plot, no active units!')
            return None

        # init
        inlist = [self.get_template_set(mc=False),
                  self.get_filter_set(mc=False),
                  self._xcorrs]
        return xvf_tensor(inlist, nc=self._nc, plot_handle=ph, show=show)


[docs]    def plot_template_set(self, ph=None, show=False):
        """plot the template set in a waveform plot"""

        # get plotting tools
        try:
            from spikeplot import waveforms, plt
        except ImportError:
            return None

        # checks
        if self.nf == 0:
            logging.warn('skipping plot, no active units!')
            return None

        # init
        units = {}
        for k in self._idx_active_set:
            units[k] = self.bank[k]._xi_buf[:]

        return waveforms(
            units,
            tf=self._tf,
            plot_separate=True,
            plot_mean=True,
            plot_single_waveforms=True,
            plot_handle=ph, show=show)


[docs]    def plot_template_set2(self, show=False):
        """plot the template set in a waveform plot"""

        # get plotting tools
        try:
            from spikeplot import plt
        except ImportError:
            return None

        # checks
        if self.nf == 0:
            logging.warn('skipping plot, no active units!')
            return None

        # init
        f = plt.figure()
        y_min, y_max = 0, 0
        share = None
        for k, i in enumerate(self._idx_active_set):
            ax = f.add_subplot(self.nf, 1, k + 1, sharex=share, sharey=share)
            a, b = self.bank[i].plot_buffer_to_axis(axis=ax, idx=i)
            y_min = min(y_min, a)
            y_max = max(y_max, b)
            share = ax
        f.axes[0].set_ylim(y_min, y_max)

        if show is True:
            plt.show()
        return f


[docs]    def plot_filter_set(self, ph=None, show=False):
        """plot the filter set in a waveform plot"""

        # get plotting tools
        try:
            from spikeplot import waveforms
        except ImportError:
            return None

        # checks
        if self.nf == 0:
            logging.warn('skipping plot, no active units!')
            return None

        # init
        units = {}
        for k in self._idx_active_set:
            units[k] = sp.atleast_2d(self.bank[k].f_conc)

        return waveforms(
            units,
            tf=self._tf,
            plot_separate=True,
            plot_mean=False,
            plot_single_waveforms=False,
            plot_handle=ph, show=show)

    ## special methods


    __len__ = get_nf

## MAIN


if __name__ == '__main__':
    pass
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  Source code for botmpy.common.funcs_general

# -*- coding: utf-8 -*-
#_____________________________________________________________________________
#
# Copyright (c) 2012-2013, Berlin Institute of Technology
# All rights reserved.
#
# Developed by:	Philipp Meier <pmeier82@gmail.com>
#
#               Neural Information Processing Group (NI)
#               School for Electrical Engineering and Computer Science
#               Berlin Institute of Technology
#               MAR 5-6, Marchstr. 23, 10587 Berlin, Germany
#               http://www.ni.tu-berlin.de/
#
# Repository:   https://github.com/pmeier82/BOTMpy
#
# Permission is hereby granted, free of charge, to any person obtaining a copy
# of this software and associated documentation files (the "Software"), to
# deal with the Software without restriction, including without limitation the
# rights to use, copy, modify, merge, publish, distribute, sublicense, and/or
# sell copies of the Software, and to permit persons to whom the Software is
# furnished to do so, subject to the following conditions:
#
# * Redistributions of source code must retain the above copyright notice,
#   this list of conditions and the following disclaimers.
# * Redistributions in binary form must reproduce the above copyright notice,
#   this list of conditions and the following disclaimers in the documentation
#   and/or other materials provided with the distribution.
# * Neither the names of Neural Information Processing Group (NI), Berlin
#   Institute of Technology, nor the names of its contributors may be used to
#   endorse or promote products derived from this Software without specific
#   prior written permission.
#
# THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
# IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
# FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
# CONTRIBUTORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
# LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING
# FROM, OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS
# WITH THE SOFTWARE.
#_____________________________________________________________________________
#
# Acknowledgements:
#   Philipp Meier <pmeier82@gmail.com>
#_____________________________________________________________________________
#
# Changelog:
#   * <iso-date> <identity> :: <description>
#_____________________________________________________________________________
#


"""general utility functions"""
__docformat__ = 'restructuredtext'
__all__ = [
    'sortrows', 'vec2ten', 'ten2vec', 'mcvec_to_conc', 'mcvec_from_conc',
    'xcorr', 'shifted_matrix_sub', 'dict_sort_ndarrays',
    'dict_list_to_ndarray', 'get_idx']

##  IMPORTS

import scipy as sp
from scipy import linalg as sp_la

## FUNCTIONS

## general array operations

[docs]def sortrows(data):
    """sort matrix by rows

    :type data: ndarray
    :param data: ndarray that should be sorted by its rows
    :returns: ndarray - data sorted by its rows.
    """

    return sp.sort(
        data.view([('', data.dtype)] * data.shape[1]), axis=0
    ).view(data.dtype)



[docs]def vec2ten(data, nchan=4):
    """converts from templates/spikes that are concatenated across the
    channels to tensors that have an extra dim for the channels

    :type data: ndarray
    :param data: input array [templates][vars * channels]
    :type nchan: int
    :param nchan: count of channels
        Default=4
    :returns: ndarray - data converted to tensor [templates][vars][channels]
    """

    if data.ndim == 1:
        data = sp.atleast_2d(data)
    n, dim = data.shape

    if dim % nchan != 0:
        raise ValueError(
            'dim %s nchan != 0 !! dim=%s, nchan=%s' % (dim, nchan))
    tf = dim / nchan

    rval = sp.zeros((n, tf, nchan), data.dtype)

    for i in xrange(n):
        for c in xrange(nchan):
            rval[i, :, c] = data[i, c * tf:(c + 1) * tf]
    return rval



[docs]def ten2vec(data):
    """converts from templates/spikes that are not concatenated across the
    channels to vectors.

    :type data: ndarray
    :param data: input array [templates][vars][channels]
    :returns: ndarray- data converted to concatenated vectors
        [templates][channels * vars]
    """

    # init
    n, tf, nchan = data.shape
    rval = sp.zeros((n, nchan * tf), data.dtype)

    # transform
    for i in xrange(n):
        for c in xrange(nchan):
            rval[i, c * tf:(c + 1) * tf] = data[i, :, c]

    # return
    return rval



[docs]def mcvec_to_conc(x):
    """returns the concatenated vector for a multi-channeled vector

    :type x: ndarray
    :param x: multi-channeled vector in matrix form
    :returns: ndarray - multi-channeled vector in channel concatenated form
    """

    return x.T.flatten()



[docs]def mcvec_from_conc(x, nc=4):
    """returns the multi-channeled vector from a concatenated representation

    :type x: ndarray
    :param x: multi-channeled vector in channel concatenated form
    :type nc: int
    :param nc: channel count
    :returns: ndarray - multi-channeled vector in matrix form
    """

    nsamples = x.size / nc
    if nsamples != round(x.size / nc):
        raise ValueError('nc does not match the vector size!')
    return x.reshape(nc, nsamples).T



[docs]def 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.

    :type a: ndarray
    :param a: one-dimensional time series
    :type b: ndarray
    :param b: one-dimensional time series, if None :a: will be taken instead
        Default=None
    :type lag: int
    :param lag: lag up to which the cross correlation will be calculated. If
        None all possible lags (2*a.size-1) will be computed.
        Default=None
    :type normalise: bool
    :param normalise: if True, normalise
        Default=True
    :type unbiased: bool
    :param unbiased: 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:
    """

    # checks
    a = sp.asarray(a)
    if b is None:
        b = a
    else:
        b = sp.asarray(b)
    if not (a.ndim == b.ndim == 1):
        raise ValueError('a.ndim != b.ndim != 1')
    if a.size != b.size:
        raise ValueError('a.size != b.size')
    if a.size < 2:
        raise ValueError('a.size < 2')
    if lag is None:
        lag = int(a.size - 1)
    if lag > a.size - 1:
        raise ValueError('lag > vector size - 1')

    # init
    T = a.size
    lag_range = xrange(int(-lag), int(lag) + 1)
    rval = sp.empty(len(lag_range), dtype=a.dtype)

    # calc
    for tau in lag_range:
        rval[lag + tau] = sp.dot(a[max(0, +tau):min(T, T + tau)], b[max(0, -tau):min(T, T - tau)])

    # normalise
    if normalise is True:
        denom = sp.array([T] * len(lag_range))
        if unbiased is True:
            denom -= sp.absolute(lag_range)
        rval /= denom

    # return
    return rval



def xcorrv(a, b=None, lag=None, dtype=None):
    """vectorial cross correlation by taking the expectation over an outer product"""

    # checks
    a = sp.asarray(a)
    b = sp.asarray(b or a)
    if not (a.ndim == b.ndim):
        raise ValueError('a.ndim !== b.ndim')

    #if a.size != b.size:
    #    raise ValueError('a.size != b.size')
    #if a.size < 2:
    #    raise ValueError('a.size < 2')

    if lag is None:
        lag = int(a.shape[0] - 1)
    if lag > a.shape[0] - 1:
        raise ValueError('lag > vector len - 1')

    # init
    lag_range = xrange(int(-lag), int(lag) + 1)
    rval = sp.empty((a.shape[1], b.shape[1], len(lag_range)), dtype=dtype or a.dtype)

    # calc
    for tau in lag_range:
        prod = a.T[:, None, max(0, +tau):min(len(a), len(a) + tau)] *\
               b.T[None, :, max(0, -tau):min(len(b), len(b) - tau)].conj()
        rval[..., lag + tau] = prod.mean(axis=-1)

    # return
    return rval

## filtering and related processing

[docs]def 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

    :type data: ndarray
    :param data: data array to apply the subtractor to
    :type sub: ndarray
    :param sub: subtractor array
    :type tau: int
    :param tau: offset of :sub: w.r.t. start of :data:
    :type pad_val: float
    :param pad_val: value to use for the padding
        Default=0.0
    :return: ndarray - data minus sub at offset, len(data)
    """

    ns_data, nc_data = data.shape
    ns_sub, nc_sub = sub.shape
    if nc_data != nc_sub:
        raise ValueError('nc_data and nc_sub must agree!')
    tau = int(tau)
    data_sub = sp.empty_like(data)
    data_sub[:] = pad_val
    data_sub[max(0, tau):tau + ns_sub] = sub[max(0, -tau):ns_data - tau]
    return data - data_sub

## data structure utilities


[docs]def dict_list_to_ndarray(in_dict):
    """converts all lists in a dictionary to ndarray, works recursively

    :type in_dict: dict
    :param in_dict: dict to workd on
    :returns: dict - all list are converted to ndarray
    """

    for k in in_dict:
        if isinstance(in_dict[k], list):
            in_dict[k] = sp.asarray(in_dict[k])
        elif isinstance(in_dict[k], dict):
            in_dict[k] = dict_list_to_ndarray(in_dict[k])
        else:
            pass
    return in_dict



[docs]def dict_sort_ndarrays(in_dict):
    """sort all arrays in a dictionary, works recursively

    :type in_dict: dict
    :param in_dict: dict to work on
    :returns:
    """

    for k in in_dict:
        if isinstance(in_dict[k], sp.ndarray):
            # in_dict[k] = sp.sort(in_dict[k])
            in_dict[k] = sp.sort(in_dict[k])
        elif isinstance(in_dict[k], dict):
            in_dict[k] = dict_sort_ndarrays(in_dict[k])
        else:
            pass
    return in_dict

## index calculations


[docs]def get_idx(idxset, append=False):
    """yields the first free index in a positive integer index set

    :type append: bool
    :param append: if True, returns max(:idxset:)+1,
        else find the first free index in :idxset:
    :returns: int - the first free index
    """

    try:
        idxmax = max(idxset) + 1
        if append is True:
            return idxmax
        idxrange = sp.arange(idxmax)
        return idxrange[sp.nanargmin(sp.in1d(idxrange, idxset))]
    except:
        return 0

## MAIN


if __name__ == '__main__':
    pass
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  Source code for botmpy.common.funcs_filterutil

# -*- coding: utf-8 -*-
#_____________________________________________________________________________
#
# Copyright (c) 2012-2013, Berlin Institute of Technology
# All rights reserved.
#
# Developed by:	Philipp Meier <pmeier82@gmail.com>
#
#               Neural Information Processing Group (NI)
#               School for Electrical Engineering and Computer Science
#               Berlin Institute of Technology
#               MAR 5-6, Marchstr. 23, 10587 Berlin, Germany
#               http://www.ni.tu-berlin.de/
#
# Repository:   https://github.com/pmeier82/BOTMpy
#
# Permission is hereby granted, free of charge, to any person obtaining a copy
# of this software and associated documentation files (the "Software"), to
# deal with the Software without restriction, including without limitation the
# rights to use, copy, modify, merge, publish, distribute, sublicense, and/or
# sell copies of the Software, and to permit persons to whom the Software is
# furnished to do so, subject to the following conditions:
#
# * Redistributions of source code must retain the above copyright notice,
#   this list of conditions and the following disclaimers.
# * Redistributions in binary form must reproduce the above copyright notice,
#   this list of conditions and the following disclaimers in the documentation
#   and/or other materials provided with the distribution.
# * Neither the names of Neural Information Processing Group (NI), Berlin
#   Institute of Technology, nor the names of its contributors may be used to
#   endorse or promote products derived from this Software without specific
#   prior written permission.
#
# THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
# IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
# FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
# CONTRIBUTORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
# LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING
# FROM, OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS
# WITH THE SOFTWARE.
#_____________________________________________________________________________
#
# Acknowledgements:
#   Philipp Meier <pmeier82@gmail.com>
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"""filter related utility functions

!! multi-channeled crosscorrelation filtering implementations are outsourced
to botmpy.mcfilter !!
"""
__docformat__ = "restructuredtext"
__all__ = ["xi_vs_f", "kteo", "mteo"]

## IMPORTS

import scipy as sp
from .funcs_general import mcvec_from_conc
from .funcs_spike import get_cut
from .util import log
from ..mcfilter import mcfilter

## FUNCTIONS

[docs]def 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 multi-channeled vectors are presented in their concatenated form.

    :type xi: ndarray
    :param xi: The patterns, one concatenated pattern per row.
    :type f: ndarray
    :param f: The filters, one concatenated filter per row.
    :type nc: int
    :param nc: 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].
    """
    # init and checks
    xi = sp.asarray(xi)
    f = sp.asarray(f)
    if xi.shape[0] != f.shape[0]:
        raise ValueError("count of xi and f does not match: xi(%s), f(%s)"
                         % (xi.shape[0], f.shape[0]))
    if xi.shape[1] != f.shape[1]:
        raise ValueError("sample count mismatch: xi(%s), f(%s)"
                         % (xi.shape[1], f.shape[1]))
    n = xi.shape[0]
    tf = int(xi.shape[1] / nc)
    if tf != round(float(xi.shape[1]) / float(nc)):
        raise ValueError("sample count does not match to nc: xi(%s), nc(%s)" %
                         (xi.shape[1], nc))
    pad_len = get_cut(tf)[0]
    pad = sp.zeros((pad_len, nc))
    rval = sp.zeros((n, n, 2 * tf - 1))

    # calculation
    for i in xrange(n):
        xi_i = sp.vstack((pad, mcvec_from_conc(xi[i], nc=nc), pad))
        for j in xrange(n):
            f_j = sp.vstack((pad, mcvec_from_conc(f[j], nc=nc), pad))
            rval[i, j] = mcfilter(xi_i, f_j)

    # return
    return rval

## teager energy operator functions


[docs]def 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.

    :type data: ndarray
    :param data: The signal to operate on. ndim=1
    :type kvalues: list
    :param kvalues: 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].
    :type condense: bool
    :param condense: if True, use max operator condensing onto one time series,
        else return a multichannel version with one channel per kvalue.
        Default=True
    :return: 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.
    """
    # init
    rval = sp.zeros((data.size, len(kvalues)))

    # calculation
    for i, k in enumerate(kvalues):
        try:
            rval[:, i] = kteo(data, k)
            win = sp.hamming(4 * k + 1)
            win /= sp.sqrt(3 * (win ** 2).sum() + win.sum() ** 2)
            rval[:, i] = sp.convolve(rval[:, i], win, "same")
        except:
            rval[:, i] = 0.0
            log.warning("MTEO: could not calculate kteo for k=%s, data-length=%s",
                        k, data.size)
    rval[:max(kvalues), i] = rval[-max(kvalues):, i] = 0.0

    # return
    if condense is True:
        rval = rval.max(axis=1)
    return rval



[docs]def 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)}

    :type data: ndarray
    :param data: The signal to operate on. ndim=1
    :type k: int
    :param k: Parameter defining the window size for the TEO.
    :return: ndarray - Array of same shape as the input signal, holding the
        kteo response.
    :except: If inconsistant dims or shapes.
    """
    # init and checks
    if data.ndim != 1:
        raise ValueError("ndim != 1! ndim=%s with shape=%s" % (data.ndim, data.shape))

    # calculation
    rval = data ** 2 - sp.concatenate((
        [0] * sp.ceil(k / 2.0),
        data[:-k] * data[k:],
        [0] * sp.floor(k / 2.0)))

    # return
    return rval

## MAIN


if __name__ == "__main__":
    pass

## EOF
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common Package


common functions for the BOTMpy package





amplitude_histogram Module





covariance_estimator Module


covariance estimator for timeseries data



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


		Bases: object


covariance estimator base class



		
get_cmx(**kwargs)[source]


		






		
get_cmx_loaded(**kwargs)[source]


		






		
get_cond(**kwargs)[source]


		






		
get_icmx(**kwargs)[source]


		






		
get_icmx_loaded(**kwargs)[source]


		






		
get_svd(**kwargs)[source]


		






		
get_whitening_op(**kwargs)[source]


		






		
is_cond_ok(**kwargs)[source]


		






		
is_initialised()[source]


		






		
reset()[source]


		reset the internal buffers to None









		
update(data, **kwargs)[source]


		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)[source]


		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)[source]


		init from given covariance matrix






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


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


		tf_max (int [http://docs.python.org/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()[source]


		






		
get_nc()[source]


		






		
get_tf_max()[source]


		






		
nc


		






		
new_chan_set(cs_new)[source]


		






		
rm_chan_set(cs_rm)[source]


		






		
set_tf_max(value)[source]


		






		
tf_max


		






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


		init as white noise






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


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


		std (float [http://docs.python.org/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)[source]


		Bases: object


storage for cross-correlations



		
reset()[source]


		












		
build_idx_set(ids)[source]


		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)[source]


		builds a block toeplitz matrix from a set of channel xcorrs






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


		chan_set (list [http://docs.python.org/library/functions.html#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


!! multi-channeled crosscorrelation filtering implementations are outsourced
to botmpy.mcfilter !!



		
xi_vs_f(xi, f, nc=4)[source]


		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 multi-channeled 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 [http://docs.python.org/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)[source]


		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 [http://docs.python.org/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)[source]


		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 [http://docs.python.org/library/functions.html#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 [http://docs.python.org/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)[source]


		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)[source]


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









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

















		
ten2vec(data)[source]


		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)[source]


		returns the concatenated vector for a multi-channeled 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)[source]


		returns the multi-channeled vector from a concatenated representation






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


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









		Returns:		ndarray - multi-channeled vector in matrix form

















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


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


		unbiased (bool [http://docs.python.org/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)[source]


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


		pad_val (float [http://docs.python.org/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)[source]


		sort all arrays in a dictionary, works recursively






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



		Returns:		














		
dict_list_to_ndarray(in_dict)[source]


		converts all lists in a dictionary to ndarray, works recursively






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



		Returns:		dict - all list are converted to ndarray














		
get_idx(idxset, append=False)[source]


		yields the first free index in a positive integer index set






		Parameters:		append (bool [http://docs.python.org/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)[source]


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


		mode (str [http://docs.python.org/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 [http://docs.python.org/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)[source]


		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)[source]


		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 [http://docs.python.org/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)[source]


		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)[source]


		yields epoch set, given a spiketrain and cut parameter






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


		cut (tuple [http://docs.python.org/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 [http://docs.python.org/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 [http://docs.python.org/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)[source]


		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 [http://docs.python.org/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 [http://docs.python.org/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)[source]


		returns a generator of chunks from data given epochs






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


		epochs (ndarray) – epoch set, positive mask


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









		Returns:		generator - data chunks as per :epochs:

















		
extract_spikes(data, epochs, mc=False)[source]


		extract spike waveforms of size tf from data






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


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


		mc (bool [http://docs.python.org/library/functions.html#bool]) – if True, extract multi-channeled 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)[source]


		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 [http://docs.python.org/library/functions.html#int]) – length of the waveform in samples


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




















		
snr_maha(waveforms, invC, mu=None)[source]


		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)[source]


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









		Returns:		ndarray - SNR per waveform

















		
snr_power(waveforms, noise_var)[source]


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









		Returns:		ndarray - SNR per waveform

















		
overlaps(sts, window)[source]


		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 [http://docs.python.org/library/stdtypes.html#dict]) – spike train set


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









		Returns:		dict - boolean spike train set



















matrix_ops Module


matrix operations



		
matrix_cond(mat)[source]


		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)[source]


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


		overwrite_mat (bool [http://docs.python.org/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)[source]


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






		Parameters:		
		mat (ndarray) – input matrix


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


		overwrite_mat (bool [http://docs.python.org/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)[source]


		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)[source]


		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)[source]


		Bases: 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)[source]


		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()[source]


		clears the data and resets internals









		
dimension


		






		
extend(iterable)[source]


		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)[source]


		fill all slots of the ringbuffer with the same datum.






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














		
flush()[source]


		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()[source]


		






		
get_dimension()[source]


		






		
get_is_full()[source]


		






		
is_full


		






		
mean(last=None)[source]


		yields the mean over the :last: entries






		Parameters:		last (int [http://docs.python.org/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)[source]


		






		
tolist()[source]


		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)[source]


		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)[source]


		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 [http://docs.python.org/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, mc=True, kind='none', rsf=1.0, sample_back=True)[source]


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


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


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


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


		sample_back (bool [http://docs.python.org/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)[source]


		Bases: object


verbosity manager



		
NONE = 0


		






		
PLOT = 16


		






		
PRINT = 1


		






		
get_has_plot(n=0)[source]


		






		
get_has_print(n=0)[source]


		






		
get_is_verbose()[source]


		






		
has_plot


		






		
has_print


		






		
is_verbose


		














Subpackages




		datafile Package
		datafile Package


		atf Module


		datafile Module


		gdf Module


		nas Module


		wri Module


		xpd Module








		mcfilter Package
		mcfilter Package


		mcfilter_py Module
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  Source code for botmpy.common.util

# -*- coding: utf-8 -*-
#_____________________________________________________________________________
#
# Copyright (c) 2012-2013, Berlin Institute of Technology
# All rights reserved.
#
# Developed by:	Philipp Meier <pmeier82@gmail.com>
#
#               Neural Information Processing Group (NI)
#               School for Electrical Engineering and Computer Science
#               Berlin Institute of Technology
#               MAR 5-6, Marchstr. 23, 10587 Berlin, Germany
#               http://www.ni.tu-berlin.de/
#
# Repository:   https://github.com/pmeier82/BOTMpy
#
# Permission is hereby granted, free of charge, to any person obtaining a copy
# of this software and associated documentation files (the "Software"), to
# deal with the Software without restriction, including without limitation the
# rights to use, copy, modify, merge, publish, distribute, sublicense, and/or
# sell copies of the Software, and to permit persons to whom the Software is
# furnished to do so, subject to the following conditions:
#
# * Redistributions of source code must retain the above copyright notice,
#   this list of conditions and the following disclaimers.
# * Redistributions in binary form must reproduce the above copyright notice,
#   this list of conditions and the following disclaimers in the documentation
#   and/or other materials provided with the distribution.
# * Neither the names of Neural Information Processing Group (NI), Berlin
#   Institute of Technology, nor the names of its contributors may be used to
#   endorse or promote products derived from this Software without specific
#   prior written permission.
#
# THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
# IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
# FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
# CONTRIBUTORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
# LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING
# FROM, OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS
# WITH THE SOFTWARE.
#_____________________________________________________________________________
#
# Acknowledgements:
#   Philipp Meier <pmeier82@gmail.com>
#_____________________________________________________________________________
#
# Changelog:
#   * <iso-date> <identity> :: <description>
#_____________________________________________________________________________
#

"""constants for the common package"""
__docformat__ = 'restructuredtext'
__all__ = ['INDEX_DTYPE', 'SI8MAX', 'SI16MAX', 'SI32MAX', 'SI64MAX', 'UI8MAX',
           'UI16MAX', 'UI32MAX', 'UI64MAX', 'VERBOSE', 'log']

## IMPORTS

import logging
import scipy as sp

## PACKAGE-LOGGING

logging.basicConfig(level=logging.DEBUG, format='')
log = logging.getLogger('BOTMpy')

## CONSTANTS

## index type
INDEX_DTYPE = sp.dtype(sp.int64)

## integer max values
SI8MAX = sp.iinfo(sp.int8).max
SI16MAX = sp.iinfo(sp.int16).max
SI32MAX = sp.iinfo(sp.int32).max
SI64MAX = sp.iinfo(sp.int64).max
UI8MAX = sp.iinfo(sp.uint8).max
UI16MAX = sp.iinfo(sp.uint16).max
UI32MAX = sp.iinfo(sp.uint32).max
UI64MAX = sp.iinfo(sp.uint64).max


## CLASSES

[docs]class VERBOSE(object):
    """verbosity manager"""

    # default modes
    NONE = 0x0
    PRINT = 0x1

    # augmented modes
    PLOT = 0x10

    ## constructor

    def __init__(self, level=None, has_print=False, has_plot=False):
        """

        :param level: int
        :type level: bitfield as hexadecimal
        :param has_print:
        :type has_print:
        :param has_plot:
        :type has_plot:
        :return:
        :rtype:
        """

        # set level
        if isinstance(level, VERBOSE):
            level = level.level
        self.level = level

        # adjust level
        if self.level is None:
            self.level = self.NONE
        if has_print is True:
            self.level |= self.PRINT
        if has_plot is True:
            self.level |= self.PLOT

    ## interface

[docs]    def get_is_verbose(self):
        return self.level > self.NONE


    is_verbose = property(get_is_verbose)

[docs]    def get_has_print(self, n=0):
        return self.level >= self.PRINT + n


    has_print = property(get_has_print)

[docs]    def get_has_plot(self, n=0):
        return self.level >= self.PLOT + n


    has_plot = property(get_has_plot)

## MAIN


if __name__ == '__main__':
    pass
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  Source code for botmpy.nodes.linear_filter

# -*- coding: utf-8 -*-
#_____________________________________________________________________________
#
# Copyright (c) 2012-2013, Berlin Institute of Technology
# All rights reserved.
#
# Developed by:	Philipp Meier <pmeier82@gmail.com>
#
#               Neural Information Processing Group (NI)
#               School for Electrical Engineering and Computer Science
#               Berlin Institute of Technology
#               MAR 5-6, Marchstr. 23, 10587 Berlin, Germany
#               http://www.ni.tu-berlin.de/
#
# Repository:   https://github.com/pmeier82/BOTMpy
#
# Permission is hereby granted, free of charge, to any person obtaining a copy
# of this software and associated documentation files (the "Software"), to
# deal with the Software without restriction, including without limitation the
# rights to use, copy, modify, merge, publish, distribute, sublicense, and/or
# sell copies of the Software, and to permit persons to whom the Software is
# furnished to do so, subject to the following conditions:
#
# * Redistributions of source code must retain the above copyright notice,
#   this list of conditions and the following disclaimers.
# * Redistributions in binary form must reproduce the above copyright notice,
#   this list of conditions and the following disclaimers in the documentation
#   and/or other materials provided with the distribution.
# * Neither the names of Neural Information Processing Group (NI), Berlin
#   Institute of Technology, nor the names of its contributors may be used to
#   endorse or promote products derived from this Software without specific
#   prior written permission.
#
# THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
# IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
# FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
# CONTRIBUTORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
# LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING
# FROM, OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS
# WITH THE SOFTWARE.
#_____________________________________________________________________________
#
# Acknowledgements:
#   Philipp Meier <pmeier82@gmail.com>
#_____________________________________________________________________________
#
# Changelog:
#   * <iso-date> <identity> :: <description>
#_____________________________________________________________________________
#

"""filter classes for linear filters in the time domain"""
__docformat__ = "restructuredtext"
__all__ = ["FilterError", "FilterNode", "MatchedFilterNode", "NormalisedMatchedFilterNode"]

## IMPORTS

import scipy as sp
from collections import deque
from .base_nodes import Node
from ..common import mcvec_from_conc, mcvec_to_conc, TimeSeriesCovE, MxRingBuffer, snr_maha
from ..mcfilter import mcfilter_hist

## CLASSES

[docs]class FilterError(Exception):
    pass



[docs]class FilterNode(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.
    """

    ## special

    def __init__(self, tf, nc, ce, chan_set=None, rb_cap=None, dtype=None):
        """
        :type tf: int
        :param tf: template length in samples
        :type nc: int
        :type nc: template channel count
        :type ce: TimeSeriesCovE
        :param ce: covariance estimator instance
        :type chan_set: tuple
        :param chan_set: tuple of int designating the subset of channels this
            filter operates on.
            Default=tuple(range(nc))
        :type rb_cap: int
        :param rb_cap: capacity of the xi buffer
            Default=350
        :type dtype: dtype resolvable
        :param dtype: determines the internal dtype
            Default=None
        """

        # checks
        if tf <= 0:
            raise ValueError("tf <= 0")
        if nc <= 0:
            raise ValueError("nc <= 0")
        if chan_set is None:
            chan_set = tuple(range(nc))

        # super
        super(FilterNode, self).__init__(output_dim=1, dtype=dtype)

        # members
        self._xi_buf = MxRingBuffer(capacity=rb_cap or 350, dimension=(tf, nc),
                                    dtype=self.dtype)
        self._ce = None
        self._f = None
        self._hist = sp.zeros((tf - 1, nc), dtype=self.dtype)
        self._chan_set = tuple(sorted(chan_set))
        self.ce = ce
        self.active = True

    ## properties - not settable

[docs]    def get_xi(self):
        return self._xi_buf.mean()


    xi = property(get_xi, doc="template (multi-channeled)")

[docs]    def get_xi_conc(self):
        return mcvec_to_conc(self._xi_buf.mean())


    xi_conc = property(get_xi_conc, doc="template (concatenated)")

[docs]    def get_tf(self):
        return self._xi_buf.dimension[0]


    tf = property(get_tf, doc="temporal extend [sample]")

[docs]    def get_nc(self):
        return self._xi_buf.dimension[1]


    nc = property(get_nc, doc="number of channels")

[docs]    def get_f(self):
        return self._f


    f = property(get_f, doc="filter (multi-channeled)")

[docs]    def get_f_conc(self):
        return mcvec_to_conc(self._f)


    f_conc = property(get_f_conc, doc="filter (concatenated)")

    ## properties settable

[docs]    def get_ce(self):
        return self._ce


[docs]    def set_ce(self, value):
        if not isinstance(value, TimeSeriesCovE):
            raise TypeError("ce is not of type TimeSeriesCovE")
        if value.get_tf_max() < self.tf:
            raise ValueError("tf_max of ce < than filter tf")
        if value.get_nc() < self.nc:
            raise ValueError("nc of cov_est < than filter nc")
        if value.is_initialised is False:
            raise ValueError("ce not initialised!")
        self._ce = value
        if len(self._xi_buf) > 0:
            self.calc_filter()


    ce = property(get_ce, set_ce, doc="covariance estimator")

[docs]    def get_snr(self):
        return snr_maha(
            sp.array([mcvec_to_conc(self.xi)]),
            self._ce.get_icmx(tf=self.tf, chan_set=self._chan_set))[0]


    snr = property(get_snr, doc="signal to noise ratio (mahalanobis distance)")

    ## mdp.Node interface

    def _execute(self, x):
        """apply the filter to data"""

        # DOC:  sp.ascontiguousarray is here to assert continuous memory for
        #       the array. This important for ctypes/cython implementations.
        x_in = sp.ascontiguousarray(x, dtype=self.dtype)[:, self._chan_set]
        rval, self._hist = mcfilter_hist(x_in, self._f, self._hist)
        return rval

[docs]    def is_invertible(self):
        return False


[docs]    def is_trainable(self):
        return False


    def _get_supported_dtypes(self):
        return ["float32", "float64"]

    ## filter interface

[docs]    def append_xi_buf(self, wf, recalc=False):
        """append one waveform to the xi_buffer

        :type wf: ndarray
        :param wf: wavefom data [self.tf, self.nc]
        :type recalc: bool
        :param recalc: if True, call self.calc_filter after appending
        """

        self._xi_buf.append(wf)
        if recalc is True:
            self.calc_filter()


[docs]    def extend_xi_buf(self, wfs, recalc=False):
        """append an iterable of waveforms to the xi_buffer

        :type wfs: iterable of ndarray
        :param wfs: wavefom data [n][self.tf, self.nc]
        :type recalc: bool
        :param recalc: if True, call self.calc_filter after extending
        """

        self._xi_buf.extend(wfs)
        if recalc is True:
            self.calc_filter()


[docs]    def fill_xi_buf(self, 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
        """

        self._xi_buf.fill(wf)
        if recalc is True:
            self.calc_filter()


[docs]    def reset_history(self):
        """sets the history to all zeros"""

        self._hist[:] = 0.0

    ## plotting methods

    # XXX: delete plotting functions

[docs]    def plot_buffer_to_axis(self, axis=None, idx=None, limits=None):
        """plots the current buffer on the passed axis handle"""

        try:
            from spikeplot import plt, COLOURS
        except ImportError:
            return None

        # init
        ax = axis
        if ax is None:
            f = plt.figure()
            ax = f.add_subplot(111)
        col = 'k'
        if idx is not None:
            col = COLOURS[idx % len(COLOURS)]
        spks = self._xi_buf[:]
        n, s, c = spks.shape
        spks = spks.swapaxes(2, 1).reshape(n, s * c)

        # plot
        ax.plot(spks.T, color='gray')
        ax.plot(spks.mean(axis=0), color=col, lw=2)
        for i in xrange(1, c):
            ax.axvline((self.tf * i), ls="dashed", color='y')
        ax.set_xlim(0, s * c)
        if limits is not None:
            ax.set_ylim(*limits)
        ax.set_xlabel("time [samples]")
        ax.set_ylabel("amplitude [mV]")

        return spks.min(), spks.max()

    ## filter calculation


[docs]    def calc_filter(self):
        """initiate a calculation of the filter"""

        self._f = self.filter_calculation(self.xi, self._ce, self._chan_set)


    @classmethod
[docs]    def filter_calculation(cls, 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 multi-channeled 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`.
        """

        raise NotImplementedError

    ## special methods


    def __str__(self):
        return '%s(tf=%s,nc=%s,cs=%s)' % (self.__class__.__name__,
                                          self.tf, self.nc,
                                          str(self._chan_set))



[docs]class MatchedFilterNode(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
[docs]    def filter_calculation(cls, xi, ce, cs, *args, **kwargs):
        tf, nc = xi.shape
        ## don't do loading for now
        # params = {'tf':tf, 'chan_set':cs}
        # if ce.is_cond_ok(**params) is True:
        #     icmx = ce.get_icmx(**params)
        # else:
        #     icmx = ce.get_icmx_loaded(**params)
        ##
        icmx = ce.get_icmx(tf=tf, chan_set=cs)
        f = sp.dot(mcvec_to_conc(xi), icmx)
        return sp.ascontiguousarray(mcvec_from_conc(f, nc=nc),
                                    dtype=xi.dtype)




[docs]class NormalisedMatchedFilterNode(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
[docs]    def filter_calculation(cls, xi, ce, cs, *args, **kwargs):
        tf, nc = xi.shape
        ## don't do loading for now
        # params = {'tf':tf, 'chan_set':cs}
        # if ce.is_cond_ok(**params) is True:
        #     icmx = ce.get_icmx(**params)
        # else:
        #     icmx = ce.get_icmx_loaded(**params)
        ##
        icmx = ce.get_icmx(tf=tf, chan_set=cs)
        f = sp.dot(mcvec_to_conc(xi), icmx)
        norm_factor = sp.dot(mcvec_to_conc(xi), f)
        return sp.ascontiguousarray(mcvec_from_conc(f / norm_factor, nc=nc),
                                    dtype=sp.float32)




class RateEstimator(object):
    def __init__(self, *args, **kwargs):
        self._spike_count = deque()
        self._sample_count = deque()
        self._n_sample_max = int(kwargs.get('n_sample_max', 2500000))
        self._sample_rate = float(kwargs.get('sample_rate', 32000.0))
        self._filled = False

    def estimate(self):
        try:
            return self._sample_rate * sum(self._spike_count) / \
                   float(self.sample_size)
        except ZeroDivisionError:
            return 0.0

    def observation(self, nobs, tlen):
        self._spike_count.append(nobs)
        self._sample_count.append(tlen)

        while sum(self._sample_count) > self._n_sample_max:
            self._filled = True
            self._spike_count.popleft()
            self._sample_count.popleft()

    def reset(self):
        self._spike_count.clear()
        self._sample_count.clear()
        self._filled = False

    def is_filled(self):
        return self._filled

    filled = property(is_filled)

    def get_sample_size(self):
        return sum(self._sample_count)

    sample_size = property(get_sample_size)


class REMF(MatchedFilterNode):
    def __init__(self, *args, **kwargs):
        srate = kwargs.pop('sample_rate', 32000.0)
        nsample = kwargs.pop('n_sample_max', sp.inf)
        super(REMF, self).__init__(*args, **kwargs)
        self.rate = RateEstimator(srate, nsample)


class RENMF(NormalisedMatchedFilterNode):
    def __init__(self, *args, **kwargs):
        srate = kwargs.pop('sample_rate', 32000.0)
        nsample = kwargs.pop('n_sample_max', sp.inf)
        super(RENMF, self).__init__(*args, **kwargs)
        self.rate = RateEstimator(srate, nsample)

## MAIN

if __name__ == '__main__':
    pass
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  Source code for botmpy.common.covariance_estimator
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"""covariance estimator for timeseries data"""
__docformat__ = 'restructuredtext'
__all__ = ['BaseTimeSeriesCovarianceEstimator', 'TimeSeriesCovE',
           'XcorrStore', 'build_idx_set', 'build_block_toeplitz_from_xcorrs']

##  IMPORTS

import scipy as sp
from scipy import linalg as sp_la
from scipy import random as sp_rd
from collections import deque
from .funcs_general import xcorr
from .matrix_ops import (compute_coloured_loading, compute_diagonal_loading,
                         compute_matrix_cond)
from .util import INDEX_DTYPE

##  CLASSES

[docs]class BaseTimeSeriesCovarianceEstimator(object):
    """covariance estimator base class"""

    ## constructor

    def __init__(self, weight=0.05, cond=50, dtype=None):
        """
        :type weight: float
        :param weight: from [0.0, 1.0]. new observations will be weighted and
            contribute to the update with the factor weight. (exp model)
            Default=0.05
        :type cond: float
        :param cond: condition number to assert if the loaded
            matrix is requested.
            Default=50
        :type dtype: dtype resolvable
        :param dtype: anything that can be used as a numpy.dtype object
            Default=float32
        """

        # members
        self.dtype = sp.dtype(dtype or sp.float32)

        # privates
        self._weight = weight
        self._cond = float(cond)
        self._is_initialised = False
        self._n_upd = 0
        self._n_upd_smpl = 0

    ## getter and setter methods

[docs]    def get_cmx(self, **kwargs):
        if self._is_initialised is False:
            raise RuntimeError('Estimator has not been initialised!')
        return self._get_cmx(**kwargs)


    def _get_cmx(self, **kwargs):
        raise NotImplementedError

[docs]    def get_icmx(self, **kwargs):
        if self._is_initialised is False:
            raise RuntimeError('Estimator has not been initialised!')
        return self._get_icmx(**kwargs)


    def _get_icmx(self, **kwargs):
        raise NotImplementedError

[docs]    def get_svd(self, **kwargs):
        if self._is_initialised is False:
            raise RuntimeError('Estimator has not been initialised!')
        return self._get_svd(**kwargs)


    def _get_svd(self, **kwargs):
        raise NotImplementedError

[docs]    def get_whitening_op(self, **kwargs):
        if self._is_initialised is False:
            raise RuntimeError('Estimator has not been initialised!')
        return self._get_whitening_op(**kwargs)


    def _get_whitening_op(self, **kwargs):
        raise NotImplementedError

[docs]    def get_cond(self, **kwargs):
        if not self.is_initialised:
            raise RuntimeError('Estimator has not been initialised!')
        sv = self._get_svd(**kwargs)[1]
        return compute_matrix_cond(sv)


[docs]    def is_cond_ok(self, **kwargs):
        cond = self.get_cond(**kwargs)
        return cond <= self._cond


[docs]    def get_cmx_loaded(self, **kwargs):
        if not self.is_initialised:
            raise RuntimeError('Estimator has not been initialised!')
        kind = kwargs.get('kind', 'diagonal')
        if kind not in ['diagonal', 'coloured']:
            raise ValueError(
                'kind must be one of \'diagonal\' or \'coloured\'!')
        cmx = self._get_cmx(**kwargs)
        svd = self._get_svd(**kwargs)
        return {
            'coloured': compute_coloured_loading,
            'diagonal': compute_diagonal_loading,
        }[kind](cmx, svd, self._cond)


[docs]    def get_icmx_loaded(self, **kwargs):
        if not self.is_initialised:
            raise RuntimeError('Estimator has not been initialised!')
        lcmx = self.get_cmx_loaded(**kwargs)
        return sp_la.inv(lcmx)


[docs]    def is_initialised(self):
        return self._is_initialised

    ## public methods


[docs]    def reset(self):
        """reset the internal buffers to None"""

        self._is_initialised = False
        self._n_upd = 0
        self._n_upd_smpl = 0
        self._reset()


[docs]    def update(self, data, **kwargs):
        """update covariance matrix with epochs of :data:

        :type data: ndarray
        :param data: data vector [samples, channels]
        :exception ValueError: `data` is not a ndarray with `ndim == 2`
        """

        # checks
        data = sp.asarray(data, dtype=self.dtype)
        if data.ndim != 2:
            raise ValueError('data is not of rank 2')

        # relay
        n_smpl = self._update(data, **kwargs)
        if self._is_initialised is False:
            self._is_initialised = n_smpl > 0
        if n_smpl > 0:
            self._n_upd += 1
            self._n_upd_smpl += n_smpl

    ## private methods


    def _update(self, data, **kwargs):
        # should return the number of samples that went into building the new
        # observation
        raise NotImplementedError

    def _reset(self):
        pass

    ## special methods

    def __str__(self, additional=''):
        return '%s(init=%s%s)' % (self.__class__.__name__,
                                  self._is_initialised,
                                  additional)



[docs]class TimeSeriesCovE(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).
    """
    # TODO: glibber glibber - better doc text

    ## constructor

    def __init__(self, tf_max=100, nc=4, weight=0.05, cond=50,
                 with_default_chan_set=True, dtype=None):
        """see BaseTimeSeriesCovarianceEstimator

        :type tf_max: int
        :param tf_max: the maximum lag for the cross-correlation functions
            internally stored. the estimator will be able to provide
            covariance matrices for lags in [1..tf_max].
            Default=100
        :type nc: int
        :param nc: channel count of expected data. data that is feed to update
            the estimator is checked for this channel count. also determines
            the size of the internal storage for the correlation functions.
            Default=4
        :type with_default_chan_set: bool
        :param with_default_chan_set: if True, add the default channel set
        """

        # checks
        if tf_max <= 0:
            raise ValueError('tf_max <= 0')
        if nc <= 0:
            raise ValueError('nc <= 0')

        # super
        super(TimeSeriesCovE, self).__init__(weight=weight, cond=cond,
                                             dtype=dtype)

        # members
        self._tf_max = int(tf_max)
        self._nc = int(nc)
        self._store = XcorrStore(self._tf_max, self._nc)
        self._buf_cmx = {}
        self._buf_icmx = {}
        self._buf_svd = {}
        self._buf_whi = {}
        self._chan_set = []

        # init
        if with_default_chan_set is True:
            self.new_chan_set(tuple(range(self._nc)))

    ## getter and setter - base

    def _process_keywords(self, kwargs):
        """return parameters from keywords

        :type kwargs: dict
        :param kwargs: keyword parameter dict
        :rtype: tuple
        :returns: tf, chan_set, dtype
        """

        try:
            tf = int(kwargs.get('tf'))
        except:
            tf = int(self._tf_max)
        try:
            cs = tuple(kwargs.get('chan_set'))
        except:
            cs = tuple(range(self._nc))
        return tf, cs

    def _get_cmx(self, **kwargs):
        """yield the current estimate

        :type chan_set: tuple
        :keyword chan_set: channel ids forming a valid channel set
        :type tf: int
        :keyword tf: max lags in samples
        :returns: ndarray - (block-) toeplitz covariance matrix
        """

        tf, chan_set = self._process_keywords(kwargs)
        buf_key = (tf, chan_set)
        if buf_key not in self._buf_cmx:
            self._buf_cmx[buf_key] = build_block_toeplitz_from_xcorrs(
                tf, chan_set, self._store, dtype=self.dtype)
        return self._buf_cmx[buf_key]

    def _get_icmx(self, **kwargs):
        """yield the inverse of the current estimate

        :type chan_set: tuple
        :keyword chan_set: channel ids forming a valid channel set
        :type tf: int
        :keyword tf: max lags in samples
        :returns: ndarray - inverse (block-) toeplitz covariance matrix
        """

        tf, chan_set = self._process_keywords(kwargs)
        buf_key = (tf, chan_set)
        if buf_key not in self._buf_icmx:
            svd = self._get_svd(**kwargs)
            self._buf_icmx[buf_key] = sp.dot(
                sp.dot(svd[0], sp.diag(1. / svd[1])), svd[2])
        return self._buf_icmx[buf_key]

    def _get_svd(self, **kwargs):
        """yield the singular value decomposition of the current estimate

        :type chan_set: tuple
        :keyword chan_set: channel ids forming a valid channel set
        :type tf: int
        :keyword tf: max lags in samples
        :returns: tuple - U, s, Vh as returned by :scipy.linalg.svd:
        """

        tf, chan_set = self._process_keywords(kwargs)
        buf_key = (tf, chan_set)
        if buf_key not in self._buf_svd:
            cmx = self._get_cmx(**kwargs)
            self._buf_svd[buf_key] = sp_la.svd(cmx)
        return self._buf_svd[buf_key]

    def _get_whitening_op(self, **kwargs):
        """yield the whitening operator with respect to the current
        estimate for observation from the vector space this matrix operates
        on.

        if C = Q.T * Q then Q^-1 is the whitening operator

        calculated via SVD

        :type chan_set: tuple
        :keyword chan_set: channel ids forming a valid channel set
        :type tf: int
        :keyword tf: max lags in samples
        :returns: ndarray - whitening operator matrix
        """

        tf, chan_set = self._process_keywords(kwargs)
        buf_key = (tf, chan_set)
        if buf_key not in self._buf_whi:
            svd = self._get_svd(**kwargs)
            self._buf_whi[buf_key] = sp.dot(
                sp.dot(svd[0], sp.diag(sp.sqrt(1. / svd[1]))), svd[2])
        return self._buf_whi[buf_key]

    # getter and setter - own

[docs]    def get_tf_max(self):
        return self._tf_max


[docs]    def set_tf_max(self, value):
        if value < 1:
            raise ValueError('tf_max < 1')
        self._tf_max = int(value)
        self.reset()
        # TODO: reset tf_max for self._store


    tf_max = property(get_tf_max)

[docs]    def get_nc(self):
        return self._nc


    nc = property(get_nc)

[docs]    def get_chan_set(self):
        return self._chan_set


[docs]    def new_chan_set(self, cs_new):
        if max(cs_new) >= self._nc:
            raise ValueError(
                'new channel set is incompatible with channel count!')
        if cs_new in self._chan_set:
            raise ValueError('channel set already included!')
        self._chan_set.append(tuple(sorted(cs_new)))


[docs]    def rm_chan_set(self, cs_rm):
        if tuple(cs_rm) in self._chan_set:
            self._chan_set.remove(tuple(cs_rm))
        else:
            raise ValueError('channel set not included!')

    ## special methods


    def __str__(self):
        return super(TimeSeriesCovE, self).__str__(',tf=%s,nc=%s' %
                                                   (self._tf_max, self._nc))

    ## implementation base

    def _update(self, data, **kwargs):
        """updates the estimator with new data

        :type data: ndarray
        :param data: the data to operate on [samples, channels]
        :type epochs: ndarray
        :keyword epochs: epochs delimiting the data to take the estimate over
        :type min_len: int
        :keyword min_len: minimum length of epochs in samples
        :rtype: int
        :returns: number of samples that went into the sample
        """

        # kwargs
        epochs = kwargs.get('epochs', None)
        min_len = kwargs.get('min_len', 3 * self._tf_max)

        # check data
        if data.shape[1] != self._nc:
            raise ValueError('channel count (columns) must be %d' % self._nc)
        if data.shape[0] < min_len:
            raise ValueError('must give at least %d samples of data' % min_len)

        # check epochs
        if epochs is None:
            epochs = sp.array([[0, data.shape[0]]], dtype=INDEX_DTYPE)
        else:
            epochs = sp.asarray(epochs)
        len_epoch = epochs[:, 1] - epochs[:, 0]
        if not any(len_epoch >= min_len):
            raise ValueError('no epochs with len >= min_len!')
        epochs = epochs[len_epoch > min_len]
        n_epoch = epochs.shape[0]
        len_epoch = epochs[:, 1] - epochs[:, 0]
        # FIX: we have to check if we have any epochs left here!!
        if n_epoch == 0:
            return 0
        self._clear_buf()

        # calculate cross-correlation functions for new observation
        processed = {}
        for cs in self._chan_set:
            chan_set = build_idx_set(cs)
            for m, n in chan_set:
                if (m, n) not in processed:
                    processed[m, n] = []
                else:
                    continue
                for e in xrange(n_epoch):
                    xc = xcorr(data[epochs[e, 0]:epochs[e, 1], m],
                               data[epochs[e, 0]:epochs[e, 1], n],
                               lag=self._tf_max - 1,
                               normalise=True)
                    processed[m, n].append(xc * len_epoch[e])
        for k in processed.keys():
            processed[k] = sp.sum(processed[k], axis=0) / len_epoch.sum()
            if k in self._store:
                self._store[k] *= 1.0 - self._weight
                self._store[k] += self._weight * processed[k]
            else:
                self._store[k] = processed[k]

        # return
        return len_epoch.sum()

    def _clear_buf(self):
        self._buf_cmx.clear()
        self._buf_icmx.clear()
        self._buf_svd.clear()
        self._buf_whi.clear()

    def _reset(self):
        self._store.reset()
        self._clear_buf()
        # self._chan_set = [] # setting to default chan_set
        self._chan_set = [tuple(range(self._nc))]

    @staticmethod
[docs]    def white_noise_init(tf_max, nc, std=1.0, dtype=None):
        """init as white noise

        :type tf_max: int
        :param tf_max: max length of template in samples
        :type nc: int
        :param nc: number of channels
        :type std: float
        :param std: standard deviation of white noise process

            Default=1.0
        :type dtype: dtype resolvable
        :param dtype:
        :rtype: TimeSeriesCovE
        :return: TimeSeriesCovE with white noise init
        """

        chan_set = tuple(range(nc))
        rval = TimeSeriesCovE(tf_max=tf_max, nc=nc)
        for m, n in build_idx_set(chan_set):
            xc = sp.zeros(2 * tf_max - 1, dtype=dtype or sp.float32)
            if m == n:
                xc[tf_max - 1] = float(std * std)
            rval._store[m, n] = xc
        rval._is_initialised = True
        return rval


    @staticmethod
[docs]    def cmx_init(cmx, nc, tf_max=None, dtype=None):
        """init from given covariance matrix

        :type cmx: ndarray
        :param cmx: covariance matrix in concatenated representation
        :type nc: int
        :param nc: number of channels
        :type tf_max: int
        :param tf_max: max length of template in samples, if None derive it
            from the passed matrix.

            Default=None
        :rtype: TimeSeriesCovE
        :return: TimeSeriesCovE with the passed matrix set
        """

        # init and check
        chan_set = tuple(range(nc))
        tf = cmx.shape[0] / nc
        if tf_max is None:
            tf_max = tf
        rval = TimeSeriesCovE(tf_max=tf_max, nc=nc)

        # build xcorrs from matrix
        for m, n in build_idx_set(chan_set):
            xc = sp.zeros(2 * tf_max - 1, dtype=dtype or sp.float32)
            mx = cmx[m * tf:(m + 1) * tf, n * tf:(n + 1) * tf]
            xc[:tf] = mx[:, 0][::-1]
            xc[tf:] = mx[0, 1:]
            rval._store[m, n] = xc
        rval._is_initialised = True
        return rval




class TimeSeriesCovE2(TimeSeriesCovE):
    """additional representations of the underlying xcorr container"""

    def __init__(self, *args, **kwargs):
        # super
        super(TimeSeriesCovE2, self).__init__(*args, **kwargs)

        # members
        self._sample_vars = None

    def get_cov_ten(self, **kwargs):
        tf, chan_set = self._process_keywords(kwargs)
        return build_cov_tensor_from_xcorrs(tf, chan_set, self._store,
                                            dtype=self.dtype,
                                            both=kwargs.get('both', True))


    def _clear_buf(self):
        super(TimeSeriesCovE2, self)._clear_buf()
        self._sample_vars = None
        self._sample_mem = None
        self._sample_coef = None

    def sample(self, n=1):
        """sample with ar model corresponding to the current estimate"""

        # need to fit?
        if self._sample_vars is None:
            print 'fitting VAR model..',
            #self._sample_vars = LWR(self.get_cov_ten(tf=min(12,
            # self._tf_max), both=False))
            self._sample_vars = LWR(self.get_cov_ten(both=False))
            self._sample_coef = sp.hstack([self._sample_vars[0][..., i] for i in
                                           xrange(
                                               self._sample_vars[0].shape[2])])
            mem_size = self._sample_vars[0].shape[2] * self._nc
            self._sample_mem = deque([0] * self._tf_max * self._nc,
                                     maxlen=mem_size)
            self._sample(5000)
            print 'done!'
        return self._sample(n)

    def _sample(self, n=1):
        """sampling"""

        rval = sp_rd.multivariate_normal(sp.zeros(self._nc),
                                         self._sample_vars[1], n)
        for k in xrange(self._sample_vars[0].shape[2]):
            rval[k] += sp.dot(self._sample_coef, self._sample_mem)
            self._sample_mem.extendleft(rval[k, ::-1])
        return rval


[docs]class XcorrStore(object):
    """storage for cross-correlations"""

    def __init__(self, tf=100, nc=4):
        """
        :type tf: int
        :param tf: length of the channel xcorrs in samples
            Default=100
        :type nc: int
        :param nc: channel count for the storage
            Default=4
        """

        # checks
        if tf <= 0:
            raise ValueError('need tf > 1')
        if nc <= 0:
            raise ValueError('need nc > 1')

        # members
        self._tf = int(tf)
        self._nc = int(nc)
        self._store = {}

    def __getitem__(self, key):
        self._check_index(key)
        return self._store[key]

    def __setitem__(self, key, value):
        self._check_index(key)
        self._check_value(value)
        self._store[key] = value

    def __contains__(self, key):
        return key in self._store

    def __iter__(self):
        return self._store.__iter__()

    def _check_index(self, key):
        if not isinstance(key, tuple):
            raise IndexError('needs 2dim index!')
        if len(key) != 2:
            raise IndexError('needs 2dim index')
        if key[1] < key[0]:
            raise KeyError('x-index must be >= y-index!')
        if 0 > key[0] >= self._nc or 0 > key[1] >= self._nc:
            raise IndexError('index out of bounds! nc = %d' % self._nc)

    def _check_value(self, value):
        if not isinstance(value, sp.ndarray):
            raise TypeError('value needs to be ndarray')
        if value.ndim != 1:
            raise ValueError('value needs to be ndim==1')
        if value.size != (self._tf * 2) - 1:
            raise ValueError(
                'value needs to be size==%d' % int(self._tf * 2 - 1))

[docs]    def reset(self):
        self._store.clear()




[docs]def build_idx_set(ids):
    """builds the block index set for an upper triangular matrix

    :type ids: iterable
    :param ids: set of channel ids
    """

    return [(ids[i], ids[j])
            for i in xrange(len(ids))
            for j in xrange(i, len(ids))]



[docs]def build_block_toeplitz_from_xcorrs(tf, chan_set, xcorrs, dtype=None):
    """builds a block toeplitz matrix from a set of channel xcorrs

    :type tf: int
    :param tf: desired lag in samples
    :type chan_set: list
    :param chan_set: 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.
    :type xcorrs: XcorrStore
    :param xcorrs: XcorrStore object holding the xcorrs for various channel
        combinations
    :type dtype: dtype derivable
    :param dtype: will be passed to the constructor for the matrix returned.
        Default=None
    """

    # init and checks
    assert tf <= xcorrs._tf
    chan_set = sorted(chan_set)
    nc = len(chan_set)
    assert all(sp.diff(chan_set) >= 1)
    assert max(chan_set) < xcorrs._nc
    assert all([key in xcorrs for key in
                build_idx_set(chan_set)]), 'no data for requested channels'
    rval = sp.empty((tf * nc, tf * nc), dtype=dtype)

    # build blocks and insert into fout
    for i in xrange(nc):
        m = chan_set[i]
        for j in xrange(i, nc):
            n = chan_set[j]
            xc = xcorrs[m, n]
            sample0 = xc.size / 2
            r = xc[sample0:sample0 + tf]
            c = xc[sample0 + 1 - tf:sample0 + 1][::-1]
            #c = xc[sample0:sample0 - tf:-1]
            block_ij = sp_la.toeplitz(c, r)
            rval[i * tf:(i + 1) * tf, j * tf:(j + 1) * tf] = block_ij
            if i != j:
                rval[j * tf:(j + 1) * tf, i * tf:(i + 1) * tf] = block_ij.T

    # return
    return rval



def build_cov_tensor_from_xcorrs(tf, chan_set, xcorrs, dtype=None, both=False):
    """builds a covariance tensor from a set of channel xcorrs

    The tensor will hold the forward (positive lags) covariances for all
    auto-/cross-correlations in the chan_set

    :type tf: int
    :param tf: desired lag in samples
    :type chan_set: list
    :param chan_set: list of channel ids to build the channel set from. the
        covariance tensor will be build so that the chan_set is indexed
        natively.
    :type xcorrs: XcorrStore
    :param xcorrs: XcorrStore object holding the xcorrs for various channel
        combinations
    :type dtype: dtype derivable
    :param dtype: will be passed to the constructor for the matrix returned.
        Default=None
    """

    # init and checks
    assert tf <= xcorrs._tf
    chan_set = sorted(chan_set)
    nc = len(chan_set)
    assert all(sp.diff(chan_set) >= 1)
    assert max(chan_set) < xcorrs._nc
    assert all([key in xcorrs for key in
                build_idx_set(chan_set)]), 'no data for requested channels'
    xc_len = tf + both * (tf - 1)
    rval = sp.empty((nc, nc, xc_len), dtype=dtype)

    # write single xcorrs
    for i in xrange(nc):
        m = chan_set[i]
        for j in xrange(i, nc):
            n = chan_set[j]
            xc = xcorrs[m, n]
            sample0 = xc.size / 2
            bakw = xc[:sample0 + 1][:tf - 1:-1]
            comb = None
            if both is True:
                rval[i, j, :] = xc[sample0 - tf + 1:sample0 + tf]
            else:
                rval[i, j, :] = xc[sample0:][:tf]
            if i != j:
                if both is True:
                    rval[j, i, :] = xc[::-1][sample0 - tf + 1:sample0 + tf]
                else:
                    rval[j, i, :] = xc[::-1][:tf]

    # return
    return rval


def LWR(R):
    """multivariate Levinson-Durbin recursion, (Whittle,
    Wiggins and Robinson) aka LWR

    We assume all quantities to be well behaving: real, pos_sem_def, yadda yadda

    Reference:
    "Covariance characterization by partial autocorrelation matrices",
    Morf, Vieira and Kailath, The Annals or Statistics 1978, Vol. 6, No. 3,
    643-648

    :type R: ndarray
    :param R: xcorr sequence (nc, nc, N+1), should cover one more lag than
    the desired model order
    :rtype: ndarray, ndarray
    :return: ar coefficient sequence (nc, nc, N); driving process covariance
        estimate (nc, nc)
    """

    # R is (nc, nc, N+1)
    N = R.shape[2] - 1
    nc = R.shape[0]
    # coefficients
    A = sp.zeros((nc, nc, N)) # forward (ar)
    B = sp.zeros((nc, nc, N)) # backward (lp)
    # coefficient error covariances
    err_e = sp.zeros((nc, nc)) # forward prediction error covariance
    err_e = R[..., 0]
    err_r = sp.zeros((nc, nc)) # backward prediction error covariance
    err_r = R[..., 0]
    # intermediate update term
    Delta = sp.empty((nc, nc))

    # iterate
    for n in xrange(N):
        # (9)
        # \Delta_{n+1} = R_{n+1} + \sum_{i=1}^{n} A_{n,i} R_{n+1-i}
        Delta[:] = R[..., n + 1]
        for i in xrange(1, n + 1):
            Delta += sp.dot(A[..., i - 1], R[..., n + 1 - i])

        # intermediate for (7), (8), (10), (11)
        # \Delta_{n+1} (\sigma_{n}^{r})^{-1}
        delta_err_r_inv = sp_la.solve(err_r, Delta)
        #delta_err_r_inv = sp.dot(Delta, la.inv(err_r))
        # \Delta_{n+1}^{T} (\sigma_{n}^{\epsilon})^{-1}
        deltaT_err_e_inv = sp_la.solve(err_e, Delta.T)
        #deltaT_err_e_inv = sp.dot(Delta.T, la.inv(err_e))

        AA = A.copy()
        # (7)
        # A_{n+1} = [I,A_{n,1},..,A_{n,n},0] - \Delta_{n+1}(\sigma_{n}^{r})^{
        # -1} [0,B_{n,n},..,B_{n,1},I]
        for i in xrange(1, n + 1):
            A[..., i - 1] -= sp.dot(delta_err_r_inv, B[..., n - i])
        A[..., n] = -delta_err_r_inv

        # (8)
        # B_{n+1} = [0,B_{n,n},..,B_{n,1},I] - \Delta_{n+1}^{T}(\sigma_{n}^{
        # \epsilon})^{-1} [I,A_{n,1},..,A_{n,n},0]
        for i in xrange(1, n + 1):
            B[..., i - 1] -= sp.dot(deltaT_err_e_inv, AA[..., n - i])
        B[..., n] = -deltaT_err_e_inv

        # (10)
        # \sigma_{n+1}^{\epsilon} = \sigma_{n}^{\epsilon} - \Delta_{n+1}(
        # \sigma_{n}^{r})\Delta_{n+1}^{T}
        err_e -= sp.dot(delta_err_r_inv, Delta.T)
        # (11)
        # \sigma_{n+1}^{r} = \sigma_{n}^{r} - \Delta_{n+1}^{T}(\sigma_{n}^{
        # \epsilon})\Delta_{n+1}
        err_r -= sp.dot(deltaT_err_e_inv, Delta)

    # return
    return A, err_e

##  MAIN

if __name__ == '__main__':
    pass
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  Source code for botmpy.nodes.prewhiten

# -*- coding: utf-8 -*-
#_____________________________________________________________________________
#
# Copyright (c) 2012-2013, Berlin Institute of Technology
# All rights reserved.
#
# Developed by:	Philipp Meier <pmeier82@gmail.com>
#
#               Neural Information Processing Group (NI)
#               School for Electrical Engineering and Computer Science
#               Berlin Institute of Technology
#               MAR 5-6, Marchstr. 23, 10587 Berlin, Germany
#               http://www.ni.tu-berlin.de/
#
# Repository:   https://github.com/pmeier82/BOTMpy
#
# Permission is hereby granted, free of charge, to any person obtaining a copy
# of this software and associated documentation files (the "Software"), to
# deal with the Software without restriction, including without limitation the
# rights to use, copy, modify, merge, publish, distribute, sublicense, and/or
# sell copies of the Software, and to permit persons to whom the Software is
# furnished to do so, subject to the following conditions:
#
# * Redistributions of source code must retain the above copyright notice,
#   this list of conditions and the following disclaimers.
# * Redistributions in binary form must reproduce the above copyright notice,
#   this list of conditions and the following disclaimers in the documentation
#   and/or other materials provided with the distribution.
# * Neither the names of Neural Information Processing Group (NI), Berlin
#   Institute of Technology, nor the names of its contributors may be used to
#   endorse or promote products derived from this Software without specific
#   prior written permission.
#
# THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
# IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
# FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
# CONTRIBUTORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
# LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING
# FROM, OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS
# WITH THE SOFTWARE.
#_____________________________________________________________________________
#
# Acknowledgements:
#   Philipp Meier <pmeier82@gmail.com>
#_____________________________________________________________________________
#
# Changelog:
#   * <iso-date> <identity> :: <description>
#_____________________________________________________________________________
#

"""spike noise prewhitening algorithm"""

__docformat__ = 'restructuredtext'
__all__ = ['PrewhiteningNode', 'PrewhiteningNode2']

##  IMPORTS

import scipy as sp
from scipy import linalg as sp_la
from .base_nodes import Node
from ..common import coloured_loading, mad_scaling, TimeSeriesCovE

##  CLASSES

[docs]class PrewhiteningNode(Node):
    """prewhitens the data with respect to a noise covariance matrix"""

    ## constructor

    def __init__(self, ncov=None, dtype=sp.float32):
        """
        :Parameters:
            ncov : ndarray
                The noise covariance matrix or None
        """

        # super
        super(PrewhiteningNode, self).__init__(dtype=dtype)

        # members
        self._ncov = None
        self._chol_ncov = None
        self._inv_chol_ncov = None
        self._is_ready = False

        # build
        if ncov is not None:
            self.update(ncov)

    ## privates

[docs]    def update(self, ncov):
        """updates the covariance matrix and recalculates internals

        :Parameters:
            ncov : ndarray
                symetric matrix, noise covariance
        """

        # checks
        if ncov.ndim != 2 or ncov.shape[0] != ncov.shape[1]:
            raise ValueError('noise covariance is not a symmetric, '
                             'pos. definite matrix')

        # inits
        self.input_dim = ncov.shape[0]
        self._ncov = ncov
        self._chol_ncov = None
        self._inv_chol_ncov = None

        # compute cholesky decomposition
        try:
            self._chol_ncov = sp_la.cholesky(self._ncov)
        except:
            self._ncov = coloured_loading(self._ncov, 50)
            self._chol_ncov = sp_la.cholesky(self._ncov)
            # invert
        self._inv_chol_ncov = sp_la.inv(self._chol_ncov)

        # set ready flag
        self._is_ready = True

    ## node implementation


    @staticmethod
[docs]    def is_invertible():
        return False


    @staticmethod
[docs]    def is_trainable():
        return False


    def _execute(self, x, ncov=None):
        # check for update
        if ncov is not None:
            self.update(ncov)

        # ready check
        if self._is_ready is False:
            raise RuntimeError('Node not initialised yet!')

        # return prewhitened data
        return sp.dot(x, self._inv_chol_ncov).astype(self.dtype)



[docs]class PrewhiteningNode2(Node):
    """pre-whitens data with respect to a noise covariance matrix"""

    ## constructor

    def __init__(self, covest):
        """
        :type covest: TimeSeriesCovE
        :param covest: noise covariance estimator
        """

        # checks
        if not isinstance(covest, TimeSeriesCovE):
            raise TypeError('expecting instance of TimeSeriesCovE!')

        # super
        super(PrewhiteningNode2, self).__init__(dtype=covest.dtype)

        # members
        self._covest = covest

    ## node implementation

    @staticmethod
[docs]    def is_invertible():
        return False


    @staticmethod
[docs]    def is_trainable():
        return False


    def _execute(self, x):
        if self._covest.is_initialised is False:
            raise RuntimeError('Node not initialised yet!')

        # return prewhitened data
        tf = self.input_dim / self._covest.nc
        rval = sp.dot(x, self._covest.get_whitening_op(tf=tf))
        return rval.astype(self.dtype)



class MADScalingNode(Node):
    """scales input data"""

    ## constructor

    def __init__(self, covest):
        """
        :type covest: TimeSeriesCovE
        :param covest: noise covariance estimator
        """

        # checks
        if not isinstance(covest, TimeSeriesCovE):
            raise TypeError('expecting instance of TimeSeriesCovE!')

        # super
        super(MADScalingNode, self).__init__(dtype=covest.dtype)

        # members
        self._covest = covest

    ## node implementation

    @staticmethod
    def is_invertible():
        return False

    @staticmethod
    def is_trainable():
        return False

    def _execute(self, x):
        if self._covest.is_initialised is False:
            raise RuntimeError('Node not initialised yet!')

        # return prewhitened data
        tf = self.input_dim / self._covest.nc
        rval = sp.dot(x, self._covest.get_whitening_op(tf=tf))
        return rval.astype(self.dtype)

    ## interface

    def update_scales(self):
        """update the internal scale"""


##  MAIN

if __name__ == '__main__':
    pass
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# -*- coding: utf-8 -*-
#_____________________________________________________________________________
#
# Copyright (c) 2012-2013, Berlin Institute of Technology
# All rights reserved.
#
# Developed by:	Philipp Meier <pmeier82@gmail.com>
#
#               Neural Information Processing Group (NI)
#               School for Electrical Engineering and Computer Science
#               Berlin Institute of Technology
#               MAR 5-6, Marchstr. 23, 10587 Berlin, Germany
#               http://www.ni.tu-berlin.de/
#
# Repository:   https://github.com/pmeier82/BOTMpy
#
# Permission is hereby granted, free of charge, to any person obtaining a copy
# of this software and associated documentation files (the "Software"), to
# deal with the Software without restriction, including without limitation the
# rights to use, copy, modify, merge, publish, distribute, sublicense, and/or
# sell copies of the Software, and to permit persons to whom the Software is
# furnished to do so, subject to the following conditions:
#
# * Redistributions of source code must retain the above copyright notice,
#   this list of conditions and the following disclaimers.
# * Redistributions in binary form must reproduce the above copyright notice,
#   this list of conditions and the following disclaimers in the documentation
#   and/or other materials provided with the distribution.
# * Neither the names of Neural Information Processing Group (NI), Berlin
#   Institute of Technology, nor the names of its contributors may be used to
#   endorse or promote products derived from this Software without specific
#   prior written permission.
#
# THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
# IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
# FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
# CONTRIBUTORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
# LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING
# FROM, OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS
# WITH THE SOFTWARE.
#_____________________________________________________________________________
#
# Acknowledgements:
#   Philipp Meier <pmeier82@gmail.com>
#_____________________________________________________________________________
#
# Changelog:
#   * <iso-date> <identity> :: <description>
#_____________________________________________________________________________
#

"""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
"""

__docformat__ = 'restructuredtext'
__all__ = ['FilterBankSortingNode', 'AdaptiveBayesOptimalTemplateMatchingNode',
           'BayesOptimalTemplateMatchingNode', 'BOTMNode', 'ABOTMNode']

## IMPORTS

import collections
import copy
import logging
import sys

import scipy as sp
from scipy import linalg as sp_la

from sklearn.mixture import log_multivariate_normal_density
from sklearn.utils.extmath import logsumexp

from .base_nodes import PCANode
from .cluster import HomoscedasticClusteringNode
from .filter_bank import FilterBankError, FilterBankNode
from .prewhiten import PrewhiteningNode
from .spike_detection import SDMteoNode, ThresholdDetectorNode
from ..common import (
    overlaps, epochs_from_spiketrain_set, shifted_matrix_sub, mcvec_to_conc, epochs_from_binvec, merge_epochs,
    matrix_argmax, dict_list_to_ndarray, get_cut, MxRingBuffer, mcvec_from_conc, get_aligned_spikes, vec2ten,
    get_tau_align_min, get_tau_align_max, get_tau_align_energy, mad_scaling, mad_scale_op_mx, mad_scale_op_vec)
from ..datafile import GdfFile

## CONSTANTS

MTEO_DET = SDMteoNode
MTEO_KWARGS = {'kvalues': [3, 9, 15, 21],
               'threshold_factor': 0.98,
               'min_dist': 32}

## CLASSES

[docs]class FilterBankSortingNode(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.
    """

    def __init__(self, **kwargs):
        """
        :type ce: TimeSeriesCovE
        :keyword ce: covariance estimator instance, if None a new instance
            will be created and initialised with the identity matrix
            corresponding to the template size.
            Required
        :type templates: ndarray
        :keyword templates: templates to initialise the filter stack.
            [ntemps][tf][nc] a tensor of templates
        :type align_kind: str
        :keyword align_kind: The feature used for alignment. 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='min'
        :type chan_set: tuple
        :keyword chan_set: tuple of int designating the subset of channels
            this filter bank operates on.
            Default=tuple(range(nc))
        :type filter_cls: FilterNode
        :keyword filter_cls: the class of filter node to use for the filter
            bank, this must be a subclass of 'FilterNode'.
            Default=MatchedFilterNode
        :type rb_cap: int
        :keyword rb_cap: capacity of the ringbuffer that stores observations
            to calculate the mean template.
            Default=350
        :type chunk_size: int
        :keyword chunk_size: if input data will be longer than chunk_size, the
            input will be processed chunk per chunk to overcome memory sinks
            Default=100000
        :type verbose: int
        :keyword verbose: verbosity level, 0:none, >1: print .. ref `VERBOSE`
                Default=0
        :type dtype: dtype resolvable
        :keyword dtype: anything that resolves into a scipy dtype, like a
            string or number type
            Default=None
        """

        # kwargs
        templates = kwargs.pop('templates', None)
        tf = kwargs.get('tf', None)
        self._align_kind = kwargs.pop('align_kind', 'min')
        if tf is None and templates is None:
            raise FilterBankError('\'templates\' or \'tf\' are required!')
        if tf is None:
            if templates.ndim != 3:
                raise FilterBankError(
                    'templates have to be provided in a tensor of shape '
                    '[ntemps][tf][nc]!')
            kwargs['tf'] = templates.shape[1]
        chunk_size = kwargs.pop('chunk_size', 100000)
        # everything not popped goes to super
        super(FilterBankSortingNode, self).__init__(**kwargs)

        # members
        self._fout = None
        self._data = None
        self._chunk = None
        self._chunk_offset = 0
        self._chunk_size = int(chunk_size)
        self.rval = {}

        # create filters for templates
        if templates is not None:
            for temp in templates:
                self.create_filter(temp)

    ## SortingNode interface

    def _execute(self, x):
        # No channel masking for now
        #self._data = x[:, self._chan_set]
        self._data = x
        dlen = self._data.shape[0]
        self.rval.clear()
        for i in self._idx_active_set:
            self.rval[i] = []
        curr_chunk = 0
        has_next_chunk = True

        # sort per chunk
        while has_next_chunk:
            # get chunk limits
            self._chunk_offset = curr_chunk * self._chunk_size
            clen = min(dlen, (curr_chunk + 1) * self._chunk_size)
            clen -= self._chunk_offset

            # generate data chunk and process
            self._chunk = self._data[
                          self._chunk_offset:self._chunk_offset + clen]
            self._fout = sp.empty((clen, self.nf))

            # filtering
            self._pre_filter()
            self._fout = super(FilterBankSortingNode, self)._execute(
                self._chunk)
            self._post_filter()

            # sorting
            self._pre_sort()
            self._sort_chunk()
            self._post_sort()

            # iteration
            curr_chunk += 1
            if self._chunk_offset + clen >= dlen:
                has_next_chunk = False
        self._combine_results()

        # return input data
        return x

    ## FilterBankSortingNode interface - prototypes

    def _pre_filter(self):
        pass

    def _post_filter(self):
        pass

    def _pre_sort(self):
        pass

    def _post_sort(self):
        pass

    def _sort_chunk(self):
        pass

    def _combine_results(self):
        self.rval = dict_list_to_ndarray(self.rval)
        correct = int(self._tf / 2)
        for k in self.rval:
            self.rval[k] -= correct

    ## result access

[docs]    def spikes_u(self, u, mc=True, exclude_overlaps=True, overlap_window=None,
                 align_at=-1, align_kind='min', align_rsf=1.):
        """yields the spike for the u-th filter

        :type u: int
        :param u: index of the filter # CHECK THIS
        :type mc: bool
        :param mc: if True, return spikes multi-channeled, else return spikes
            concatenated
            Default=True
        :type exclude_overlaps: bool
        :param exclude_overlaps: if True, exclude overlap spike
        :type overlap_window: int
        :param overlap_window: if `exclude_overlaps` is True, this will define
            the overlap range,
            if None set overlap_window=self._tf.
            Default=None
        """

        # init
        cut = get_cut(self._tf)
        rval = None
        size = 0, sum(cut), self._data.shape[1]
        if mc is False:
            size = size[0], size[1] * size[2]
        st_dict = copy.deepcopy(self.rval)

        # extract spikes
        spks, st_dict[u] = get_aligned_spikes(
            self._data,
            st_dict[u],
            align_at=align_at,
            tf=self._tf,
            mc=mc,
            kind=align_kind,
            rsf=align_rsf)
        if exclude_overlaps is True:
            if st_dict[u].size > 0:
                ovlp_info = overlaps(st_dict, overlap_window or self._tf)[0]
                spks = spks[ovlp_info[u] == False]
        return spks

    ## plotting methods


[docs]    def plot_sorting(self, ph=None, show=False):
        """plot the sorting of the last data chunk

        :type ph: plot handle
        :param ph: plot handle top use for the plot
        :type show: bool
        :param show: if True, call plt.show()
        """

        # get plotting tools
        try:
            from spikeplot import COLOURS, mcdata
        except ImportError:
            return None

        # check
        if self._data is None or self.rval is None or len(
                self._idx_active_set) == 0:
            logging.warn('not initialised properly to plot a sorting!')
            return None

        # create events
        ev = {}
        if self.rval is not None:
            temps = self.template_set
            for i in self._idx_active_set:
                if i in self.rval:
                    if self.rval[i].any():
                        ev[i] = (self.bank[i].xi, self.rval[i])

        # create colours
        cols = COLOURS[:self.nf]

        # calc discriminants for single units
        other = None
        if self.nf > 0:
            self.reset_history()
            other = super(FilterBankSortingNode, self)._execute(self._data)
            other += getattr(self, '_lpr_s', sp.log(1.e-6))
            other -= [.5 * self.get_xcorrs_at(i)
                      for i in xrange(self.nf)]

        # plot mcdata
        return mcdata(self._data, other=other, events=ev,
                      plot_handle=ph, colours=cols, show=show)


[docs]    def plot_sorting_waveforms(self, ph=None, show=False, **kwargs):
        """plot the waveforms of the sorting of the last data chunk

        :type ph: plot handle
        :param ph: plot handle to use for the
        :type show: bool
        :param show: if True, call plt.show()
        """

        # get plotting tools
        try:
            from spikeplot import waveforms
        except ImportError:
            return None

        # check
        if self._data is None or self.rval is None or len(
                self._idx_active_set) == 0:
            logging.warn('not initialised properly to plot a sorting!')
            return None

        # init
        wf = {}
        temps = {}
        cut = get_cut(self._tf)

        # build waveforms
        for u in self.rval:
            spks_u = self.spikes_u(
                u, exclude_overlaps=False, align_kind=self._align_kind,
                align_at=getattr(self, '_learn_templates', -1),
                align_rsf=getattr(self, '_learn_templates_rsf', 1.))
            temps[u] = self.bank[u].xi_conc
            if spks_u.size > 0:
                wf[u] = self.spikes_u(u, align_kind=self._align_kind)
            else:
                wf[u] = temps[u]

        """
        waveforms(waveforms, samples_per_second=None, tf=None, plot_mean=False,
              plot_single_waveforms=True, set_y_range=False,
              plot_separate=True, plot_handle=None, colours=None, title=None,
              filename=None, show=True):
        """
        return waveforms(wf, samples_per_second=None, tf=self._tf,
                         plot_mean=True, templates=temps,
                         plot_single_waveforms=True, set_y_range=False,
                         plot_separate=True, plot_handle=ph, show=show)


[docs]    def sorting2gdf(self, fname):
        """yield the gdf representing the current sorting"""

        GdfFile.write_gdf(fname, self.rval)




[docs]class BayesOptimalTemplateMatchingNode(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.
    """

    ## constructor

    def __init__(self, **kwargs):
        """
        :type ovlp_taus: list
        :keyword ovlp_taus: None or list of tau values. If list of tau
            values is given, discriminant-functions for all pair-wise
            template overlap cases with the given tau values will be created
            and evaluated. If None a greedy subtractive interference
            cancellation (SIC) approach will be used.

            Default=None
        :type spk_pr: float
        :keyword spk_pr: spike prior value

            Default=1e-6
        :type noi_pr: float
        :keyword noi_pr: noise prior value

            Default=1e0
        :type spk_pr_bias: tuple
        :keyword spk_pr_bias: will only be used when the resolution method is
            'sic'. After a spike has been found in a spike epoch, its
            discriminant will be biased by the `bias` for `extend` samples.

            Default=None
        """

        # kwargs
        ovlp_taus = kwargs.pop('ovlp_taus', None)
        noi_pr = kwargs.pop('noi_pr', 1e0)
        spk_pr = kwargs.pop('spk_pr', 1e-6)
        spk_pr_bias = kwargs.pop('spk_pr_bias', None)

        # super
        super(BayesOptimalTemplateMatchingNode, self).__init__(**kwargs)

        # members
        self._ovlp_taus = ovlp_taus
        if self._ovlp_taus is not None:
            self._ovlp_taus = list(self._ovlp_taus)
            if self.verbose.has_print:
                print 'using overlap channels'
        else:
            if self.verbose.has_print:
                print 'using subtractive interference cancelation'
        self._disc = None
        self._pr_n = None
        self._lpr_n = None
        self._pr_s = None
        self._lpr_s = None
        self._pr_s_b = None
        self._oc_idx = None

        self.noise_prior = noi_pr
        self.spike_prior = spk_pr
        self.spike_prior_bias = spk_pr_bias

    ## properties

[docs]    def get_noise_prior(self):
        return self._pr_n


[docs]    def set_noise_prior(self, value):
        if value <= 0.0:
            raise ValueError('noise prior <= 0.0')
        if value > 1.0:
            raise ValueError('noise prior > 1.0')
        self._pr_n = float(value)
        self._lpr_n = sp.log(self._pr_n)


    noise_prior = property(get_noise_prior, set_noise_prior)

[docs]    def get_spike_prior(self):
        return self._pr_s


[docs]    def set_spike_prior(self, value):
        if value <= 0.0:
            raise ValueError('spike prior <= 0.0')
        if value > 1.0:
            raise ValueError('spike prior > 1.0')
        self._pr_s = float(value)
        self._lpr_s = sp.log(self._pr_s)


    spike_prior = property(get_spike_prior, set_spike_prior)

[docs]    def get_spike_prior_bias(self):
        return self._pr_s_b


[docs]    def set_spike_prior_bias(self, value):
        if value is None:
            return
        if len(value) != 2:
            raise ValueError('expecting tuple of length 2')
        value = float(value[0]), int(value[1])
        if value[1] < 1:
            raise ValueError('extend cannot be non-positive')
        self._pr_s_b = value


    spike_prior_bias = property(get_spike_prior_bias, set_spike_prior_bias)

    ## filter bank sorting interface

    def _post_filter(self):
        """build discriminant functions, prepare for sorting"""

        # tune filter outputs to prob. model
        ns = self._fout.shape[0]
        nf = self.nf
        if self._ovlp_taus is not None:
            nf += nf * (nf - 1) * 0.5 * len(self._ovlp_taus)
        self._disc = sp.empty((ns, nf), dtype=self.dtype)
        self._disc[:] = sp.nan
        for i in xrange(self.nf):
            self._disc[:, i] = (self._fout[:, i] + self._lpr_s -
                                .5 * self.get_xcorrs_at(i))

        # build overlap channels from filter outputs for overlap channels
        if self._ovlp_taus is not None:
            self._oc_idx = {}
            oc_idx = self.nf
            for f0 in xrange(self.nf):
                for f1 in xrange(f0 + 1, self.nf):
                    for tau in self._ovlp_taus:
                        self._oc_idx[oc_idx] = (f0, f1, tau)
                        f0_lim = [max(0, 0 - tau), min(ns, ns - tau)]
                        f1_lim = [max(0, 0 + tau), min(ns, ns + tau)]
                        self._disc[f0_lim[0]:f0_lim[1], oc_idx] = (
                            self._disc[f0_lim[0]:f0_lim[1], f0] +
                            self._disc[f1_lim[0]:f1_lim[1], f1] -
                            self.get_xcorrs_at(f0, f1, tau))
                        oc_idx += 1

    def _sort_chunk(self):
        """sort this chunk on the calculated discriminant functions

        method: "och"
            Examples for overlap samples
                  tau=-2     tau=-1      tau=0      tau=1      tau=2
            f1:  |-----|    |-----|    |-----|    |-----|    |-----|
            f2:    |-----|   |-----|   |-----|   |-----|   |-----|
            res:    +++       ++++      +++++      ++++       +++
        method: "sic"
            TODO:
        """

        # init
        if self.nf == 0:
            return
        spk_ep = epochs_from_binvec(
            sp.nanmax(self._disc, axis=1) > self._lpr_n)
        if spk_ep.size == 0:
            return
        l, r = get_cut(self._tf)
        for i in xrange(spk_ep.shape[0]):
            # FIX: for now we just continue for empty epochs,
            # where do they come from anyways?!
            if spk_ep[i, 1] - spk_ep[i, 0] < 1:
                continue
            mc = self._disc[spk_ep[i, 0]:spk_ep[i, 1], :].argmax(0).argmax()
            s = self._disc[spk_ep[i, 0]:spk_ep[i, 1], mc].argmax() + spk_ep[
                i, 0]
            spk_ep[i] = [s - l, s + r]

        # check epochs
        spk_ep = merge_epochs(spk_ep)
        n_ep = spk_ep.shape[0]

        for i in xrange(n_ep):
            #
            # method: overlap channels
            #
            if self._ovlp_taus is not None:
                # get event time and channel
                ep_t, ep_c = matrix_argmax(
                    self._disc[spk_ep[i, 0]:spk_ep[i, 1]])
                ep_t += spk_ep[i, 0]

                # lets fill in the results
                if ep_c < self.nf:
                    # was single unit
                    fid = self.get_idx_for(ep_c)
                    self.rval[fid].append(ep_t + self._chunk_offset)
                else:
                    # was overlap
                    my_oc_idx = self._oc_idx[ep_c]
                    fid0 = self.get_idx_for(my_oc_idx[0])
                    self.rval[fid0].append(ep_t + self._chunk_offset)
                    fid1 = self.get_idx_for(my_oc_idx[1])
                    self.rval[fid1].append(
                        ep_t + my_oc_idx[2] + self._chunk_offset)

            #
            # method: subtractive interference cancellation
            #
            else:
                ep_fout = self._fout[spk_ep[i, 0]:spk_ep[i, 1], :]
                ep_fout_norm = sp_la.norm(ep_fout)
                ep_disc = self._disc[spk_ep[i, 0]:spk_ep[i, 1], :].copy()

                niter = 0
                while sp.nanmax(ep_disc) > self._lpr_n:
                    # warn on spike overflow
                    niter += 1
                    if niter > self.nf:
                        logging.warn(
                            'more spikes than filters found! '
                            'epoch: [%d:%d] %d' % (
                                spk_ep[i][0] + self._chunk_offset,
                                spk_ep[i][1] + self._chunk_offset,
                                niter))
                        if niter > 2 * self.nf:
                            break

                    # find epoch details
                    ep_t = sp.nanargmax(sp.nanmax(ep_disc, axis=1))
                    ep_c = sp.nanargmax(ep_disc[ep_t])

                    # build subtrahend
                    sub = shifted_matrix_sub(
                        sp.zeros_like(ep_disc),
                        self._xcorrs[ep_c, :, :].T,
                        ep_t - self._tf + 1)

                    # apply subtrahend
                    if ep_fout_norm > sp_la.norm(ep_fout + sub):
                        ## DEBUG

                        if self.verbose.get_has_plot(1):
                            try:
                                from spikeplot import xvf_tensor, plt, COLOURS

                                x_range = sp.arange(
                                    spk_ep[i, 0] + self._chunk_offset,
                                    spk_ep[i, 1] + self._chunk_offset)
                                f = plt.figure()
                                f.suptitle('spike epoch [%d:%d] #%d' %
                                           (spk_ep[i, 0] + self._chunk_offset,
                                            spk_ep[i, 1] + self._chunk_offset,
                                            niter))
                                ax1 = f.add_subplot(211)
                                ax1.set_color_cycle(
                                    ['k'] + COLOURS[:self.nf] * 2)
                                ax1.plot(x_range, sp.zeros_like(x_range),
                                         ls='--')
                                ax1.plot(x_range, ep_disc, label='pre_sub')
                                ax1.axvline(x_range[ep_t], c='k')
                                ax2 = f.add_subplot(212, sharex=ax1, sharey=ax1)
                                ax2.set_color_cycle(['k'] + COLOURS[:self.nf])
                                ax2.plot(x_range, sp.zeros_like(x_range),
                                         ls='--')
                                ax2.plot(x_range, sub)
                                ax2.axvline(x_range[ep_t], c='k')
                            except:
                                pass

                        ## BUGED

                        ep_disc += sub + self._lpr_s
                        if self._pr_s_b is not None:
                            bias, extend = self._pr_s_b
                            ep_disc[ep_t:min(ep_t + extend,
                                             ep_disc.shape[0]), ep_c] -= bias

                        ## DEBUG

                        if self.verbose.get_has_plot(1):
                            try:
                                ax1.plot(x_range, ep_disc, ls=':', lw=2,
                                         label='post_sub')
                                ax1.legend(loc=2)
                            except:
                                pass

                        ## BUGED

                        fid = self.get_idx_for(ep_c)
                        self.rval[fid].append(
                            spk_ep[i, 0] + ep_t + self._chunk_offset)
                    else:
                        break
                del ep_fout, ep_disc, sub

    ## BOTM implementation

[docs]    def posterior_prob(self, obs, with_noise=False):
        """posterior probabilities for data under the model

        :type obs: ndarray
        :param obs: observations to be evaluated [n, tf, nc]
        :type with_noise: bool
        :param with_noise: if True, include the noise cluster as component
            in the mixture.
            Default=False
        :rtype: ndarray
        :returns: matrix with per component posterior probabilities [n, c]
        """

        # check obs
        obs = sp.atleast_2d(obs)
        if len(obs) == 0:
            raise ValueError('no observations passed!')
        data = []
        if obs.ndim == 2:
            if obs.shape[1] != self._tf * self._nc:
                raise ValueError('data dimensions not compatible with model')
            for i in xrange(obs.shape[0]):
                data.append(obs[i])
        elif obs.ndim == 3:
            if obs.shape[1:] != (self._tf, self._nc):
                raise ValueError('data dimensions not compatible with model')
            for i in xrange(obs.shape[0]):
                data.append(mcvec_to_conc(obs[i]))
        data = sp.asarray(data, dtype=sp.float64)

        # build comps
        comps = self.get_template_set(mc=False)
        if with_noise:
            comps = sp.vstack((comps, sp.zeros((self._tf * self._nc))))
        comps = comps.astype(sp.float64)
        if len(comps) == 0:
            return sp.zeros((len(obs), 1))

        # build priors
        prior = sp.array([self._lpr_s] * len(comps), dtype=sp.float64)
        if with_noise:
            prior[-1] = self._lpr_n

        # get sigma
        try:
            sigma = self._ce.get_cmx(tf=self._tf).astype(sp.float64)
        except:
            return sp.zeros((len(obs), 1))

        # calc log probs
        lpr = log_multivariate_normal_density(data, comps, sigma,
                                              'tied') + prior
        logprob = logsumexp(lpr, axis=1)
        return sp.exp(lpr - logprob[:, sp.newaxis])


[docs]    def component_divergence(self, obs, with_noise=False, loading=False,
                             subdim=None):
        """component probabilities under the model

        :type obs: ndarray
        :param obs: observations to be evaluated [n, tf, nc]
        :type with_noise: bool
        :param with_noise: if True, include the noise cluster as component
            in the mixture.
            Default=False
        :type loading: bool
        :param loading: if True, use the loaded matrix
            Default=False
        :type subdim: int
        :param subdim: dimensionality of subspace to build the inverse over.
            if None ignore
            Default=None
        :rtype: ndarray
        :returns: divergence from means of current filter bank[n, c]
        """

        # check data
        obs = sp.atleast_2d(obs)
        if len(obs) == 0:
            raise ValueError('no observations passed!')
        data = []
        if obs.ndim == 2:
            if obs.shape[1] != self._tf * self._nc:
                raise ValueError('data dimensions not compatible with model')
            for i in xrange(obs.shape[0]):
                data.append(obs[i])
        elif obs.ndim == 3:
            if obs.shape[1:] != (self._tf, self._nc):
                raise ValueError('data dimensions not compatible with model')
            for i in xrange(obs.shape[0]):
                data.append(mcvec_to_conc(obs[i]))
        data = sp.asarray(data, dtype=sp.float64)

        # build component
        comps = self.get_template_set(mc=False)
        if with_noise:
            comps = sp.vstack((comps, sp.zeros((self._tf * self._nc))))
        comps = comps.astype(sp.float64)
        if len(comps) == 0:
            return sp.ones((len(obs), 1)) * sp.inf

        # get sigma
        try:
            if loading is True:
                sigma_inv = self._ce.get_icmx_loaded(tf=self._tf).astype(
                    sp.float64)
            else:
                sigma_inv = self._ce.get_icmx(tf=self._tf).astype(sp.float64)
            if subdim is not None:
                subdim = int(subdim)
                svd = self._ce.get_svd(tf=self._tf).astype(sp.float64)
                sv = svd[1].copy()
                t = sp.finfo(self._ce.dtype).eps * len(sv) * svd[1].max()
                sv[sv < t] = 0.0
                sigma_inv = sp.dot(svd[0][:, :subdim],
                                   sp.dot(sp.diag(1. / sv[:subdim]),
                                          svd[2][:subdim]))
        except:
            return sp.ones((len(obs), 1)) * sp.inf

        # return component wise divergence
        rval = sp.zeros((obs.shape[0], comps.shape[0]), dtype=sp.float64)
        for n in xrange(obs.shape[0]):
            x = data[n] - comps
            for c in xrange(comps.shape[0]):
                rval[n, c] = sp.dot(x[c], sp.dot(sigma_inv, x[c]))
        return rval

# for legacy compatibility


BOTMNode = BayesOptimalTemplateMatchingNode


[docs]class AdaptiveBayesOptimalTemplateMatchingNode(
    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.
    """

    def __init__(self, **kwargs):
        """
        :type learn_templates: int
        :keyword learn_templates: if non-negative integer, adapt the filters
            with the found events aligned at that sample. If negative,
            calculate the alignment samples as int(.25*self.tf)

            Default=-1
        :type learn_noise: str or None
        :keyword learn_noise: if not None, adapt the noise covariance matrix
            with from the noise epochs. This has to be either 'sort' to
            learn from the non overlapping sorting events,
            or 'det' to lean from the detection. Else, do not learn the noise.

            Default='sort'
        :type det_cls: ThresholdDetectorNode
        :keyword det_cls: the class of detector node to use for the spike
            detection running in parallel to the sorting,
            this must be a subclass of 'ThresholdDetectorNode'.

            Default=MTEO_DET
        :type det_limit: int
        :keyword det_limit: capacity of the ringbuffer to hold the unexplained
            spikes.

            Default=2000
        :type det_forget: int
        :keyword det_forget: Unexplained spikes that are older than this
            amount of samples will be forgotten. A reclustering to find
            new nodes will be started if ``det_limit`` unexplained spikes
            are found during ``det_forget`` samples. If this value is 0,
            no reclustering will occur.

            Default=1000000
        :type clus_num_reclus: int or list
        :type clus_num_reclus: Number of clusters that will be used in a
            reclustering of unexplained spikes.

            Default: 4
        :type clus_min_size: int
        :keyword clus_min_size: Minimum number of spikes in a cluster of
            unexplained spikes for a new unit to be created from that cluster
            during reclustering.

            Default=50
        :type clus_use_amplitudes: bool
        :keyword clus_use_amplitudes: Determines if amplitudes (max-min) for
            each channel are used in addition to PCA features for clustering.

            Default=True
        :type clus_pca_features: int
        :keyword clus_pca_features: The number of PCA features to use during
            clustering.

            Default=10

        :type clus_algo: str
        :keyword clus_algo: Name of the clustering algorithm to use.
            Allowed are all names HomoscedasticClusteringNode can use,
            e.g. 'gmm' or 'meanshift'.

            Default='gmm'

        :type clus_params: dict
        :keyword clus_params: Dictionary of parameters for chosen algorithm.
            Contents depend on clustering algorithm:

            * 'gmm'
              * 'min_clusters' Minimum number of clusters to try.
                Default=1
              * 'max_clusters' Maximum number of clusters to try.
                Default=14
            * 'mean_shift'
              * Empty.

        :type clus_merge_rsf: int
        :keyword clus_params: Resampling factor used for realignment before
        checking
            if clusters should be merged.

            Default=16

        :type clus_merge_dist: float
        :keyword clus_merge_dist: Maximum euclidean distance between two
        clusters
            that will be merged. Set to 0 to turn off automatic cluster merging.

            Default=0.0

        :type minimum_snr: float
        :keyword minimum_snr: Templates with a signal to noise ratio below this
            value are dropped.

            Default = 0.5

        :type minimum_rate: float
        :keyword minimum_rate: Templates with a firing rate (in Hertz) below
            this value are dropped.

            Default = 0.1

        :type det_kwargs: dict
        :keyword det_kwargs: keywords for the spike detector that will be
            run in parallel on the data.

            Default=MTEO_KWARGS
        """

        # kwargs
        learn_templates = kwargs.pop('learn_templates', -1)
        learn_templates_rsf = kwargs.pop('learn_templates_rsf', 1.0)
        learn_noise = kwargs.pop('learn_noise', None)
        det_cls = kwargs.pop('det_cls')
        if det_cls is None:
            det_cls = MTEO_DET
        det_kwargs = kwargs.pop('det_kwargs')
        if det_kwargs is None:
            det_kwargs = MTEO_KWARGS
        det_limit = kwargs.pop('det_limit', 4000)

        self._forget_samples = kwargs.pop('det_forget', 1000000)
        self._mad_scaling = kwargs.pop('clus_mad_scaling', False)
        self._min_new_cluster_size = kwargs.pop('clus_min_size', 30)
        self._num_reclus = kwargs.pop('clus_num_reclus', 4)
        self._use_amplitudes = kwargs.pop('clus_use_amplitudes', True)
        self._pca_features = kwargs.pop('clus_pca_features', 10)
        self._cluster_algo = kwargs.pop('clus_algo', 'gmm')
        self._cluster_params = kwargs.pop('clus_params', {})
        self._merge_dist = kwargs.pop('clus_merge_dist', 0.0)
        self._merge_rsf = kwargs.pop('clus_merge_rsf', 16)
        self._external_spike_train = None
        self._minimum_snr = kwargs.pop('minimum_snr', 0.5)
        self._minimum_rate = kwargs.pop('minimum_rate', 0.1)

        # check det_cls
        #if not issubclass(det_cls, ThresholdDetectorNode):
        #    raise TypeError(
        #        '\'det_cls\' of type ThresholdDetectorNode is required!')
        if learn_noise is not None:
            if learn_noise not in ['det', 'sort']:
                learn_noise = None

        # super
        super(AdaptiveBayesOptimalTemplateMatchingNode, self).__init__(**kwargs)

        if learn_templates < 0:
            learn_templates = int(0.25 * self._tf)

        # members
        self._det = None
        self._det_cls = det_cls
        self._det_kwargs = det_kwargs
        self._det_limit = int(det_limit)
        self._det_buf = None
        self._det_samples = None
        self._learn_noise = learn_noise
        self._learn_templates = learn_templates
        self._learn_templates_rsf = learn_templates_rsf
        self._sample_offset = 0  # Count how often the sorting was executed
        # Number of samples before unexplained spikes are ignored

        # align at (learn_templates)
        if self._learn_templates < 0:
            self._learn_templates = .25
        if isinstance(self._learn_templates, float):
            if 0.0 <= self._learn_templates <= 1.0:
                self._learn_templates *= self.tf
            self._learn_templates = int(self._learn_templates)

        # for initialisation set correct self._cluster method
        self._cluster = self._cluster_init

        self._det_buf = MxRingBuffer(capacity=self._det_limit,
                                     dimension=(self._tf * self._nc),
                                     dtype=self.dtype)
        # Saves (global) samples of unexplained spike events
        self._det_samples = collections.deque(maxlen=self._det_limit)
        # mad scale value
        if self._mad_scaling is False:
            self._mad_scaling = None
        else:
            self._mad_scaling = 0.0

    ## properties

[docs]    def get_det(self):
        if self._det is None:
            self._det = self._det_cls(tf=self._tf, **self._det_kwargs)
            if self.verbose.has_print:
                print self._det
        return self._det


    det = property(get_det)

    ## filter bank sorting interface

    def _event_explained(self, ev, padding=15):
        """check event for explanation by the filter bank"""

        # early exit if no discriminants are present
        if not self._disc.size:
            return False

        # cut relevant piece of the discriminants
        data_ep = ev - self._learn_templates, \
                  ev - self._learn_templates + self.tf
        disc_ep = data_ep[0] + self._tf / 2, \
                  data_ep[1] + self._tf / 2
        if self._external_spike_train is not None:
            disc_ep = (disc_ep[0] - self._chunk_offset,
                       disc_ep[1] - self._chunk_offset)
        if self.verbose.has_plot:
            try:
                from spikeplot import mcdata

                ep = data_ep[0] - padding, disc_ep[1] + padding
                mcdata(
                    data=self._chunk[ep[0]:ep[1]],
                    #other=self._disc[at[0]:at[1]], events=evts,
                    other=self._disc[ep[0]:ep[1]],
                    x_offset=ep[0],
                    events={0: [ev], 1: [data_ep[0] + self._tf]},
                    epochs={0: [data_ep], 1: [disc_ep]},
                    title='det@%s(%s) disc@%s' % (
                        ev, self._learn_templates, ev + self._tf),
                    show=True)
            except ImportError:
                pass
                #self.se_cnt += 1

        start = max(0, disc_ep[0] - padding)
        stop = min(self._disc.shape[0], disc_ep[1] + padding)
        return self._disc[start:stop, :].max() >= 0.0

    def _post_sort(self):
        """check the spike sorting against multi unit"""

        if self._external_spike_train is None:
            self.det.reset()
            self.det(self._chunk, ck0=self._chunk_offset,
                     ck1=self._chunk_offset + len(self._chunk))
            if self.det.events is None:
                return
            events = self.det.events
        else:
            events = self._external_spike_train[sp.logical_and(
                self._external_spike_train >= self._chunk_offset,
                self._external_spike_train < self._chunk_offset + len(
                    self._chunk))]

        events_explained = sp.array([self._event_explained(e) for e in events])
        if self.verbose.has_print:
            print 'spks not explained:', (events_explained == False).sum()
        if sp.any(events_explained == False):
            data = self._chunk
            if self._mad_scaling is not None:
                data = 1.0 / self._mad_scaling * self._chunk.copy()
            spks, st = get_aligned_spikes(
                data, events[events_explained == False],
                tf=self._tf, mc=False, kind=self._align_kind,
                align_at=self._learn_templates, rsf=self._learn_templates_rsf)
            self._det_buf.extend(spks)
            self._det_samples.extend(self._sample_offset + st)

        self._disc = None

    def _execute(self, x, ex_st=None):
        if self._mad_scaling is not None:
            alpha = self._ce._weight
            mad_scale = mad_scaling(x)[1]
            if sp.any(self._mad_scaling):
                self._mad_scaling = (1.0 - alpha) * self._mad_scaling
                self._mad_scaling += alpha * mad_scale
            else:
                self._mad_scaling = mad_scale

                # set the external spike train
        self._external_spike_train = ex_st
        # call super to get sorting
        rval = super(AdaptiveBayesOptimalTemplateMatchingNode, self)._execute(x)
        # adaption
        self._adapt_noise()
        self._adapt_filter_drop()
        self._adapt_filter_current()
        self._adapt_filter_new()
        # learn slow noise statistic changes
        self._sample_offset += x.shape[0]  # Increase sample offset
        return rval

    ## adaption methods

    def _adapt_noise(self):
        if self._learn_noise:
            nep = None
            if self._learn_noise == 'sort':
                if len(self.rval) > 0:
                    nep = epochs_from_spiketrain_set(
                        self.rval,
                        cut=(self._learn_templates,
                             self._tf - self._learn_templates),
                        end=self._data.shape[0])['noise']
            elif self._learn_noise == 'det':
                if self._external_spike_train is not None:
                    nep = epochs_from_spiketrain_set(
                        {666: self._external_spike_train},
                        cut=(self._learn_templates,
                             self._tf - self._learn_templates),
                        end=self._data.shape[0])['noise']
                elif len(self.det.events) > 0:
                    nep = self.det.get_epochs(
                        ## this does not have to be the correct cut for the
                        ## detection events! best would be to do an
                        # alignment here!
                        cut=(self._learn_templates,
                             self._tf - self._learn_templates),
                        merge=True, invert=True)
            else:
                raise ValueError('unrecognised value for learn_noise: %s' % str(
                    self._learn_noise))

            try:
                self._ce.update(self._data, epochs=nep)
            except ValueError, e:
                logging.warn(str(e))

    def _adapt_filter_drop(self):
        nsmpl = self._data.shape[0]
        for u in list(self._idx_active_set):
            # 1) snr drop
            if self.bank[u].snr < self._minimum_snr:
                self.deactivate(u)
                logging.warn('deactivating filter %s, snr' % str(u))

            # 2) rate drop
            if hasattr(self.bank[u], 'rate'):
                try:
                    nspks = len(self.rval[u])
                except:
                    nspks = 0
                self.bank[u].rate.observation(nspks, nsmpl)
                if self.bank[u].rate.filled and \
                                self.bank[u].rate.estimate() < self._minimum_rate:
                    self.deactivate(u)
                    logging.warn('deactivating filter %s, rate' % str(u))
        self._check_internals()

    def _adapt_filter_current(self):
        """adapt templates/filters using non overlapping spikes"""

        # check and init
        if self._data is None or self.rval is None:
            return

        # adapt filters with found waveforms
        for u in self.rval:
            spks_u = self.spikes_u(u, mc=True, exclude_overlaps=True,
                                   align_at=self._learn_templates or -1,
                                   align_kind=self._align_kind,
                                   align_rsf=self._learn_templates_rsf)
            if spks_u.size == 0:
                continue
            self.bank[u].extend_xi_buf(spks_u)
            self.bank[u].rate.observation(spks_u.shape[0], self._data.shape[0])
        print [(u, f.rate.estimate()) for (u, f) in self.bank.items()]

    def _adapt_filter_new(self):
        if self._det_buf.is_full and \
                (self._cluster == self._cluster_init or
                     (self._forget_samples > 0 and
                              self._det_samples[0] > self._sample_offset -
                              self._forget_samples)):
            if self.verbose.has_print:
                print 'det_buf is full!'
            self._cluster()
        else:
            if self.verbose.has_print:
                print 'self._det_buf volume:', self._det_buf

    ## something from robert

[docs]    def resampled_mean_dist(self, spks1, spks2):
        """ Caclulate distance of resampled means from two sets of spikes
        """
        # resample and realign means to check distance
        means = {}

        means[0] = mcvec_from_conc(spks1.mean(0), nc=self._nc)
        means[1] = mcvec_from_conc(spks2.mean(0), nc=self._nc)

        if self._merge_rsf != 1:
            for u in means.iterkeys():
                means[u] = sp.signal.resample(
                    means[u], self._merge_rsf * means[u].shape[0])

                if self._align_kind == 'min':
                    tau = get_tau_align_min(
                        sp.array([means[u]]),
                        self._learn_templates * self._merge_rsf)
                elif self._align_kind == 'max':
                    tau = get_tau_align_max(
                        sp.array([means[u]]),
                        self._learn_templates * self._merge_rsf)
                elif self._align_kind == 'energy':
                    tau = get_tau_align_energy(
                        sp.array([means[u]]),
                        self._learn_templates * self._merge_rsf)
                else:
                    tau = 0

                # Realignment shouldn't need to be drastic
                max_dist = 2 * self._merge_rsf
                l = means[u].shape[0]
                if abs(tau) > max_dist:
                    logging.warn(('Could not realign %d, distance: %d ' %
                                  (u, tau)))
                    tau = 0
                means[u] = mcvec_to_conc(
                    means[u][max_dist + tau:l - max_dist + tau, :])
        else:
            means[0] = mcvec_to_conc(means[0])
            means[1] = mcvec_to_conc(means[1])

        return sp.spatial.distance.cdist(
            sp.atleast_2d(means[0]), sp.atleast_2d(means[1]), 'euclidean')

    ## cluster methods


    def _cluster_init(self):
        """cluster step for initialisation"""

        # get all spikes and clear buffers
        spks = self._det_buf[:].copy()
        self._det_buf.clear()
        self._det_samples.clear()

        # noise covariance matrix, and scaling due to median average deviation
        C = self._ce.get_cmx(tf=self._tf, chan_set=self._chan_set)
        if self._mad_scaling is not None:
            C *= mad_scale_op_mx(self._mad_scaling, self._tf)

        # processing chain
        pre_pro = PrewhiteningNode(ncov=C) + \
                  PCANode(output_dim=self._pca_features)
        sigma_factor = 4.0
        min_clusters = self._cluster_params.get('min_clusters', 1)
        max_clusters = self._cluster_params.get('max_clusters', 14)
        rep = 0 if self._cluster_algo == 'meanshift' else 4
        clus = HomoscedasticClusteringNode(
            clus_type=self._cluster_algo,
            cvtype='full',
            debug=self.verbose.has_print,
            sigma_factor=sigma_factor,
            crange=range(min_clusters, max_clusters + 1),
            max_iter=256, repeats=rep)

        # create features
        if self._use_amplitudes:
            n_spikes = spks.shape[0]
            spks_pp = sp.zeros((n_spikes, self._pca_features + self._nc))
            spks_pp[:, :self._pca_features] = pre_pro(spks)

            all = vec2ten(spks, self._nc)
            all_amp = all.max(axis=1) - all.min(axis=1)

            # Scale amplitude features to a level near pca features
            all_amp *= sigma_factor * 5 / all_amp.max()
            spks_pp[:, self._pca_features:] = all_amp
        else:
            spks_pp = pre_pro(spks)

        # cluster
        clus(spks_pp)
        if self.verbose.is_verbose is True:
            clus.plot(spks_pp, show=True)
        lbls = clus.labels

        if self.verbose.has_plot:
            clus.plot(spks_pp, show=True)

        if self._merge_dist > 0.0:
            merged = True
            while merged:
                merged = False
                for i in sp.unique(lbls):
                    spks_i = spks[lbls == i]

                    #for inner in xrange(i):
                    for inner in sp.unique(lbls):
                        if i >= inner:
                            continue
                        spks_inner = spks[lbls == inner]

                        d = self.resampled_mean_dist(spks_i, spks_inner)
                        if self.verbose.has_print:
                            print 'Distance %d-%d: %f' % (i, inner, d)
                        if d <= self._merge_dist:
                            lbls[lbls == i] = inner
                            if self.verbose.has_print:
                                print 'Merged', i, 'and', inner, '-'
                            merged = True
                            break
                    if merged:
                        break
        if self._mad_scaling is not None:
            # if we have scaled the spikes, rescale to original scale
            spks *= mad_scale_op_vec(1.0 / self._mad_scaling, self._tf)
        for i in sp.unique(lbls):
            spks_i = spks[lbls == i]
            if len(spks_i) < self._min_new_cluster_size:
                self._det_buf.extend(spks_i)
                if self.verbose.has_print:
                    print 'Unit %d rejected, only %d spikes' % (i, len(spks_i))
                continue

            spk_i = mcvec_from_conc(spks_i.mean(0), nc=self._nc)
            self.create_filter(spk_i)
            if self.verbose.has_print:
                print 'Unit %d accepted, with %d spikes' % (i, len(spks_i))
        del pre_pro, clus, spks, spks_pp
        self._cluster = self._cluster_base

    def _cluster_base(self):
        """cluster step for normal operation"""

        # get all spikes and clear buffer
        spks = self._det_buf[:].copy()
        self._det_buf.clear()
        self._det_samples.clear()

        # noise covariance matrix, and scaling due to median average deviation
        C = self._ce.get_cmx(tf=self._tf, chan_set=self._chan_set)
        if self._mad_scaling is not None:
            C *= mad_scale_op_mx(self._mad_scaling, self._tf)

        # processing chain
        pre_pro = PrewhiteningNode(ncov=C) + \
                  PCANode(output_dim=10)
        clus = HomoscedasticClusteringNode(
            clus_type='gmm',
            cvtype='tied',
            debug=self.verbose.has_print,
            sigma_factor=4.0,
            crange=range(1, self._num_reclus + 1),
            max_iter=256)
        spks_pp = pre_pro(spks)
        clus(spks_pp)
        lbls = clus.labels
        if self.verbose.has_plot:
            clus.plot(spks_pp, show=True)
        if self._mad_scaling is not None:
            spks *= mad_scale_op_vec(1.0 / self._mad_scaling, self._tf)
        for i in sp.unique(lbls):
            if self.verbose.has_print:
                print 'checking new unit:',
            spks_i = spks[lbls == i]

            if len(spks_i) < self._min_new_cluster_size:
                self._det_buf.extend(spks_i)
                if self.verbose.has_print:
                    print 'rejected, only %d spikes' % len(spks_i)
            else:
                spk_i = mcvec_from_conc(spks_i.mean(0), nc=self._nc)
                self.create_filter(spk_i)
                if self.verbose.has_print:
                    print 'accepted, with %d spikes' % len(spks_i)
        del pre_pro, clus, spks, spks_pp

    def _update_mad_value(self, mad):
        """update the mad value if `mad_scaling` is True"""


## shortcut

ABOTMNode = AdaptiveBayesOptimalTemplateMatchingNode

## MAIN

if __name__ == '__main__':
    pass
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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)[source]


		Bases: botmpy.nodes.base_nodes.ResetNode


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



		
is_invertable()[source]


		






		
is_trainable()[source]


		














artifact_detector Module


detector nodes for capacitative artifacts in multi-channeled data


These detectors find events and event epochs on potentially multi-channeled 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 at 0x2f8c2a8>, srate=32000.0, zcr_th=0.1, mindist_ms=10.0)[source]


		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).



		
get_fragmentation()[source]


		returns the artifact fragmentation









		
get_nonartefact_epochs()[source]


		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)[source]


		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).



		
get_nonartefact_epochs()[source]


		return the index set that represents the non-artifact epochs

















base_nodes Module


abstract base classes derived from MDP nodes



		
class Node


		Bases: object









		
class ResetNode[source]


		Bases: botmpy.nodes.base_nodes.TrainingResetMixin, Node









		
class TrainingResetMixin[source]


		Bases: 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()[source]


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















		
class PCANode


		Bases: object











cluster Module


initialization - clustering of spikes in feature space



		
class ClusteringNode(dtype=None)[source]


		Bases: botmpy.nodes.base_nodes.ResetNode


interface for clustering algorithms



		
is_invertable()[source]


		






		
is_trainable()[source]


		












		
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='tied', gof_type='bic', dtype=None, debug=False)[source]


		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.



		
static gauss_heat_kernel(x, delta=1.0)[source]


		






		
plot(data, views=2, show=False)[source]


		plot clustering

















filter_bank Module


implementation of a filter bank consisting of a set of filters



		
exception FilterBankError[source]


		Bases: exceptions.Exception









		
class FilterBankNode(**kwargs)[source]


		Bases: 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)[source]


		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)[source]


		adds a new filter to the filter bank






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














		
cs


		






		
deactivate(idx, check=False)[source]


		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.









		
filter_set


		filter set of active filters









		
get_ce()[source]


		






		
get_chan_set()[source]


		






		
get_filter_set(active=True, mc=True)[source]


		






		
get_idx_for(key)[source]


		






		
get_nc()[source]


		






		
get_nf(active=True)[source]


		






		
get_template_set(active=True, mc=True)[source]


		






		
get_tf()[source]


		






		
get_xcorrs()[source]


		






		
get_xcorrs_at(idx0, idx1=None, shift=0)[source]


		






		
is_invertible()[source]


		






		
is_trainable()[source]


		






		
nc


		number of channels









		
nf


		number of filters









		
plot_filter_set(ph=None, show=False)[source]


		plot the filter set in a waveform plot









		
plot_template_set(ph=None, show=False)[source]


		plot the template set in a waveform plot









		
plot_template_set2(show=False)[source]


		plot the template set in a waveform plot









		
plot_xvft(ph=None, show=False)[source]


		plot the Xi vs F Tensor of the filter bank









		
reset_history()[source]


		sets the history to all zeros for all filters









		
reset_rates()[source]


		resets the rate estimators for all filters (if applicable)









		
set_ce(value)[source]


		






		
set_chan_set(value)[source]


		






		
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[source]


		Bases: exceptions.Exception









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


		Bases: 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)[source]


		append one waveform to the xi_buffer






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


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




















		
calc_filter()[source]


		initiate a calculation of the filter









		
ce


		covariance estimator









		
extend_xi_buf(wfs, recalc=False)[source]


		append an iterable of waveforms to the xi_buffer






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


		recalc (bool [http://docs.python.org/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)[source]


		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)[source]


		ABSTRACT METHOD FOR FILTER CALCULATION


Implement this in a meaningful way in any subclass. The method should
return the filter given the multi-channeled 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()[source]


		






		
get_f()[source]


		






		
get_f_conc()[source]


		






		
get_nc()[source]


		






		
get_snr()[source]


		






		
get_tf()[source]


		






		
get_xi()[source]


		






		
get_xi_conc()[source]


		






		
is_invertible()[source]


		






		
is_trainable()[source]


		






		
nc


		number of channels









		
plot_buffer_to_axis(axis=None, idx=None, limits=None)[source]


		plots the current buffer on the passed axis handle









		
reset_history()[source]


		sets the history to all zeros









		
set_ce(value)[source]


		






		
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)[source]


		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)[source]


		












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


		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)[source]


		














prewhiten Module


spike noise prewhitening algorithm



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


		Bases: Node


prewhitens the data with respect to a noise covariance matrix



		
static is_invertible()[source]


		






		
static is_trainable()[source]


		






		
update(ncov)[source]


		updates the covariance matrix and recalculates internals






		Parameters :		
		ncov : ndarray


		symetric matrix, noise covariance





























		
class PrewhiteningNode2(covest)[source]


		Bases: Node


pre-whitens data with respect to a noise covariance matrix



		
static is_invertible()[source]


		






		
static is_trainable()[source]


		














smoothing Module


smoothing algorithms for multi-channeled data



		
class SmoothingNode(size=5, input_dim=None, dtype=None)[source]


		Bases: botmpy.nodes.base_nodes.ResetNode


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



		
is_invertable()[source]


		






		
is_trainable()[source]


		












		
smooth(signal, window=5, kernel='gauss')[source]


		smooth signal with kernel of type kernel and window size window






		Parameters :		
		signal : ndarray


		multi-channeled 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 multi-channeled data


These detectors find features and feature epochs on multi-channeled 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[source]


		Bases: exceptions.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)[source]


		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, in samples.


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



		
events


		






		
get_epochs(cut=None, invert=False, merge=False)[source]


		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()[source]


		






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


		yields the extracted spikes






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


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


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




















		
is_invertible()[source]


		






		
is_trainable()[source]


		






		
plot(show=False)[source]


		plot detection in mcdata plot









		
set_events(value)[source]


		












		
class SDAbsNode(**kwargs)[source]


		Bases: botmpy.nodes.spike_detection.ThresholdDetectorNode


spike detector


energy: absolute of the signal
threshold: signal.std









		
class SDSqrNode(**kwargs)[source]


		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)[source]


		Bases: botmpy.nodes.spike_detection.ThresholdDetectorNode


spike detector


energy: multiresolution teager energy operator
threshold: energy.std









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


		Bases: botmpy.nodes.spike_detection.ThresholdDetectorNode


spike detector


energy: teager energy operator
threshold: energy.std









		
class SDIntraNode(**kwargs)[source]


		Bases: botmpy.nodes.spike_detection.ThresholdDetectorNode


spike detector


energy: identity
threshold: zero









		
class SDPeakNode(**kwargs)[source]


		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)[source]


		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.



		
plot_sorting(ph=None, show=False)[source]


		plot the sorting of the last data chunk






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


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




















		
plot_sorting_waveforms(ph=None, show=False, **kwargs)[source]


		plot the waveforms of the sorting of the last data chunk






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


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




















		
sorting2gdf(fname)[source]


		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)[source]


		yields the spike for the u-th filter






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


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


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


		overlap_window (int [http://docs.python.org/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)[source]


		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


		






		
get_det()[source]


		






		
resampled_mean_dist(spks1, spks2)[source]


		Caclulate distance of resampled means from two sets of spikes















		
class BayesOptimalTemplateMatchingNode(**kwargs)[source]


		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)[source]


		component probabilities under the model






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


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


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


		subdim (int [http://docs.python.org/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]

















		
get_noise_prior()[source]


		






		
get_spike_prior()[source]


		






		
get_spike_prior_bias()[source]


		






		
noise_prior


		






		
posterior_prob(obs, with_noise=False)[source]


		posterior probabilities for data under the model






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


		with_noise (bool [http://docs.python.org/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)[source]


		






		
set_spike_prior(value)[source]


		






		
set_spike_prior_bias(value)[source]


		






		
spike_prior


		






		
spike_prior_bias


		












		
BOTMNode


		alias of BayesOptimalTemplateMatchingNode









		
ABOTMNode


		alias of AdaptiveBayesOptimalTemplateMatchingNode
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  Source code for botmpy.common.spike_alignment

# -*- coding: utf-8 -*-
#_____________________________________________________________________________
#
# Copyright (c) 2012-2013, Berlin Institute of Technology
# All rights reserved.
#
# Developed by:	Philipp Meier <pmeier82@gmail.com>
#
#               Neural Information Processing Group (NI)
#               School for Electrical Engineering and Computer Science
#               Berlin Institute of Technology
#               MAR 5-6, Marchstr. 23, 10587 Berlin, Germany
#               http://www.ni.tu-berlin.de/
#
# Repository:   https://github.com/pmeier82/BOTMpy
#
# Permission is hereby granted, free of charge, to any person obtaining a copy
# of this software and associated documentation files (the "Software"), to
# deal with the Software without restriction, including without limitation the
# rights to use, copy, modify, merge, publish, distribute, sublicense, and/or
# sell copies of the Software, and to permit persons to whom the Software is
# furnished to do so, subject to the following conditions:
#
# * Redistributions of source code must retain the above copyright notice,
#   this list of conditions and the following disclaimers.
# * Redistributions in binary form must reproduce the above copyright notice,
#   this list of conditions and the following disclaimers in the documentation
#   and/or other materials provided with the distribution.
# * Neither the names of Neural Information Processing Group (NI), Berlin
#   Institute of Technology, nor the names of its contributors may be used to
#   endorse or promote products derived from this Software without specific
#   prior written permission.
#
# THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
# IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
# FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
# CONTRIBUTORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
# LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING
# FROM, OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS
# WITH THE SOFTWARE.
#_____________________________________________________________________________
#
# Acknowledgements:
#   Philipp Meier <pmeier82@gmail.com>
#_____________________________________________________________________________
#
# Changelog:
#   * <iso-date> <identity> :: <description>
#_____________________________________________________________________________
#


"""spikes alignment functions"""
__docformat__ = 'restructuredtext'
__all__ = ['sinc_interp1d', 'get_tau_for_alignment', 'get_tau_align_min',
           'get_tau_align_max', 'get_tau_align_energy', 'get_aligned_spikes']

##  IMPORTS

import scipy as sp
from scipy.signal import resample

from .util import INDEX_DTYPE
from .funcs_spike import epochs_from_spiketrain, get_cut, extract_spikes

## FUNCTIONS

[docs]def 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

    :param ndarray x: input data time series
    :param ndarray s: input sampling time series (regular sample interval)
    :param ndarray r: output sampling time series
    :return ndarray: output data time series (regular sample interval)
    """

    # init
    s = sp.asarray(s)
    r = sp.asarray(r)
    x = sp.asarray(x)
    if x.ndim == 1:
        x = sp.atleast_2d(x)
    else:
        if x.shape[0] == len(s):
            x = x.T
        else:
            if x.shape[1] != s.shape[0]:
                raise ValueError('x and s must be same temporal extend')
    if sp.allclose(s, r):
        return x.T
    T = s[1] - s[0]

    # resample
    sincM = sp.tile(r, (len(s), 1)) - sp.tile(s[:, sp.newaxis], (1, len(r)))
    return sp.vstack([sp.dot(xx, sp.sinc(sincM / T)) for xx in x]).T



[docs]def 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.

    :type spikes: ndarray
    :param spikes: stacked mc spike waveforms [ns, tf, nc]
    :type align_at: int
    :param align_at: sample to align the maximum at
    :returns: ndarray - offset per spike
    """

    # checks
    ns, tf, nc = spikes.shape
    if 0 < align_at >= tf:
        return sp.zeros(ns)

    # offsets
    dchan = [spike.max(0).argmax() for spike in spikes]
    tau = [spikes[i, :, dchan[i]].argmax() - align_at for i in xrange(ns)]
    return sp.asarray(tau, dtype=INDEX_DTYPE)


get_tau_align_min = lambda spks, ali: get_tau_for_alignment(-spks, ali)
get_tau_align_max = lambda spks, ali: get_tau_for_alignment(spks, ali)
get_tau_align_energy = lambda spks, ali: get_tau_for_alignment(spks * spks, ali)

[docs]def get_aligned_spikes(data, spike_train, align_at=-1, tf=47, mc=True,
                       kind='none', rsf=1., sample_back=True):
    """return the set of aligned spikes waveforms and the aligned spike train

    :type data: ndarray
    :param data: data with channels in the columns
    :type spike_train: ndarray or list
    :param spike_train: spike train of events in data
    :type align_at: int
    :param align_at: align feature at this sample in the waveform
    :type tf: int
    :param tf: temporal extend of the waveform in samples
    :type mc: bool
    :param mc: if True, return mc waveforms, else return concatenated waveforms.
        Default=True
    :type kind: str
    :param kind: 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'
    :type rsf: float
    :param rsf: resampling factor (use integer values of powers of 2)
    :param bool sample_back: if True, resample spikes to original length after resampling
    :rtype: ndarray, ndarray
    :returns: stacked spike events, spike train with events corrected for
        alignment
    """

    # resample?
    if rsf != 1.0:
        data = resample(data, rsf * data.shape[0])
        tf *= rsf
        align_at *= rsf
        spike_train *= rsf

    # init
    cut = align_at, tf - align_at
    ep, st = epochs_from_spiketrain(
        spike_train,
        cut,
        end=data.shape[0],
        with_corrected_st=True)

    # align spikes
    if ep.shape[0] > 0:
        if kind in ['min', 'max', 'energy']:
            spikes = extract_spikes(data, ep, mc=True)
            if rsf != 1.0:
                print spikes.shape
            tau = {'min': get_tau_align_min,
                   'max': get_tau_align_max,
                   'energy': get_tau_align_energy}[kind](spikes, align_at)
            st += tau

            ep, st = epochs_from_spiketrain(
                st,
                cut,
                end=data.shape[0],
                with_corrected_st=True)
        spikes = extract_spikes(data, ep, mc=mc)
    else:
        if mc is True:
            size = 0, sum(cut), data.shape[1]
        else:
            size = 0, sum(cut) * data.shape[1]
        spikes = sp.zeros(size)

    # re-resample?
    if sample_back and rsf != 1.0:
        spikes = resample(spikes, spikes.shape[1] * 1. / rsf, axis=1)
        st *= 1. / rsf

    # return
    return spikes, st

##  MAIN


if __name__ == '__main__':
    pass
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  Source code for botmpy.nodes.cluster

# -*- coding: utf-8 -*-
#_____________________________________________________________________________
#
# Copyright (c) 2012-2013, Berlin Institute of Technology
# All rights reserved.
#
# Developed by:	Philipp Meier <pmeier82@gmail.com>
#
#               Neural Information Processing Group (NI)
#               School for Electrical Engineering and Computer Science
#               Berlin Institute of Technology
#               MAR 5-6, Marchstr. 23, 10587 Berlin, Germany
#               http://www.ni.tu-berlin.de/
#
# Repository:   https://github.com/pmeier82/BOTMpy
#
# Permission is hereby granted, free of charge, to any person obtaining a copy
# of this software and associated documentation files (the "Software"), to
# deal with the Software without restriction, including without limitation the
# rights to use, copy, modify, merge, publish, distribute, sublicense, and/or
# sell copies of the Software, and to permit persons to whom the Software is
# furnished to do so, subject to the following conditions:
#
# * Redistributions of source code must retain the above copyright notice,
#   this list of conditions and the following disclaimers.
# * Redistributions in binary form must reproduce the above copyright notice,
#   this list of conditions and the following disclaimers in the documentation
#   and/or other materials provided with the distribution.
# * Neither the names of Neural Information Processing Group (NI), Berlin
#   Institute of Technology, nor the names of its contributors may be used to
#   endorse or promote products derived from this Software without specific
#   prior written permission.
#
# THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
# IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
# FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
# CONTRIBUTORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
# LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING
# FROM, OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS
# WITH THE SOFTWARE.
#_____________________________________________________________________________
#
# Acknowledgements:
#   Philipp Meier <pmeier82@gmail.com>
#_____________________________________________________________________________
#
# Changelog:
#   * <iso-date> <identity> :: <description>
#_____________________________________________________________________________
#

"""initialization - clustering of spikes in feature space"""

__docformat__ = 'restructuredtext'
__all__ = ['ClusteringNode', 'HomoscedasticClusteringNode']

## IMPORTS

import scipy as sp
from sklearn.mixture import DPGMM, GMM, VBGMM
import sklearn.cluster
from sklearn.metrics import euclidean_distances
from .base_nodes import ResetNode

## CLASSES

class FitlerbankParameters(object):
    """collection of initial parameters for a filterbank

    holds templates, the length of templates in samples, number of channels,
    the covariance matrix and the templates itself.
    """

    def __init__(self):
        """

        :return:
        :rtype:
        """

        self.tf = None
        self.nc = None
        self.templates = None
        self.covest = None


[docs]class ClusteringNode(ResetNode):
    """interface for clustering algorithms"""

    ## constructor

    def __init__(self, dtype=None):
        """
        :type dtype: dtype resolvable
        :param dtype: will be passed to :py:class:`mdp.Node`
        """

        # super
        super(ClusteringNode, self).__init__(dtype=dtype)

        # members
        self.labels = None
        self._labels = None
        self.parameters = None
        self._parameters = None

    ## mdp.Node stuff

[docs]    def is_invertable(self):
        return True


[docs]    def is_trainable(self):
        return False


    def _reset(self):
        self.labels = None
        self._labels = None
        self.parameters = None
        self._parameters = None



[docs]class HomoscedasticClusteringNode(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.
    """

    ## constructor

    def __init__(
            self, clus_type='kmeans', crange=range(1, 16), repeats=4,
            sigma_factor=4.0, max_iter=None, conv_thresh=None, alpha=None,
            cvtype='tied', gof_type='bic', dtype=None, debug=False):
        """
        :type clus_type: str
        :param clus_type: clustering algorithm to use. Must be one of:
            'kmeans', 'gmm', 'meanshift'

            Default='kmeans'
        :type crange: list
        :param crange: cluster count to test for

            Default=range(1,16)
        :type repeats: int
        :param repeats: repeat this many times per cluster count

            Default=4
        :type sigma_factor: float
        :param sigma_factor: variance factor for the spherical covariance

            Default=4.0
        :type max_iter: int
        :param max_iter: upper bound for the iterations per run

            Default=None
        :type conv_thresh: float
        :param conv_thresh: convergence threshold.

            Default=None
        :type alpha: float
        :param alpha: alpha value for the variational inference based gmm
            algorithms

            Default=None
        :type cvtype: str
        :param cvtype: covariance type, one of {'spherical', 'diag', 'tied',
            'full'}

            Default='tied'
        :type dtype: dtype resolvable
        :param dtype: dtype for internal calculations

            Default=None
        :type gof_type: str
        :param gof_type: goodness of fit criterion to use, one of {'aic', 'bic'}

            Default='bic'
        :type debug: bool
        :param debug: if True, announce progress to stdout.

            Default=False
        """

        # super
        super(HomoscedasticClusteringNode, self).__init__(dtype=dtype)

        # members
        self._ll = None
        self._gof = None
        self._winner = None
        self.clus_type = str(clus_type)
        self.gof_type = str(gof_type)
        allowed_types = ['kmeans', 'gmm', 'dpgmm', 'meanshift']
        if self.clus_type not in allowed_types:
            raise ValueError(
                'clus_type must be one of: %s!' % str(allowed_types))
        self.cvtype = str(cvtype)
        self.crange = list(crange)
        self.repeats = int(repeats)
        self.sigma_factor = float(sigma_factor)
        self.debug = bool(debug)

        self.clus_kwargs = {}
        if max_iter is not None and clus_type in ['kmeans', 'gmm', 'vbgmm',
                                                  'dpgmm']:
            self.clus_kwargs.update(max_iter=max_iter)
        if conv_thresh is not None and clus_type in ['kmeans', 'gmm', 'dpgmm']:
            self.clus_kwargs.update(conv_thresh=conv_thresh)
        if alpha is not None and clus_type in ['vbgmm', 'dpgmm']:
            self.clus_kwargs.update(alpha=alpha)

    def _reset(self):
        super(HomoscedasticClusteringNode, self)._reset()
        self._gof = None
        self._winner = None

    ## spectral clustering

    @staticmethod
[docs]    def gauss_heat_kernel(x, delta=1.0):
        return sp.exp(-x ** 2 / (2. * delta ** 2))


    def _fit_spectral(self, x):
        # FIXME: broken still
        D = euclidean_distances(x, x)
        A = HomoscedasticClusteringNode.gauss_heat_kernel(D)
        # clustering
        for c in xrange(len(self.crange)):
            k = self.crange[c]
            for r in xrange(self.repeats):
                # init
                if self.debug is True:
                    print '\t[%s][c:%d][r:%d]' % (
                        self.clus_type, self.crange[c], r + 1),
                idx = c * self.repeats + r

                # evaluate model
                model = sklearn.cluster.SpectralClustering(k=k)
                model.fit(A)
                self._labels[idx] = model.labels_
                means = sp.zeros((k, x.shape[1]))
                for i in xrange(k):
                    means[i] = x[model.labels_ == i].mean(0)
                self._parameters[idx] = means

    def _fit_mean_shift(self, x):
        for c in xrange(len(self.crange)):
            quant = 0.015 * (c + 1)
            for r in xrange(self.repeats):
                bandwidth = sklearn.cluster.estimate_bandwidth(
                    x, quantile=quant, random_state=r)
                idx = c * self.repeats + r
                model = sklearn.cluster.MeanShift(
                    bandwidth=bandwidth, bin_seeding=True)
                model.fit(x)
                self._labels[idx] = model.labels_
                self._parameters[idx] = model.cluster_centers_

                # build equivalent gmm
                k = model.cluster_centers_.shape[0]
                model_gmm = GMM(n_components=k, covariance_type=self.cvtype,
                                init_params='c', n_iter=0)
                model_gmm.means_ = model.cluster_centers_
                model_gmm.weights_ = sp.array(
                    [(model.labels_ == i).sum() for i in xrange(k)])
                model_gmm.fit(x)

                # evaluate goodness of fit
                self._ll[idx] = model_gmm.score(x).sum()
                if self.gof_type == 'aic':
                    self._gof[idx] = model_gmm.aic(x)
                if self.gof_type == 'bic':
                    self._gof[idx] = model_gmm.bic(x)

                print quant, k, self._gof[idx]


    def _fit_kmeans(self, x):
        # clustering
        for c in xrange(len(self.crange)):
            k = self.crange[c]
            for r in xrange(self.repeats):
                # info
                if self.debug is True:
                    print '\t[%s][c:%d][r:%d]' % (
                        self.clus_type, self.crange[c], r + 1),
                idx = c * self.repeats + r

                # fit kmeans model
                model_kwargs = {}
                if 'max_iter' in self.clus_kwargs:
                    model_kwargs.update(max_iter=self.clus_kwargs['max_iter'])
                model = sklearn.cluster.KMeans(
                    n_clusters=k, init='k-means++', **model_kwargs)
                self._labels[idx] = model.fit_predict(x)
                self._parameters[idx] = model.cluster_centers_

                # build equivalent gmm
                model_gmm = GMM(n_components=k, covariance_type=self.cvtype)
                model_gmm.means_ = model.cluster_centers_
                model_gmm.covars_ = sp.ones(
                    (k, self.input_dim)) * self.sigma_factor
                model_gmm.weights_ = sp.array(
                    [(self._labels[idx] == i).sum() for i in xrange(k)])

                # evaluate goodness of fit
                self._ll[idx] = model_gmm.score(x).sum()
                if self.gof_type == 'aic':
                    self._gof[idx] = model_gmm.aic(x)
                if self.gof_type == 'bic':
                    self._gof[idx] = model_gmm.bic(x)

                # debug info
                if self.debug is True:
                    print self._gof[idx], model.inertia_

    ## gmm (vanilla em)

    def _fit_gmm(self, x):
        # clustering
        for c in xrange(len(self.crange)):
            k = self.crange[c]
            for r in xrange(self.repeats):
                # info
                if self.debug is True:
                    print '\t[%s][c:%d][r:%d]' % (self.clus_type, k, r + 1),
                idx = c * self.repeats + r

                # fit and evaluate model
                model_kwargs = {}
                if 'conv_thresh' in self.clus_kwargs:
                    model_kwargs.update(thresh=self.clus_kwargs['conv_thresh'])
                if 'max_iter' in self.clus_kwargs:
                    model_kwargs.update(n_iter=self.clus_kwargs['max_iter'])
                model = GMM(
                    n_components=k,
                    covariance_type=self.cvtype,
                    params='wmc',
                    init_params='wmc',
                    **model_kwargs)
                model.covars_ = {'spherical': sp.ones((k, self.input_dim)),
                                 'diag': sp.ones((k, self.input_dim)),
                                 'tied': sp.eye(self.input_dim),
                                 'full': sp.array([sp.eye(self.input_dim)] * k),
                                }[self.cvtype] * self.sigma_factor
                model.fit(x)
                self._labels[idx] = model.predict(x)
                self._parameters[idx] = model.means_

                # evaluate goodness of fit
                self._ll[idx] = model.score(x).sum()
                if self.gof_type == 'aic':
                    self._gof[idx] = model.aic(x)
                if self.gof_type == 'bic':
                    self._gof[idx] = model.bic(x)

                # debug
                if self.debug is True:
                    print self._gof[idx], model.converged_

    ## gmm (variational inference bias)
    # FIXME: broken due to sklearn interface change

    def _fit_vbgmm(self, x):
        # clustering
        for c in xrange(len(self.crange)):
            k = self.crange[c]
            for r in xrange(self.repeats):
                # info
                if self.debug is True:
                    print '\t[%s][c:%d][r:%d]' % (
                        self.clus_type, self.crange[c], r + 1),
                idx = c * self.repeats + r

                # fit and evaluate model
                model_kwargs = {}
                if 'alpha' in self.clus_kwargs:
                    model_kwargs.update(alpha=self.clus_kwargs['alpha'])
                if 'conv_thresh' in self.clus_kwargs:
                    model_kwargs.update(thresh=self.clus_kwargs['conv_thresh'])
                model = VBGMM(n_components=k, covariance_type=self.cvtype,
                              **model_kwargs)
                model.n_features = self.input_dim
                fit_kwargs = {}
                if 'max_iter' in self.clus_kwargs:
                    fit_kwargs.update(n_iter=self.clus_kwargs['max_iter'])
                model.fit(x, params='wmc', init_params='wmc', **fit_kwargs)
                self._labels[idx] = model.predict(x)
                self._parameters[idx] = model.means
                self._ll[idx] = model.score(x).sum()

                # evaluate goodness of fit
                self._gof[idx] = self.gof(x, self._ll[idx], k)

                # debug
                if self.debug is True:
                    print self._gof[idx], model.converged_

    ## gmm (Dirichlet process fitting)
    # FIXME: broken due to sklearn interface changes

    def _fit_dpgmm(self, x):
        # clustering
        k = max(self.crange)
        for r in xrange(self.repeats):
            # info
            if self.debug is True:
                print '\t[%s][c:%d][r:%d]' % (self.clus_type, k, r + 1),

            # fit and evaluate model
            model_kwargs = {}
            if 'alpha' in self.clus_kwargs:
                model_kwargs.update(alpha=self.clus_kwargs['alpha'])
            if 'conv_thresh' in self.clus_kwargs:
                model_kwargs.update(thresh=self.clus_kwargs['conv_thresh'])
            if 'max_iter' in self.clus_kwargs:
                model_kwargs.update(n_iter=self.clus_kwargs['max_iter'])

            model = DPGMM(n_components=k, covariance_type=self.cvtype,
                          **model_kwargs)
            model.fit(x)
            self._labels[r] = model.predict(x)
            self._parameters[r] = model.means_
            self._ll[r] = model.score(x).sum()

            # evaluate goodness of fit for this run
            #self._gof[r] = self.gof(x, self._ll[r], k)
            if self.gof_type == 'aic':
                self._gof[r] = model.aic(x)
            if self.gof_type == 'bic':
                self._gof[r] = model.bic(x)

            # debug
            if self.debug is True:
                print self._gof[r], model.n_components, model.weights_.shape[0]

    ## mdp.node interface

    def _execute(self, x, *args, **kwargs):
        """run the clustering on a set of observations"""

        # init
        self._labels = sp.zeros((len(self.crange) * self.repeats,
                                 x.shape[0]), dtype=int) - 1
        self._gof = sp.zeros(len(self.crange) * self.repeats,
                             dtype=self.dtype)
        self._ll = sp.zeros(len(self.crange) * self.repeats,
                            dtype=self.dtype)
        self._parameters = [None] * len(self.crange) * self.repeats

        # clustering
        fit_func = {'kmeans': self._fit_kmeans,
                    'gmm': self._fit_gmm,
                    #'vbgmm': self._fit_vbgmm,
                    'dpgmm': self._fit_dpgmm,
                    'spectral': self._fit_spectral,
                    'meanshift': self._fit_mean_shift}[self.clus_type]
        fit_func(x)

        self._winner = sp.nanargmin(self._gof)
        self.parameters = self._parameters[self._winner]
        self.labels = self._labels[self._winner]

    ## plot interface

[docs]    def plot(self, data, views=2, show=False):
        """plot clustering"""

        # get plotting tools
        try:
            from spikeplot import plt, cluster
        except ImportError:
            return None

        # init
        views = min(views, int(data.shape[1] / 2))
        fig = plt.figure()
        fig.suptitle('clustering [%s]' % self.clus_type)
        ax = [fig.add_subplot(2, views, v + 1) for v in xrange(views)]
        axg = fig.add_subplot(212)
        ncmp = int(self.labels.max() + 1)
        cdata = dict(zip(xrange(ncmp),
                         [data[self.labels == c] for c in xrange(ncmp)]))

        # plot clustering
        for v in xrange(views):
            cluster(
                cdata,
                data_dim=(2 * v, 2 * v + 1),
                plot_handle=ax[v],
                plot_mean=sp.sqrt(self.sigma_factor),
                xlabel='PC %d' % int(2 * v),
                ylabel='PC %d' % int(2 * v + 1),
                show=False)

        # plot gof
        axg.plot(self._gof, ls='steps')
        for i in xrange(1, len(self.crange)):
            axg.axvline(i * self.repeats - 0.5, c='y', ls='--')
        axg.axvspan(self._winner - 0.5, self._winner + 0.5, fc='gray',
                    alpha=0.2)
        labels = []
        for k in self.crange:
            labels += ['%d' % k]
            labels += ['.'] * (self.repeats - 1)
        axg.set_xticks(sp.arange(len(labels)))
        axg.set_xticklabels(labels)
        axg.set_xlabel('cluster count and repeats')
        axg.set_ylabel(str(self.gof_type).upper())
        axg.set_xlim(-1, len(labels))

        # show?
        if show is True:
            plt.show()
        return True

##  MAIN



if __name__ == '__main__':
    pass
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"""detector nodes for capacitative artifacts in multi-channeled data

These detectors find events and event epochs on potentially multi-channeled 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)"""

__docformat__ = 'restructuredtext'
__all__ = ['ArtifactDetectorNode', 'SpectrumArtifactDetector']

##  IMPORTS

import scipy as sp
from matplotlib.mlab import specgram
from ..common import epochs_from_binvec, merge_epochs, invert_epochs, INDEX_DTYPE
from .spike_detection import ThresholdDetectorNode

##  CLASSES

[docs]class ArtifactDetectorNode(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:

    .. math::

        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).
    """

    ## constructor

    def __init__(self, wsize_ms=15.0, psize_ms=(5.0, 10.0), wfunc=sp.ones,
                 srate=32000.0, zcr_th=0.1, mindist_ms=10.0):
        """
        :type wsize_ms: float
        :param wsize_ms: window size of the integration window in `ms`. Should
            be large enough to cover the low band of the artifacts and not
            overlap with the lower band of spikes (spike clusters).
            Default=15.0
        :type psize_ms: tuple
        :param psize_ms: window size of the padding windows in `ms`. Will be
            applied to detected artifact epochs. (left_pad, right_pad)
            Default=5.0
        :type wfunc: function
        :param wfunc: function that creates the integration window. The
            function has to take one parameter denoting the window size in
            samples.
            Default=scipy.ones
        :type srate: float
        :param srate: sample rate in `Hz`. Used to convert the windows sizes
            from `ms` to data samples.
            Default=32000.0
        :type zcr_th: float
        :param zrc_th: zrc (zero crossing rate) threshold, epochs of the data
            where the zrc falls below the threshold will be classified as
            artifact epochs.
            Default=0.11
        :type mindist_ms: float
        :param mindist_ms: minimum size for non-artifact epochs in `ms`.
            Data epochs in between artifacts epochs that are smaller than this
            window, are merged into the artifact epochs to reduce
            segmentation.
            Default=10.0
        """

        # super
        super(ArtifactDetectorNode, self).__init__()

        # members
        self.srate = float(srate)
        self.window = wfunc(int(wsize_ms * self.srate / 1000.0))
        self.window /= self.window.sum()
        self.pad = (int(psize_ms[0] * self.srate / 1000.0),
                    int(psize_ms[1] * self.srate / 1000.0))
        self.mindist = int(mindist_ms * self.srate / 1000.0)
        self.zcr_th = float(zcr_th)

    ## privates

    def _energy_func(self, x, **kwargs):
        x_signs = sp.signbit(x)
        return sp.vstack((sp.bitwise_xor(x_signs[:-1], x_signs[1:]), [False] * x.shape[1]))

    def _execute(self, x, *args, **kwargs):
        # init
        epochs = []

        # per channel detection
        for c in xrange(self.nchan):
            # filter energy with window
            xings = sp.correlate(self.energy[:, c], self.window, 'same')
            # replace filter artifacts with the mean
            mu = xings[self.window.size:-self.window.size].mean()
            xings[:self.window.size] = xings[-self.window.size:] = mu
            ep = epochs_from_binvec(xings < self.zcr_th)

            epochs.append(ep)

        # pad and merge artifact epochs
        epochs = sp.vstack(epochs)
        if epochs.size > 0:
            epochs[:, 0] -= self.pad[0]
            epochs[:, 1] += self.pad[1]
        self.events = merge_epochs(epochs, min_dist=self.mindist)

        # return
        self.events = self.events.astype(INDEX_DTYPE)
        return x


    ## evaluations

[docs]    def get_fragmentation(self):
        """returns the artifact fragmentation"""

        if self.size is None:
            raise RuntimeError('No data given!')
        nae_len = float(
            self.size - (self.events[:, 1] - self.events[:, 0]).sum())
        return - sp.log(nae_len / (self.size * (self.events.shape[0] + 1)))


[docs]    def get_nonartefact_epochs(self):
        """return the index set that represents the non-artifact epochs"""

        if self.size is None:
            raise RuntimeError('No data given!')
        if self.events.size == 0:
            return sp.array([[0, self.size]])
        else:
            return invert_epochs(self.events, end=self.size)




[docs]class SpectrumArtifactDetector(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:

            .. math::

                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).
            """

    ## constructor

    def __init__(self, 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):
        """lala"""

        # super
        kw['ch_separate'] = True
        super(SpectrumArtifactDetector, self).__init__(**kw)

        # members
        self.srate = float(srate)
        self.wsize = None
        self.cutoff_hz = float(cutoff_hz)
        self.nfft = 1
        self.en_func = en_func
        self.overlap = overlap # 0- No overlap, 1 - 50% overlap, 2 - 75% overlap
        self.max_merge_dist = max_merge_dist
        self.min_allowed_length = min_allowed_length

        while self.nfft < nfft:
            self.nfft <<= 1

    ## privates

    def _threshold_func(self, x):
        return 1.0

    def _energy_func(self, x, **kwargs):
        from matplotlib.mlab import specgram

        rval = sp.zeros_like(x)
        ns, nc = x.shape
        ov_samples = 0
        offset = 0
        if self.overlap == 1:
            ov_samples = self.nfft * 0.5
            offset = self.nfft / 4
        elif self.overlap == 2:
            ov_samples = self.nfft * 0.75
            offset = self.nfft * 0.375
        step = self.nfft - ov_samples

        for c in xrange(nc):
            psd_arr, freqs, times = specgram(x[:, c], NFFT=self.nfft, Fs=self.srate, noverlap=ov_samples)
            mask = freqs < self.cutoff_hz
            for b in xrange(len(times)):
                bin_s = b * step + offset
                bin_e = bin_s + step

                if self.en_func == 'mean_coeff':
                    rval[bin_s:bin_e, c] = psd_arr[mask == True, b].mean() / psd_arr[mask == False, b].mean()
                elif self.en_func == 'max_coeff':
                    rval[bin_s:bin_e, c] = psd_arr[mask == True, b].max() / psd_arr[mask == False, b].max()
                elif self.en_func == 'max_normed':
                    rval[bin_s:bin_e, c] = psd_arr[mask == True, b].max() / psd_arr[:, b].sum(axis = 0)
                else:
                    raise RuntimeError('Energy function does not exist!')

        return rval

    def _execute(self, x, *args, **kwargs):
        # init
        epochs = []
        self._calc_threshold()

        if self.overlap == 0:
            step = self.nfft
        elif self.overlap == 1:
            step = self.nfft / 2
        else:
            step = self.nfft / 4
        # per channel detection
        for c in xrange(self.nchan):
            ep = epochs_from_binvec(self.energy[:, c] > self.threshold[c])
            epochs.extend(ep)

        if len(epochs) == 0:
            epochs = sp.zeros((0, 2))
        else:
            epochs = merge_epochs(epochs, min_dist=step * self.max_merge_dist + 1)
            epochs = epochs[epochs[:, 1] - e