

    
      
          
            
  
Welcome to optoanalysis’s documentation!

This is the documentation for the optoanalysis package developed primarily by Ashley Setter [http://cmg.soton.ac.uk/people/ajs3g11/] of the Quantum Nanophysics and Matter Wave Interferometry group [http://phyweb.phys.soton.ac.uk/matterwave/html/index.html] headed up by Prof. Hendrik Ulbricht at Southampton University in the UK.

The thermo module of this package was developed mainly by Markus Rademacher [https://www.linkedin.com/in/markusrademacher/] of the University of Vienna in Austria, who works in the group of Markus Aspelmeyer and Nikolai Kiesel [http://aspelmeyer.quantum.at/].

This library contains numerous functions for loading, analysing and plotting data produced from our optically levitated nanoparticle experiment. We use an optical tweezer setup to optically trap and levitate nanoparticles in intense laser light and measure the motion of these particles interferometrically from the light they scatter. This library provides all the tools to load up examples of this kind of data and analyse it. Currently data can be loaded from .trc or .raw binary files produced by Teledyne LeCroy oscilloscopes and .bin files produced from by Saleae data loggers.

If you use this package in any academic work it would be very appretiated if you could cite it.
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optoanalysis package


optoanalysis.optoanalysis module


	
class optoanalysis.optoanalysis.DataObject(filepath, RelativeChannelNo=None, SampleFreq=None, NumberOfChannels=None, PointsToLoad=-1, calcPSD=True, NPerSegmentPSD=1000000, NormaliseByMonitorOutput=False)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Creates an object containing data and all it’s properties.


	Attributes

	
	filepathstring

	filepath to the file containing the data used to initialise
this particular instance of the DataObject class



	filenamestring

	filename of the file containing the data used to initialise
this particular instance of the DataObject class



	timefrange

	Contains the time data as an frange object. Can get a generator
or array of this object.



	voltagendarray

	Contains the voltage data in Volts



	SampleFreqsample frequency used to sample the data (when it was

	taken by the oscilloscope)



	freqsndarray

	Contains the frequencies corresponding to the PSD (Pulse Spectral
Density)



	PSDndarray

	Contains the values for the PSD (Pulse Spectral Density) as calculated
at each frequency contained in freqs










	
calc_area_under_PSD(lowerFreq, upperFreq)[source]

	Sums the area under the PSD from lowerFreq to upperFreq.


	Parameters

	
	lowerFreqfloat

	The lower limit of frequency to sum from



	upperFreqfloat

	The upper limit of frequency to sum to







	Returns

	
	AreaUnderPSDfloat

	The area under the PSD from lowerFreq to upperFreq














	
calc_gamma_from_RSquaredPSD_fit(GammaGuess=None, CutOffFreq=None, FreqTrapGuess=None, AGuess=None, OffsetGuess=None, FractionOfSampleFreq=1, NPerSegmentPSD=None, Fit_xlim=None, silent=False, MakeFig=True, show_fig=True)[source]

	Calculates the total damping, i.e. Gamma, by calculating the RSquared
PSD of the position-time trace. The RSquared is fitted with the R^2
function. The methodology is explained in the following paper
(DOI: 10.1103/PhysRevResearch.2.023349) and the function returns the
parameters with errors.


	Parameters

	
	GammaGuessfloat, optional

	Inital guess for BigGamma in Radians
If None takes Gamma from a previously done PSD fit



	CutOffFreqfloat, optional

	is the cut off frequncy to get rid of the 2*omega component, make
this several times larger than your linewidth, in Hz



	FreqTrapGuessfloat, optional

	Inital guess for the trapping Frequency in Hz
If None takes FreqTrap from a previously done PSD fit



	AGuessfloat, optional

	Inital guess for the multiplicative factor in R^2 which equals:
8*(S_F/(2m^2*Omega0^2))^2
If None, AGuess set to 1.



	OffsetGuessfloat, optional

	Additive Offset to the fitting equation.
If None, OffsetGuess is set to 0.



	FractionOfSampleFreqinteger, optional

	The fraction of the sample frequency to sub-sample the data by.
This sometimes needs to be done because a filter with the
appropriate frequency response may not be generated using the
sample rate at which the data was taken. Increasing this number
means the R Squared signal produced by this function will be
sampled at a lower rate but a higher number means a higher chance
that the filter produced will have a nice frequency response.



	NPerSegmentPSDint, optional

	NPerSegment to pass to scipy.signal.welch to calculate the PSD
default = 100/BigGamma*SampleFreq



	Fit_xlimlist of float, optional

	limits the R Squared PSD signal used for the fit function,
i.e.: [lowerLimit, upperLimit]
default = [RSquared_freqs[0], 0.75 * CutOffFreq]



	silentbool, optional

	Whether it prints the values fitted or is silent.



	MakeFigbool, optional

	Whether to construct and return the figure object showing
the fitting. defaults to True



	show_figbool, optional

	Whether to show the figure object when it has been created.
defaults to True







	Returns

	
	Gammaufloat

	Big Gamma, the total damping in radians



	figmatplotlib.figure.Figure object

	The figure object created showing the autocorrelation
of the data with the fit



	axmatplotlib.axes.Axes object

	The axes object created showing the autocorrelation
of the data with the fit














	
calc_gamma_from_energy_autocorrelation_fit(GammaGuess=None, silent=False, MakeFig=True, show_fig=True)[source]

	Calculates the total damping, i.e. Gamma, by calculating the energy each
point in time. This energy array is then used for the autocorrleation.
The autocorrelation is fitted with an exponential relaxation function and
the function returns the parameters with errors.


	Parameters

	
	GammaGuessfloat, optional

	Inital guess for BigGamma (in radians)



	silentbool, optional

	Whether it prints the values fitted or is silent.



	MakeFigbool, optional

	Whether to construct and return the figure object showing
the fitting. defaults to True



	show_figbool, optional

	Whether to show the figure object when it has been created.
defaults to True







	Returns

	
	Gammaufloat

	Big Gamma, the total damping in radians



	figmatplotlib.figure.Figure object

	The figure object created showing the autocorrelation
of the data with the fit



	axmatplotlib.axes.Axes object

	The axes object created showing the autocorrelation
of the data with the fit














	
calc_gamma_from_position_autocorrelation_fit(GammaGuess=None, FreqTrapGuess=None, silent=False, MakeFig=True, show_fig=True)[source]

	Calculates the total damping, i.e. Gamma, by calculating the autocorrleation
of the position-time trace. The autocorrelation is fitted with an exponential
relaxation function derived in Tongcang Li’s 2013 thesis (DOI: 10.1007/978-1-4614-6031-2)
and the function (equation 4.20 in the thesis) returns the parameters with errors.


	Parameters

	
	GammaGuessfloat, optional

	Inital guess for BigGamma (in radians)



	FreqTrapGuessfloat, optional

	Inital guess for the trapping Frequency in Hz



	silentbool, optional

	Whether it prints the values fitted or is silent.



	MakeFigbool, optional

	Whether to construct and return the figure object showing
the fitting. defaults to True



	show_figbool, optional

	Whether to show the figure object when it has been created.
defaults to True







	Returns

	
	Gammaufloat

	Big Gamma, the total damping in radians



	OmegaTrapufloat

	Trapping frequency in radians



	figmatplotlib.figure.Figure object

	The figure object created showing the autocorrelation
of the data with the fit



	axmatplotlib.axes.Axes object

	The axes object created showing the autocorrelation
of the data with the fit














	
calc_gamma_from_variance_autocorrelation_fit(NumberOfOscillations, GammaGuess=None, silent=False, MakeFig=True, show_fig=True)[source]

	Calculates the total damping, i.e. Gamma, by splitting the time trace
into chunks of NumberOfOscillations oscillations and calculated the
variance of each of these chunks. This array of varainces is then used
for the autocorrleation. The autocorrelation is fitted with an exponential
relaxation function and the function returns the parameters with errors.


	Parameters

	
	NumberOfOscillationsint

	The number of oscillations each chunk of the timetrace
used to calculate the variance should contain.



	GammaGuessfloat, optional

	Inital guess for BigGamma (in radians)



	Silentbool, optional

	Whether it prints the values fitted or is silent.



	MakeFigbool, optional

	Whether to construct and return the figure object showing
the fitting. defaults to True



	show_figbool, optional

	Whether to show the figure object when it has been created.
defaults to True







	Returns

	
	Gammaufloat

	Big Gamma, the total damping in radians



	figmatplotlib.figure.Figure object

	The figure object created showing the autocorrelation
of the data with the fit



	axmatplotlib.axes.Axes object

	The axes object created showing the autocorrelation
of the data with the fit














	
calc_phase_space(freq, ConvFactor, PeakWidth=10000, FractionOfSampleFreq=1, timeStart=None, timeEnd=None, PointsOfPadding=500, ShowPSD=False)[source]

	Calculates the position and velocity (in m) for use in plotting the phase space distribution.


	Parameters

	
	freqfloat

	The frequenecy of the peak (Trapping frequency of the dimension of interest)



	ConvFactorfloat (or ufloat)

	The conversion factor between Volts and Meters



	PeakWidthfloat, optional

	The width of the peak. Defaults to 10KHz



	FractionOfSampleFreqint, optional

	The fraction of the sample freq to use to filter the data.
Defaults to 1.



	timeStartfloat, optional

	Starting time for data from which to calculate the phase space.
Defaults to start of time data.



	timeEndfloat, optional

	Ending time for data from which to calculate the phase space.
Defaults to start of time data.



	PointsOfPaddingfloat, optional

	How many points of the data at the beginning and end to disregard for plotting
the phase space, to remove filtering artifacts. Defaults to 500



	ShowPSDbool, optional

	Where to show the PSD of the unfiltered and the filtered signal used
to make the phase space plot. Defaults to False.



	*args, **kwargsoptional

	args and kwargs passed to qplots.joint_plot







	Returns

	
	timendarray

	time corresponding to position and velocity



	PosArrayndarray

	Array of position of the particle in time



	VelArrayndarray

	Array of velocity of the particle in time














	
extract_ZXY_motion(ApproxZXYFreqs, uncertaintyInFreqs, ZXYPeakWidths, subSampleFraction=1, NPerSegmentPSD=1000000, MakeFig=True, show_fig=True)[source]

	Extracts the x, y and z signals (in volts) from the voltage signal. Does this by finding the highest peaks in the signal about the approximate frequencies, using the uncertaintyinfreqs parameter as the width it searches. It then uses the ZXYPeakWidths to construct bandpass IIR filters for each frequency and filtering them. If too high a sample frequency has been used to collect the data scipy may not be able to construct a filter good enough, in this case increasing the subSampleFraction may be nessesary.


	Parameters

	
	ApproxZXYFreqsarray_like

	A sequency containing 3 elements, the approximate
z, x and y frequency respectively.



	uncertaintyInFreqsfloat

	The uncertainty in the z, x and y frequency respectively.



	ZXYPeakWidthsarray_like

	A sequency containing 3 elements, the widths of the
z, x and y frequency peaks respectively.



	subSampleFractionint, optional

	How much to sub-sample the data by before filtering,
effectively reducing the sample frequency by this
fraction.



	NPerSegmentPSDint, optional

	NPerSegment to pass to scipy.signal.welch to calculate the PSD



	show_figbool, optional

	Whether to show the figures produced of the PSD of
the original signal along with the filtered x, y and z.







	Returns

	
	self.zVoltsndarray

	The z signal in volts extracted by bandpass IIR filtering



	self.xVoltsndarray

	The x signal in volts extracted by bandpass IIR filtering



	self.yVoltsndarray

	The y signal in volts extracted by bandpass IIR filtering



	timendarray

	The array of times corresponding to the above 3 arrays



	figmatplotlib.figure.Figure object

	figure object containing a plot of the PSD of the original
signal with the z, x and y filtered signals



	axmatplotlib.axes.Axes object

	axes object corresponding to the above figure














	
extract_parameters(P_mbar, P_Error, method='chang')[source]

	Extracts the Radius, mass and Conversion factor for a particle.


	Parameters

	
	P_mbarfloat

	The pressure in mbar when the data was taken.



	P_Errorfloat

	The error in the pressure value (as a decimal e.g. 15% = 0.15)







	Returns

	
	Radiusuncertainties.ufloat

	The radius of the particle in m



	Massuncertainties.ufloat

	The mass of the particle in kg



	ConvFactoruncertainties.ufloat

	The conversion factor between volts/m














	
filter_data(freq, FractionOfSampleFreq=1, PeakWidth=10000, filterImplementation='filtfilt', timeStart=None, timeEnd=None, NPerSegmentPSD=1000000, PyCUDA=False, MakeFig=True, show_fig=True)[source]

	filter out data about a central frequency with some bandwidth using an IIR filter.


	Parameters

	
	freqfloat

	The frequency of the peak of interest in the PSD



	FractionOfSampleFreqinteger, optional

	The fraction of the sample frequency to sub-sample the data by.
This sometimes needs to be done because a filter with the appropriate
frequency response may not be generated using the sample rate at which
the data was taken. Increasing this number means the x, y and z signals
produced by this function will be sampled at a lower rate but a higher
number means a higher chance that the filter produced will have a nice
frequency response.



	PeakWidthfloat, optional

	The width of the pass-band of the IIR filter to be generated to
filter the peak. Defaults to 10KHz



	filterImplementationstring, optional

	filtfilt or lfilter - use scipy.filtfilt or lfilter
ifft - uses built in IFFT_filter
default: filtfilt



	timeStartfloat, optional

	Starting time for filtering. Defaults to start of time data.



	timeEndfloat, optional

	Ending time for filtering. Defaults to end of time data.



	NPerSegmentPSDint, optional

	NPerSegment to pass to scipy.signal.welch to calculate the PSD



	PyCUDAbool, optional

	Only important for the ‘ifft’-method
If True, uses PyCUDA to accelerate the FFT and IFFT
via using your NVIDIA-GPU
If False, performs FFT and IFFT with conventional
scipy.fftpack



	MakeFigbool, optional

	If True - generate figure showing filtered and unfiltered PSD
Defaults to True.



	show_figbool, optional

	If True - plot unfiltered and filtered PSD
Defaults to True.







	Returns

	
	timedatandarray

	Array containing the time data



	FiletedDatandarray

	Array containing the filtered signal in volts with time.



	figmatplotlib.figure.Figure object

	The figure object created showing the PSD of the filtered
and unfiltered signal



	axmatplotlib.axes.Axes object

	The axes object created showing the PSD of the filtered
and unfiltered signal














	
get_PSD(NPerSegment=1000000, window='hann', timeStart=None, timeEnd=None, override=False)[source]

	Extracts the power spectral density (PSD) from the data.


	Parameters

	
	NPerSegmentint, optional

	Length of each segment used in scipy.welch
default = 1000000



	windowstr or tuple or array_like, optional

	Desired window to use. See get_window for a list of windows
and required parameters. If window is array_like it will be
used directly as the window and its length will be used for
nperseg.
default = “hann”







	Returns

	
	freqsndarray

	Array containing the frequencies at which the PSD has been
calculated



	PSDndarray

	Array containing the value of the PSD at the corresponding
frequency value in V**2/Hz














	
get_fit(TrapFreq, WidthOfPeakToFit, A_Initial=1000000000.0, Gamma_Initial=400, silent=False, MakeFig=True, show_fig=True, plot_initial=True)[source]

	Function that fits to a peak to the PSD to extract the
frequency, A factor and Gamma (damping) factor.


	Parameters

	
	TrapFreqfloat

	The approximate trapping frequency to use initially
as the centre of the peak



	WidthOfPeakToFitfloat

	The width of the peak to be fitted to. This limits the
region that the fitting function can see in order to
stop it from fitting to the wrong peak



	A_Initialfloat, optional

	The initial value of the A parameter to use in fitting



	Gamma_Initialfloat, optional

	The initial value of the Gamma parameter to use in fitting



	Silentbool, optional

	Whether to print any output when running this function
defaults to False



	MakeFigbool, optional

	Whether to construct and return the figure object showing
the fitting. defaults to True



	show_figbool, optional

	Whether to show the figure object when it has been created.
defaults to True







	Returns

	
	Auncertainties.ufloat

	Fitting constant A
A = γ**2*2*Γ_0*(K_b*T_0)/(π*m)
where:
γ = conversionFactor
Γ_0 = Damping factor due to environment
π = pi



	OmegaTrapuncertainties.ufloat

	The trapping frequency in the z axis (in angular frequency)



	Gammauncertainties.ufloat

	The damping factor Gamma = Γ = Γ_0 + δΓ
where:
Γ_0 = Damping factor due to environment
δΓ = extra damping due to feedback or other effects



	figmatplotlib.figure.Figure object

	figure object containing the plot



	axmatplotlib.axes.Axes object

	axes with the data plotted of the:
- initial data
- smoothed data
- initial fit
- final fit














	
get_fit_auto(CentralFreq, MaxWidth=15000, MinWidth=500, WidthIntervals=500, MakeFig=True, show_fig=True, silent=False, plot_initial=True)[source]

	Tries a range of regions to search for peaks and runs the one with the least error
and returns the parameters with the least errors.


	Parameters

	
	CentralFreqfloat

	The central frequency to use for the fittings.



	MaxWidthfloat, optional

	The maximum bandwidth to use for the fitting of the peaks.



	MinWidthfloat, optional

	The minimum bandwidth to use for the fitting of the peaks.



	WidthIntervalsfloat, optional

	The intervals to use in going between the MaxWidth and MinWidth.



	show_figbool, optional

	Whether to plot and show the final (best) fitting or not.







	Returns

	
	OmegaTrapufloat

	Trapping frequency



	Aufloat

	A parameter



	Gammaufloat

	Gamma, the damping parameter



	figmatplotlib.figure.Figure object

	The figure object created showing the PSD of the data
with the fit



	axmatplotlib.axes.Axes object

	The axes object created showing the PSD of the data
with the fit














	
get_fit_from_peak(lowerLimit, upperLimit, NumPointsSmoothing=1, silent=False, MakeFig=True, show_fig=True, plot_initial=True)[source]

	Finds approximate values for the peaks central frequency, height,
and FWHM by looking for the heighest peak in the frequency range defined
by the input arguments. It then uses the central frequency as the trapping
frequency, peak height to approximate the A value and the FWHM to an approximate
the Gamma (damping) value.


	Parameters

	
	lowerLimitfloat

	The lower frequency limit of the range in which it looks for a peak



	upperLimitfloat

	The higher frequency limit of the range in which it looks for a peak



	NumPointsSmoothingfloat

	The number of points of moving-average smoothing it applies before fitting the
peak.



	Silentbool, optional

	Whether it prints the values fitted or is silent.



	show_figbool, optional

	Whether it makes and shows the figure object or not.







	Returns

	
	OmegaTrapufloat

	Trapping frequency



	Aufloat

	A parameter



	Gammaufloat

	Gamma, the damping parameter














	
get_time_data(timeStart=None, timeEnd=None)[source]

	Gets the time and voltage data.


	Parameters

	
	timeStartfloat, optional

	The time get data from.
By default it uses the first time point



	timeEndfloat, optional

	The time to finish getting data from.
By default it uses the last time point







	Returns

	
	timendarray

	array containing the value of time (in seconds) at which the
voltage is sampled



	voltagendarray

	array containing the sampled voltages














	
load_time_data(RelativeChannelNo=None, SampleFreq=None, NumberOfChannels=None, PointsToLoad=-1, NormaliseByMonitorOutput=False)[source]

	Loads the time and voltage data and the wave description from the associated file.


	Parameters

	
	RelativeChannelNoint, optional

	Channel number for loading .bin saleae data files
If loading a .mat file produced by the picoscope using picolog, used to
specifiy the channel ID as follows: 0 = Channel ‘A’, 1 = Channel ‘B’,
2 = Channel ‘C’ and 3 = Channel ‘D’
If loading a .bin file saved using custom code to interface with the
Picoscope used to specify the channel number to load in conjunction
with the NumberOfChannels parameter, if left None with .bin files
it will assume that the file to load only contains one channel.
If loading a .dat file produced by the labview NI5122 daq card, used to
specifiy the channel number if two channels where saved, if left None with
.dat files it will assume that the file to load only contains one channel.
If NormaliseByMonitorOutput is True then RelativeChannelNo specifies the
monitor channel for loading a .dat file produced by the labview NI5122 daq card.



	SampleFreqfloat, optional

	Manual selection of sample frequency for loading labview NI5122 daq files and
.mat and .bin files recorded using the Picoscope



	NumberOfChannelsint, optional

	Total number of channels present in a .bin file recorded using a Picoscope.



	PointsToLoadint, optional

	Number of first points to read. -1 means all points (i.e., the complete file)
WORKS WITH NI5122 AND PICOSCOPE .BIN DATA SO FAR ONLY!!!



	NormaliseByMonitorOutputbool, optional

	If True the particle signal trace will be divided by the monitor output, which is
specified by the channel number set in the RelativeChannelNo parameter.
WORKS WITH NI5122 DATA SO FAR ONLY!!!














	
plot_PSD(xlim=None, units='kHz', show_fig=True, timeStart=None, timeEnd=None, *args, **kwargs)[source]

	plot the pulse spectral density.


	Parameters

	
	xlimarray_like, optional

	The x limits of the plotted PSD [LowerLimit, UpperLimit]
Default value is [0, SampleFreq/2]



	unitsstring, optional

	Units of frequency to plot on the x axis - defaults to kHz



	show_figbool, optional

	If True runs plt.show() before returning figure
if False it just returns the figure object.
(the default is True, it shows the figure)







	Returns

	
	figmatplotlib.figure.Figure object

	The figure object created



	axmatplotlib.axes.Axes object

	The subplot object created














	
plot_phase_space(freq, ConvFactor, PeakWidth=10000, FractionOfSampleFreq=1, timeStart=None, timeEnd=None, PointsOfPadding=500, units='nm', show_fig=True, ShowPSD=False, xlabel='', ylabel='', *args, **kwargs)[source]

	




	
plot_phase_space_sns(freq, ConvFactor, PeakWidth=10000, FractionOfSampleFreq=1, kind='hex', timeStart=None, timeEnd=None, PointsOfPadding=500, units='nm', logscale=False, cmap=None, marginalColor=None, gridsize=200, show_fig=True, ShowPSD=False, alpha=0.5, *args, **kwargs)[source]

	Plots the phase space of a peak in the PSD.


	Parameters

	
	freqfloat

	The frequenecy of the peak (Trapping frequency of the dimension of interest)



	ConvFactorfloat (or ufloat)

	The conversion factor between Volts and Meters



	PeakWidthfloat, optional

	The width of the peak. Defaults to 10KHz



	FractionOfSampleFreqint, optional

	The fraction of the sample freq to use to filter the data.
Defaults to 1.



	kindstring, optional

	kind of plot to draw - pass to jointplot from seaborne



	timeStartfloat, optional

	Starting time for data from which to calculate the phase space.
Defaults to start of time data.



	timeEndfloat, optional

	Ending time for data from which to calculate the phase space.
Defaults to start of time data.



	PointsOfPaddingfloat, optional

	How many points of the data at the beginning and end to disregard for plotting
the phase space, to remove filtering artifacts. Defaults to 500.



	unitsstring, optional

	Units of position to plot on the axis - defaults to nm



	cmapmatplotlib.colors.ListedColormap, optional

	cmap to use for plotting the jointplot



	marginalColorstring, optional

	color to use for marginal plots



	gridsizeint, optional

	size of the grid to use with kind=”hex”



	show_figbool, optional

	Whether to show the figure before exiting the function
Defaults to True.



	ShowPSDbool, optional

	Where to show the PSD of the unfiltered and the
filtered signal used to make the phase space
plot. Defaults to False.







	Returns

	
	figmatplotlib.figure.Figure object

	figure object containing the phase space plot



	JPseaborn.jointplot object

	joint plot object containing the phase space plot














	
plot_spectrogram(timePerFFT=0.0003, title='', ylim=None, timeStart=None, timeEnd=None, xunits='s', yunits='kHz', return_data=False, animate=False, filename='animation.gif', show_fig=True, **kwargs)[source]

	plot the spectrogram or produce an animated plot
the spectrogram.


	Parameters

	
	timePerFFTfloat, default: 1e-3

	The time in xunits used in each block for the FFT.



	titlestring, optional

	title to be displayed on the plot



	ylimarray_like, optional

	The y limits of the plotted spectrogram [LowerLimit, UpperLimit]
Default value is [0, SampleFreq/2]



	timeStartfloat, optional

	Starting time for spectrogram calculation. Defaults to start of
time data.



	timeEndfloat, optional

	Ending time for spectrogram calculation. Defaults to end of time
data.



	xunitsstring, optional

	Units of time used for timePerFFT, timeStart and timeEnd
- defaults to s



	yunitsstring, optional

	Units of frequency limits to plot on the y axis - defaults to kHz



	return_databool, optional

	If True data (spec, freqs and t) of spectrogram will be returned



	animatebool, optional

	If True will animate the spectrogram plot.



	filenamestring, optional

	filename to save animation



	show_figbool, optional

	If True runs plt.show() before returning figure
if False it just returns the figure object.
(the default is True, it shows the figure)







	Returns

	
	spectrum2D array

	Columns are the periodograms of successive segments.
Only returned if return_data=True



	freqs1-D array

	The frequencies corresponding to the rows in spectrum.
Only returned if return_data=True



	t1-D array

	The times corresponding to midpoints of segments (i.e., the columns
in spectrum).
Only returned if return_data=True



	figmatplotlib.figure.Figure object

	The figure object created



	axmatplotlib.axes.Axes object

	The subplot object created














	
plot_time_data(timeStart=None, timeEnd=None, units='s', show_fig=True)[source]

	plot time data against voltage data.


	Parameters

	
	timeStartfloat, optional

	The time to start plotting from.
By default it uses the first time point



	timeEndfloat, optional

	The time to finish plotting at.
By default it uses the last time point



	unitsstring, optional

	units of time to plot on the x axis - defaults to s



	show_figbool, optional

	If True runs plt.show() before returning figure
if False it just returns the figure object.
(the default is True, it shows the figure)







	Returns

	
	figmatplotlib.figure.Figure object

	The figure object created



	axmatplotlib.axes.Axes object

	The subplot object created














	
write_time_data(filename)[source]

	Writes time data to a csv file.


	Parameters

	
	filenamestring

	filename of csv file to be written


















	
optoanalysis.optoanalysis.GenCmap(basecolor, ColorRange, NumOfColors, logscale=False)[source]

	




	
optoanalysis.optoanalysis.IFFT_filter(Signal, SampleFreq, lowerFreq, upperFreq, PyCUDA=False)[source]

	Filters data using fft -> zeroing out fft bins -> ifft


	Parameters

	
	Signalndarray

	Signal to be filtered



	SampleFreqfloat

	Sample frequency of signal



	lowerFreqfloat

	Lower frequency of bandpass to allow through filter



	upperFreqfloat

	Upper frequency of bandpass to allow through filter



	PyCUDAbool, optional

	If True, uses PyCUDA to accelerate the FFT and IFFT
via using your NVIDIA-GPU
If False, performs FFT and IFFT with conventional
scipy.fftpack







	Returns

	
	FilteredDatandarray

	Array containing the filtered data














	
optoanalysis.optoanalysis.IIR_filter_design(CentralFreq, bandwidth, transitionWidth, SampleFreq, GainStop=40, GainPass=0.01)[source]

	Function to calculate the coefficients of an IIR filter,
IMPORTANT NOTE: make_butterworth_bandpass_b_a and make_butterworth_b_a
can produce IIR filters with higher sample rates and are prefereable
due to this.


	Parameters

	
	CentralFreqfloat

	Central frequency of the IIR filter to be designed



	bandwidthfloat

	The width of the passband to be created about the central frequency



	transitionWidthfloat

	The width of the transition band between the pass-band and stop-band



	SampleFreqfloat

	The sample frequency (rate) of the data to be filtered



	GainStopfloat, optional

	The dB of attenuation within the stopband (i.e. outside the passband)



	GainPassfloat, optional

	The dB attenuation inside the passband (ideally close to 0 for a bandpass filter)







	Returns

	
	bndarray

	coefficients multiplying the current and past inputs (feedforward coefficients)



	andarray

	coefficients multiplying the past outputs (feedback coefficients)














	
class optoanalysis.optoanalysis.ORGTableData(filename)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Class for reading in general data from org-mode tables.

The table must be formatted as in the example below:

`
| RunNo | ColumnName1 | ColumnName2 |
|-------+-------------+-------------|
|   3   |     14      |     15e3    |
`

In this case the run number would be 3 and the ColumnName2-value would
be 15e3 (15000.0).


	
get_value(ColumnName, RunNo)[source]

	Retreives the value of the collumn named ColumnName associated
with a particular run number.


	Parameters

	
	ColumnNamestring

	The name of the desired org-mode table’s collumn



	RunNoint

	The run number for which to retreive the pressure value







	Returns

	
	Valuefloat

	The value for the column’s name and associated run number


















	
optoanalysis.optoanalysis.PSD_fitting_eqn(A, OmegaTrap, Gamma, omega)[source]

	The value of the fitting equation:
A / ((OmegaTrap**2 - omega**2)**2 + (omega * Gamma)**2)
to be fit to the PSD


	Parameters

	
	Afloat

	Fitting constant A
A = γ**2*Γ_0*(2*K_b*T_0)/(m)
where:


γ = conversionFactor
Γ_0 = Damping factor due to environment
π = pi






	OmegaTrapfloat

	The trapping frequency in the axis of interest
(in angular frequency)



	Gammafloat

	The damping factor Gamma = Γ = Γ_0 + δΓ
where:


Γ_0 = Damping factor due to environment
δΓ = extra damping due to feedback or other effects






	omegafloat

	The angular frequency to calculate the value of the
fitting equation at







	Returns

	
	Valuefloat

	The value of the fitting equation














	
optoanalysis.optoanalysis.PSD_fitting_eqn2(A, OmegaTrap, Gamma, omega)[source]

	The value of the fitting equation:
A / ((OmegaTrap**2 - omega**2)**2 + (omega * Gamma)**2)
to be fit to the PSD


	Parameters

	
	Afloat

	Fitting constant A
A = γ**2*(2*K_b*T_0)/(m)
where:


γ = conversionFactor
Γ_0 = Damping factor due to environment
π = pi






	OmegaTrapfloat

	The trapping frequency in the axis of interest
(in angular frequency)



	Gammafloat

	The damping factor Gamma = Γ = Γ_0 + δΓ
where:


Γ_0 = Damping factor due to environment
δΓ = extra damping due to feedback or other effects






	omegafloat

	The angular frequency to calculate the value of the
fitting equation at







	Returns

	
	Valuefloat

	The value of the fitting equation














	
optoanalysis.optoanalysis.PSD_fitting_eqn_with_background(A, OmegaTrap, Gamma, FlatBackground, omega)[source]

	The value of the fitting equation:
A / ((OmegaTrap**2 - omega**2)**2 + (omega * Gamma)**2) + FlatBackground
to be fit to the PSD


	Parameters

	
	Afloat

	Fitting constant A
A = γ**2*Γ_0*(2*K_b*T_0)/(m)
where:


γ = conversionFactor
Γ_0 = Damping factor due to environment
π = pi






	OmegaTrapfloat

	The trapping frequency in the axis of interest
(in angular frequency)



	Gammafloat

	The damping factor Gamma = Γ = Γ_0 + δΓ
where:


Γ_0 = Damping factor due to environment
δΓ = extra damping due to feedback or other effects






	FlatBackgroundfloat

	Adds a constant offset to the peak to account for a flat
noise background



	omegafloat

	The angular frequency to calculate the value of the
fitting equation at







	Returns

	
	Valuefloat

	The value of the fitting equation














	
optoanalysis.optoanalysis.animate(zdata, xdata, ydata, conversionFactorArray, timedata, BoxSize, timeSteps=100, filename='particle')[source]

	Animates the particle’s motion given the z, x and y signal (in Volts)
and the conversion factor (to convert between V and nm).


	Parameters

	
	zdatandarray

	Array containing the z signal in volts with time.



	xdatandarray

	Array containing the x signal in volts with time.



	ydatandarray

	Array containing the y signal in volts with time.



	conversionFactorArrayndarray

	Array of 3 values of conversion factors for z, x and y (in units of Volts/Metre)



	timedatandarray

	Array containing the time data in seconds.



	BoxSizefloat

	The size of the box in which to animate the particle - in nm



	timeStepsint, optional

	Number of time steps to animate



	filenamestring, optional

	filename to create the mp4 under (<filename>.mp4)














	
optoanalysis.optoanalysis.animate_2Dscatter(x, y, NumAnimatedPoints=50, NTrailPoints=20, xlabel='', ylabel='', xlims=None, ylims=None, filename='testAnim.mp4', bitrate=100000.0, dpi=500.0, fps=30, figsize=[6, 6])[source]

	Animates x and y - where x and y are 1d arrays of x and y
positions and it plots x[i:i+NTrailPoints] and y[i:i+NTrailPoints]
against each other and iterates through i.






	
optoanalysis.optoanalysis.animate_2Dscatter_slices(x, y, NumAnimatedPoints=50, xlabel='', ylabel='', xlims=None, ylims=None, filename='testAnim.mp4', bitrate=100000.0, dpi=500.0, fps=30, figsize=[6, 6])[source]

	Animates x and y - where x and y are both 2d arrays of x and y
positions and it plots x[i] against y[i] and iterates through i.






	
optoanalysis.optoanalysis.arrange_plots_on_one_canvas(FigureAxTupleArray, title='', SubtitleArray=[], number_of_columns=2, show_fig=True)[source]

	Arranges plots, given in an array of tuples consisting of fig and axs,
onto a subplot-figure consisting of number_of_columns horizontal times the lenght of the
passed (fig,axs)-array divided by number_of_columns vertical subplots


	Parameters

	
	FigureAxTupleArrayarray-like

	array of Tuples(fig, axs) outputted from the other plotting funtions
inside optoanalysis



	titlestring, optional

	string for the global title of the overall combined figure



	SubtitleArrayarray-like, optional

	array of titles for each figure-set to be plotted, i.e. subplots



	number_of_columnsint, optional

	Number of columns in the subplot grid
By default set to 2 columns



	show_figbool, optional

	If True runs plt.show() before returning figure
if False it just returns the figure object.
(the default is True, it shows the figure)







	Returns

	
	figmatplotlib.figure.Figure object

	The figure object created














	
optoanalysis.optoanalysis.audiate(signal, AudioSampleFreq, filename)[source]

	




	
optoanalysis.optoanalysis.butterworth_filter(Signal, SampleFreq, lowerFreq, upperFreq)[source]

	Filters data using by constructing a 5th order butterworth
IIR filter and using scipy.signal.filtfilt, which does
phase correction after implementing the filter (as IIR
filter apply a phase change)


	Parameters

	
	Signalndarray

	Signal to be filtered



	SampleFreqfloat

	Sample frequency of signal



	lowerFreqfloat

	Lower frequency of bandpass to allow through filter



	upperFreqfloat

	Upper frequency of bandpass to allow through filter







	Returns

	
	FilteredDatandarray

	Array containing the filtered data














	
optoanalysis.optoanalysis.calc_PSD(Signal, SampleFreq, NPerSegment=1000000, window='hann')[source]

	Extracts the pulse spectral density (PSD) from the data.


	Parameters

	
	Signalarray-like

	Array containing the signal to have the PSD calculated for



	SampleFreqfloat

	Sample frequency of the signal array



	NPerSegmentint, optional

	Length of each segment used in scipy.welch
default = 1000000



	windowstr or tuple or array_like, optional

	Desired window to use. See get_window for a list of windows
and required parameters. If window is array_like it will be
used directly as the window and its length will be used for
nperseg.
default = “hann”







	Returns

	
	freqsndarray

	Array containing the frequencies at which the PSD has been
calculated



	PSDndarray

	Array containing the value of the PSD at the corresponding
frequency value in V**2/Hz














	
optoanalysis.optoanalysis.calc_RSquared(time, Signal, SampleFreq, CenterFreq, CutOffFreq, FractionOfSampleFreq)[source]

	Calculates the R Squared signal from a given Signal using
demodulated signals and butterworth filtering.


	Parameters

	
	timearray-like

	Array containing the time data points of the Signal



	Signalarray-like

	Array containing the signal to have the RSquared calculated for



	SampleFreqfloat

	Sampling frequncy of the Signal



	CenterFreqfloat

	central frequency of your Signal (oscillator)



	CutOffFreqfloat

	is the cut off frequncy to get rid of the 2*omega component, make this
several times larger than your linewidth, in Hz



	FractionOfSampleFreqinteger, optional

	The fraction of the sample frequency to sub-sample the data by.
This sometimes needs to be done because a filter with the
appropriate frequency response may not be generated using the
sample rate at which the data was taken. Increasing this number
means the R Squared signal produced by this function will be
sampled at a lower rate but a higher number means a higher chance
that the filter produced will have a nice frequency response.







	Returns

	
	RSquaredndarray

	Array containing the value of the RSquared signal














	
optoanalysis.optoanalysis.calc_acceleration(xdata, dt)[source]

	Calculates the acceleration from the position


	Parameters

	
	xdatandarray

	Position data



	dtfloat

	time between measurements







	Returns

	
	accelerationndarray

	values of acceleration from position
2 to N.














	
optoanalysis.optoanalysis.calc_autocorrelation(Signal, FFT=False, PyCUDA=False)[source]

	Calculates the autocorrelation from a given Signal via using


	Parameters

	
	Signalarray-like

	Array containing the signal to have the autocorrelation calculated for



	FFToptional, bool

	Uses FFT to accelerate autocorrelation calculation, but assumes certain
certain periodicity on the signal to autocorrelate. Zero-padding is added
to account for this periodicity assumption.



	PyCUDAbool, optional

	If True, uses PyCUDA to accelerate the FFT and IFFT
via using your NVIDIA-GPU
If False, performs FFT and IFFT with conventional
scipy.fftpack







	Returns

	
	Autocorrelationndarray

	Array containing the value of the autocorrelation evaluated
at the corresponding amount of shifted array-index.














	
optoanalysis.optoanalysis.calc_fft_with_PyCUDA(Signal)[source]

	Calculates the FFT of the passed signal by using
the scikit-cuda libary which relies on PyCUDA


	Parameters

	
	Signalndarray

	Signal to be transformed into Fourier space







	Returns

	
	Signalfftndarray

	Array containing the signal’s FFT














	
optoanalysis.optoanalysis.calc_gamma_components(Data_ref, Data)[source]

	Calculates the components of Gamma (Gamma0 and delta_Gamma),
assuming that the Data_ref is uncooled data (ideally at 3mbar
for best fitting). It uses the fact that A_prime=A/Gamma0 should
be constant for a particular particle under changes in pressure
and therefore uses the reference save to calculate A_prime (assuming
the Gamma value found for the uncooled data is actually equal to Gamma0
since only collisions should be causing the damping. Therefore for
the cooled data Gamma0 should equal A/A_prime and therefore we
can extract Gamma0 and delta_Gamma.

A_prime = ConvFactor**2 * (2*k_B*T0/(pi*m))


	Parameters

	
	Data_refDataObject

	Reference data set, assumed to be 300K



	DataDataObject

	Data object to have the temperature calculated for







	Returns

	
	Gamma0uncertainties.ufloat

	Damping due to the environment



	delta_Gammauncertainties.ufloat

	Damping due to other effects (e.g. feedback cooling)














	
optoanalysis.optoanalysis.calc_ifft_with_PyCUDA(Signalfft)[source]

	Calculates the inverse-FFT of the passed FFT-signal by
using the scikit-cuda libary which relies on PyCUDA


	Parameters

	
	Signalfftndarray

	FFT-Signal to be transformed into Real space







	Returns

	
	Signalndarray

	Array containing the ifft signal














	
optoanalysis.optoanalysis.calc_mass_from_fit_and_conv_factor(A, Damping, ConvFactor)[source]

	Calculates mass from the A parameter from fitting, the damping from
fitting in angular units and the Conversion factor calculated from
comparing the ratio of the z signal and first harmonic of z.


	Parameters

	
	Afloat

	A factor calculated from fitting



	Dampingfloat

	damping in radians/second calcualted from fitting



	ConvFactorfloat

	conversion factor between volts and nms







	Returns

	
	massfloat

	mass in kgs














	
optoanalysis.optoanalysis.calc_mass_from_z0(z0, w0)[source]

	Calculates the mass of the particle using the equipartition
from the angular frequency of the z signal and the average
amplitude of the z signal in nms.


	Parameters

	
	z0float

	Physical average amplitude of motion in nms



	w0float

	Angular Frequency of z motion







	Returns

	
	massfloat

	mass in kgs














	
optoanalysis.optoanalysis.calc_mean_amp(signal)[source]

	calculates the mean amplitude by calculating the RMS
of the signal and then multiplying it by √2.


	Parameters

	
	signalndarray

	

	array of floats containing an AC signal

	





	Returns

	
	mean_amplitudefloat

	the mean amplitude of the signal














	
optoanalysis.optoanalysis.calc_radius_from_mass(Mass)[source]

	Given the mass of a particle calculates the
radius, assuming a 1800 kg/m**3 density.


	Parameters

	
	Massfloat

	mass in kgs







	Returns

	
	Radiusfloat

	radius in ms














	
optoanalysis.optoanalysis.calc_reduced_chi_squared(y_observed, y_model, observation_error, number_of_fitted_parameters)[source]

	Calculates the reduced chi-squared, used to compare a model to observations. For example can be used to calculate how good a fit is by using fitted y values for y_model along with observed y values and error in those y values. Reduced chi-squared should be close to 1 for a good fit, lower than 1 suggests you are overestimating the measurement error (observation_error you entered is higher than the true error in the measurement). A value higher than 1 suggests either your model is a bad fit OR you are underestimating the error in the measurement (observation_error you entered is lower than the true error in the measurement). See https://en.wikipedia.org/wiki/Reduced_chi-squared_statistic for more detail.


	Parameters

	
	y_observedndarray

	array of measured/observed values of some variable y which you are fitting to.



	y_modelndarray

	array of y values predicted by your model/fit (predicted y values corresponding to y_observed)



	observation_errorfloat

	error in the measurements/observations of y



	number_of_fitted_parametersfloat

	number of parameters in your model







	Returns

	
	chi2_reducedfloat

	reduced chi-squared parameter














	
optoanalysis.optoanalysis.calc_temp(Data_ref, Data)[source]

	Calculates the temperature of a data set relative to a reference.
The reference is assumed to be at 300K.


	Parameters

	
	Data_refDataObject

	Reference data set, assumed to be 300K



	DataDataObject

	Data object to have the temperature calculated for







	Returns

	
	Tuncertainties.ufloat

	The temperature of the data set














	
optoanalysis.optoanalysis.calc_z0_and_conv_factor_from_ratio_of_harmonics(z, z2, NA=0.999)[source]

	Calculates the Conversion Factor and physical amplitude of motion in nms
by comparison of the ratio of the heights of the z signal and
second harmonic of z.


	Parameters

	
	zndarray

	array containing z signal in volts



	z2ndarray

	array containing second harmonic of z signal in volts



	NAfloat

	NA of mirror used in experiment







	Returns

	
	z0float

	Physical average amplitude of motion in nms



	ConvFactorfloat

	Conversion Factor between volts and nms














	
optoanalysis.optoanalysis.count_collisions(Collisions)[source]

	Counts the number of unique collisions and gets the collision index.


	Parameters

	
	Collisionsarray_like

	Array of booleans, containing true if during a collision event, false otherwise.







	Returns

	
	CollisionCountint

	Number of unique collisions



	CollisionIndicieslist

	Indicies of collision occurance














	
optoanalysis.optoanalysis.dynamical_potential(xdata, dt, order=3)[source]

	Computes potential from spring function


	Parameters

	
	xdatandarray

	Position data for a degree of freedom,
at which to calculate potential



	dtfloat

	time between measurements



	orderint

	order of polynomial to fit







	Returns

	
	Potentialndarray

	valued of potential at positions in
xdata














	
optoanalysis.optoanalysis.extract_parameters(Pressure, PressureErr, A, AErr, Gamma0, Gamma0Err, method='chang')[source]

	Calculates the radius, mass and conversion factor and thier uncertainties.
For values to be correct data must have been taken with feedback off and
at pressures of around 1mbar (this is because the equations assume
harmonic motion and at lower pressures the uncooled particle experiences
anharmonic motion (due to exploring furthur outside the middle of the trap).
When cooled the value of Gamma (the damping) is a combination of the
enviromental damping and feedback damping and so is not the correct value
for use in this equation (as it requires the enviromental damping).
Environmental damping can be predicted though as A=const*Gamma0. By
fitting to 1mbar data one can find the value of the const and therefore
Gamma0 = A/const


	Parameters

	
	Pressurefloat

	Pressure in mbar when the data was taken



	PressureErrfloat

	Error in the Pressure as a decimal (e.g. 15% error is 0.15)



	Afloat

	Fitting constant A
A = γ**2*2*Γ_0*(K_b*T_0)/(π*m)
where:
γ = conversionFactor
Γ_0 = Damping factor due to environment
π = pi



	AErrfloat

	Error in Fitting constant A



	Gamma0float

	The enviromental damping factor Gamma_0 = Γ_0



	Gamma0Errfloat

	The error in the enviromental damping factor Gamma_0 = Γ_0



	Returns:

	

	Paramslist

	[radius, mass, conversionFactor]
The extracted parameters



	ParamsErrorlist

	[radiusError, massError, conversionFactorError]
The error in the extracted parameters














	
optoanalysis.optoanalysis.extract_slices(z, freq, sample_freq, show_plot=False)[source]

	Iterates through z trace and pulls out slices of length period_samples
and assigns them a phase from -180 to 180. Each slice then becomes a column
in the 2d array that is returned. Such that the row (the first index) refers
to phase (i.e. dat[0] are all the samples at phase = -180) and the column
refers to the oscillation number (i.e. dat[:, 0] is the first oscillation).


	Parameters

	
	zndarray

	trace of z motion



	freqfloat

	frequency of motion



	sample_freqfloat

	sample frequency of the z array



	show_plotbool, optional (default=False)

	if true plots and shows the phase plotted against the positon
for each oscillation built on top of each other.







	Returns

	
	phasendarray

	phase (in degrees) for each oscillation



	phase_slicesndarray

	2d numpy array containing slices as detailed above.














	
optoanalysis.optoanalysis.find_collisions(Signal, tolerance=50)[source]

	Finds collision events in the signal from the shift in phase of the signal.


	Parameters

	
	Signalarray_like

	Array containing the values of the signal of interest containing a single frequency.



	tolerancefloat

	Percentage tolerance, if the value of the FM Discriminator varies from the mean by this
percentage it is counted as being during a collision event (or the aftermath of an event).







	Returns

	
	Collisionsndarray

	Array of booleans, true if during a collision event, false otherwise.














	
optoanalysis.optoanalysis.fit_PSD(Data, bandwidth, TrapFreqGuess, AGuess=1000000000.0, GammaGuess=400, FlatBackground=None, MakeFig=True, show_fig=True, plot_initial=True)[source]

	Fits theory PSD to Data. Assumes highest point of PSD is the
trapping frequency.


	Parameters

	
	DataDataObject

	data object to be fitted



	bandwidthfloat

	bandwidth around trapping frequency peak to
fit the theory PSD to



	TrapFreqGuessfloat

	The approximate trapping frequency to use initially
as the centre of the peak



	AGuessfloat, optional

	The initial value of the A parameter to use in fitting



	GammaGuessfloat, optional

	The initial value of the Gamma parameter to use in fitting



	FlatBackgroundfloat, optional

	If given a number the fitting function assumes a flat
background to get more exact Area, which does not factor in
noise. defaults to None, which fits a model with no flat
background contribution, basically no offset



	MakeFigbool, optional

	Whether to construct and return the figure object showing
the fitting. defaults to True



	show_figbool, optional

	Whether to show the figure object when it has been created.
defaults to True







	Returns

	
	ParamsFit - Fitted parameters:

	[A, TrappingFrequency, Gamma, FlatBackground(optional)]



	ParamsFitErr - Error in fitted parameters:

	[AErr, TrappingFrequencyErr, GammaErr, FlatBackgroundErr(optional)]



	figmatplotlib.figure.Figure object

	figure object containing the plot



	axmatplotlib.axes.Axes object

	
	axes with the data plotted of the:

	
	initial data


	initial fit


	final fit





















	
optoanalysis.optoanalysis.fit_RSquared_PSD(RSquared_PSD, RSquared_freqs, GammaGuess, AGuess, OffsetGuess, CutOffFreq, Fit_xlim, MakeFig=True, show_fig=True)[source]

	Fits equation 3 of paper (DOI: 10.1103/PhysRevResearch.2.023349) plus
additive Offset to the computed PSD of the R Squared signal and returns
the parameters with errors.


	Parameters

	
	RSquared_PSDarray

	array containing PSD of the R Squared signal to be fitted



	RSquared_freqsarray

	array containing the frequencies of each point the PSD of the RSquared
signal was computed



	GammaGuessfloat

	The approximate Big Gamma (in radians) to use initially



	AGuessfloat

	Inital guess for multiplicative factor for R^2 which equals:
8*(S_F/(2m^2*Omega0^2))^2



	OffsetGuessfloat

	Additive Offset to the fitting equation.



	CutOffFreqfloat

	is the cut off frequency applied via a lowpass filter when calculating
the R Squared signal



	Fit_xlimlist of float, optional

	limits the R Squared PSD signal used for the fit function
i.e.: [lowerLimit, upperLimit]



	MakeFigbool, optional

	Whether to construct and return the figure object showing
the fitting. defaults to True



	show_figbool, optional

	Whether to show the figure object when it has been created.
defaults to True







	Returns

	
	ParamsFit - Fitted parameters:

	[A, Gamma, Offset]



	ParamsFitErr - Error in fitted parameters:

	[AErr, GammaErr, OffsetErr]



	figmatplotlib.figure.Figure object

	figure object containing the plot



	axmatplotlib.axes.Axes object

	
	axes with the data plotted of the:

	
	initial data


	final fit





















	
optoanalysis.optoanalysis.fit_autocorrelation(autocorrelation, time, GammaGuess, TrapFreqGuess=None, method='energy', MakeFig=True, show_fig=True)[source]

	Fits exponential relaxation theory to data.


	Parameters

	
	autocorrelationarray

	array containing autocorrelation to be fitted



	timearray

	array containing the time of each point the autocorrelation
was evaluated



	GammaGuessfloat

	The approximate Big Gamma (in radians) to use initially



	TrapFreqGuessfloat

	The approximate trapping frequency to use initially in Hz.



	methodstring, optional

	To choose which autocorrelation fit is needed.
‘position’ : equation 4.20 from Tongcang Li’s 2013 thesis


(DOI: 10.1007/978-1-4614-6031-2)





	‘energy’proper exponential energy correlation decay

	(DOI: 10.1103/PhysRevE.94.062151)







	MakeFigbool, optional

	Whether to construct and return the figure object showing
the fitting. defaults to True



	show_figbool, optional

	Whether to show the figure object when it has been created.
defaults to True







	Returns

	
	ParamsFit - Fitted parameters:

	‘variance’-method : [Gamma]
‘position’-method : [Gamma, AngularTrappingFrequency]



	ParamsFitErr - Error in fitted parameters:

	‘varaince’-method : [GammaErr]
‘position’-method : [GammaErr, AngularTrappingFrequencyErr]



	figmatplotlib.figure.Figure object

	figure object containing the plot



	axmatplotlib.axes.Axes object

	
	axes with the data plotted of the:

	
	initial data


	final fit





















	
optoanalysis.optoanalysis.fit_curvefit(p0, datax, datay, function, **kwargs)[source]

	Fits the data to a function using scipy.optimise.curve_fit


	Parameters

	
	p0array_like

	initial parameters to use for fitting



	dataxarray_like

	x data to use for fitting



	datayarray_like

	y data to use for fitting



	functionfunction

	funcion to be fit to the data



	kwargs

	keyword arguments to be passed to scipy.optimise.curve_fit







	Returns

	
	pfit_curvefitarray

	Optimal values for the parameters so that the sum of
the squared residuals of ydata is minimized



	perr_curvefitarray

	One standard deviation errors in the optimal values for
the parameters














	
optoanalysis.optoanalysis.fit_data(freq_array, S_xx_array, AGuess, OmegaTrap, GammaGuess, freq_range=None, make_fig=True, show_fig=True, **kwargs)[source]

	




	
optoanalysis.optoanalysis.fit_data_2(freq_array, S_xx_array, AGuess, OmegaTrap, GammaGuess, make_fig=True, show_fig=True)[source]

	




	
optoanalysis.optoanalysis.fit_radius_from_potentials(z, SampleFreq, Damping, HistBins=100, show_fig=False)[source]

	Fits the dynamical potential to the Steady
State Potential by varying the Radius.


	zndarray

	Position data



	SampleFreqfloat

	frequency at which the position data was
sampled



	Dampingfloat

	value of damping (in radians/second)



	HistBinsint

	number of values at which to evaluate
the steady state potential / perform
the fitting to the dynamical potential






	Returns

	
	Radiusfloat

	Radius of the nanoparticle



	RadiusErrorfloat

	One Standard Deviation Error in the Radius from the Fit
(doesn’t take into account possible error in damping)



	figmatplotlib.figure.Figure object

	figure showing fitted dynamical potential and stationary potential



	axmatplotlib.axes.Axes object

	axes for above figure














	
optoanalysis.optoanalysis.fit_to_ringdown(time, signal, time_start, time_stop, Gamma_guess)[source]

	




	
optoanalysis.optoanalysis.fm_discriminator(Signal)[source]

	Calculates the digital FM discriminator from a real-valued time signal.


	Parameters

	
	Signalarray-like

	A real-valued time signal







	Returns

	
	fmDiscriminatorarray-like

	The digital FM discriminator of the argument signal














	
optoanalysis.optoanalysis.get_ZXY_data(Data, zf, xf, yf, FractionOfSampleFreq=1, zwidth=10000, xwidth=5000, ywidth=5000, filterImplementation='filtfilt', timeStart=None, timeEnd=None, NPerSegmentPSD=1000000, MakeFig=True, show_fig=True)[source]

	Given a Data object and the frequencies of the z, x and y peaks (and some
optional parameters for the created filters) this function extracts the
individual z, x and y signals (in volts) by creating IIR filters and filtering
the Data.


	Parameters

	
	DataDataObject

	DataObject containing the data for which you want to extract the
z, x and y signals.



	zffloat

	The frequency of the z peak in the PSD



	xffloat

	The frequency of the x peak in the PSD



	yffloat

	The frequency of the y peak in the PSD



	FractionOfSampleFreqinteger, optional

	The fraction of the sample frequency to sub-sample the data by.
This sometimes needs to be done because a filter with the appropriate
frequency response may not be generated using the sample rate at which
the data was taken. Increasing this number means the x, y and z signals
produced by this function will be sampled at a lower rate but a higher
number means a higher chance that the filter produced will have a nice
frequency response.



	zwidthfloat, optional

	The width of the pass-band of the IIR filter to be generated to
filter Z.



	xwidthfloat, optional

	The width of the pass-band of the IIR filter to be generated to
filter X.



	ywidthfloat, optional

	The width of the pass-band of the IIR filter to be generated to
filter Y.



	filterImplementationstring, optional

	filtfilt or lfilter - use scipy.filtfilt or lfilter
default: filtfilt



	timeStartfloat, optional

	Starting time for filtering



	timeEndfloat, optional

	Ending time for filtering



	show_figbool, optional

	If True - plot unfiltered and filtered PSD for z, x and y.
If False - don’t plot anything







	Returns

	
	zdatandarray

	Array containing the z signal in volts with time.



	xdatandarray

	Array containing the x signal in volts with time.



	ydatandarray

	Array containing the y signal in volts with time.



	timedatandarray

	Array containing the time data to go with the z, x, and y signal.














	
optoanalysis.optoanalysis.get_ZXY_data_IFFT(Data, zf, xf, yf, zwidth=10000, xwidth=5000, ywidth=5000, timeStart=None, timeEnd=None, show_fig=True)[source]

	Given a Data object and the frequencies of the z, x and y peaks (and some
optional parameters for the created filters) this function extracts the
individual z, x and y signals (in volts) by creating IIR filters and filtering
the Data.


	Parameters

	
	DataDataObject

	DataObject containing the data for which you want to extract the
z, x and y signals.



	zffloat

	The frequency of the z peak in the PSD



	xffloat

	The frequency of the x peak in the PSD



	yffloat

	The frequency of the y peak in the PSD



	zwidthfloat, optional

	The width of the pass-band of the IIR filter to be generated to
filter Z.



	xwidthfloat, optional

	The width of the pass-band of the IIR filter to be generated to
filter X.



	ywidthfloat, optional

	The width of the pass-band of the IIR filter to be generated to
filter Y.



	timeStartfloat, optional

	Starting time for filtering



	timeEndfloat, optional

	Ending time for filtering



	show_figbool, optional

	If True - plot unfiltered and filtered PSD for z, x and y.
If False - don’t plot anything







	Returns

	
	zdatandarray

	Array containing the z signal in volts with time.



	xdatandarray

	Array containing the x signal in volts with time.



	ydatandarray

	Array containing the y signal in volts with time.



	timedatandarray

	Array containing the time data to go with the z, x, and y signal.














	
optoanalysis.optoanalysis.get_ZXY_freqs(Data, zfreq, xfreq, yfreq, bandwidth=5000)[source]

	Determines the exact z, x and y peak frequencies from approximate
frequencies by finding the highest peak in the PSD “close to” the
approximate peak frequency. By “close to” I mean within the range:
approxFreq - bandwidth/2 to approxFreq + bandwidth/2


	Parameters

	
	DataDataObject

	DataObject containing the data for which you want to determine the
z, x and y frequencies.



	zfreqfloat

	An approximate frequency for the z peak



	xfreqfloat

	An approximate frequency for the z peak



	yfreqfloat

	An approximate frequency for the z peak



	bandwidthfloat, optional

	The bandwidth around the approximate peak to look for the actual peak. The default value is 5000







	Returns

	
	trapfreqslist

	List containing the trap frequencies in the following order (z, x, y)














	
optoanalysis.optoanalysis.get_freq_response(a, b, show_fig=True, SampleFreq=6.283185307179586, NumOfFreqs=500, whole=False)[source]

	This function takes an array of coefficients and finds the frequency
response of the filter using scipy.signal.freqz.
show_fig sets if the response should be plotted


	Parameters

	
	barray_like

	Coefficients multiplying the x values (inputs of the filter)



	aarray_like

	Coefficients multiplying the y values (outputs of the filter)



	show_figbool, optional

	Verbosity of function (i.e. whether to plot frequency and phase
response or whether to just return the values.)
Options (Default is 1):
False - Do not plot anything, just return values
True - Plot Frequency and Phase response and return values



	SampleFreqfloat, optional

	Sample frequency (in Hz) to simulate (used to convert frequency range
to normalised frequency range)



	NumOfFreqsint, optional

	Number of frequencies to use to simulate the frequency and phase
response of the filter. Default is 500.



	Wholebool, optional

	Sets whether to plot the whole response (0 to sample freq)
or just to plot 0 to Nyquist (SampleFreq/2):
False - (default) plot 0 to Nyquist (SampleFreq/2)
True - plot the whole response (0 to sample freq)







	Returns

	
	freqListndarray

	Array containing the frequencies at which the gain is calculated



	GainArrayndarray

	Array containing the gain in dB of the filter when simulated
(20*log_10(A_out/A_in))



	PhaseDiffArrayndarray

	Array containing the phase response of the filter - phase
difference between the input signal and output signal at
different frequencies














	
optoanalysis.optoanalysis.get_time_slice(time, z, zdot=None, timeStart=None, timeEnd=None)[source]

	Get slice of time, z and (if provided) zdot from timeStart to timeEnd.


	Parameters

	
	timendarray

	array of time values



	zndarray

	array of z values



	zdotndarray, optional

	array of zdot (velocity) values.



	timeStartfloat, optional

	time at which to start the slice.
Defaults to beginnging of time trace



	timeEndfloat, optional

	time at which to end the slide.
Defaults to end of time trace







	Returns

	
	time_slicedndarray

	array of time values from timeStart to timeEnd



	z_slicedndarray

	array of z values from timeStart to timeEnd



	zdot_slicedndarray

	array of zdot values from timeStart to timeEnd.
None if zdot not provided














	
optoanalysis.optoanalysis.get_wigner(z, freq, sample_freq, histbins=200, show_plot=False)[source]

	Calculates an approximation to the wigner quasi-probability distribution
by splitting the z position array into slices of the length of one period
of the motion. This slice is then associated with phase from -180 to 180
degrees. These slices are then histogramed in order to get a distribution
of counts of where the particle is observed at each phase. The 2d array
containing the counts varying with position and phase is then passed through
the inverse radon transformation using the Simultaneous Algebraic
Reconstruction Technique approximation from the scikit-image package.


	Parameters

	
	zndarray

	trace of z motion



	freqfloat

	frequency of motion



	sample_freqfloat

	sample frequency of the z array



	histbinsint, optional (default=200)

	number of bins to use in histogramming data for each phase



	show_plotbool, optional (default=False)

	Whether or not to plot the phase distribution







	Returns

	
	iradon_outputndarray

	2d array of size (histbins x histbins)



	bin_centresndarray

	positions of the bin centres














	
optoanalysis.optoanalysis.histogram_phase(phase_slices, phase, histbins=200, show_plot=False)[source]

	histograms the phase slices such as to build a histogram of the position
distribution at each phase value.


	Parameters

	
	phase_slicesndarray

	2d array containing slices from many oscillations at each phase



	phasendarray

	1d array of phases corresponding to slices



	histbinsint, optional (default=200)

	number of bins to use in histogramming data



	show_plotbool, optional (default=False)

	if true plots and shows the heatmap of the
phase against the positon distribution







	Returns

	
	counts_arrayndarray

	2d array containing the number of counts varying with
phase and position.



	bin_edgesndarray

	positions of bin edges














	
optoanalysis.optoanalysis.load_data(Filepath, ObjectType='data', RelativeChannelNo=None, SampleFreq=None, NumberOfChannels=None, PointsToLoad=-1, calcPSD=True, NPerSegmentPSD=1000000, NormaliseByMonitorOutput=False, silent=False)[source]

	
	Parameters

	
	Filepathstring

	filepath to the file containing the data used to initialise
and create an instance of the DataObject class



	ObjectTypestring, optional

	type to load the data as, takes the value ‘default’ if not specified.
Options are:
‘data’ : optoanalysis.DataObject
‘thermo’ : optoanalysis.thermo.ThermoObject



	RelativeChannelNoint, optional

	If loading a .bin file produced by the Saneae datalogger, used to specify
the channel number
If loading a .mat file produced by the picoscope using picolog, used to
specifiy the channel ID as follows: 0 = Channel ‘A’, 1 = Channel ‘B’,
2 = Channel ‘C’ and 3 = Channel ‘D’
If loading a .bin file saved using custom code to interface with the
Picoscope used to specify the channel number to load in conjunction
with the NumberOfChannels parameter, if left None with .bin files
it will assume that the file to load only contains one channel.
If loading a .dat file produced by the labview NI5122 daq card, used to
specifiy the channel number if two channels where saved, if left None with
.dat files it will assume that the file to load only contains one channel.
If NormaliseByMonitorOutput is True then RelativeChannelNo specifies the
monitor channel for loading a .dat file produced by the labview NI5122 daq card.



	SampleFreqfloat, optional

	Manual selection of sample frequency for loading labview NI5122 daq files and
.mat and .bin files recorded using the Picoscope



	NumberOfChannelsint, optional

	Total number of channels present in a .bin file recorded using a Picoscope.



	PointsToLoadint, optional

	Number of first points to read. -1 means all points (i.e., the complete file)
WORKS WITH NI5122 AND PICOSCOPE .BIN DATA SO FAR ONLY!!!



	calcPSDbool, optional

	Whether to calculate the PSD upon loading the file, can take some time
off the loading and reduce memory usage if frequency space info is not required



	NPerSegmentPSDint, optional

	NPerSegment to pass to scipy.signal.welch to calculate the PSD



	NormaliseByMonitorOutputbool, optional

	If True the particle signal trace will be divided by the monitor output, which is
specified by the channel number set in the RelativeChannelNo parameter.
WORKS WITH NI5122 DATA SO FAR ONLY!!!







	Returns

	
	DataDataObject

	An instance of the DataObject class contaning the data
that you requested to be loaded.














	
optoanalysis.optoanalysis.make_butterworth_b_a(lowcut, highcut, SampleFreq, order=5, btype='band')[source]

	Generates the b and a coefficients for a butterworth IIR filter.


	Parameters

	
	lowcutfloat

	frequency of lower bandpass limit



	highcutfloat

	frequency of higher bandpass limit



	SampleFreqfloat

	Sample frequency of filter



	orderint, optional

	order of IIR filter. Is 5 by default



	btypestring, optional

	type of filter to make e.g. (band, low, high)







	Returns

	
	bndarray

	coefficients multiplying the current and past inputs (feedforward coefficients)



	andarray

	coefficients multiplying the past outputs (feedback coefficients)














	
optoanalysis.optoanalysis.make_butterworth_bandpass_b_a(CenterFreq, bandwidth, SampleFreq, order=5, btype='band')[source]

	Generates the b and a coefficients for a butterworth bandpass IIR filter.


	Parameters

	
	CenterFreqfloat

	central frequency of bandpass



	bandwidthfloat

	width of the bandpass from centre to edge



	SampleFreqfloat

	Sample frequency of filter



	orderint, optional

	order of IIR filter. Is 5 by default



	btypestring, optional

	type of filter to make e.g. (band, low, high)







	Returns

	
	bndarray

	coefficients multiplying the current and past inputs (feedforward coefficients)



	andarray

	coefficients multiplying the past outputs (feedback coefficients)














	
optoanalysis.optoanalysis.make_dynamical_potential_func(kBT_Gamma, density, SpringPotnlFunc)[source]

	Creates the function that calculates the potential given
the position (in volts) and the radius of the particle.


	Parameters

	
	kBT_Gammafloat

	Value of kB*T/Gamma



	densityfloat

	density of the nanoparticle



	SpringPotnlFuncfunction

	Function which takes the value of position (in volts)
and returns the spring potential







	Returns

	
	PotentialFuncfunction

	function that calculates the potential given
the position (in volts) and the radius of the
particle.














	
optoanalysis.optoanalysis.moving_average(array, n=3)[source]

	Calculates the moving average of an array.


	Parameters

	
	arrayarray

	The array to have the moving average taken of



	nint

	The number of points of moving average to take







	Returns

	
	MovingAverageArrayarray

	The n-point moving average of the input array














	
optoanalysis.optoanalysis.multi_load_data(Channel, RunNos, RepeatNos, directoryPath='.', calcPSD=True, NPerSegmentPSD=1000000)[source]

	Lets you load multiple datasets at once assuming they have a
filename which contains a pattern of the form:
CH<ChannelNo>_RUN00…<RunNo>_REPEAT00…<RepeatNo>


	Parameters

	
	Channelint

	The channel you want to load



	RunNossequence

	Sequence of run numbers you want to load



	RepeatNossequence

	Sequence of repeat numbers you want to load



	directoryPathstring, optional

	The path to the directory housing the data
The default is the current directory







	Returns

	
	Datalist

	A list containing the DataObjects that were loaded.














	
optoanalysis.optoanalysis.multi_load_data_custom(Channel, TraceTitle, RunNos, directoryPath='.', calcPSD=True, NPerSegmentPSD=1000000)[source]

	Lets you load multiple datasets named with the LeCroy’s custom naming scheme at once.


	Parameters

	
	Channelint

	The channel you want to load



	TraceTitlestring

	The custom trace title of the files.



	RunNossequence

	Sequence of run numbers you want to load



	RepeatNossequence

	Sequence of repeat numbers you want to load



	directoryPathstring, optional

	The path to the directory housing the data
The default is the current directory







	Returns

	
	Datalist

	A list containing the DataObjects that were loaded.














	
optoanalysis.optoanalysis.multi_plot_3d_dist(ZXYData, N=1000, AxisOffset=0, Angle=-40, LowLim=None, HighLim=None, ColorArray=None, alphaLevel=0.3, show_fig=True)[source]

	Plots serveral Z, X and Y datasets as a 3d scatter plot with heatmaps of each axis pair in each dataset.


	Parameters

	
	ZXYDatandarray

	Array of arrays containing Z, X, Y data e.g. [[Z1, X1, Y1], [Z2, X2, Y2]]



	Noptional, int

	Number of time points to plot (Defaults to 1000)



	AxisOffsetoptional, double

	Offset to add to each axis from the data - used to get a better view
of the heat maps (Defaults to 0)



	LowLimoptional, double

	Lower limit of x, y and z axis



	HighLimoptional, double

	Upper limit of x, y and z axis



	show_figoptional, bool

	Whether to show the produced figure before returning







	Returns

	
	figmatplotlib.figure.Figure object

	The figure object created



	axmatplotlib.axes.Axes object

	The subplot object created














	
optoanalysis.optoanalysis.multi_plot_PSD(DataArray, xlim=[0, 500], units='kHz', LabelArray=[], ColorArray=[], alphaArray=[], show_fig=True)[source]

	plot the pulse spectral density for multiple data sets on the same
axes.


	Parameters

	
	DataArrayarray-like

	array of DataObject instances for which to plot the PSDs



	xlimarray-like, optional

	2 element array specifying the lower and upper x limit for which to
plot the Power Spectral Density



	unitsstring

	units to use for the x axis



	LabelArrayarray-like, optional

	array of labels for each data-set to be plotted



	ColorArrayarray-like, optional

	array of colors for each data-set to be plotted



	show_figbool, optional

	If True runs plt.show() before returning figure
if False it just returns the figure object.
(the default is True, it shows the figure)







	Returns

	
	figmatplotlib.figure.Figure object

	The figure object created



	axmatplotlib.axes.Axes object

	The axes object created














	
optoanalysis.optoanalysis.multi_plot_time(DataArray, SubSampleN=1, units='s', xlim=None, ylim=None, LabelArray=[], show_fig=True)[source]

	plot the time trace for multiple data sets on the same axes.


	Parameters

	
	DataArrayarray-like

	array of DataObject instances for which to plot the PSDs



	SubSampleNint, optional

	Number of intervals between points to remove (to sub-sample data so
that you effectively have lower sample rate to make plotting easier
and quicker.



	xlimarray-like, optional

	2 element array specifying the lower and upper x limit for which to
plot the time signal



	LabelArrayarray-like, optional

	array of labels for each data-set to be plotted



	show_figbool, optional

	If True runs plt.show() before returning figure
if False it just returns the figure object.
(the default is True, it shows the figure)







	Returns

	
	figmatplotlib.figure.Figure object

	The figure object created



	axmatplotlib.axes.Axes object

	The axes object created














	
optoanalysis.optoanalysis.multi_subplots_time(DataArray, SubSampleN=1, units='s', xlim=None, ylim=None, LabelArray=[], show_fig=True)[source]

	plot the time trace on multiple axes


	Parameters

	
	DataArrayarray-like

	array of DataObject instances for which to plot the PSDs



	SubSampleNint, optional

	Number of intervals between points to remove (to sub-sample data so
that you effectively have lower sample rate to make plotting easier
and quicker.



	xlimarray-like, optional

	2 element array specifying the lower and upper x limit for which to
plot the time signal



	LabelArrayarray-like, optional

	array of labels for each data-set to be plotted



	show_figbool, optional

	If True runs plt.show() before returning figure
if False it just returns the figure object.
(the default is True, it shows the figure)







	Returns

	
	figmatplotlib.figure.Figure object

	The figure object created



	axslist of matplotlib.axes.Axes objects

	The list of axes object created














	
optoanalysis.optoanalysis.parse_orgtable(lines)[source]

	Parse an org-table (input as a list of strings split by newline)
into a Pandas data frame.


	Parameters

	
	linesstring

	an org-table input as a list of strings split by newline







	Returns

	
	dataframepandas.DataFrame

	A data frame containing the org-table’s data














	
optoanalysis.optoanalysis.plot_3d_dist(Z, X, Y, N=1000, AxisOffset=0, Angle=-40, LowLim=None, HighLim=None, show_fig=True)[source]

	Plots Z, X and Y as a 3d scatter plot with heatmaps of each axis pair.


	Parameters

	
	Zndarray

	Array of Z positions with time



	Xndarray

	Array of X positions with time



	Yndarray

	Array of Y positions with time



	Noptional, int

	Number of time points to plot (Defaults to 1000)



	AxisOffsetoptional, double

	Offset to add to each axis from the data - used to get a better view
of the heat maps (Defaults to 0)



	LowLimoptional, double

	Lower limit of x, y and z axis



	HighLimoptional, double

	Upper limit of x, y and z axis



	show_figoptional, bool

	Whether to show the produced figure before returning







	Returns

	
	figmatplotlib.figure.Figure object

	The figure object created



	axmatplotlib.axes.Axes object

	The subplot object created














	
optoanalysis.optoanalysis.plot_wigner2d(iradon_output, bin_centres, cmap=<matplotlib.colors.LinearSegmentedColormap object>, figsize=(6, 6))[source]

	Plots the wigner space representation as a 2D heatmap.


	Parameters

	
	iradon_outputndarray

	2d array of size (histbins x histbins)



	bin_centresndarray

	positions of the bin centres



	cmapmatplotlib.cm.cmap, optional (default=cm.cubehelix_r)

	color map to use for Wigner



	figsizetuple, optional (default=(6, 6))

	tuple defining size of figure created







	Returns

	
	figmatplotlib.figure.Figure object

	figure showing the wigner function



	axmatplotlib.axes.Axes object

	axes containing the object














	
optoanalysis.optoanalysis.plot_wigner3d(iradon_output, bin_centres, bin_centre_units='', cmap=<matplotlib.colors.LinearSegmentedColormap object>, view=(10, -45), figsize=(10, 10))[source]

	Plots the wigner space representation as a 3D surface plot.


	Parameters

	
	iradon_outputndarray

	2d array of size (histbins x histbins)



	bin_centresndarray

	positions of the bin centres



	bin_centre_unitsstring, optional (default=””)

	Units in which the bin_centres are given



	cmapmatplotlib.cm.cmap, optional (default=cm.cubehelix_r)

	color map to use for Wigner



	viewtuple, optional (default=(10, -45))

	view angle for 3d wigner plot



	figsizetuple, optional (default=(10, 10))

	tuple defining size of figure created







	Returns

	
	figmatplotlib.figure.Figure object

	figure showing the wigner function



	axmatplotlib.axes.Axes object

	axes containing the object














	
optoanalysis.optoanalysis.search_data_custom(Channel, TraceTitle, RunNos, directoryPath='.')[source]

	Lets you create a list with full file paths of the files
named with the LeCroy’s custom naming scheme.


	Parameters

	
	Channelint

	The channel you want to load



	TraceTitlestring

	The custom trace title of the files.



	RunNossequence

	Sequence of run numbers you want to load



	RepeatNossequence

	Sequence of repeat numbers you want to load



	directoryPathstring, optional

	The path to the directory housing the data
The default is the current directory







	Returns

	
	Pathslist

	A list containing the full file paths of the files you were looking for.














	
optoanalysis.optoanalysis.search_data_std(Channel, RunNos, RepeatNos, directoryPath='.')[source]

	Lets you find multiple datasets at once assuming they have a
filename which contains a pattern of the form:
CH<ChannelNo>_RUN00…<RunNo>_REPEAT00…<RepeatNo>


	Parameters

	
	Channelint

	The channel you want to load



	RunNossequence

	Sequence of run numbers you want to load



	RepeatNossequence

	Sequence of repeat numbers you want to load



	directoryPathstring, optional

	The path to the directory housing the data
The default is the current directory







	Returns

	
	Data_filepathslist

	A list containing the filepaths to the matching files














	
optoanalysis.optoanalysis.steady_state_potential(xdata, HistBins=100)[source]

	Calculates the steady state potential. Used in
fit_radius_from_potentials.


	Parameters

	
	xdatandarray

	Position data for a degree of freedom



	HistBinsint

	Number of bins to use for histogram
of xdata. Number of position points
at which the potential is calculated.







	Returns

	
	positionndarray

	positions at which potential has been
calculated



	potentialndarray

	value of potential at the positions above














	
optoanalysis.optoanalysis.take_closest(myList, myNumber)[source]

	Assumes myList is sorted. Returns closest value to myNumber.
If two numbers are equally close, return the smallest number.


	Parameters

	
	myListarray

	The list in which to find the closest value to myNumber



	myNumberfloat

	The number to find the closest to in MyList







	Returns

	
	closestValuefloat

	The number closest to myNumber in myList














	
optoanalysis.optoanalysis.unit_conversion(array, unit_prefix, current_prefix='')[source]

	Converts an array or value to of a certain
unit scale to another unit scale.

Accepted units are:
E - exa - 1e18
P - peta - 1e15
T - tera - 1e12
G - giga - 1e9
M - mega - 1e6
k - kilo - 1e3
m - milli - 1e-3
u - micro - 1e-6
n - nano - 1e-9
p - pico - 1e-12
f - femto - 1e-15
a - atto - 1e-18


	Parameters

	
	arrayndarray

	Array to be converted



	unit_prefixstring

	desired unit (metric) prefix (e.g. nm would be n, ms would be m)



	current_prefixoptional, string

	current prefix of units of data (assumed to be in SI units
by default (e.g. m or s)







	Returns

	
	converted_arrayndarray

	Array multiplied such as to be in the units specified

















          

      

      

    

  

    
      
          
            
  
optoanalysis.thermo package


optoanalysis.thermo.thermo module


	
class optoanalysis.thermo.thermo.ThermoObject(filepath, RelativeChannelNo=None, SampleFreq=None, NumberOfChannels=None, PointsToLoad=-1, calcPSD=True, NPerSegmentPSD=1000000, NormaliseByMonitorOutput=False)[source]

	Bases: optoanalysis.optoanalysis.DataObject

Creates an object containing some data and all it’s properties
for thermodynamics analysis.


	Attributes

	
	SampleFreqfloat

	
The sample frequency used in generating the data.





	timendarray

	Contains the time data in seconds



	voltagendarray

	Contains the voltage data in Volts - with noise and clean signals
all added together



	SampleFreqsample frequency used to sample the data (when it was

	taken by the oscilloscope)



	freqsndarray

	Contains the frequencies corresponding to the PSD (Pulse Spectral
Density)



	PSDndarray

	Contains the values for the PSD (Pulse Spectral Density) as calculated
at each frequency contained in freqs














	
calc_hamiltonian = <MagicMock name='mock()' id='140300074248336'>

	




	
calc_mean_and_variance_of_variances(NumberOfOscillations)[source]

	Calculates the mean and variance of a set of varainces. 
This set is obtained by splitting the timetrace into chunks 
of points with a length of NumberOfOscillations oscillations.


	Parameters

	
	NumberOfOscillationsint

	The number of oscillations each chunk of the timetrace 
used to calculate the variance should contain.







	Returns

	
	Meanfloat

	

	Variancefloat

	












	
calc_phase_space_density = <MagicMock name='mock()' id='140300074248336'>

	




	
extract_thermodynamic_quantities = <MagicMock name='mock()' id='140300074248336'>

	











          

      

      

    

  

    
      
          
            
  
optoanalysis.LeCroy package


optoanalysis.LeCroy.LeCroy module


	
class optoanalysis.LeCroy.LeCroy.HDO6104(address='152.78.194.16')[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Class for communicating with the Teledyne LeCroy Oscilloscope.


	
data(channel=1)[source]

	Reads the raw input from the scope and interprets it
returning the header information, time, voltage and 
raw integers read with the ADC.


	Parameters

	
	channelint

	channel number of read







	Returns

	
	WAVEDESCdict

	dictionary containing some properties of the time trace and oscilloscope
settings extracted from the header file.



	xndarray

	The array of time values recorded by the oscilloscope



	yndarray

	The array of voltage values recorded by the oscilloscope



	integersndarray

	The array of raw integers recorded from the ADC and stored in the binary file














	
opc()[source]

	Asks the oscilloscope if it is done processing data.


	Returns

	
	IsDoneProcessingbool

	returns False if oscilloscope is still busy, 
True is oscilloscope is done processing last commands.














	
raw(channel=1)[source]

	Reads the raw input from the oscilloscope.


	Parameters

	
	channelint

	channel number of read







	Returns

	
	rawDatabytes

	raw binary data read from the oscilloscope














	
waitOPC()[source]

	Waits for a response from the oscilloscope indicating that
processing is complete and it is ready to receive more commands.
Function sleeps until the oscilloscope is ready.










	
optoanalysis.LeCroy.LeCroy.InterpretWaveform(raw, integersOnly=False, headersOnly=False, noTimeArray=False)[source]

	Take the raw binary from a file saved from the LeCroy, read from a file using 
the 2 lines:
with open(filename, “rb”) as file:
raw = file.read()
And extracts various properties of the saved time trace.


	Parameters

	
	rawbytes

	Bytes object containing the binary contents of the saved raw/trc file



	integersOnlybool, optional

	If True, only returns the unprocessed integers (read from the ADC) 
rather than the signal in volts. Defaults to False.



	headersOnlybool, optional

	If True, only returns the file header. Defaults to False.



	noTimeArraybool, optional

	If true returns timeStart, timeStop and timeStep and doesn’t create the time array







	Returns

	
	WAVEDESCdict

	dictionary containing some properties of the time trace and oscilloscope
settings extracted from the header file.



	xndarray / tuple

	The array of time values recorded by the oscilloscope or,
if noTimeArray is True, returns a tuplef of (timeStart, timeStop, timeStep)



	yndarray

	The array of voltage values recorded by the oscilloscope



	integersndarray

	The array of raw integers recorded from the ADC and stored in the binary file



	MissingDatabool

	bool stating if any data was missing

















          

      

      

    

  

    
      
          
            
  
optoanalysis.Saleae package


optoanalysis.Saleae.Saleae module


	
optoanalysis.Saleae.Saleae.get_chunks(Array, Chunksize)[source]

	Generator that yields chunks of size ChunkSize






	
optoanalysis.Saleae.Saleae.interpret_waveform(fileContent, RelativeChannelNo)[source]

	Extracts the data for just 1 channel and computes the corresponding
time array (in seconds) starting from 0.

Important Note: RelativeChannelNo is NOT the channel number on the Saleae data logger 
it is the relative number of the channel that was saved. E.g. if you 
save channels 3, 7 and 10, the corresponding RelativeChannelNos would
be 0, 1 and 2.


	Parameters

	
	fileContentbytes

	bytes object containing the data from a .bin file exported from
the saleae data logger.



	RelativeChannelNoint

	The relative order/position of the channel number in the saved
binary file. See Important Note above!







	Returns

	
	timendarray

	A generated time array corresponding to the data list



	Datalist

	The data from the relative channel requested



	SampleTimefloat

	The time between samples (in seconds)














	
optoanalysis.Saleae.Saleae.read_data_from_bin_file(fileName)[source]

	Loads the binary data stored in the a binary file and extracts the 
data for each channel that was saved, along with the sample rate and length
of the data array.


	Parameters

	
	fileContentbytes

	bytes object containing the data from a .bin file exported from
the saleae data logger.







	Returns

	
	ChannelDatalist

	List containing a list which contains the data from each channel



	LenOf1Channelint

	The length of the data in each channel



	NumOfChannelsint

	The number of channels saved



	SampleTimefloat

	The time between samples (in seconds)



	SampleRatefloat

	The sample rate (in Hz)














	
optoanalysis.Saleae.Saleae.read_data_from_bytes(fileContent)[source]

	Takes the binary data stored in the binary string provided and extracts the 
data for each channel that was saved, along with the sample rate and length
of the data array.


	Parameters

	
	fileContentbytes

	bytes object containing the data from a .bin file exported from
the saleae data logger.







	Returns

	
	ChannelDatalist

	List containing a list which contains the data from each channel



	LenOf1Channelint

	The length of the data in each channel



	NumOfChannelsint

	The number of channels saved



	SampleTimefloat

	The time between samples (in seconds)



	SampleRatefloat

	The sample rate (in Hz)
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      	get_time_slice() (in module optoanalysis.optoanalysis)


      	get_value() (optoanalysis.optoanalysis.ORGTableData method)


      	get_wigner() (in module optoanalysis.optoanalysis)


      	get_ZXY_data() (in module optoanalysis.optoanalysis)


      	get_ZXY_data_IFFT() (in module optoanalysis.optoanalysis)
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      	plot_PSD() (optoanalysis.optoanalysis.DataObject method)
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      	take_closest() (in module optoanalysis.optoanalysis)
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      	waitOPC() (optoanalysis.LeCroy.LeCroy.HDO6104 method)
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  All modules for which code is available
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  Source code for optoanalysis.optoanalysis

from datetime import datetime
import scipy.io
import gc
import csv
from nptdms import TdmsFile as _TdmsFile
from skimage.transform import iradon_sart as _iradon_sart
from os.path import exists as _does_file_exist
from scipy.constants import Boltzmann, pi
from frange import frange
from functools import partial as _partial
import qplots as _qplots
from matplotlib import cm as _cm
from matplotlib import colors as _mcolors
from scipy.io.wavfile import write as _writewav
import matplotlib as _mpl
from scipy.signal import hilbert as _hilbert
import warnings as _warnings
from scipy.optimize import minimize as _minimize
from multiprocessing import cpu_count as _cpu_count
from multiprocessing import Pool as _Pool
import fnmatch as _fnmatch
import pandas as _pd
import optoanalysis
import matplotlib.pyplot as _plt
import numpy as _np
import scipy.signal
from bisect import bisect_left as _bisect_left
from scipy.optimize import curve_fit as _curve_fit
import uncertainties as _uncertainties
from mpl_toolkits.mplot3d.axes3d import Axes3D
from matplotlib import rcParams
import matplotlib.animation as _animation
import matplotlib.ticker as _ticker
from glob import glob
import re
import seaborn as _sns
_sns.reset_orig()

try:
    try:
        import pycuda.autoinit
        import pycuda.gpuarray as _gpuarray
    except (OSError, ModuleNotFoundError) as e:
        print(
            "pyCUDA not present on system, function calc_fft_with_PyCUDA and calc_ifft_with_PyCUDA will crash"
        )
    try:
        from skcuda.fft import fft as _fft
        from skcuda.fft import ifft as _ifft
        from skcuda.fft import Plan as _Plan
    except (OSError, ModuleNotFoundError) as e:
        print("skcuda not present on system, function calc_fft_with_PyCUDA and calc_ifft_with_PyCUDA will crash")
    except (cublasNotInitialised) as e:
        print("cublas Not Initialised error, Cuda won't work")
except NameError as e:
    pass  # ModuleNotFoundError not always there

# cpu_count = _cpu_count()
# workerPool = _Pool(cpu_count)

# set default markeredgewidth to 1 overriding seaborn's default value of 0
_mpl.rcParams['lines.markeredgewidth'] = 1
_sns.set_style("whitegrid")


[docs]def GenCmap(basecolor, ColorRange, NumOfColors, logscale=False):
    if NumOfColors > 256:
        _warnings.warn("Maximum Number of colors is 256", UserWarning)
        NumOfColors = 256
    if logscale:
        colors = [
            _sns.set_hls_values(basecolor, l=l)
            for l in _np.logspace(ColorRange[0], ColorRange[1], NumOfColors)
        ]
    else:
        colors = [
            _sns.set_hls_values(basecolor, l=l)
            for l in _np.linspace(ColorRange[0], ColorRange[1], NumOfColors)
        ]
    cmap = _sns.blend_palette(colors, as_cmap=True, n_colors=NumOfColors)
    return cmap



color = "green"
colors = [
    _sns.set_hls_values(color, l=l) for l in _np.logspace(-0.01, -20, 100)
]
logcmap = _sns.blend_palette(colors, as_cmap=True)

properties = {
    'default_fig_size': [6.5, 4],
    'default_linear_cmap':
    _sns.cubehelix_palette(n_colors=1024, light=1, as_cmap=True, rot=-.4),
    'default_log_cmap':
    GenCmap('green', [0, -60], 256, logscale=True),
    'default_base_color':
    'green',
}


[docs]class DataObject():
    """
    Creates an object containing data and all it's properties.

    Attributes
    ----------
    filepath : string
            filepath to the file containing the data used to initialise
            this particular instance of the DataObject class
    filename : string
            filename of the file containing the data used to initialise
            this particular instance of the DataObject class
    time : frange
            Contains the time data as an frange object. Can get a generator
            or array of this object.
    voltage : ndarray
            Contains the voltage data in Volts
    SampleFreq : sample frequency used to sample the data (when it was
            taken by the oscilloscope)
    freqs : ndarray
            Contains the frequencies corresponding to the PSD (Pulse Spectral
            Density)
    PSD : ndarray
            Contains the values for the PSD (Pulse Spectral Density) as calculated
            at each frequency contained in freqs

    """

    def __init__(self,
                 filepath,
                 RelativeChannelNo=None,
                 SampleFreq=None,
                 NumberOfChannels=None,
                 PointsToLoad=-1,
                 calcPSD=True,
                 NPerSegmentPSD=1000000,
                 NormaliseByMonitorOutput=False):
        """
        Parameters
        ----------
        filepath : string
            The filepath to the data file to initialise this object instance.
        RelativeChannelNo : int, optional
             Channel number for loading .bin saleae data files
             If loading a .mat file produced by the picoscope using Picolog, used to
             specifiy the channel ID as follows: 0 = Channel 'A', 1 = Channel 'B',
             2 = Channel 'C' and 3 = Channel 'D'
             If loading a .bin file saved using custom code to interface with the
             Picoscope used to specify the channel number to load in conjunction
             with the NumberOfChannels parameter, if left None with .bin files
             it will assume that the file to load only contains one channel.
             If loading a .dat file produced by the labview NI5122 daq card, used to
             specifiy the channel number if two channels where saved, if left None with
             .dat files it will assume that the file to load only contains one channel.
             If NormaliseByMonitorOutput is True then RelativeChannelNo specifies the
             monitor channel for loading a .dat file produced by the labview NI5122 daq card.
        SampleFreq : float, optional
             Manual selection of sample frequency for loading labview NI5122 daq files and
             .mat and .bin files recorded using the Picoscope
        NumberOfChannels : int, optional
             Total number of channels present in a .bin file recorded using a Picoscope.
        PointsToLoad : int, optional
             Number of first points to read. -1 means all points (i.e., the complete file)
             WORKS WITH NI5122 AND PICOSCOPE .BIN DATA SO FAR ONLY!!!
        calcPSD : bool, optional
            Whether to calculate the PSD upon loading the file, can take some time
            off the loading and reduce memory usage if frequency space info is not required
        NPerSegmentPSD : int, optional
            NPerSegment to pass to scipy.signal.welch to calculate the PSD
        NormaliseByMonitorOutput : bool, optional
            If True the particle signal trace will be divided by the monitor output, which is
            specified by the channel number set in the RelativeChannelNo parameter.
            WORKS WITH NI5122 DATA SO FAR ONLY!!!

        Initialisation - assigns values to the following attributes:
        - filepath
        - filename
        - filedir
        - time
        - voltage
        - freqs
        - PSD
        """
        self.filepath = filepath
        self.filename = filepath.split("/")[-1]
        self.filedir = self.filepath[0:-len(self.filename)]
        self.load_time_data(RelativeChannelNo, SampleFreq, NumberOfChannels,
                            PointsToLoad, NormaliseByMonitorOutput)
        if calcPSD:
            self.get_PSD(NPerSegmentPSD)
        return None

[docs]    def load_time_data(self,
                       RelativeChannelNo=None,
                       SampleFreq=None,
                       NumberOfChannels=None,
                       PointsToLoad=-1,
                       NormaliseByMonitorOutput=False):
        """
        Loads the time and voltage data and the wave description from the associated file.

        Parameters
        ----------
        RelativeChannelNo : int, optional
             Channel number for loading .bin saleae data files
             If loading a .mat file produced by the picoscope using picolog, used to
             specifiy the channel ID as follows: 0 = Channel 'A', 1 = Channel 'B',
             2 = Channel 'C' and 3 = Channel 'D'
             If loading a .bin file saved using custom code to interface with the
             Picoscope used to specify the channel number to load in conjunction
             with the NumberOfChannels parameter, if left None with .bin files
             it will assume that the file to load only contains one channel.
             If loading a .dat file produced by the labview NI5122 daq card, used to
             specifiy the channel number if two channels where saved, if left None with
             .dat files it will assume that the file to load only contains one channel.
             If NormaliseByMonitorOutput is True then RelativeChannelNo specifies the
             monitor channel for loading a .dat file produced by the labview NI5122 daq card.
        SampleFreq : float, optional
             Manual selection of sample frequency for loading labview NI5122 daq files and
             .mat and .bin files recorded using the Picoscope
        NumberOfChannels : int, optional
             Total number of channels present in a .bin file recorded using a Picoscope.
        PointsToLoad : int, optional
             Number of first points to read. -1 means all points (i.e., the complete file)
             WORKS WITH NI5122 AND PICOSCOPE .BIN DATA SO FAR ONLY!!!
        NormaliseByMonitorOutput : bool, optional
             If True the particle signal trace will be divided by the monitor output, which is
             specified by the channel number set in the RelativeChannelNo parameter.
             WORKS WITH NI5122 DATA SO FAR ONLY!!!
        """
        FileExtension = self.filepath.split('.')[-1]
        if FileExtension == "raw" or FileExtension == "trc":
            f = open(self.filepath, 'rb')
            raw = f.read()
            f.close()
            with _warnings.catch_warnings(
            ):  # supress missing data warning and raise a missing
                # data warning from optoanalysis with the filepath
                _warnings.simplefilter("ignore")

                try:
                    waveDescription, timeParams, self.voltage, _, missingdata = optoanalysis.LeCroy.InterpretWaveform(
                        raw, noTimeArray=True)
                except IndexError as error:
                    print('problem with file {}'.format(
                        self.filepath), flush=True)
                    raise(error)
            if missingdata:
                _warnings.warn(
                    "Waveform not of expected length. File {} may be missing data." .format(
                        self.filepath))
            self.SampleFreq = (1 / waveDescription["HORIZ_INTERVAL"])
        elif FileExtension == "bin" and _does_file_exist(
                self.filepath.replace(self.filename, '') +
                "streaming_parameter.log"
        ) == False and NumberOfChannels == None:
            if RelativeChannelNo is None:
                raise ValueError(
                    "If loading a .bin file from the Saleae data logger you must enter a relative channel number to load"
                )
            f = open(self.filepath, 'rb')
            raw = f.read()
            f.close()
            timeParams, self.voltage = optoanalysis.Saleae.interpret_waveform(
                raw, RelativeChannelNo)
            self.SampleFreq = 1 / timeParams[2]
        elif FileExtension == "bin":
            rangeList = None
            maxADC = None
            try:
                if _does_file_exist(
                        self.filepath.replace(self.filename, '') +
                        "streaming_parameter.log"):
                    print("streaming_parameter.log file exists")
                    for line in open(
                            self.filepath.replace(self.filename, '') +
                            "streaming_parameter.log", 'r'):
                        filename, sample_frequency, number_of_channels, rangeList, maxADC = line.split(
                            ';')[0:]
                        rangeList = rangeList[1:-1].split(',')
                        if self.filename == filename:
                            if SampleFreq is None:
                                SampleFreq = float(sample_frequency)
                            if NumberOfChannels is None:
                                NumberOfChannels = int(number_of_channels)
            except ValueError:
                pass
            if SampleFreq is None:
                raise ValueError(
                    "If loading a .bin file from the Picoscope you must enter a SampleFreq"
                )
            if NumberOfChannels is None:
                raise ValueError(
                    "If loading a .bin file from the Picoscope you must enter a NumberOfChannels"
                )
            channelInputRanges = _np.array(
                [10, 20, 50, 100, 200, 500, 1000, 2000, 5000, 10000, 20000, 50000, 100000, 200000])
            if RelativeChannelNo is None:
                if rangeList == None and maxADC == None:
                    self.voltage = _np.fromfile(self.filepath,
                                                dtype='int16',
                                                count=PointsToLoad)
                else:
                    vRange = channelInputRanges[int(rangeList[0])]/1000
                    bufferADC = _np.fromfile(self.filepath,
                                             dtype='int16',
                                             count=PointsToLoad)
                    self.voltage = bufferADC * vRange / int(maxADC)
            elif RelativeChannelNo is not None:
                filedata = _np.fromfile(self.filepath,
                                        dtype='int16',
                                        count=PointsToLoad)
                if rangeList == None and maxADC == None:
                    self.voltage = filedata[RelativeChannelNo:len(filedata):
                                            NumberOfChannels]
                else:
                    vRange = channelInputRanges[int(
                        rangeList[RelativeChannelNo])]/1000
                    bufferADC = filedata[RelativeChannelNo:len(filedata):
                                         NumberOfChannels]
                    self.voltage = bufferADC * vRange / int(maxADC)
            timeParams = (0, (len(self.voltage) - 1) / SampleFreq,
                          1 / SampleFreq)
            self.SampleFreq = 1 / timeParams[2]
        elif FileExtension == "dat":  # for importing a file written by labview using the NI5122 daq card
            if SampleFreq is None:
                raise ValueError(
                    "If loading a .dat file from the NI5122 daq card you must enter a SampleFreq"
                )
            if RelativeChannelNo is None:
                self.voltage = _np.fromfile(self.filepath,
                                            dtype='>h',
                                            count=PointsToLoad)
            elif RelativeChannelNo is not None:
                filedata = _np.fromfile(self.filepath,
                                        dtype='>h',
                                        count=PointsToLoad)
                if NormaliseByMonitorOutput:
                    if RelativeChannelNo == 0:
                        monitorsignal = filedata[:len(filedata):2]
                        self.voltage = filedata[1:len(filedata
                                                      ):2] / monitorsignal
                    elif RelativeChannelNo == 1:
                        monitorsignal = filedata[1:len(filedata):2]
                        self.voltage = filedata[:len(filedata
                                                     ):2] / monitorsignal
                elif NormaliseByMonitorOutput == False:
                    self.voltage = filedata[RelativeChannelNo:len(filedata):2]
            timeParams = (0, (len(self.voltage) - 1) / SampleFreq,
                          1 / SampleFreq)
            self.SampleFreq = 1 / timeParams[2]
        elif FileExtension == "mat":
            if RelativeChannelNo is None:
                raise ValueError(
                    "If loading a .mat files saved by the picoscope you must enter a relative channel number to load"
                )
            ChannelIDs = ['A', 'B', 'C', 'D']
            raw = scipy.io.loadmat(self.filepath)
            self.voltage = raw[ChannelIDs[RelativeChannelNo]].flatten()
            timeParams = (0, (len(self.voltage) - 1) *
                          raw['Tinterval'].flatten()[0],
                          raw['Tinterval'].flatten()[0])
            self.SampleFreq = 1 / timeParams[2]
        elif FileExtension == "tdms":  # for importing a file written by labview form the NI7961 FPGA with the RecordDataPC VI
            if SampleFreq is None:
                raise ValueError(
                    "If loading a .tdms file saved from the FPGA you must enter a SampleFreq"
                )
            self.SampleFreq = SampleFreq
            dt = 1 / self.SampleFreq
            # this is the maximum size of the DMA FIFO on the NI 7961 FPGA with
            # the NI 5781 DAC card
            FIFO_SIZE = 262143
            tdms_file = _TdmsFile(self.filepath)
            channel = tdms_file.object('Measured_Data', 'data')
            data = channel.data[
                FIFO_SIZE:]  # dump first 1048575 points of data
            # as this is the values that had already filled the buffer
            # from before when the record code started running
            volts_per_unit = 2 / (2**14)
            self.voltage = volts_per_unit * data
            timeParams = [0, (data.shape[0] - 1) * dt, dt]
        elif FileExtension == 'txt':  # .txt file created by LeCroy Oscilloscope
            data = []
            with open(self.filepath, 'r') as csvfile:
                reader = csv.reader(csvfile)
                for row in reader:
                    data.append(row)
            data = _np.array(data[5:]).astype(float).transpose()
            t0 = data[0][0]
            tend = data[0][-1]
            dt = data[0][1] - data[0][0]
            self.SampleFreq = 1 / dt
            self.voltage = data[1]
            del (data)
            timeParams = [t0, tend, dt]
        elif FileExtension.lower() == 'csv':  # .CSV files created by oscilloscopes or this package
            data = []
            with open(self.filepath, 'r') as csvfile:
                reader = csv.reader(csvfile)
                for row in reader:
                    data.append(row)

            data = _np.array(data)
            if data[15][1] == 'TDS1001B':
                # horizontal time signal - pre scaling
                horizontal = data[:, 3].astype(float)
                # verticle voltage signal - pre scaling
                verticle = data[:, 4].astype(float)

                # meta data
                N_data_points = data[0, 1].astype(float)
                dt = data[1, 1].astype(float)
                index_of_trigger = data[2, 1].astype(float)
                verticle_units = data[7, 1]
                verticle_scale = data[8, 1].astype(float)
                verticle_offset = data[9, 1].astype(float)
                horizontal_units = data[10, 1]
                horizontal_scale = data[11, 1].astype(float)
                Yzero = data[13, 1].astype(float)

                time = horizontal * horizontal_scale
                voltage = (verticle - verticle_offset) * verticle_scale

                t0 = time[0]
                tend = time[-1]
                timeParams = [t0, tend, dt]
                del(data)
                del(time)
                self.SampleFreq = 1 / dt
                self.voltage = voltage
            elif data[0][1] == 'DPO2024B':
                column_names = data[15]
                data_arrs = _np.array(data[16:-1])
                data_arrs = _np.array(data_arrs.tolist()).astype(float)
                data_arrs = data_arrs.transpose()

                # horizontal time signal - pre scaling
                horizontal = data_arrs[0]
                # verticle voltage signal - pre scaling
                verticle = data_arrs[1]

                # meta data
                horizontal_units = data[4][1]
                horizontal_scale = float(data[5][1])
                dt = float(data[6][1])
                N_data_points = int(data[8][1])
                probe_attentuation = float(data[10][1])
                verticle_units = data[11][1]
                verticle_offset = float(data[12][1])
                verticle_scale = float(data[13][1])

                time = horizontal  # *horizontal_scale
                # (verticle - verticle_offset) #*verticle_scale
                voltage = verticle

                dt = time[1] - time[0]  # dt from meta-data is not reliable
                t0 = time[0]
                tend = time[-1]
                timeParams = [t0, tend, dt]
                del(data)
                del(time)
                self.SampleFreq = 1 / dt
                self.voltage = voltage
            elif data[0, 0] == 'time' and data[0, 1] == 'voltage':
                time, voltage = data[1:].T.astype(float)
                dt = time[1] - time[0]  # dt from meta-data is not reliable
                t0 = time[0]
                tend = time[-1]
                timeParams = [t0, tend, dt]
                del(data)
                del(time)
                self.SampleFreq = 1 / dt
                self.voltage = voltage
            else:
                raise ValueError(
                    "CSV generated by this Oscillioscope is not supported")
        else:
            raise ValueError("Filetype not supported")
        startTime, endTime, Timestep = timeParams
        self.timeStart = startTime
        self.timeEnd = endTime
        self.timeStep = Timestep
        self.time = frange(startTime, endTime + Timestep, Timestep)
        return None


[docs]    def get_time_data(self, timeStart=None, timeEnd=None):
        """
        Gets the time and voltage data.

        Parameters
        ----------
        timeStart : float, optional
            The time get data from.
            By default it uses the first time point
        timeEnd : float, optional
            The time to finish getting data from.
            By default it uses the last time point

        Returns
        -------
        time : ndarray
            array containing the value of time (in seconds) at which the
            voltage is sampled
        voltage : ndarray
            array containing the sampled voltages
        """
        if timeStart is None:
            timeStart = self.timeStart

        if timeEnd is None:
            timeEnd = self.timeEnd

        time = self.time.get_array()

        StartIndex = _np.where(time == take_closest(time, timeStart))[0][0]
        EndIndex = _np.where(time == take_closest(time, timeEnd))[0][0]

        if EndIndex == len(time) - 1:
            EndIndex = EndIndex + 1  # so that it does not remove the last element

        return time[StartIndex:EndIndex], self.voltage[StartIndex:EndIndex]


[docs]    def write_time_data(self, filename):
        """
        Writes time data to a csv file.

        Parameters
        ----------
        filename : string
            filename of csv file to be written
        """
        t = self.time.get_array()
        v = self.voltage
        df = _pd.DataFrame(_np.array([v, t]).T, columns=['voltage', 'time'])
        df = df.set_index(df.columns[1])
        df.to_csv(filename)
        return None


[docs]    def plot_time_data(
            self,
            timeStart=None,
            timeEnd=None,
            units='s',
            show_fig=True):
        """
        plot time data against voltage data.

        Parameters
        ----------
        timeStart : float, optional
            The time to start plotting from.
            By default it uses the first time point
        timeEnd : float, optional
            The time to finish plotting at.
            By default it uses the last time point
        units : string, optional
            units of time to plot on the x axis - defaults to s
        show_fig : bool, optional
            If True runs plt.show() before returning figure
            if False it just returns the figure object.
            (the default is True, it shows the figure)

        Returns
        -------
        fig : matplotlib.figure.Figure object
            The figure object created
        ax : matplotlib.axes.Axes object
            The subplot object created
        """
        unit_prefix = units[:-1]  # removed the last char
        if timeStart is None:
            timeStart = self.timeStart
        if timeEnd is None:
            timeEnd = self.timeEnd

        time = self.time.get_array()

        StartIndex = _np.where(time == take_closest(time, timeStart))[0][0]
        EndIndex = _np.where(time == take_closest(time, timeEnd))[0][0]

        fig = _plt.figure(figsize=properties['default_fig_size'])
        ax = fig.add_subplot(111)
        ax.plot(unit_conversion(time[StartIndex:EndIndex], unit_prefix),
                self.voltage[StartIndex:EndIndex])
        ax.set_xlabel("time ({})".format(units))
        ax.set_ylabel("voltage (V)")
        ax.set_xlim([timeStart, timeEnd])
        if show_fig:
            _plt.show()
        return fig, ax


[docs]    def get_PSD(self,
                NPerSegment=1000000,
                window="hann",
                timeStart=None,
                timeEnd=None,
                override=False):
        """
        Extracts the power spectral density (PSD) from the data.

        Parameters
        ----------
        NPerSegment : int, optional
            Length of each segment used in scipy.welch
            default = 1000000

        window : str or tuple or array_like, optional
            Desired window to use. See get_window for a list of windows
            and required parameters. If window is array_like it will be
            used directly as the window and its length will be used for
            nperseg.
            default = "hann"

        Returns
        -------
        freqs : ndarray
                Array containing the frequencies at which the PSD has been
                calculated
        PSD : ndarray
                Array containing the value of the PSD at the corresponding
                frequency value in V**2/Hz
        """
        if timeStart is None and timeEnd is None:
            freqs, PSD = calc_PSD(self.voltage,
                                  self.SampleFreq,
                                  NPerSegment=NPerSegment)
            self.PSD = PSD
            self.freqs = freqs
        else:
            if timeStart is None:
                timeStart = self.timeStart
            if timeEnd is None:
                timeEnd = self.timeEnd

            time = self.time.get_array()

            StartIndex = _np.where(time == take_closest(time, timeStart))[0][0]
            EndIndex = _np.where(time == take_closest(time, timeEnd))[0][0]

            if EndIndex == len(time) - 1:
                EndIndex = EndIndex + 1  # so that it does not remove the last element
            freqs, PSD = calc_PSD(self.voltage[StartIndex:EndIndex],
                                  self.SampleFreq,
                                  NPerSegment=NPerSegment)
            if override:
                self.freqs = freqs
                self.PSD = PSD

        return freqs, PSD


[docs]    def plot_PSD(self,
                 xlim=None,
                 units="kHz",
                 show_fig=True,
                 timeStart=None,
                 timeEnd=None,
                 *args,
                 **kwargs):
        """
        plot the pulse spectral density.

        Parameters
        ----------
        xlim : array_like, optional
            The x limits of the plotted PSD [LowerLimit, UpperLimit]
            Default value is [0, SampleFreq/2]
        units : string, optional
            Units of frequency to plot on the x axis - defaults to kHz
        show_fig : bool, optional
            If True runs plt.show() before returning figure
            if False it just returns the figure object.
            (the default is True, it shows the figure)

        Returns
        -------
        fig : matplotlib.figure.Figure object
            The figure object created
        ax : matplotlib.axes.Axes object
            The subplot object created
        """
        #        self.get_PSD()
        if timeStart is None and timeEnd is None:
            freqs = self.freqs
            PSD = self.PSD
        else:
            freqs, PSD = self.get_PSD(
                timeStart=timeStart, timeEnd=timeEnd)

        unit_prefix = units[:-2]
        if xlim is None:
            xlim = [0, unit_conversion(self.SampleFreq / 2, unit_prefix)]
        fig = _plt.figure(figsize=properties['default_fig_size'])
        ax = fig.add_subplot(111)
        ax.semilogy(unit_conversion(freqs, unit_prefix), PSD, *args, **kwargs)
        ax.set_xlabel("Frequency ({})".format(units))
        ax.set_xlim(xlim)
        ax.grid(which="major")
        ax.set_ylabel("$S_{xx}$ ($V^2/Hz$)")
        if show_fig:
            _plt.show()
        return fig, ax


[docs]    def calc_area_under_PSD(self, lowerFreq, upperFreq):
        """
        Sums the area under the PSD from lowerFreq to upperFreq.

        Parameters
        ----------
        lowerFreq : float
            The lower limit of frequency to sum from
        upperFreq : float
            The upper limit of frequency to sum to

        Returns
        -------
        AreaUnderPSD : float
            The area under the PSD from lowerFreq to upperFreq
        """
        Freq_startAreaPSD = take_closest(self.freqs, lowerFreq)
        index_startAreaPSD = int(
            _np.where(self.freqs == Freq_startAreaPSD)[0][0])
        Freq_endAreaPSD = take_closest(self.freqs, upperFreq)
        index_endAreaPSD = int(_np.where(self.freqs == Freq_endAreaPSD)[0][0])
        AreaUnderPSD = sum(self.PSD[index_startAreaPSD:index_endAreaPSD])
        return AreaUnderPSD


[docs]    def get_fit(
            self,
            TrapFreq,
            WidthOfPeakToFit,
            A_Initial=0.1e10,
            Gamma_Initial=400,
            silent=False,
            MakeFig=True,
            show_fig=True,
            plot_initial=True):
        """
        Function that fits to a peak to the PSD to extract the
        frequency, A factor and Gamma (damping) factor.

        Parameters
        ----------
        TrapFreq : float
            The approximate trapping frequency to use initially
            as the centre of the peak
        WidthOfPeakToFit : float
            The width of the peak to be fitted to. This limits the
            region that the fitting function can see in order to
            stop it from fitting to the wrong peak
        A_Initial : float, optional
            The initial value of the A parameter to use in fitting
        Gamma_Initial : float, optional
            The initial value of the Gamma parameter to use in fitting
        Silent : bool, optional
            Whether to print any output when running this function
            defaults to False
        MakeFig : bool, optional
            Whether to construct and return the figure object showing
            the fitting. defaults to True
        show_fig : bool, optional
            Whether to show the figure object when it has been created.
            defaults to True

        Returns
        -------
        A : uncertainties.ufloat
            Fitting constant A
            A = γ**2*2*Γ_0*(K_b*T_0)/(π*m)
            where:
            γ = conversionFactor
            Γ_0 = Damping factor due to environment
            π = pi
        OmegaTrap : uncertainties.ufloat
            The trapping frequency in the z axis (in angular frequency)
        Gamma : uncertainties.ufloat
            The damping factor Gamma = Γ = Γ_0 + δΓ
            where:
            Γ_0 = Damping factor due to environment
            δΓ = extra damping due to feedback or other effects
        fig : matplotlib.figure.Figure object
            figure object containing the plot
        ax : matplotlib.axes.Axes object
            axes with the data plotted of the:
            - initial data
            - smoothed data
            - initial fit
            - final fit

        """
        if MakeFig:
            Params, ParamsErr, fig, ax = fit_PSD(
                self, WidthOfPeakToFit, TrapFreq, A_Initial, Gamma_Initial, MakeFig=MakeFig, show_fig=show_fig, plot_initial=plot_initial)
        else:
            Params, ParamsErr, _, _ = fit_PSD(self, WidthOfPeakToFit, TrapFreq, A_Initial,
                                              Gamma_Initial, MakeFig=MakeFig, show_fig=show_fig, plot_initial=plot_initial)

        if not silent:
            print("\n")
            print("A: {} +- {}% ".format(Params[0],
                                         ParamsErr[0] / Params[0] * 100))
            print("Trap Frequency: {} +- {}% ".format(
                Params[1], ParamsErr[1] / Params[1] * 100))
            print("Big Gamma: {} +- {}% ".format(
                Params[2], ParamsErr[2] / Params[2] * 100))

        self.A = _uncertainties.ufloat(Params[0], ParamsErr[0])
        self.OmegaTrap = _uncertainties.ufloat(Params[1], ParamsErr[1])
        self.Gamma = _uncertainties.ufloat(Params[2], ParamsErr[2])

        if MakeFig:
            return self.A, self.OmegaTrap, self.Gamma, fig, ax
        else:
            return self.A, self.OmegaTrap, self.Gamma, None, None


[docs]    def get_fit_from_peak(
            self,
            lowerLimit,
            upperLimit,
            NumPointsSmoothing=1,
            silent=False,
            MakeFig=True,
            show_fig=True,
            plot_initial=True):
        """
        Finds approximate values for the peaks central frequency, height,
        and FWHM by looking for the heighest peak in the frequency range defined
        by the input arguments. It then uses the central frequency as the trapping
        frequency, peak height to approximate the A value and the FWHM to an approximate
        the Gamma (damping) value.

        Parameters
        ----------
        lowerLimit : float
            The lower frequency limit of the range in which it looks for a peak
        upperLimit : float
            The higher frequency limit of the range in which it looks for a peak
        NumPointsSmoothing : float
            The number of points of moving-average smoothing it applies before fitting the
            peak.
        Silent : bool, optional
            Whether it prints the values fitted or is silent.
        show_fig : bool, optional
            Whether it makes and shows the figure object or not.

        Returns
        -------
        OmegaTrap : ufloat
            Trapping frequency
        A : ufloat
            A parameter
        Gamma : ufloat
            Gamma, the damping parameter
        """
        lowerIndex = _np.where(
            self.freqs == take_closest(self.freqs, lowerLimit))[0][0]
        upperIndex = _np.where(
            self.freqs == take_closest(self.freqs, upperLimit))[0][0]

        if lowerIndex == upperIndex:
            _warnings.warn("range is too small, returning NaN", UserWarning)
            val = _uncertainties.ufloat(_np.NaN, _np.NaN)
            return val, val, val, val, val

        MaxPSD = max(self.PSD[lowerIndex:upperIndex])

        centralIndex = _np.where(self.PSD == MaxPSD)[0][0]
        CentralFreq = self.freqs[centralIndex]

        approx_A = MaxPSD * 1e16  # 1e16 was calibrated for a number of saves to be approximately the correct conversion factor between the height of the PSD and the A factor in the fitting

        MinPSD = min(self.PSD[lowerIndex:upperIndex])

        # need to get this on log scale
        HalfMax = MinPSD + (MaxPSD - MinPSD) / 2

        try:
            LeftSideOfPeakIndex = _np.where(self.PSD == take_closest(
                self.PSD[lowerIndex:centralIndex], HalfMax))[0][0]
            LeftSideOfPeak = self.freqs[LeftSideOfPeakIndex]
        except IndexError:
            _warnings.warn("range is too small, returning NaN", UserWarning)
            val = _uncertainties.ufloat(_np.NaN, _np.NaN)
            return val, val, val, val, val

        try:
            RightSideOfPeakIndex = _np.where(self.PSD == take_closest(
                self.PSD[centralIndex:upperIndex], HalfMax))[0][0]
            RightSideOfPeak = self.freqs[RightSideOfPeakIndex]
        except IndexError:
            _warnings.warn("range is too small, returning NaN", UserWarning)
            val = _uncertainties.ufloat(_np.NaN, _np.NaN)
            return val, val, val, val, val

        FWHM = RightSideOfPeak - LeftSideOfPeak

        approx_Gamma = FWHM / 4
        try:
            A, OmegaTrap, Gamma, fig, ax \
                = self.get_fit(CentralFreq,
                               (upperLimit - lowerLimit) / 2,
                               A_Initial=approx_A,
                               Gamma_Initial=approx_Gamma,
                               silent=silent,
                               MakeFig=MakeFig,
                               show_fig=show_fig,
                               plot_initial=plot_initial)
        except (TypeError, ValueError) as e:
            _warnings.warn(
                "range is too small to fit, returning NaN", UserWarning)
            val = _uncertainties.ufloat(_np.NaN, _np.NaN)
            return val, val, val, val, val
        OmegaTrap = self.OmegaTrap
        A = self.A
        Gamma = self.Gamma

        omegaArray = 2 * pi * \
            self.freqs[LeftSideOfPeakIndex:RightSideOfPeakIndex]
        PSDArray = self.PSD[LeftSideOfPeakIndex:RightSideOfPeakIndex]

        return OmegaTrap, A, Gamma, fig, ax


[docs]    def get_fit_auto(
            self,
            CentralFreq,
            MaxWidth=15000,
            MinWidth=500,
            WidthIntervals=500,
            MakeFig=True,
            show_fig=True,
            silent=False,
            plot_initial=True):
        """
        Tries a range of regions to search for peaks and runs the one with the least error
        and returns the parameters with the least errors.

        Parameters
        ----------
        CentralFreq : float
            The central frequency to use for the fittings.
        MaxWidth : float, optional
            The maximum bandwidth to use for the fitting of the peaks.
        MinWidth : float, optional
            The minimum bandwidth to use for the fitting of the peaks.
        WidthIntervals : float, optional
            The intervals to use in going between the MaxWidth and MinWidth.
        show_fig : bool, optional
            Whether to plot and show the final (best) fitting or not.

        Returns
        -------
        OmegaTrap : ufloat
            Trapping frequency
        A : ufloat
            A parameter
        Gamma : ufloat
            Gamma, the damping parameter
        fig : matplotlib.figure.Figure object
            The figure object created showing the PSD of the data
            with the fit
        ax : matplotlib.axes.Axes object
            The axes object created showing the PSD of the data
            with the fit

        """
        MinTotalSumSquaredError = _np.infty
        for Width in _np.arange(MaxWidth, MinWidth - WidthIntervals,
                                -WidthIntervals):
            try:
                OmegaTrap, A, Gamma, _, _ \
                    = self.get_fit_from_peak(
                        CentralFreq - Width / 2,
                        CentralFreq + Width / 2,
                        silent=True,
                        MakeFig=False,
                        show_fig=False)
            except RuntimeError:
                _warnings.warn(
                    "Couldn't find good fit with width {}".format(Width),
                    RuntimeWarning)
                val = _uncertainties.ufloat(_np.NaN, _np.NaN)
                OmegaTrap = val
                A = val
                Gamma = val
            TotalSumSquaredError = (A.std_dev / A.n)**2 + (
                Gamma.std_dev / Gamma.n)**2 + (OmegaTrap.std_dev /
                                               OmegaTrap.n)**2
            # print("totalError: {}".format(TotalSumSquaredError))
            if TotalSumSquaredError < MinTotalSumSquaredError:
                MinTotalSumSquaredError = TotalSumSquaredError
                BestWidth = Width
        if not silent:
            print("found best")
        try:
            OmegaTrap, A, Gamma, fig, ax \
                = self.get_fit_from_peak(CentralFreq - BestWidth / 2,
                                         CentralFreq + BestWidth / 2,
                                         MakeFig=MakeFig,
                                         show_fig=show_fig,
                                         silent=silent,
                                         plot_initial=plot_initial)
        except UnboundLocalError:
            raise ValueError(
                "A best width was not found, try increasing the number of widths tried by either decreasing WidthIntervals or MinWidth or increasing MaxWidth"
            )
        OmegaTrap = self.OmegaTrap
        A = self.A
        Gamma = self.Gamma
        self.FTrap = OmegaTrap / (2 * pi)
        return OmegaTrap, A, Gamma, fig, ax


[docs]    def calc_gamma_from_variance_autocorrelation_fit(
            self,
            NumberOfOscillations,
            GammaGuess=None,
            silent=False,
            MakeFig=True,
            show_fig=True):
        """
        Calculates the total damping, i.e. Gamma, by splitting the time trace
        into chunks of NumberOfOscillations oscillations and calculated the
        variance of each of these chunks. This array of varainces is then used
        for the autocorrleation. The autocorrelation is fitted with an exponential
        relaxation function and the function returns the parameters with errors.

        Parameters
        ----------
        NumberOfOscillations : int
            The number of oscillations each chunk of the timetrace
            used to calculate the variance should contain.
        GammaGuess : float, optional
            Inital guess for BigGamma (in radians)
        Silent : bool, optional
            Whether it prints the values fitted or is silent.
        MakeFig : bool, optional
            Whether to construct and return the figure object showing
            the fitting. defaults to True
        show_fig : bool, optional
            Whether to show the figure object when it has been created.
            defaults to True

        Returns
        -------
        Gamma : ufloat
            Big Gamma, the total damping in radians
        fig : matplotlib.figure.Figure object
            The figure object created showing the autocorrelation
            of the data with the fit
        ax : matplotlib.axes.Axes object
            The axes object created showing the autocorrelation
            of the data with the fit

        """
        try:
            SplittedArraySize = int(
                self.SampleFreq / self.FTrap.n) * NumberOfOscillations
        except KeyError:
            ValueError(
                'You forgot to do the spectrum fit to specify self.FTrap exactly.'
            )
        VoltageArraySize = len(self.voltage)
        SnippetsVariances = _np.var(
            self.voltage[:VoltageArraySize -
                         _np.mod(VoltageArraySize, SplittedArraySize)].reshape(
                             -1, SplittedArraySize),
            axis=1)
        autocorrelation = calc_autocorrelation(SnippetsVariances)
        time = _np.array(range(
            len(autocorrelation))) * SplittedArraySize / self.SampleFreq

        if GammaGuess is None:
            Gamma_Initial = (time[4] - time[0]) / (autocorrelation[0] -
                                                   autocorrelation[4])
        else:
            Gamma_Initial = GammaGuess

        if MakeFig:
            Params, ParamsErr, fig, ax = fit_autocorrelation(autocorrelation,
                                                             time,
                                                             Gamma_Initial,
                                                             MakeFig=MakeFig,
                                                             show_fig=show_fig)
        else:
            Params, ParamsErr, _, _ = fit_autocorrelation(autocorrelation,
                                                          time,
                                                          Gamma_Initial,
                                                          MakeFig=MakeFig,
                                                          show_fig=show_fig)

        if not silent:
            print("\n")
            print("Big Gamma: {} +- {}% ".format(
                Params[0], ParamsErr[0] / Params[0] * 100))

        Gamma = _uncertainties.ufloat(Params[0], ParamsErr[0])

        if MakeFig:
            return Gamma, fig, ax
        else:
            return Gamma, None, None


[docs]    def calc_gamma_from_energy_autocorrelation_fit(self,
                                                   GammaGuess=None,
                                                   silent=False,
                                                   MakeFig=True,
                                                   show_fig=True):
        """
        Calculates the total damping, i.e. Gamma, by calculating the energy each
        point in time. This energy array is then used for the autocorrleation.
        The autocorrelation is fitted with an exponential relaxation function and
        the function returns the parameters with errors.

        Parameters
        ----------
        GammaGuess : float, optional
            Inital guess for BigGamma (in radians)
        silent : bool, optional
            Whether it prints the values fitted or is silent.
        MakeFig : bool, optional
            Whether to construct and return the figure object showing
            the fitting. defaults to True
        show_fig : bool, optional
            Whether to show the figure object when it has been created.
            defaults to True

        Returns
        -------
        Gamma : ufloat
            Big Gamma, the total damping in radians
        fig : matplotlib.figure.Figure object
            The figure object created showing the autocorrelation
            of the data with the fit
        ax : matplotlib.axes.Axes object
            The axes object created showing the autocorrelation
            of the data with the fit

        """
        autocorrelation = calc_autocorrelation(
            self.voltage[:-1]**2 * self.OmegaTrap.n**2 +
            (_np.diff(self.voltage) * self.SampleFreq)**2)
        time = self.time.get_array()[:len(autocorrelation)]

        if GammaGuess is None:
            Gamma_Initial = (time[4] - time[0]) / (autocorrelation[0] -
                                                   autocorrelation[4])
        else:
            Gamma_Initial = GammaGuess

        if MakeFig:
            Params, ParamsErr, fig, ax = fit_autocorrelation(autocorrelation,
                                                             time,
                                                             Gamma_Initial,
                                                             MakeFig=MakeFig,
                                                             show_fig=show_fig)
        else:
            Params, ParamsErr, _, _ = fit_autocorrelation(autocorrelation,
                                                          time,
                                                          Gamma_Initial,
                                                          MakeFig=MakeFig,
                                                          show_fig=show_fig)

        if not silent:
            print("\n")
            print("Big Gamma: {} +- {}% ".format(
                Params[0], ParamsErr[0] / Params[0] * 100))

        Gamma = _uncertainties.ufloat(Params[0], ParamsErr[0])

        if MakeFig:
            return Gamma, fig, ax
        else:
            return Gamma, None, None


[docs]    def calc_gamma_from_position_autocorrelation_fit(self,
                                                     GammaGuess=None,
                                                     FreqTrapGuess=None,
                                                     silent=False,
                                                     MakeFig=True,
                                                     show_fig=True):
        """
        Calculates the total damping, i.e. Gamma, by calculating the autocorrleation
        of the position-time trace. The autocorrelation is fitted with an exponential
        relaxation function derived in Tongcang Li's 2013 thesis (DOI: 10.1007/978-1-4614-6031-2)
        and the function (equation 4.20 in the thesis) returns the parameters with errors.

        Parameters
        ----------
        GammaGuess : float, optional
            Inital guess for BigGamma (in radians)
        FreqTrapGuess : float, optional
            Inital guess for the trapping Frequency in Hz
        silent : bool, optional
            Whether it prints the values fitted or is silent.
        MakeFig : bool, optional
            Whether to construct and return the figure object showing
            the fitting. defaults to True
        show_fig : bool, optional
            Whether to show the figure object when it has been created.
            defaults to True

        Returns
        -------
        Gamma : ufloat
            Big Gamma, the total damping in radians
        OmegaTrap : ufloat
            Trapping frequency in radians
        fig : matplotlib.figure.Figure object
            The figure object created showing the autocorrelation
            of the data with the fit
        ax : matplotlib.axes.Axes object
            The axes object created showing the autocorrelation
            of the data with the fit

        """
        autocorrelation = calc_autocorrelation(self.voltage)
        time = self.time.get_array()[:len(autocorrelation)]

        if GammaGuess is None:
            Gamma_Initial = (autocorrelation[0] - autocorrelation[int(
                self.SampleFreq / self.FTrap.n)]) / (time[int(
                    self.SampleFreq / self.FTrap.n)] - time[0]) * 2 * _np.pi
        else:
            Gamma_Initial = GammaGuess

        if FreqTrapGuess is None:
            FreqTrap_Initial = self.FTrap.n
        else:
            FreqTrap_Initial = FreqTrapGuess

        if MakeFig:
            Params, ParamsErr, fig, ax = fit_autocorrelation(autocorrelation,
                                                             time,
                                                             Gamma_Initial,
                                                             FreqTrap_Initial,
                                                             method='position',
                                                             MakeFig=MakeFig,
                                                             show_fig=show_fig)
        else:
            Params, ParamsErr, _, _ = fit_autocorrelation(autocorrelation,
                                                          time,
                                                          Gamma_Initial,
                                                          FreqTrap_Initial,
                                                          method='position',
                                                          MakeFig=MakeFig,
                                                          show_fig=show_fig)

        if not silent:
            print("\n")

            print(
                "Big Gamma: {} +- {}% ".format(Params[0], ParamsErr[0] / Params[0] * 100))
            print(
                "Trap Frequency: {} +- {}% ".format(Params[1], ParamsErr[1] / Params[1] * 100))

        Gamma = _uncertainties.ufloat(Params[0], ParamsErr[0])
        OmegaTrap = _uncertainties.ufloat(Params[1], ParamsErr[1])

        if MakeFig:
            return Gamma, OmegaTrap, fig, ax
        else:
            return Gamma, OmegaTrap, None, None


[docs]    def calc_gamma_from_RSquaredPSD_fit(self,
                                        GammaGuess=None,
                                        CutOffFreq=None,
                                        FreqTrapGuess=None,
                                        AGuess=None,
                                        OffsetGuess=None,
                                        FractionOfSampleFreq=1,
                                        NPerSegmentPSD=None,
                                        Fit_xlim=None,
                                        silent=False,
                                        MakeFig=True,
                                        show_fig=True):
        """
        Calculates the total damping, i.e. Gamma, by calculating the RSquared
        PSD of the position-time trace. The RSquared is fitted with the R^2
        function. The methodology is explained in the following paper
        (DOI: 10.1103/PhysRevResearch.2.023349) and the function returns the
        parameters with errors.

        Parameters
        ----------
        GammaGuess : float, optional
            Inital guess for BigGamma in Radians
            If None takes Gamma from a previously done PSD fit
        CutOffFreq : float, optional
            is the cut off frequncy to get rid of the 2*omega component, make
            this several times larger than your linewidth, in Hz
        FreqTrapGuess : float, optional
            Inital guess for the trapping Frequency in Hz
            If None takes FreqTrap from a previously done PSD fit
        AGuess : float, optional
            Inital guess for the multiplicative factor in R^2 which equals:
            8*(S_F/(2m^2*Omega0^2))^2
            If None, AGuess set to 1.
        OffsetGuess : float, optional
            Additive Offset to the fitting equation.
            If None, OffsetGuess is set to 0.
        FractionOfSampleFreq : integer, optional
            The fraction of the sample frequency to sub-sample the data by.
            This sometimes needs to be done because a filter with the
            appropriate frequency response may not be generated using the
            sample rate at which the data was taken. Increasing this number
            means the R Squared signal produced by this function will be
            sampled at a lower rate but a higher number means a higher chance
            that the filter produced will have a nice frequency response.
        NPerSegmentPSD : int, optional
            NPerSegment to pass to scipy.signal.welch to calculate the PSD
            default = 100/BigGamma*SampleFreq
        Fit_xlim : list of float, optional
            limits the R Squared PSD signal used for the fit function,
            i.e.: [lowerLimit, upperLimit]
            default = [RSquared_freqs[0], 0.75 * CutOffFreq]
        silent : bool, optional
            Whether it prints the values fitted or is silent.
        MakeFig : bool, optional
            Whether to construct and return the figure object showing
            the fitting. defaults to True
        show_fig : bool, optional
            Whether to show the figure object when it has been created.
            defaults to True

        Returns
        -------
        Gamma : ufloat
            Big Gamma, the total damping in radians
        fig : matplotlib.figure.Figure object
            The figure object created showing the autocorrelation
            of the data with the fit
        ax : matplotlib.axes.Axes object
            The axes object created showing the autocorrelation
            of the data with the fit

        """
        if GammaGuess is None:
            Gamma_Initial = self.Gamma.n
        else:
            Gamma_Initial = GammaGuess
        if CutOffFreq is None:
            CutOffFreq = 3 * Gamma_Initial/2/_np.pi
        if FreqTrapGuess is None:
            FreqTrap_Initial = self.FTrap.n
        else:
            FreqTrap_Initial = FreqTrapGuess
        if OffsetGuess is None:
            OffsetGuess = 0
        if AGuess is None:
            AGuess = 1
        if NPerSegmentPSD is None:
            NPerSegmentPSD = 100/Gamma_Initial*self.SampleFreq
        if round(FreqTrap_Initial / (Gamma_Initial / 2 / _np.pi)) < 10:
            print('Q-factor < 10: method maybe unsuitable to determine Gamma')

        time = self.time.get_array()
        RSquared = calc_RSquared(time,
                                 self.voltage,
                                 self.SampleFreq,
                                 FreqTrap_Initial,
                                 CutOffFreq,
                                 FractionOfSampleFreq)
        RSquared_freqs, RSquared_PSD = calc_PSD(RSquared, self.SampleFreq /
                                                FractionOfSampleFreq,
                                                NPerSegment=NPerSegmentPSD)
        if Fit_xlim is None:
            Fit_xlim = [RSquared_freqs[0], 0.75*CutOffFreq]
        if MakeFig:
            Params, ParamsErr, fig, ax = fit_RSquared_PSD(RSquared_PSD,
                                                          RSquared_freqs,
                                                          Gamma_Initial,
                                                          AGuess,
                                                          OffsetGuess,
                                                          CutOffFreq,
                                                          Fit_xlim,
                                                          MakeFig=MakeFig,
                                                          show_fig=show_fig)
        else:
            Params, ParamsErr, _, _ = fit_RSquared_PSD(RSquared_PSD,
                                                       RSquared_freqs,
                                                       Gamma_Initial,
                                                       AGuess,
                                                       OffsetGuess,
                                                       CutOffFreq,
                                                       Fit_xlim,
                                                       MakeFig=MakeFig,
                                                       show_fig=show_fig)

        if not silent:
            print("\n")

            print(
                "Big Gamma: {} +- {}% ".format(Params[1], ParamsErr[1] / Params[1] * 100))
            print("A: {} +- {}% ".format(Params[0],
                                         ParamsErr[0] / Params[0] * 100))
            print("Offset: {} +- {}% ".format(Params[2],
                                              ParamsErr[2] / Params[2] * 100))

        Gamma = _uncertainties.ufloat(Params[1], ParamsErr[1])

        if MakeFig:
            return Gamma, fig, ax
        else:
            return Gamma, None, None


[docs]    def plot_spectrogram(self,
                         timePerFFT=3e-4,
                         title='',
                         ylim=None,
                         timeStart=None,
                         timeEnd=None,
                         xunits="s",
                         yunits="kHz",
                         return_data=False,
                         animate=False,
                         filename='animation.gif',
                         show_fig=True,
                         **kwargs):
        """
        plot the spectrogram or produce an animated plot
        the spectrogram.

        Parameters
        ----------
        timePerFFT : float, default: 1e-3
            The time in xunits used in each block for the FFT. 
        title : string, optional
            title to be displayed on the plot
        ylim : array_like, optional
            The y limits of the plotted spectrogram [LowerLimit, UpperLimit]
            Default value is [0, SampleFreq/2]
        timeStart : float, optional
            Starting time for spectrogram calculation. Defaults to start of
            time data.
        timeEnd : float, optional
            Ending time for spectrogram calculation. Defaults to end of time
            data.
        xunits : string, optional
            Units of time used for timePerFFT, timeStart and timeEnd
            - defaults to s
        yunits : string, optional
            Units of frequency limits to plot on the y axis - defaults to kHz
        return_data : bool, optional
            If True data (spec, freqs and t) of spectrogram will be returned
        animate : bool, optional
            If True will animate the spectrogram plot.
        filename : string, optional
            filename to save animation
        show_fig : bool, optional
            If True runs plt.show() before returning figure
            if False it just returns the figure object.
            (the default is True, it shows the figure)

        Returns
        -------
        spectrum : 2D array
            Columns are the periodograms of successive segments.
            Only returned if return_data=True
        freqs : 1-D array
            The frequencies corresponding to the rows in *spectrum*.
            Only returned if return_data=True
        t : 1-D array
            The times corresponding to midpoints of segments (i.e., the columns
            in *spectrum*).
            Only returned if return_data=True
        fig : matplotlib.figure.Figure object
            The figure object created
        ax : matplotlib.axes.Axes object
            The subplot object created
        """
        xunits_prefix = xunits[:-1]  # removes the last char
        timePerFFT = unit_conversion(timePerFFT,
                                     unit_prefix='',
                                     current_prefix=xunits_prefix)
        if timeStart is None and timeEnd is None:
            Signal = self.voltage
        else:
            if timeStart is None:
                timeStart = self.timeStart
            if timeEnd is None:
                timeEnd = self.timeEnd

            time = unit_conversion(self.time.get_array(), xunits_prefix)

            StartIndex = _np.where(time == take_closest(time, timeStart))[0][0]
            EndIndex = _np.where(time == take_closest(time, timeEnd))[0][0]

            if EndIndex == len(time) - 1:
                EndIndex = EndIndex + 1  # so that it does not remove the last element
            Signal = self.voltage[StartIndex:EndIndex]

        yunit_prefix = yunits[:-2]
        if ylim is None:
            ylim = [0, self.SampleFreq / 2]
        else:
            ylim = [unit_conversion(ylim[0], unit_prefix='',
                                    current_prefix=yunit_prefix),
                    unit_conversion(ylim[1], unit_prefix='',
                                    current_prefix=yunit_prefix)]
        fig = _plt.figure(figsize=properties['default_fig_size'])
        ax = fig.add_subplot(111)
        spec, freqs, t, im = ax.specgram(Signal,
                                         Fs=self.SampleFreq,
                                         scale='dB',
                                         NFFT=int(timePerFFT*self.SampleFreq),
                                         noverlap=int(
                                             timePerFFT*self.SampleFreq/2),
                                         cmap='viridis',
                                         **kwargs)

        formattery = _ticker.EngFormatter(unit='Hz')
        ax.yaxis.set_major_formatter(formattery)
        formatterx = _ticker.EngFormatter(unit='s')
        ax.xaxis.set_major_formatter(formatterx)
        ax.set_xlabel("time")
        ax.set_ylabel("Frequency")
        ax.set_title(title)
        ax.set_ylim(ylim)

        # ax.grid(which="major")
        cbar = _plt.colorbar(im, ax=ax)
        cbar.set_label('Amplitude (dB)')
        cbar.minorticks_on()

        if animate:
            animation_window = 100 * timePerFFT
            last_frame_index = _np.where(
                t == take_closest(t, animation_window))[0][0]
            ax.set_xlim(0, animation_window)
            fps = 25

            def update(frame):
                ax.set_xlim(frame, frame+animation_window)
                # print(frame)
                return im

            ani = _animation.FuncAnimation(
                fig, update, frames=t[:-last_frame_index], blit=False)
            if filename.split('.')[-1] == 'gif':
                timePerRenderedFrame = 1
                print("This will take ~ {} minutes".format(
                    timePerRenderedFrame * len(t[:-last_frame_index]) / 60))
                ani.save(filename, writer='imagemagick', fps=fps, dpi=300)
                print('Sucessfully saved animation.')

        if show_fig and not animate:
            _plt.show()
        if return_data:
            return spec, freqs, t, fig, ax
        else:
            return fig, ax


[docs]    def extract_parameters(self, P_mbar, P_Error, method="chang"):
        """
        Extracts the Radius, mass and Conversion factor for a particle.

        Parameters
        ----------
        P_mbar : float
            The pressure in mbar when the data was taken.
        P_Error : float
            The error in the pressure value (as a decimal e.g. 15% = 0.15)

        Returns
        -------
        Radius : uncertainties.ufloat
            The radius of the particle in m
        Mass : uncertainties.ufloat
            The mass of the particle in kg
        ConvFactor : uncertainties.ufloat
            The conversion factor between volts/m

        """

        [R, M, ConvFactor], [RErr, MErr, ConvFactorErr] = \
            extract_parameters(P_mbar, P_Error,
                               self.A.n, self.A.std_dev,
                               self.Gamma.n, self.Gamma.std_dev,
                               method=method)
        self.Radius = _uncertainties.ufloat(R, RErr)
        self.Mass = _uncertainties.ufloat(M, MErr)
        self.ConvFactor = _uncertainties.ufloat(ConvFactor, ConvFactorErr)

        return self.Radius, self.Mass, self.ConvFactor


[docs]    def extract_ZXY_motion(self,
                           ApproxZXYFreqs,
                           uncertaintyInFreqs,
                           ZXYPeakWidths,
                           subSampleFraction=1,
                           NPerSegmentPSD=1000000,
                           MakeFig=True,
                           show_fig=True):
        """
        Extracts the x, y and z signals (in volts) from the voltage signal. Does this by finding the highest peaks in the signal about the approximate frequencies, using the uncertaintyinfreqs parameter as the width it searches. It then uses the ZXYPeakWidths to construct bandpass IIR filters for each frequency and filtering them. If too high a sample frequency has been used to collect the data scipy may not be able to construct a filter good enough, in this case increasing the subSampleFraction may be nessesary.

        Parameters
        ----------
        ApproxZXYFreqs : array_like
            A sequency containing 3 elements, the approximate
            z, x and y frequency respectively.
        uncertaintyInFreqs : float
            The uncertainty in the z, x and y frequency respectively.
        ZXYPeakWidths : array_like
            A sequency containing 3 elements, the widths of the
            z, x and y frequency peaks respectively.
        subSampleFraction : int, optional
            How much to sub-sample the data by before filtering,
            effectively reducing the sample frequency by this
            fraction.
        NPerSegmentPSD : int, optional
            NPerSegment to pass to scipy.signal.welch to calculate the PSD
        show_fig : bool, optional
            Whether to show the figures produced of the PSD of
            the original signal along with the filtered x, y and z.

        Returns
        -------
        self.zVolts : ndarray
            The z signal in volts extracted by bandpass IIR filtering
        self.xVolts : ndarray
            The x signal in volts extracted by bandpass IIR filtering
        self.yVolts : ndarray
            The y signal in volts extracted by bandpass IIR filtering
        time : ndarray
            The array of times corresponding to the above 3 arrays
        fig : matplotlib.figure.Figure object
            figure object containing a plot of the PSD of the original
            signal with the z, x and y filtered signals
        ax : matplotlib.axes.Axes object
            axes object corresponding to the above figure

        """
        [zf, xf, yf] = ApproxZXYFreqs
        zf, xf, yf = get_ZXY_freqs(self,
                                   zf,
                                   xf,
                                   yf,
                                   bandwidth=uncertaintyInFreqs)
        [zwidth, xwidth, ywidth] = ZXYPeakWidths
        self.zVolts, self.xVolts, self.yVolts, time, fig, ax = get_ZXY_data(
            self,
            zf,
            xf,
            yf,
            subSampleFraction,
            zwidth,
            xwidth,
            ywidth,
            MakeFig=MakeFig,
            show_fig=show_fig,
            NPerSegmentPSD=NPerSegmentPSD)
        return self.zVolts, self.xVolts, self.yVolts, time, fig, ax


[docs]    def filter_data(self,
                    freq,
                    FractionOfSampleFreq=1,
                    PeakWidth=10000,
                    filterImplementation="filtfilt",
                    timeStart=None,
                    timeEnd=None,
                    NPerSegmentPSD=1000000,
                    PyCUDA=False,
                    MakeFig=True,
                    show_fig=True):
        """
        filter out data about a central frequency with some bandwidth using an IIR filter.

        Parameters
        ----------
        freq : float
            The frequency of the peak of interest in the PSD
        FractionOfSampleFreq : integer, optional
            The fraction of the sample frequency to sub-sample the data by.
            This sometimes needs to be done because a filter with the appropriate
            frequency response may not be generated using the sample rate at which
            the data was taken. Increasing this number means the x, y and z signals
            produced by this function will be sampled at a lower rate but a higher
            number means a higher chance that the filter produced will have a nice
            frequency response.
        PeakWidth : float, optional
            The width of the pass-band of the IIR filter to be generated to
            filter the peak. Defaults to 10KHz
        filterImplementation : string, optional
            filtfilt or lfilter - use scipy.filtfilt or lfilter
            ifft - uses built in IFFT_filter
            default: filtfilt
        timeStart : float, optional
            Starting time for filtering. Defaults to start of time data.
        timeEnd : float, optional
            Ending time for filtering. Defaults to end of time data.
        NPerSegmentPSD : int, optional
            NPerSegment to pass to scipy.signal.welch to calculate the PSD
        PyCUDA : bool, optional
            Only important for the 'ifft'-method
            If True, uses PyCUDA to accelerate the FFT and IFFT
            via using your NVIDIA-GPU
            If False, performs FFT and IFFT with conventional
            scipy.fftpack
        MakeFig : bool, optional
            If True - generate figure showing filtered and unfiltered PSD
            Defaults to True.
        show_fig : bool, optional
            If True - plot unfiltered and filtered PSD
            Defaults to True.

        Returns
        -------
        timedata : ndarray
            Array containing the time data
        FiletedData : ndarray
            Array containing the filtered signal in volts with time.
        fig : matplotlib.figure.Figure object
            The figure object created showing the PSD of the filtered
            and unfiltered signal
        ax : matplotlib.axes.Axes object
            The axes object created showing the PSD of the filtered
            and unfiltered signal
        """
        if timeStart is None:
            timeStart = self.timeStart
        if timeEnd is None:
            timeEnd = self.timeEnd

        time = self.time.get_array()

        StartIndex = _np.where(time == take_closest(time, timeStart))[0][0]
        EndIndex = _np.where(time == take_closest(time, timeEnd))[0][0]

        input_signal = self.voltage[StartIndex:
                                    EndIndex][0::FractionOfSampleFreq]

        SAMPLEFREQ = self.SampleFreq / FractionOfSampleFreq
        if filterImplementation == "filtfilt" or filterImplementation == "lfilter":
            if filterImplementation == "filtfilt":
                ApplyFilter = scipy.signal.filtfilt
            elif filterImplementation == "lfilter":
                ApplyFilter = scipy.signal.lfilter

            b, a = make_butterworth_bandpass_b_a(freq, PeakWidth, SAMPLEFREQ)
            print("filtering data")
            filteredData = ApplyFilter(b, a, input_signal)

            if(_np.isnan(filteredData).any()):
                raise ValueError(
                    "Value Error: FractionOfSampleFreq must be higher, a sufficiently small sample frequency should be used to produce a working IIR filter."
                )
        elif filterImplementation == "ifft":
            filteredData = IFFT_filter(input_signal,
                                       SAMPLEFREQ,
                                       freq - PeakWidth / 2,
                                       freq + PeakWidth / 2,
                                       PyCUDA=PyCUDA)
        else:
            raise ValueError("filterImplementation must be one of [filtfilt, lfilter, ifft] you entered: {}".format(
                filterImplementation))

        if MakeFig:
            f, PSD = scipy.signal.welch(input_signal,
                                        SAMPLEFREQ,
                                        nperseg=NPerSegmentPSD)
            f_filtdata, PSD_filtdata = scipy.signal.welch(
                filteredData, SAMPLEFREQ, nperseg=NPerSegmentPSD)
            fig, ax = _plt.subplots(figsize=properties["default_fig_size"])
            ax.plot(self.freqs, self.PSD, label='original data')
            ax.plot(f, PSD, label='subsampled data')
            ax.plot(f_filtdata, PSD_filtdata, label="filtered data")
            ax.legend(loc="best")
            ax.semilogy()
            ax.set_xlim([freq - PeakWidth, freq + PeakWidth])
        else:
            fig = None
            ax = None
        if show_fig:
            _plt.show()
        timedata = time[StartIndex:EndIndex][0::FractionOfSampleFreq]
        return timedata, filteredData, fig, ax


[docs]    def plot_phase_space_sns(self,
                             freq,
                             ConvFactor,
                             PeakWidth=10000,
                             FractionOfSampleFreq=1,
                             kind="hex",
                             timeStart=None,
                             timeEnd=None,
                             PointsOfPadding=500,
                             units="nm",
                             logscale=False,
                             cmap=None,
                             marginalColor=None,
                             gridsize=200,
                             show_fig=True,
                             ShowPSD=False,
                             alpha=0.5,
                             *args,
                             **kwargs):
        """
        Plots the phase space of a peak in the PSD.

        Parameters
        ----------
        freq : float
            The frequenecy of the peak (Trapping frequency of the dimension of interest)
        ConvFactor : float (or ufloat)
            The conversion factor between Volts and Meters
        PeakWidth : float, optional
            The width of the peak. Defaults to 10KHz
        FractionOfSampleFreq : int, optional
            The fraction of the sample freq to use to filter the data.
            Defaults to 1.
        kind : string, optional
            kind of plot to draw - pass to jointplot from seaborne
        timeStart : float, optional
            Starting time for data from which to calculate the phase space.
            Defaults to start of time data.
        timeEnd : float, optional
            Ending time for data from which to calculate the phase space.
            Defaults to start of time data.
        PointsOfPadding : float, optional
            How many points of the data at the beginning and end to disregard for plotting
            the phase space, to remove filtering artifacts. Defaults to 500.
        units : string, optional
            Units of position to plot on the axis - defaults to nm
        cmap : matplotlib.colors.ListedColormap, optional
            cmap to use for plotting the jointplot
        marginalColor : string, optional
            color to use for marginal plots
        gridsize : int, optional
            size of the grid to use with kind="hex"
        show_fig : bool, optional
            Whether to show the figure before exiting the function
            Defaults to True.
        ShowPSD : bool, optional
            Where to show the PSD of the unfiltered and the
            filtered signal used to make the phase space
            plot. Defaults to False.

        Returns
        -------
        fig : matplotlib.figure.Figure object
            figure object containing the phase space plot
        JP : seaborn.jointplot object
            joint plot object containing the phase space plot
        """
        if cmap is None:
            if logscale:
                cmap = properties['default_log_cmap']
            else:
                cmap = properties['default_linear_cmap']

        unit_prefix = units[:-1]

        _, PosArray, VelArray = self.calc_phase_space(
            freq,
            ConvFactor,
            PeakWidth=PeakWidth,
            FractionOfSampleFreq=FractionOfSampleFreq,
            timeStart=timeStart,
            timeEnd=timeEnd,
            PointsOfPadding=PointsOfPadding,
            ShowPSD=ShowPSD)

        _plt.close('all')

        # converts m to units required (nm by default)
        PosArray = unit_conversion(PosArray, unit_prefix)
        # converts m/s to units required (nm/s by default)
        VelArray = unit_conversion(VelArray, unit_prefix)

        VarPos = _np.var(PosArray)
        VarVel = _np.var(VelArray)
        MaxPos = _np.max(PosArray)
        MaxVel = _np.max(VelArray)
        if MaxPos > MaxVel / (2 * pi * freq):
            _plotlimit = MaxPos * 1.1
        else:
            _plotlimit = MaxVel / (2 * pi * freq) * 1.1

        print("Plotting Phase Space")

        if marginalColor is None:
            try:
                marginalColor = tuple((cmap.colors[len(cmap.colors) / 2][:-1]))
            except AttributeError:
                try:
                    marginalColor = cmap(2)
                except BaseException:
                    marginalColor = properties['default_base_color']

        if kind == "hex":  # gridsize can only be passed if kind="hex"
            JP1 = _sns.jointplot(
                _pd.Series(PosArray[1:],
                           name="$z$ ({}) \n filepath=%s".format(units) %
                           (self.filepath)),
                _pd.Series(VelArray / (2 * pi * freq),
                           name="$v_z$/$\omega$ ({})".format(units)),
                stat_func=None,
                xlim=[-_plotlimit, _plotlimit],
                ylim=[-_plotlimit, _plotlimit],
                size=max(properties['default_fig_size']),
                kind=kind,
                marginal_kws={
                    'hist_kws': {
                        'log': logscale
                    },
                },
                cmap=cmap,
                color=marginalColor,
                gridsize=gridsize,
                alpha=alpha,
                *args,
                **kwargs,
            )
        else:
            JP1 = _sns.jointplot(_pd.Series(PosArray[1:],
                                            name="$z$ ({}) \n filepath=%s".format(units) % (self.filepath)),
                                 _pd.Series(VelArray / (2 * pi * freq),
                                            name="$v_z$/$\omega$ ({})".format(units)),
                                 stat_func=None,
                                 xlim=[-_plotlimit,
                                       _plotlimit],
                                 ylim=[-_plotlimit,
                                       _plotlimit],
                                 size=max(properties['default_fig_size']),
                                 kind=kind,
                                 marginal_kws={'hist_kws': {'log': logscale},
                                               },
                                 cmap=cmap,
                                 color=marginalColor,
                                 alpha=alpha,
                                 *args,
                                 **kwargs,
                                 )

        fig = JP1.fig

        if show_fig:
            print("Showing Phase Space")
            _plt.show()

        return fig, JP1


[docs]    def plot_phase_space(
            self,
            freq,
            ConvFactor,
            PeakWidth=10000,
            FractionOfSampleFreq=1,
            timeStart=None,
            timeEnd=None,
            PointsOfPadding=500,
            units="nm",
            show_fig=True,
            ShowPSD=False,
            xlabel='',
            ylabel='',
            *args,
            **kwargs):
        unit_prefix = units[:-1]

        xlabel = xlabel + "({})".format(units)
        ylabel = ylabel + "({})".format(units)

        _, PosArray, VelArray = self.calc_phase_space(
            freq,
            ConvFactor,
            PeakWidth=PeakWidth,
            FractionOfSampleFreq=FractionOfSampleFreq,
            timeStart=timeStart,
            timeEnd=timeEnd,
            PointsOfPadding=PointsOfPadding,
            ShowPSD=ShowPSD)

        PosArray = unit_conversion(
            PosArray,
            unit_prefix)  # converts m to units required (nm by default)
        VelArray = unit_conversion(
            VelArray,
            unit_prefix)  # converts m/s to units required (nm/s by default)

        VelArray = VelArray / (2 * pi * freq)  # converst nm/s to nm/radian
        PosArray = PosArray[1:]

        fig, axscatter, axhistx, axhisty, cb = _qplots.joint_plot(
            PosArray, VelArray, *args, **kwargs)
        axscatter.set_xlabel(xlabel)
        axscatter.set_ylabel(ylabel)

        if show_fig:
            _plt.show()
        return fig, axscatter, axhistx, axhisty, cb


[docs]    def calc_phase_space(
            self,
            freq,
            ConvFactor,
            PeakWidth=10000,
            FractionOfSampleFreq=1,
            timeStart=None,
            timeEnd=None,
            PointsOfPadding=500,
            ShowPSD=False):
        """
        Calculates the position and velocity (in m) for use in plotting the phase space distribution.

        Parameters
        ----------
        freq : float
            The frequenecy of the peak (Trapping frequency of the dimension of interest)
        ConvFactor : float (or ufloat)
            The conversion factor between Volts and Meters
        PeakWidth : float, optional
            The width of the peak. Defaults to 10KHz
        FractionOfSampleFreq : int, optional
            The fraction of the sample freq to use to filter the data.
            Defaults to 1.
        timeStart : float, optional
            Starting time for data from which to calculate the phase space.
            Defaults to start of time data.
        timeEnd : float, optional
            Ending time for data from which to calculate the phase space.
            Defaults to start of time data.
        PointsOfPadding : float, optional
            How many points of the data at the beginning and end to disregard for plotting
            the phase space, to remove filtering artifacts. Defaults to 500
        ShowPSD : bool, optional
            Where to show the PSD of the unfiltered and the filtered signal used
            to make the phase space plot. Defaults to False.
        *args, **kwargs : optional
            args and kwargs passed to qplots.joint_plot


        Returns
        -------
        time : ndarray
            time corresponding to position and velocity
        PosArray : ndarray
            Array of position of the particle in time
        VelArray : ndarray
            Array of velocity of the particle in time
        """
        _, Pos, fig, ax = self.filter_data(freq,
                                           FractionOfSampleFreq,
                                           PeakWidth,
                                           MakeFig=ShowPSD,
                                           show_fig=ShowPSD,
                                           timeStart=timeStart,
                                           timeEnd=timeEnd)
        time = self.time.get_array()
        if timeStart is not None:
            StartIndex = _np.where(time == take_closest(time, timeStart))[0][0]
        else:
            StartIndex = 0
        if timeEnd is not None:
            EndIndex = _np.where(time == take_closest(time, timeEnd))[0][0]
        else:
            EndIndex = -1

        Pos = Pos[PointsOfPadding: -PointsOfPadding + 1]
        time = time[StartIndex:EndIndex][::FractionOfSampleFreq][PointsOfPadding: -PointsOfPadding + 1]

        if type(ConvFactor) == _uncertainties.core.Variable:
            conv = ConvFactor.n
        else:
            conv = ConvFactor
        PosArray = Pos / conv  # converts V to m
        VelArray = _np.diff(PosArray) * (
            self.SampleFreq / FractionOfSampleFreq
        )  # calcs velocity (in m/s) by differtiating position
        return time, PosArray, VelArray




[docs]class ORGTableData():
    """
    Class for reading in general data from org-mode tables.


    The table must be formatted as in the example below:

    ```
    | RunNo | ColumnName1 | ColumnName2 |
    |-------+-------------+-------------|
    |   3   |     14      |     15e3    |
    ```

    In this case the run number would be 3 and the ColumnName2-value would
    be 15e3 (15000.0).

    """

    def __init__(self, filename):
        """
        Opens the org-mode table file, reads the file in as a string,
        and runs parse_orgtable in order to read the pressure.
        """
        with open(filename, 'r') as file:
            fileContents = file.readlines()
        self.ORGTableData = parse_orgtable(fileContents)

[docs]    def get_value(self, ColumnName, RunNo):
        """
        Retreives the value of the collumn named ColumnName associated
        with a particular run number.

        Parameters
        ----------
        ColumnName : string
            The name of the desired org-mode table's collumn

        RunNo : int
            The run number for which to retreive the pressure value

        Returns
        -------
        Value : float
            The value for the column's name and associated run number
        """
        Value = float(self.ORGTableData[self.ORGTableData.RunNo == '{}'.format(
            RunNo)][ColumnName])

        return Value




[docs]def load_data(
        Filepath,
        ObjectType='data',
        RelativeChannelNo=None,
        SampleFreq=None,
        NumberOfChannels=None,
        PointsToLoad=-1,
        calcPSD=True,
        NPerSegmentPSD=1000000,
        NormaliseByMonitorOutput=False,
        silent=False):
    """
    Parameters
    ----------
    Filepath : string
        filepath to the file containing the data used to initialise
        and create an instance of the DataObject class
    ObjectType : string, optional
        type to load the data as, takes the value 'default' if not specified.
        Options are:
        'data' : optoanalysis.DataObject
        'thermo' : optoanalysis.thermo.ThermoObject
    RelativeChannelNo : int, optional
        If loading a .bin file produced by the Saneae datalogger, used to specify
        the channel number
        If loading a .mat file produced by the picoscope using picolog, used to
        specifiy the channel ID as follows: 0 = Channel 'A', 1 = Channel 'B',
        2 = Channel 'C' and 3 = Channel 'D'
        If loading a .bin file saved using custom code to interface with the
        Picoscope used to specify the channel number to load in conjunction
        with the NumberOfChannels parameter, if left None with .bin files
        it will assume that the file to load only contains one channel.
        If loading a .dat file produced by the labview NI5122 daq card, used to
        specifiy the channel number if two channels where saved, if left None with
        .dat files it will assume that the file to load only contains one channel.
        If NormaliseByMonitorOutput is True then RelativeChannelNo specifies the
        monitor channel for loading a .dat file produced by the labview NI5122 daq card.
    SampleFreq : float, optional
        Manual selection of sample frequency for loading labview NI5122 daq files and
        .mat and .bin files recorded using the Picoscope
    NumberOfChannels : int, optional
        Total number of channels present in a .bin file recorded using a Picoscope.
    PointsToLoad : int, optional
        Number of first points to read. -1 means all points (i.e., the complete file)
        WORKS WITH NI5122 AND PICOSCOPE .BIN DATA SO FAR ONLY!!!
    calcPSD : bool, optional
        Whether to calculate the PSD upon loading the file, can take some time
        off the loading and reduce memory usage if frequency space info is not required
    NPerSegmentPSD : int, optional
        NPerSegment to pass to scipy.signal.welch to calculate the PSD
    NormaliseByMonitorOutput : bool, optional
        If True the particle signal trace will be divided by the monitor output, which is
        specified by the channel number set in the RelativeChannelNo parameter.
        WORKS WITH NI5122 DATA SO FAR ONLY!!!

    Returns
    -------
    Data : DataObject
        An instance of the DataObject class contaning the data
        that you requested to be loaded.

    """
    if not silent:
        print("Loading data from {}".format(Filepath))
    ObjectTypeDict = {
        'data': DataObject,
        'thermo': optoanalysis.thermo.ThermoObject,
    }
    try:
        Object = ObjectTypeDict[ObjectType]
    except KeyError:
        raise ValueError(
            "You entered {}, this is not a valid object type".format(
                ObjectType))
    data = Object(Filepath, RelativeChannelNo, SampleFreq, NumberOfChannels,
                  PointsToLoad, calcPSD, NPerSegmentPSD,
                  NormaliseByMonitorOutput)
    try:
        channel_number, run_number, repeat_number = [
            int(val) for val in re.findall(r'\d+', data.filename)
        ]
        data.channel_number = channel_number
        data.run_number = run_number
        data.repeat_number = repeat_number
    except ValueError:
        data.channel_number = None
        data.run_number = None
        data.repeat_number = None
        pass
    try:
        if _does_file_exist(
                data.filepath.replace(data.filename, '') + "pressure.log"):
            print("pressure.log file exists")
            for line in open(
                    data.filepath.replace(data.filename, '') + "pressure.log",
                    'r'):
                stamp, run_number, repeat_number, pressure = line.split(
                    ',')[0:]
                stamp = datetime.strptime(stamp, '%Y-%m-%d_%H-%M-%S')
                run_number = int(run_number)
                repeat_number = int(repeat_number)
                pressure = float(pressure)

                if (run_number == data.run_number) and (
                        repeat_number == data.repeat_number):
                    data.pmbar = pressure
                elif stamp == datetime.strptime(data.filename[:15],
                                                '%Y%m%d_%H%M%S'):
                    data.pmbar = pressure
    except ValueError:
        pass
    try:
        if _does_file_exist(
                glob(
                    data.filepath.replace(
                        data.filename,
                        '*' + data.filename[20:-4] + ' - header.dat'))[0]):
            print("header file exists")
            with open(glob(
                    data.filepath.replace(
                        data.filename,
                        '*' + data.filepath[20:-4] + ' - header.dat'))[0],
                      encoding='ISO-8859-1') as f:
                lines = f.readlines()
            data.pmbar = (float(lines[68][-9:-1]) +
                          float(lines[69][-9:-1])) / 2
    except (ValueError, IndexError):
        pass
    return data



[docs]def search_data_std(Channel, RunNos, RepeatNos, directoryPath='.'):
    """
    Lets you find multiple datasets at once assuming they have a
    filename which contains a pattern of the form:
    CH<ChannelNo>_RUN00...<RunNo>_REPEAT00...<RepeatNo>

    Parameters
    ----------
    Channel : int
        The channel you want to load
    RunNos : sequence
        Sequence of run numbers you want to load
    RepeatNos : sequence
        Sequence of repeat numbers you want to load
    directoryPath : string, optional
        The path to the directory housing the data
        The default is the current directory

    Returns
    -------
    Data_filepaths : list
        A list containing the filepaths to the matching files
    """
    files = glob('{}/*'.format(directoryPath))
    files_CorrectChannel = []
    for file_ in files:
        if 'CH{}'.format(Channel) in file_:
            files_CorrectChannel.append(file_)
    files_CorrectRunNo = []
    for RunNo in RunNos:
        files_match = _fnmatch.filter(files_CorrectChannel,
                                      '*RUN*0{}_*'.format(RunNo))
        for file_ in files_match:
            files_CorrectRunNo.append(file_)
    files_CorrectRepeatNo = []
    for RepeatNo in RepeatNos:
        files_match = _fnmatch.filter(files_CorrectRunNo,
                                      '*REPEAT*0{}.*'.format(RepeatNo))
        for file_ in files_match:
            files_CorrectRepeatNo.append(file_)
    return files_CorrectRepeatNo



[docs]def multi_load_data(Channel,
                    RunNos,
                    RepeatNos,
                    directoryPath='.',
                    calcPSD=True,
                    NPerSegmentPSD=1000000):
    """
    Lets you load multiple datasets at once assuming they have a
    filename which contains a pattern of the form:
    CH<ChannelNo>_RUN00...<RunNo>_REPEAT00...<RepeatNo>

    Parameters
    ----------
    Channel : int
        The channel you want to load
    RunNos : sequence
        Sequence of run numbers you want to load
    RepeatNos : sequence
        Sequence of repeat numbers you want to load
    directoryPath : string, optional
        The path to the directory housing the data
        The default is the current directory

    Returns
    -------
    Data : list
        A list containing the DataObjects that were loaded.
    """
    matching_files = search_data_std(Channel=Channel,
                                     RunNos=RunNos,
                                     RepeatNos=RepeatNos,
                                     directoryPath=directoryPath)
    # data = []
    # for filepath in matching_files_:
    #    data.append(load_data(filepath, calcPSD=calcPSD, NPerSegmentPSD=NPerSegmentPSD))

    cpu_count = _cpu_count()
    workerPool = _Pool(cpu_count)
    load_data_partial = _partial(load_data,
                                 calcPSD=calcPSD,
                                 NPerSegmentPSD=NPerSegmentPSD)
    data = workerPool.map(load_data_partial, matching_files)
    workerPool.close()
    workerPool.terminate()
    workerPool.join()

    # with _Pool(cpu_count) as workerPool:
    # load_data_partial = _partial(load_data, calcPSD=calcPSD, NPerSegmentPSD=NPerSegmentPSD)
    # data = workerPool.map(load_data_partial, files_CorrectRepeatNo)
    return data



[docs]def multi_load_data_custom(Channel,
                           TraceTitle,
                           RunNos,
                           directoryPath='.',
                           calcPSD=True,
                           NPerSegmentPSD=1000000):
    """
    Lets you load multiple datasets named with the LeCroy's custom naming scheme at once.

    Parameters
    ----------
    Channel : int
        The channel you want to load
    TraceTitle : string
        The custom trace title of the files.
    RunNos : sequence
        Sequence of run numbers you want to load
    RepeatNos : sequence
        Sequence of repeat numbers you want to load
    directoryPath : string, optional
        The path to the directory housing the data
        The default is the current directory

    Returns
    -------
    Data : list
        A list containing the DataObjects that were loaded.
    """
    #    files = glob('{}/*'.format(directoryPath))
    #    files_CorrectChannel = []
    #    for file_ in files:
    #        if 'C{}'.format(Channel) in file_:
    #           files_CorrectChannel.append(file_)
    #    files_CorrectRunNo = []
    #    for RunNo in RunNos:
    #        files_match = _fnmatch.filter(
    #            files_CorrectChannel, '*C{}'.format(Channel)+TraceTitle+str(RunNo).zfill(5)+'.*')
    #        for file_ in files_match:
    #            files_CorrectRunNo.append(file_)
    matching_files = search_data_custom(Channel, TraceTitle, RunNos,
                                        directoryPath)
    cpu_count = _cpu_count()
    workerPool = _Pool(cpu_count)
    # for filepath in files_CorrectRepeatNo:
    #    print(filepath)
    #    data.append(load_data(filepath))
    load_data_partial = _partial(load_data,
                                 calcPSD=calcPSD,
                                 NPerSegmentPSD=NPerSegmentPSD)
    data = workerPool.map(load_data_partial, matching_files)
    # data = list(map(load_data_partial, matching_files))
    workerPool.close()
    workerPool.terminate()
    workerPool.join()
    return data



[docs]def search_data_custom(Channel, TraceTitle, RunNos, directoryPath='.'):
    """
    Lets you create a list with full file paths of the files
    named with the LeCroy's custom naming scheme.

    Parameters
    ----------
    Channel : int
        The channel you want to load
    TraceTitle : string
        The custom trace title of the files.
    RunNos : sequence
        Sequence of run numbers you want to load
    RepeatNos : sequence
        Sequence of repeat numbers you want to load
    directoryPath : string, optional
        The path to the directory housing the data
        The default is the current directory

    Returns
    -------
    Paths : list
        A list containing the full file paths of the files you were looking for.
    """
    files = glob('{}/*'.format(directoryPath))
    files_CorrectChannel = []
    for file_ in files:
        if 'C{}'.format(Channel) in file_:
            files_CorrectChannel.append(file_)
    files_CorrectRunNo = []
    for RunNo in RunNos:
        files_match = _fnmatch.filter(
            files_CorrectChannel,
            '*C{}'.format(Channel) + TraceTitle + str(RunNo).zfill(5) + '.*')
        for file_ in files_match:
            files_CorrectRunNo.append(file_)
    print("loading the following files: {}".format(files_CorrectRunNo))
    paths = files_CorrectRunNo
    return paths



[docs]def calc_temp(Data_ref, Data):
    """
    Calculates the temperature of a data set relative to a reference.
    The reference is assumed to be at 300K.

    Parameters
    ----------
    Data_ref : DataObject
        Reference data set, assumed to be 300K
    Data : DataObject
        Data object to have the temperature calculated for

    Returns
    -------
    T : uncertainties.ufloat
        The temperature of the data set
    """
    T = 300 * ((Data.A * Data_ref.Gamma) / (Data_ref.A * Data.Gamma))
    Data.T = T
    return T



[docs]def calc_gamma_components(Data_ref, Data):
    """
    Calculates the components of Gamma (Gamma0 and delta_Gamma),
    assuming that the Data_ref is uncooled data (ideally at 3mbar
    for best fitting). It uses the fact that A_prime=A/Gamma0 should
    be constant for a particular particle under changes in pressure
    and therefore uses the reference save to calculate A_prime (assuming
    the Gamma value found for the uncooled data is actually equal to Gamma0
    since only collisions should be causing the damping. Therefore for
    the cooled data Gamma0 should equal A/A_prime and therefore we
    can extract Gamma0 and delta_Gamma.

    A_prime = ConvFactor**2 * (2*k_B*T0/(pi*m))

    Parameters
    ----------
    Data_ref : DataObject
        Reference data set, assumed to be 300K
    Data : DataObject
        Data object to have the temperature calculated for

    Returns
    -------
    Gamma0 : uncertainties.ufloat
        Damping due to the environment
    delta_Gamma : uncertainties.ufloat
        Damping due to other effects (e.g. feedback cooling)

    """
    A_prime = Data_ref.A / Data_ref.Gamma
    Gamma0 = Data.A / A_prime
    delta_Gamma = Data.Gamma - Gamma0
    return Gamma0, delta_Gamma



[docs]def fit_curvefit(p0, datax, datay, function, **kwargs):
    """
    Fits the data to a function using scipy.optimise.curve_fit

    Parameters
    ----------
    p0 : array_like
        initial parameters to use for fitting
    datax : array_like
        x data to use for fitting
    datay : array_like
        y data to use for fitting
    function : function
        funcion to be fit to the data
    kwargs
        keyword arguments to be passed to scipy.optimise.curve_fit

    Returns
    -------
    pfit_curvefit : array
        Optimal values for the parameters so that the sum of
        the squared residuals of ydata is minimized
    perr_curvefit : array
        One standard deviation errors in the optimal values for
        the parameters
    """
    pfit, pcov = _curve_fit(function, datax, datay, p0=p0,
                            epsfcn=0.0001, **kwargs)
    error = []
    for i in range(len(pfit)):
        try:
            error.append(_np.absolute(pcov[i][i])**0.5)
        except BaseException:
            error.append(_np.NaN)
    pfit_curvefit = pfit
    perr_curvefit = _np.array(error)
    return pfit_curvefit, perr_curvefit



[docs]def moving_average(array, n=3):
    """
    Calculates the moving average of an array.

    Parameters
    ----------
    array : array
        The array to have the moving average taken of
    n : int
        The number of points of moving average to take

    Returns
    -------
    MovingAverageArray : array
        The n-point moving average of the input array
    """
    ret = _np.cumsum(array, dtype=float)
    ret[n:] = ret[n:] - ret[:-n]
    return ret[n - 1:] / n



[docs]def take_closest(myList, myNumber):
    """
    Assumes myList is sorted. Returns closest value to myNumber.
    If two numbers are equally close, return the smallest number.

    Parameters
    ----------
    myList : array
        The list in which to find the closest value to myNumber
    myNumber : float
        The number to find the closest to in MyList

    Returns
    -------
    closestValue : float
        The number closest to myNumber in myList
    """
    pos = _bisect_left(myList, myNumber)
    if pos == 0:
        return myList[0]
    if pos == len(myList):
        return myList[-1]
    before = myList[pos - 1]
    after = myList[pos]
    if after - myNumber < myNumber - before:
        return after
    else:
        return before



def _energy_autocorrelation_fitting_eqn(t, Gamma):
    """
    The value of the fitting equation:
    exp(-t*Gamma)
    to be fit to the autocorrelation-exponential decay
    Actual correct equation would be:
    exp(-t*Gamma) * (4*Omega**2-Gamma**2 * \
        cos(2*sqrt(Gamma**2 /4 - Omega**2)*t))
    taken from DOI: 10.1103/PhysRevE.94.062151 but since
    the additional term is negligible when the quality factor Q>1.

    Parameters
    ----------
    t : float
        time
    Gamma : float
        Big Gamma (in radians), i.e. damping

    Returns
    -------
    Value : float
        The value of the fitting equation
    """
    return _np.exp(-t * Gamma)


def _position_autocorrelation_fitting_eqn(t, Gamma, AngTrapFreq):
    """
    The value of the fitting equation:
    exp(-t*Gamma/2) * (cos(t* sqrt(Omega**2 - Gamma**2 /4)) + Gamma* \
        sin(t* sqrt(Omega**2-Gamma**2 /4))/(2* sqrt(Omega**2 - Gamma**2 /4)))
    [eqn 4.20 taken from DOI: DOI: 10.1007/978-1-4614-6031-2]
    to be fit to the autocorrelation-exponential decay

    Parameters
    ----------
    t : float
        time
    Gamma : float
        Big Gamma (in radians), i.e. damping
    AngTrapFreq : float
        Angular Trapping Frequency in Radians

    Returns
    -------
    Value : float
        The value of the fitting equation
    """
    return _np.exp(-t * Gamma / 2) * (
        _np.cos(t * _np.sqrt(AngTrapFreq**2 - Gamma**2 / 4)) +
        Gamma * _np.sin(t * _np.sqrt(AngTrapFreq**2 - Gamma**2 / 4)) /
        (2 * _np.sqrt(AngTrapFreq**2 - Gamma**2 / 4)))


[docs]def fit_autocorrelation(autocorrelation,
                        time,
                        GammaGuess,
                        TrapFreqGuess=None,
                        method='energy',
                        MakeFig=True,
                        show_fig=True):
    """
    Fits exponential relaxation theory to data.

    Parameters
    ----------
    autocorrelation : array
        array containing autocorrelation to be fitted
    time : array
        array containing the time of each point the autocorrelation
        was evaluated
    GammaGuess : float
        The approximate Big Gamma (in radians) to use initially
    TrapFreqGuess : float
        The approximate trapping frequency to use initially in Hz.
    method : string, optional
        To choose which autocorrelation fit is needed.
        'position' : equation 4.20 from Tongcang Li's 2013 thesis
                     (DOI: 10.1007/978-1-4614-6031-2)
        'energy'   : proper exponential energy correlation decay
                     (DOI: 10.1103/PhysRevE.94.062151)
    MakeFig : bool, optional
        Whether to construct and return the figure object showing
        the fitting. defaults to True
    show_fig : bool, optional
        Whether to show the figure object when it has been created.
        defaults to True

    Returns
    -------
    ParamsFit - Fitted parameters:
        'variance'-method : [Gamma]
        'position'-method : [Gamma, AngularTrappingFrequency]
    ParamsFitErr - Error in fitted parameters:
        'varaince'-method : [GammaErr]
        'position'-method : [GammaErr, AngularTrappingFrequencyErr]
    fig : matplotlib.figure.Figure object
        figure object containing the plot
    ax : matplotlib.axes.Axes object
        axes with the data plotted of the:
            - initial data
            - final fit
    """
    datax = time
    datay = autocorrelation

    method = method.lower()
    if method == 'energy':
        p0 = _np.array([GammaGuess])

        Params_Fit, Params_Fit_Err = fit_curvefit(
            p0, datax, datay, _energy_autocorrelation_fitting_eqn)
        autocorrelation_fit = _energy_autocorrelation_fitting_eqn(
            _np.arange(0, datax[-1], 1e-7), Params_Fit[0])
    elif method == 'position':
        AngTrapFreqGuess = 2 * _np.pi * TrapFreqGuess
        p0 = _np.array([GammaGuess, AngTrapFreqGuess])

        Params_Fit, Params_Fit_Err = fit_curvefit(
            p0, datax, datay, _position_autocorrelation_fitting_eqn)
        autocorrelation_fit = _position_autocorrelation_fitting_eqn(
            _np.arange(0, datax[-1], 1e-7), Params_Fit[0], Params_Fit[1])

    if MakeFig:
        fig = _plt.figure(figsize=properties["default_fig_size"])
        ax = fig.add_subplot(111)
        ax.plot(datax * 1e6,
                datay,
                '.',
                color="darkblue",
                label="Autocorrelation Data",
                alpha=0.5)
        ax.plot(_np.arange(0, datax[-1], 1e-7) * 1e6,
                autocorrelation_fit,
                color="red",
                label="fit")
        ax.set_xlim([0, 30e6 / Params_Fit[0] / (2 * _np.pi)])
        legend = ax.legend(loc="best", frameon=1)
        frame = legend.get_frame()
        frame.set_facecolor('white')
        frame.set_edgecolor('white')
        ax.set_xlabel("time (us)")
        ax.set_ylabel(
            r"$\left | \frac{\langle x(t)x(t+\tau) \rangle}{\langle x(t)x(t) \rangle} \right |$"
        )
        if show_fig:
            _plt.show()
        return Params_Fit, Params_Fit_Err, fig, ax
    else:
        return Params_Fit, Params_Fit_Err, None, None



def _RSquared_PSD_fitting_eqn(Omega, A, Gamma, Offset):
    """
    The value of the fitting equation:
    A / Gamma / (Omega**2 + Gamma**2)
    to be fit to the R Squared PSD signal, taken from equation 3 of paper
    (DOI: 10.1103/PhysRevResearch.2.023349) plus an additive offset.

    Parameters
    ----------
    Omega : float
        frequency in Radians
    A : float
        Multiplicative factor for the curve representing:
        8*(S_F/(2m^2*Omega0^2))^2
    Gamma : float
        Big Gamma (in Radians), i.e. damping
    Offset : float
        Additive Offset to the fitting equation.


    Returns
    -------
    Value : float
        The value of the fitting equation
    """
    return A / Gamma / (Omega**2 + Gamma**2) + Offset


[docs]def fit_RSquared_PSD(RSquared_PSD,
                     RSquared_freqs,
                     GammaGuess,
                     AGuess,
                     OffsetGuess,
                     CutOffFreq,
                     Fit_xlim,
                     MakeFig=True,
                     show_fig=True):
    """
    Fits equation 3 of paper (DOI: 10.1103/PhysRevResearch.2.023349) plus
    additive Offset to the computed PSD of the R Squared signal and returns
    the parameters with errors.

    Parameters
    ----------
    RSquared_PSD : array
        array containing PSD of the R Squared signal to be fitted
    RSquared_freqs : array
        array containing the frequencies of each point the PSD of the RSquared
        signal was computed
    GammaGuess : float
        The approximate Big Gamma (in radians) to use initially
    AGuess : float
        Inital guess for multiplicative factor for R^2 which equals:
        8*(S_F/(2m^2*Omega0^2))^2
    OffsetGuess : float
        Additive Offset to the fitting equation.
    CutOffFreq : float
        is the cut off frequency applied via a lowpass filter when calculating
        the R Squared signal
    Fit_xlim : list of float, optional
        limits the R Squared PSD signal used for the fit function
        i.e.: [lowerLimit, upperLimit]
    MakeFig : bool, optional
        Whether to construct and return the figure object showing
        the fitting. defaults to True
    show_fig : bool, optional
        Whether to show the figure object when it has been created.
        defaults to True

    Returns
    -------
    ParamsFit - Fitted parameters:
        [A, Gamma, Offset]
    ParamsFitErr - Error in fitted parameters:
        [AErr, GammaErr, OffsetErr]
    fig : matplotlib.figure.Figure object
        figure object containing the plot
    ax : matplotlib.axes.Axes object
        axes with the data plotted of the:
            - initial data
            - final fit
    """

    RSquared_freqs_full = RSquared_freqs
    RSquared_PSD_full = RSquared_PSD
    Freq_startPSD = take_closest(RSquared_freqs_full, Fit_xlim[0])
    Freq_endPSD = take_closest(RSquared_freqs_full, Fit_xlim[1])
    CutOffFreq_vline = take_closest(RSquared_freqs_full, CutOffFreq)
    Freq_xlimit = take_closest(RSquared_freqs_full, CutOffFreq*2)
    index_ylimit = int(_np.where(RSquared_freqs_full == Freq_xlimit)[0][0])
    index_startPSD = int(_np.where(RSquared_freqs_full == Freq_startPSD)[0][0])
    index_endPSD = int(_np.where(RSquared_freqs_full == Freq_endPSD)[0][0])
    RSquared_freqs = RSquared_freqs_full[index_startPSD:index_endPSD]
    RSquared_PSD = RSquared_PSD_full[index_startPSD:index_endPSD]

    AngFreqs = RSquared_freqs*2*_np.pi
    datax = AngFreqs
    datay = RSquared_PSD

    p0 = _np.array([AGuess, GammaGuess, OffsetGuess])

    Params_Fit, Params_Fit_Err = fit_curvefit(
        p0, datax, datay, _RSquared_PSD_fitting_eqn)
    RSquared_PSD_fit = _RSquared_PSD_fitting_eqn(
        datax, Params_Fit[0], Params_Fit[1], Params_Fit[2])

    if MakeFig:
        fig = _plt.figure(figsize=properties["default_fig_size"])
        ax = fig.add_subplot(111)
        ax.plot(RSquared_freqs_full,
                RSquared_PSD_full,
                '.',
                color="darkblue",
                label=r"$S_{R^2 R^2}$ Data",
                alpha=0.5)
        ax.axvline(CutOffFreq_vline,
                   linestyle='--',
                   color="black",
                   label="Cut-Off Frequency")
        ax.plot(RSquared_freqs,
                RSquared_PSD_fit,
                color="red",
                label="fit")
        ax.loglog()
        _plt.suptitle(r'$\gamma = (%.2f\pm%.2f)$Hz' %
                      (Params_Fit[1]/2/_np.pi, Params_Fit_Err[1]/2/_np.pi))
        # ax.set_xlim([0, 30e6 / Params_Fit[0] / (2 * _np.pi)])
        legend = ax.legend(loc="best", frameon=1)
        frame = legend.get_frame()
        frame.set_facecolor('white')
        frame.set_edgecolor('white')
        ax.set_xlabel("Frequency (Hz)")
        ax.set_ylabel(
            r"$S_{R^2 R^2} (V^4/$Hz)"
        )
        ax.set_xlim(None, Freq_xlimit)
        ax.set_ylim(RSquared_PSD_full[index_ylimit], 1.5*_np.max(RSquared_PSD))
        if show_fig:
            _plt.show()
        return Params_Fit, Params_Fit_Err, fig, ax
    else:
        return Params_Fit, Params_Fit_Err, None, None



[docs]def PSD_fitting_eqn(A, OmegaTrap, Gamma, omega):
    """
    The value of the fitting equation:
    A / ((OmegaTrap**2 - omega**2)**2 + (omega * Gamma)**2)
    to be fit to the PSD

    Parameters
    ----------
    A : float
        Fitting constant A
        A = γ**2*Γ_0*(2*K_b*T_0)/(m)
        where:
            γ = conversionFactor
            Γ_0 = Damping factor due to environment
            π = pi
    OmegaTrap : float
        The trapping frequency in the axis of interest
        (in angular frequency)
    Gamma : float
        The damping factor Gamma = Γ = Γ_0 + δΓ
        where:
            Γ_0 = Damping factor due to environment
            δΓ = extra damping due to feedback or other effects
    omega : float
        The angular frequency to calculate the value of the
        fitting equation at

    Returns
    -------
    Value : float
        The value of the fitting equation
    """
    return A / ((OmegaTrap**2 - omega**2)**2 + omega**2 * (Gamma)**2)



[docs]def PSD_fitting_eqn2(A, OmegaTrap, Gamma, omega):
    """
    The value of the fitting equation:
    A / ((OmegaTrap**2 - omega**2)**2 + (omega * Gamma)**2)
    to be fit to the PSD

    Parameters
    ----------
    A : float
        Fitting constant A
        A = γ**2*(2*K_b*T_0)/(m)
        where:
            γ = conversionFactor
            Γ_0 = Damping factor due to environment
            π = pi
    OmegaTrap : float
        The trapping frequency in the axis of interest
        (in angular frequency)
    Gamma : float
        The damping factor Gamma = Γ = Γ_0 + δΓ
        where:
            Γ_0 = Damping factor due to environment
            δΓ = extra damping due to feedback or other effects
    omega : float
        The angular frequency to calculate the value of the
        fitting equation at

    Returns
    -------
    Value : float
        The value of the fitting equation
    """
    return A * Gamma / ((OmegaTrap**2 - omega**2)**2 + omega**2 * (Gamma)**2)



[docs]def PSD_fitting_eqn_with_background(
        A, OmegaTrap, Gamma, FlatBackground, omega):
    """
    The value of the fitting equation:
    A / ((OmegaTrap**2 - omega**2)**2 + (omega * Gamma)**2) + FlatBackground
    to be fit to the PSD

    Parameters
    ----------
    A : float
        Fitting constant A
        A = γ**2*Γ_0*(2*K_b*T_0)/(m)
        where:
            γ = conversionFactor
            Γ_0 = Damping factor due to environment
            π = pi
    OmegaTrap : float
        The trapping frequency in the axis of interest
        (in angular frequency)
    Gamma : float
        The damping factor Gamma = Γ = Γ_0 + δΓ
        where:
            Γ_0 = Damping factor due to environment
            δΓ = extra damping due to feedback or other effects
    FlatBackground : float
        Adds a constant offset to the peak to account for a flat
        noise background
    omega : float
        The angular frequency to calculate the value of the
        fitting equation at

    Returns
    -------
    Value : float
        The value of the fitting equation
    """
    return A / ((OmegaTrap**2 - omega**2)**2 + omega**2 *
                (Gamma)**2) + FlatBackground



[docs]def fit_PSD(
        Data,
        bandwidth,
        TrapFreqGuess,
        AGuess=0.1e10,
        GammaGuess=400,
        FlatBackground=None,
        MakeFig=True,
        show_fig=True,
        plot_initial=True):
    """
    Fits theory PSD to Data. Assumes highest point of PSD is the
    trapping frequency.

    Parameters
    ----------
    Data : DataObject
        data object to be fitted
    bandwidth : float
         bandwidth around trapping frequency peak to
         fit the theory PSD to
    TrapFreqGuess : float
        The approximate trapping frequency to use initially
        as the centre of the peak
    AGuess : float, optional
        The initial value of the A parameter to use in fitting
    GammaGuess : float, optional
        The initial value of the Gamma parameter to use in fitting
    FlatBackground : float, optional
        If given a number the fitting function assumes a flat
        background to get more exact Area, which does not factor in
        noise. defaults to None, which fits a model with no flat
        background contribution, basically no offset
    MakeFig : bool, optional
        Whether to construct and return the figure object showing
        the fitting. defaults to True
    show_fig : bool, optional
        Whether to show the figure object when it has been created.
        defaults to True

    Returns
    -------
    ParamsFit - Fitted parameters:
        [A, TrappingFrequency, Gamma, FlatBackground(optional)]
    ParamsFitErr - Error in fitted parameters:
        [AErr, TrappingFrequencyErr, GammaErr, FlatBackgroundErr(optional)]
    fig : matplotlib.figure.Figure object
        figure object containing the plot
    ax : matplotlib.axes.Axes object
        axes with the data plotted of the:
            - initial data
            - initial fit
            - final fit
    """
    AngFreqs = 2 * pi * Data.freqs
    Angbandwidth = 2 * pi * bandwidth
    AngTrapFreqGuess = 2 * pi * TrapFreqGuess

    ClosestToAngTrapFreqGuess = take_closest(AngFreqs, AngTrapFreqGuess)
    index_OmegaTrap = _np.where(AngFreqs == ClosestToAngTrapFreqGuess)[0][0]
    OmegaTrap = AngFreqs[index_OmegaTrap]

    f_fit_lower = take_closest(AngFreqs, OmegaTrap - Angbandwidth / 2)
    f_fit_upper = take_closest(AngFreqs, OmegaTrap + Angbandwidth / 2)

    indx_fit_lower = int(_np.where(AngFreqs == f_fit_lower)[0][0])
    indx_fit_upper = int(_np.where(AngFreqs == f_fit_upper)[0][0])

    if indx_fit_lower == indx_fit_upper:
        raise ValueError(
            "Bandwidth argument must be higher, region is too thin.")

#    print(f_fit_lower, f_fit_upper)
#    print(AngFreqs[indx_fit_lower], AngFreqs[indx_fit_upper])

# find highest point in region about guess for trap frequency - use that
# as guess for trap frequency and recalculate region about the trap
# frequency
    index_OmegaTrap = _np.where(
        Data.PSD == max(Data.PSD[indx_fit_lower:indx_fit_upper]))[0][0]

    OmegaTrap = AngFreqs[index_OmegaTrap]

    #    print(OmegaTrap)

    f_fit_lower = take_closest(AngFreqs, OmegaTrap - Angbandwidth / 2)
    f_fit_upper = take_closest(AngFreqs, OmegaTrap + Angbandwidth / 2)

    indx_fit_lower = int(_np.where(AngFreqs == f_fit_lower)[0][0])
    indx_fit_upper = int(_np.where(AngFreqs == f_fit_upper)[0][0])

    logPSD = 10 * _np.log10(Data.PSD)  # putting PSD in dB

    def calc_theory_PSD_curve_fit(freqs,
                                  A,
                                  TrapFreq,
                                  BigGamma,
                                  FlatBackground=None):
        if FlatBackground is None:
            Theory_PSD = 10 * \
                _np.log10(PSD_fitting_eqn(
                    A, TrapFreq, BigGamma, freqs))  # PSD in dB
        else:
            Theory_PSD = 10 * \
                _np.log10(PSD_fitting_eqn_with_background(
                    A, TrapFreq, BigGamma, FlatBackground, freqs))  # PSD in dB
        if A < 0 or TrapFreq < 0 or BigGamma < 0:
            return 1e9
        else:
            return Theory_PSD

    datax = AngFreqs[indx_fit_lower:indx_fit_upper]
    datay = logPSD[indx_fit_lower:indx_fit_upper]

    if FlatBackground is None:
        p0 = _np.array([AGuess, OmegaTrap, GammaGuess])

        Params_Fit, Params_Fit_Err = fit_curvefit(p0, datax, datay,
                                                  calc_theory_PSD_curve_fit)
    else:
        p0 = _np.array([AGuess, OmegaTrap, GammaGuess, FlatBackground])

        Params_Fit, Params_Fit_Err = fit_curvefit(p0, datax, datay,
                                                  calc_theory_PSD_curve_fit)

    if MakeFig:
        fig = _plt.figure(figsize=properties["default_fig_size"])
        ax = fig.add_subplot(111)

        if FlatBackground is None:
            PSDTheory_fit_initial = 10 * _np.log10(
                PSD_fitting_eqn(p0[0], p0[1], p0[2], AngFreqs))

            PSDTheory_fit = 10 * _np.log10(
                PSD_fitting_eqn(Params_Fit[0], Params_Fit[1], Params_Fit[2],
                                AngFreqs))
        else:
            PSDTheory_fit_initial = 10 * _np.log10(
                PSD_fitting_eqn_with_background(p0[0], p0[1], p0[2], p0[3],
                                                AngFreqs))

            PSDTheory_fit = 10 * _np.log10(
                PSD_fitting_eqn_with_background(Params_Fit[0], Params_Fit[1],
                                                Params_Fit[2], Params_Fit[3],
                                                AngFreqs))

        ax.plot(AngFreqs / (2 * pi), Data.PSD,
                color="darkblue", label="Raw PSD Data", alpha=0.5)
        if plot_initial:
            ax.plot(AngFreqs / (2 * pi), 10**(PSDTheory_fit_initial / 10),
                    '--', alpha=0.7, color="purple", label="initial vals")
        ax.plot(AngFreqs / (2 * pi), 10**(PSDTheory_fit / 10),
                color="red", label="fitted vals")
        ax.set_xlim([(OmegaTrap - 5 * Angbandwidth) / (2 * pi),
                     (OmegaTrap + 5 * Angbandwidth) / (2 * pi)])
        ax.plot([(OmegaTrap - Angbandwidth) / (2 * pi),
                 (OmegaTrap - Angbandwidth) / (2 * pi)],
                [min(10**(logPSD / 10)),
                 max(10**(logPSD / 10))],
                '--',
                color="grey")
        ax.plot([(OmegaTrap + Angbandwidth) / (2 * pi),
                 (OmegaTrap + Angbandwidth) / (2 * pi)],
                [min(10**(logPSD / 10)),
                 max(10**(logPSD / 10))],
                '--',
                color="grey")
        ax.semilogy()
        legend = ax.legend(loc="best", frameon=1)
        frame = legend.get_frame()
        frame.set_facecolor('white')
        frame.set_edgecolor('white')
        ax.set_xlabel("Frequency (Hz)")
        ax.set_ylabel("$S_{xx}$ ($V^2/Hz$)")
        if show_fig:
            _plt.show()
        return Params_Fit, Params_Fit_Err, fig, ax
    else:
        return Params_Fit, Params_Fit_Err, None, None



[docs]def extract_parameters(Pressure,
                       PressureErr,
                       A,
                       AErr,
                       Gamma0,
                       Gamma0Err,
                       method="chang"):
    """
    Calculates the radius, mass and conversion factor and thier uncertainties.
    For values to be correct data must have been taken with feedback off and
    at pressures of around 1mbar (this is because the equations assume
    harmonic motion and at lower pressures the uncooled particle experiences
    anharmonic motion (due to exploring furthur outside the middle of the trap).
    When cooled the value of Gamma (the damping) is a combination of the
    enviromental damping and feedback damping and so is not the correct value
    for use in this equation (as it requires the enviromental damping).
    Environmental damping can be predicted though as A=const*Gamma0. By
    fitting to 1mbar data one can find the value of the const and therefore
    Gamma0 = A/const

    Parameters
    ----------
    Pressure : float
        Pressure in mbar when the data was taken
    PressureErr : float
        Error in the Pressure as a decimal (e.g. 15% error is 0.15)
    A : float
        Fitting constant A
        A = γ**2*2*Γ_0*(K_b*T_0)/(π*m)
        where:
        γ = conversionFactor
        Γ_0 = Damping factor due to environment
        π = pi
    AErr : float
        Error in Fitting constant A
    Gamma0 : float
        The enviromental damping factor Gamma_0 = Γ_0
    Gamma0Err : float
        The error in the enviromental damping factor Gamma_0 = Γ_0

    Returns:
    Params : list
        [radius, mass, conversionFactor]
        The extracted parameters
    ParamsError : list
        [radiusError, massError, conversionFactorError]
        The error in the extracted parameters
    """
    Pressure = 100 * Pressure  # conversion to Pascals

    rho = 1800  # as quoted by Microspheres and Nanospheres  # kgm^3
    dm = 0.372e-9  # m O'Hanlon, 2003
    T0 = 300  # kelvin
    kB = Boltzmann  # m^2 kg s^-2 K-1
    eta = 18.27e-6  # Pa s, viscosity of air

    method = method.lower()
    if method == "rashid":
        radius = (0.619 * 9 * pi * eta * dm**2) / \
                 (_np.sqrt(2) * rho * kB * T0) * (Pressure / Gamma0)
    # see section 4.1.1 of Muddassar Rashid's 2016 Thesis for
    # derivation of this
    # see also page 132 of Jan Giesler's Thesis
    m_air = 4.81e-26  # molecular mass of air is 28.97 g/mol and Avogadro's Number 6.0221409^23
    if method == "chang":
        vbar = (8 * kB * T0 / (pi * m_air))**0.5
        # CORRECTION FACTOR OF 4 APPLIED!!!!
        radius = 16 / (rho * pi * vbar) * (Pressure / Gamma0) / 4
    err_radius = radius * \
        _np.sqrt(((PressureErr * Pressure) / Pressure)
                 ** 2 + (Gamma0Err / Gamma0)**2)
    mass = rho * ((4 * pi * radius**3) / 3)
    err_mass = mass * 3 * err_radius / radius
    conversionFactor = _np.sqrt(A * mass / (2 * kB * T0 * Gamma0))
    err_conversionFactor = conversionFactor * \
        _np.sqrt((AErr / A)**2 + (err_mass / mass)
                 ** 2 + (Gamma0Err / Gamma0)**2)
    return [radius, mass,
            conversionFactor], [err_radius, err_mass, err_conversionFactor]



[docs]def get_ZXY_freqs(Data, zfreq, xfreq, yfreq, bandwidth=5000):
    """
    Determines the exact z, x and y peak frequencies from approximate
    frequencies by finding the highest peak in the PSD "close to" the
    approximate peak frequency. By "close to" I mean within the range:
    approxFreq - bandwidth/2 to approxFreq + bandwidth/2

    Parameters
    ----------
    Data : DataObject
        DataObject containing the data for which you want to determine the
        z, x and y frequencies.
    zfreq : float
        An approximate frequency for the z peak
    xfreq : float
        An approximate frequency for the z peak
    yfreq : float
        An approximate frequency for the z peak
    bandwidth : float, optional
        The bandwidth around the approximate peak to look for the actual peak. The default value is 5000

    Returns
    -------
    trapfreqs : list
        List containing the trap frequencies in the following order (z, x, y)
    """
    trapfreqs = []
    for freq in [zfreq, xfreq, yfreq]:
        z_f_fit_lower = take_closest(Data.freqs, freq - bandwidth / 2)
        z_f_fit_upper = take_closest(Data.freqs, freq + bandwidth / 2)
        z_indx_fit_lower = int(_np.where(Data.freqs == z_f_fit_lower)[0][0])
        z_indx_fit_upper = int(_np.where(Data.freqs == z_f_fit_upper)[0][0])

        z_index_OmegaTrap = _np.where(
            Data.PSD == max(Data.PSD[z_indx_fit_lower:z_indx_fit_upper]))[0][0]
        # find highest point in region about guess for trap frequency
        # use that as guess for trap frequency and recalculate region
        # about the trap frequency
        z_OmegaTrap = Data.freqs[z_index_OmegaTrap]
        trapfreqs.append(z_OmegaTrap)
    return trapfreqs



[docs]def get_ZXY_data(Data,
                 zf,
                 xf,
                 yf,
                 FractionOfSampleFreq=1,
                 zwidth=10000,
                 xwidth=5000,
                 ywidth=5000,
                 filterImplementation="filtfilt",
                 timeStart=None,
                 timeEnd=None,
                 NPerSegmentPSD=1000000,
                 MakeFig=True,
                 show_fig=True):
    """
    Given a Data object and the frequencies of the z, x and y peaks (and some
    optional parameters for the created filters) this function extracts the
    individual z, x and y signals (in volts) by creating IIR filters and filtering
    the Data.

    Parameters
    ----------
    Data : DataObject
        DataObject containing the data for which you want to extract the
        z, x and y signals.
    zf : float
        The frequency of the z peak in the PSD
    xf : float
        The frequency of the x peak in the PSD
    yf : float
        The frequency of the y peak in the PSD
    FractionOfSampleFreq : integer, optional
        The fraction of the sample frequency to sub-sample the data by.
        This sometimes needs to be done because a filter with the appropriate
        frequency response may not be generated using the sample rate at which
        the data was taken. Increasing this number means the x, y and z signals
        produced by this function will be sampled at a lower rate but a higher
        number means a higher chance that the filter produced will have a nice
        frequency response.
    zwidth : float, optional
        The width of the pass-band of the IIR filter to be generated to
        filter Z.
    xwidth : float, optional
        The width of the pass-band of the IIR filter to be generated to
        filter X.
    ywidth : float, optional
        The width of the pass-band of the IIR filter to be generated to
        filter Y.
    filterImplementation : string, optional
        filtfilt or lfilter - use scipy.filtfilt or lfilter
        default: filtfilt
    timeStart : float, optional
        Starting time for filtering
    timeEnd : float, optional
        Ending time for filtering
    show_fig : bool, optional
        If True - plot unfiltered and filtered PSD for z, x and y.
        If False - don't plot anything

    Returns
    -------
    zdata : ndarray
        Array containing the z signal in volts with time.
    xdata : ndarray
        Array containing the x signal in volts with time.
    ydata : ndarray
        Array containing the y signal in volts with time.
    timedata : ndarray
        Array containing the time data to go with the z, x, and y signal.
    """
    if timeStart is None:
        timeStart = Data.timeStart
    if timeEnd is None:
        timeEnd = Data.timeEnd

    time = Data.time.get_array()

    StartIndex = _np.where(time == take_closest(time, timeStart))[0][0]
    EndIndex = _np.where(time == take_closest(time, timeEnd))[0][0]

    SAMPLEFREQ = Data.SampleFreq / FractionOfSampleFreq

    if filterImplementation == "filtfilt":
        ApplyFilter = scipy.signal.filtfilt
    elif filterImplementation == "lfilter":
        ApplyFilter = scipy.signal.lfilter
    else:
        raise ValueError(
            "filterImplementation must be one of [filtfilt, lfilter] you entered: {}"
            .format(filterImplementation))

    input_signal = Data.voltage[StartIndex:EndIndex][0::FractionOfSampleFreq]

    bZ, aZ = make_butterworth_bandpass_b_a(zf, zwidth, SAMPLEFREQ)
    print("filtering Z")
    zdata = ApplyFilter(bZ, aZ, input_signal)

    if (_np.isnan(zdata).any()):
        raise ValueError(
            "Value Error: FractionOfSampleFreq must be higher, a sufficiently small sample frequency should be used to produce a working IIR filter."
        )

    bX, aX = make_butterworth_bandpass_b_a(xf, xwidth, SAMPLEFREQ)
    print("filtering X")
    xdata = ApplyFilter(bX, aX, input_signal)

    if (_np.isnan(xdata).any()):
        raise ValueError(
            "Value Error: FractionOfSampleFreq must be higher, a sufficiently small sample frequency should be used to produce a working IIR filter."
        )

    bY, aY = make_butterworth_bandpass_b_a(yf, ywidth, SAMPLEFREQ)
    print("filtering Y")
    ydata = ApplyFilter(bY, aY, input_signal)

    if (_np.isnan(ydata).any()):
        raise ValueError(
            "Value Error: FractionOfSampleFreq must be higher, a sufficiently small sample frequency should be used to produce a working IIR filter.")

    if MakeFig:
        f, PSD = scipy.signal.welch(
            input_signal, SAMPLEFREQ, nperseg=NPerSegmentPSD)
        f_z, PSD_z = scipy.signal.welch(
            zdata, SAMPLEFREQ, nperseg=NPerSegmentPSD)
        f_y, PSD_y = scipy.signal.welch(
            ydata, SAMPLEFREQ, nperseg=NPerSegmentPSD)
        f_x, PSD_x = scipy.signal.welch(
            xdata, SAMPLEFREQ, nperseg=NPerSegmentPSD)
        fig, ax = _plt.subplots(figsize=properties["default_fig_size"])
        ax.plot(f, PSD)
        ax.plot(f_z, PSD_z, label="z")
        ax.plot(f_x, PSD_x, label="x")
        ax.plot(f_y, PSD_y, label="y")
        ax.legend(loc="best")
        ax.semilogy()
        ax.set_xlim([zf - zwidth, yf + ywidth])
    else:
        fig = None
        ax = None
    if show_fig:
        _plt.show()
    timedata = time[StartIndex:EndIndex][0::FractionOfSampleFreq]
    return zdata, xdata, ydata, timedata, fig, ax



[docs]def get_ZXY_data_IFFT(Data,
                      zf,
                      xf,
                      yf,
                      zwidth=10000,
                      xwidth=5000,
                      ywidth=5000,
                      timeStart=None,
                      timeEnd=None,
                      show_fig=True):
    """
    Given a Data object and the frequencies of the z, x and y peaks (and some
    optional parameters for the created filters) this function extracts the
    individual z, x and y signals (in volts) by creating IIR filters and filtering
    the Data.

    Parameters
    ----------
    Data : DataObject
        DataObject containing the data for which you want to extract the
        z, x and y signals.
    zf : float
        The frequency of the z peak in the PSD
    xf : float
        The frequency of the x peak in the PSD
    yf : float
        The frequency of the y peak in the PSD
    zwidth : float, optional
        The width of the pass-band of the IIR filter to be generated to
        filter Z.
    xwidth : float, optional
        The width of the pass-band of the IIR filter to be generated to
        filter X.
    ywidth : float, optional
        The width of the pass-band of the IIR filter to be generated to
        filter Y.
    timeStart : float, optional
        Starting time for filtering
    timeEnd : float, optional
        Ending time for filtering
    show_fig : bool, optional
        If True - plot unfiltered and filtered PSD for z, x and y.
        If False - don't plot anything

    Returns
    -------
    zdata : ndarray
        Array containing the z signal in volts with time.
    xdata : ndarray
        Array containing the x signal in volts with time.
    ydata : ndarray
        Array containing the y signal in volts with time.
    timedata : ndarray
        Array containing the time data to go with the z, x, and y signal.
    """
    if timeStart is None:
        timeStart = Data.timeStart
    if timeEnd is None:
        timeEnd = Data.timeEnd

    time = Data.time.get_array()

    StartIndex = _np.where(time == take_closest(time, timeStart))[0][0]
    EndIndex = _np.where(time == take_closest(time, timeEnd))[0][0]

    SAMPLEFREQ = Data.SampleFreq

    input_signal = Data.voltage[StartIndex:EndIndex]

    zdata = IFFT_filter(input_signal, SAMPLEFREQ, zf - zwidth / 2,
                        zf + zwidth / 2)

    xdata = IFFT_filter(input_signal, SAMPLEFREQ, xf - xwidth / 2,
                        xf + xwidth / 2)

    ydata = IFFT_filter(input_signal, SAMPLEFREQ, yf - ywidth / 2,
                        yf + ywidth / 2)

    if show_fig:
        NPerSegment = len(Data.time)
        if NPerSegment > 1e7:
            NPerSegment = int(1e7)
        f, PSD = scipy.signal.welch(input_signal,
                                    SAMPLEFREQ,
                                    nperseg=NPerSegment)
        f_z, PSD_z = scipy.signal.welch(zdata, SAMPLEFREQ, nperseg=NPerSegment)
        f_y, PSD_y = scipy.signal.welch(ydata, SAMPLEFREQ, nperseg=NPerSegment)
        f_x, PSD_x = scipy.signal.welch(xdata, SAMPLEFREQ, nperseg=NPerSegment)
        _plt.plot(f, PSD)
        _plt.plot(f_z, PSD_z, label="z")
        _plt.plot(f_x, PSD_x, label="x")
        _plt.plot(f_y, PSD_y, label="y")
        _plt.legend(loc="best")
        _plt.xlim([zf - zwidth, yf + ywidth])
        _plt.xlabel('Frequency (Hz)')
        _plt.ylabel(r'$S_{xx}$ ($V^2/Hz$)')
        _plt.semilogy()
        _plt.title("filepath = %s" % (Data.filepath))
        _plt.show()

    timedata = time[StartIndex:EndIndex]
    return zdata, xdata, ydata, timedata



[docs]def animate(zdata,
            xdata,
            ydata,
            conversionFactorArray,
            timedata,
            BoxSize,
            timeSteps=100,
            filename="particle"):
    """
    Animates the particle's motion given the z, x and y signal (in Volts)
    and the conversion factor (to convert between V and nm).

    Parameters
    ----------
    zdata : ndarray
        Array containing the z signal in volts with time.
    xdata : ndarray
        Array containing the x signal in volts with time.
    ydata : ndarray
        Array containing the y signal in volts with time.
    conversionFactorArray : ndarray
        Array of 3 values of conversion factors for z, x and y (in units of Volts/Metre)
    timedata : ndarray
        Array containing the time data in seconds.
    BoxSize : float
        The size of the box in which to animate the particle - in nm
    timeSteps : int, optional
        Number of time steps to animate
    filename : string, optional
        filename to create the mp4 under (<filename>.mp4)

    """
    timePerFrame = 0.203
    print("This will take ~ {} minutes".format(timePerFrame * timeSteps / 60))

    convZ = conversionFactorArray[0] * 1e-9
    convX = conversionFactorArray[1] * 1e-9
    convY = conversionFactorArray[2] * 1e-9

    ZBoxStart = -BoxSize  # 1/conv*(_np.mean(zdata)-0.06)
    ZBoxEnd = BoxSize  # 1/conv*(_np.mean(zdata)+0.06)
    XBoxStart = -BoxSize  # 1/conv*(_np.mean(xdata)-0.06)
    XBoxEnd = BoxSize  # 1/conv*(_np.mean(xdata)+0.06)
    YBoxStart = -BoxSize  # 1/conv*(_np.mean(ydata)-0.06)
    YBoxEnd = BoxSize  # 1/conv*(_np.mean(ydata)+0.06)

    FrameInterval = 1  # how many timesteps = 1 frame in animation

    a = 20
    b = 0.6 * a
    myFPS = 7
    myBitrate = 1000000

    fig = _plt.figure(figsize=(a, b))
    ax = fig.add_subplot(111, projection='3d')
    ax.set_title("{} us".format(timedata[0] * 1000000))
    ax.set_xlabel('X (nm)')
    ax.set_xlim([XBoxStart, XBoxEnd])
    ax.set_ylabel('Y (nm)')
    ax.set_ylim([YBoxStart, YBoxEnd])
    ax.set_zlabel('Z (nm)')
    ax.set_zlim([ZBoxStart, ZBoxEnd])
    ax.view_init(20, -30)

    # ax.view_init(0, 0)

    def setup_plot():
        XArray = 1 / convX * xdata[0]
        YArray = 1 / convY * ydata[0]
        ZArray = 1 / convZ * zdata[0]
        scatter = ax.scatter(XArray, YArray, ZArray)
        return scatter,

    def animate(i):
        # print "\r {}".format(i),
        print("Frame: {}".format(i), end="\r")
        ax.clear()
        ax.view_init(20, -30)
        ax.set_title("{} us".format(int(timedata[i] * 1000000)))
        ax.set_xlabel('X (nm)')
        ax.set_xlim([XBoxStart, XBoxEnd])
        ax.set_ylabel('Y (nm)')
        ax.set_ylim([YBoxStart, YBoxEnd])
        ax.set_zlabel('Z (nm)')
        ax.set_zlim([ZBoxStart, ZBoxEnd])
        XArray = 1 / convX * xdata[i]
        YArray = 1 / convY * ydata[i]
        ZArray = 1 / convZ * zdata[i]
        scatter = ax.scatter(XArray, YArray, ZArray)
        ax.scatter([XArray], [0], [-ZBoxEnd], c='k', alpha=0.9)
        ax.scatter([-XBoxEnd], [YArray], [0], c='k', alpha=0.9)
        ax.scatter([0], [YBoxEnd], [ZArray], c='k', alpha=0.9)

        Xx, Yx, Zx, Xy, Yy, Zy, Xz, Yz, Zz = [], [], [], [], [], [], [], [], []

        for j in range(0, 30):

            Xlast = 1 / convX * xdata[i - j]
            Ylast = 1 / convY * ydata[i - j]
            Zlast = 1 / convZ * zdata[i - j]

            Alpha = 0.5 - 0.05 * j
            if Alpha > 0:
                ax.scatter([Xlast], [0 + j * 10], [-ZBoxEnd],
                           c='grey',
                           alpha=Alpha)
                ax.scatter([-XBoxEnd], [Ylast], [0 - j * 10],
                           c='grey',
                           alpha=Alpha)
                ax.scatter([0 - j * 2], [YBoxEnd], [Zlast],
                           c='grey',
                           alpha=Alpha)

                Xx.append(Xlast)
                Yx.append(0 + j * 10)
                Zx.append(-ZBoxEnd)

                Xy.append(-XBoxEnd)
                Yy.append(Ylast)
                Zy.append(0 - j * 10)

                Xz.append(0 - j * 2)
                Yz.append(YBoxEnd)
                Zz.append(Zlast)

            if j < 15:
                XCur = 1 / convX * xdata[i - j + 1]
                YCur = 1 / convY * ydata[i - j + 1]
                ZCur = 1 / convZ * zdata[i - j + 1]
                ax.plot([Xlast, XCur], [Ylast, YCur], [Zlast, ZCur], alpha=0.4)

        ax.plot_wireframe(Xx, Yx, Zx, color='grey')
        ax.plot_wireframe(Xy, Yy, Zy, color='grey')
        ax.plot_wireframe(Xz, Yz, Zz, color='grey')

        return scatter,

    anim = _animation.FuncAnimation(fig,
                                    animate,
                                    int(timeSteps / FrameInterval),
                                    init_func=setup_plot,
                                    blit=True)

    _plt.rcParams['animation.ffmpeg_path'] = '/usr/bin/ffmpeg'
    mywriter = _animation.FFMpegWriter(fps=myFPS, bitrate=myBitrate)
    # , fps = myFPS, bitrate = myBitrate)
    anim.save('{}.mp4'.format(filename), writer=mywriter)
    return None



[docs]def animate_2Dscatter(x, y, NumAnimatedPoints=50, NTrailPoints=20,
                      xlabel="", ylabel="",
                      xlims=None, ylims=None, filename="testAnim.mp4",
                      bitrate=1e5, dpi=5e2, fps=30, figsize=[6, 6]):
    """
    Animates x and y - where x and y are 1d arrays of x and y
    positions and it plots x[i:i+NTrailPoints] and y[i:i+NTrailPoints]
    against each other and iterates through i.

    """
    fig, ax = _plt.subplots(figsize=figsize)

    alphas = _np.linspace(0.1, 1, NTrailPoints)
    rgba_colors = _np.zeros((NTrailPoints, 4))
    # for red the first column needs to be one
    rgba_colors[:, 0] = 1.0
    # the fourth column needs to be your alphas
    rgba_colors[:, 3] = alphas

    scatter = ax.scatter(x[0:NTrailPoints],
                         y[0:NTrailPoints],
                         color=rgba_colors)

    if xlims is None:
        xlims = (min(x), max(x))
    if ylims is None:
        ylims = (min(y), max(y))

    ax.set_xlim(xlims)
    ax.set_ylim(ylims)
    ax.set_xlabel(xlabel)
    ax.set_ylabel(ylabel)

    def animate(i, scatter):
        scatter.axes.clear()  # clear old scatter object
        scatter = ax.scatter(x[i:i + NTrailPoints],
                             y[i:i + NTrailPoints],
                             color=rgba_colors,
                             animated=True)
        # create new scatter with updated data
        ax.set_xlim(xlims)
        ax.set_ylim(ylims)
        ax.set_xlabel(xlabel)
        ax.set_ylabel(ylabel)
        return scatter,

    ani = _animation.FuncAnimation(fig,
                                   animate,
                                   _np.arange(1, NumAnimatedPoints),
                                   interval=25,
                                   blit=True,
                                   fargs=[scatter])
    ani.save(filename, bitrate=bitrate, dpi=dpi, fps=fps)
    return None



[docs]def animate_2Dscatter_slices(x, y, NumAnimatedPoints=50,
                             xlabel="", ylabel="",
                             xlims=None, ylims=None, filename="testAnim.mp4",
                             bitrate=1e5, dpi=5e2, fps=30, figsize=[6, 6]):
    """
    Animates x and y - where x and y are both 2d arrays of x and y
    positions and it plots x[i] against y[i] and iterates through i.

    """
    fig, ax = _plt.subplots(figsize=figsize)

    scatter = ax.scatter(x[0], y[0])

    if xlims is None:
        xlims = (_np.min(x), _np.max(x))
    if ylims is None:
        ylims = (_np.min(y), _np.max(y))

    ax.set_xlim(xlims)
    ax.set_ylim(ylims)
    ax.set_xlabel(xlabel)
    ax.set_ylabel(ylabel)

    def animate(i, scatter):
        scatter.axes.clear()  # clear old scatter object
        scatter = ax.scatter(x[i], y[i], animated=True)
        # create new scatter with updated data
        ax.set_xlim(xlims)
        ax.set_ylim(ylims)
        ax.set_xlabel(xlabel)
        ax.set_ylabel(ylabel)
        return scatter,

    ani = _animation.FuncAnimation(fig,
                                   animate,
                                   _np.arange(1, NumAnimatedPoints),
                                   interval=25,
                                   blit=True,
                                   fargs=[scatter])
    ani.save(filename, bitrate=bitrate, dpi=dpi, fps=fps)
    return None



[docs]def IFFT_filter(Signal, SampleFreq, lowerFreq, upperFreq, PyCUDA=False):
    """
    Filters data using fft -> zeroing out fft bins -> ifft

    Parameters
    ----------
    Signal : ndarray
        Signal to be filtered
    SampleFreq : float
        Sample frequency of signal
    lowerFreq : float
        Lower frequency of bandpass to allow through filter
    upperFreq : float
       Upper frequency of bandpass to allow through filter
    PyCUDA : bool, optional
       If True, uses PyCUDA to accelerate the FFT and IFFT
       via using your NVIDIA-GPU
       If False, performs FFT and IFFT with conventional
       scipy.fftpack

    Returns
    -------
    FilteredData : ndarray
        Array containing the filtered data
    """
    if PyCUDA:
        Signalfft = calc_fft_with_PyCUDA(Signal)
    else:
        print("starting fft")
        Signalfft = scipy.fftpack.fft(Signal)
    print("starting freq calc")
    freqs = _np.fft.fftfreq(len(Signal)) * SampleFreq
    print("starting bin zeroing")
    Signalfft[_np.where(freqs < lowerFreq)] = 0
    Signalfft[_np.where(freqs > upperFreq)] = 0
    if PyCUDA:
        FilteredSignal = 2 * calc_ifft_with_PyCUDA(Signalfft)
    else:
        print("starting ifft")
        FilteredSignal = 2 * scipy.fftpack.ifft(Signalfft)
    print("done")
    return _np.real(FilteredSignal)



[docs]def calc_fft_with_PyCUDA(Signal):
    """
    Calculates the FFT of the passed signal by using
    the scikit-cuda libary which relies on PyCUDA

    Parameters
    ----------
    Signal : ndarray
        Signal to be transformed into Fourier space

    Returns
    -------
    Signalfft : ndarray
        Array containing the signal's FFT
    """
    print("starting fft")
    Signal = Signal.astype(_np.float32)
    Signal_gpu = _gpuarray.to_gpu(Signal)
    Signalfft_gpu = _gpuarray.empty(len(Signal) // 2 + 1, _np.complex64)
    plan = _Plan(Signal.shape, _np.float32, _np.complex64)
    _fft(Signal_gpu, Signalfft_gpu, plan)
    Signalfft = Signalfft_gpu.get()  # only 2N+1 long
    Signalfft = _np.hstack(
        (Signalfft, _np.conj(_np.flipud(Signalfft[1:len(Signal) // 2]))))
    print("fft done")
    return Signalfft



[docs]def calc_ifft_with_PyCUDA(Signalfft):
    """
    Calculates the inverse-FFT of the passed FFT-signal by
    using the scikit-cuda libary which relies on PyCUDA

    Parameters
    ----------
    Signalfft : ndarray
        FFT-Signal to be transformed into Real space

    Returns
    -------
    Signal : ndarray
        Array containing the ifft signal
    """
    print("starting ifft")
    Signalfft = Signalfft.astype(_np.complex64)
    Signalfft_gpu = _gpuarray.to_gpu(Signalfft[0:len(Signalfft) // 2 + 1])
    Signal_gpu = _gpuarray.empty(len(Signalfft), _np.float32)
    plan = _Plan(len(Signalfft), _np.complex64, _np.float32)
    _ifft(Signalfft_gpu, Signal_gpu, plan)
    Signal = Signal_gpu.get() / (2 * len(Signalfft)
                                 )  # normalising as CUDA IFFT is un-normalised
    print("ifft done")
    return Signal



[docs]def butterworth_filter(Signal, SampleFreq, lowerFreq, upperFreq):
    """
    Filters data using by constructing a 5th order butterworth
    IIR filter and using scipy.signal.filtfilt, which does
    phase correction after implementing the filter (as IIR
    filter apply a phase change)

    Parameters
    ----------
    Signal : ndarray
        Signal to be filtered
    SampleFreq : float
        Sample frequency of signal
    lowerFreq : float
        Lower frequency of bandpass to allow through filter
    upperFreq : float
       Upper frequency of bandpass to allow through filter

    Returns
    -------
    FilteredData : ndarray
        Array containing the filtered data
    """
    b, a = make_butterworth_b_a(lowerFreq, upperFreq, SampleFreq)
    FilteredSignal = scipy.signal.filtfilt(b, a, Signal)
    return _np.real(FilteredSignal)



[docs]def make_butterworth_b_a(lowcut, highcut, SampleFreq, order=5, btype='band'):
    """
    Generates the b and a coefficients for a butterworth IIR filter.

    Parameters
    ----------
    lowcut : float
        frequency of lower bandpass limit
    highcut : float
        frequency of higher bandpass limit
    SampleFreq : float
        Sample frequency of filter
    order : int, optional
        order of IIR filter. Is 5 by default
    btype : string, optional
        type of filter to make e.g. (band, low, high)

    Returns
    -------
    b : ndarray
        coefficients multiplying the current and past inputs (feedforward coefficients)
    a : ndarray
        coefficients multiplying the past outputs (feedback coefficients)
    """
    nyq = 0.5 * SampleFreq
    low = lowcut / nyq
    high = highcut / nyq
    if btype.lower() == 'band':
        b, a = scipy.signal.butter(order, [low, high], btype=btype)
    elif btype.lower() == 'low':
        b, a = scipy.signal.butter(order, low, btype=btype)
    elif btype.lower() == 'high':
        b, a = scipy.signal.butter(order, high, btype=btype)
    else:
        raise ValueError('Filter type unknown')
    return b, a



[docs]def make_butterworth_bandpass_b_a(CenterFreq,
                                  bandwidth,
                                  SampleFreq,
                                  order=5,
                                  btype='band'):
    """
    Generates the b and a coefficients for a butterworth bandpass IIR filter.

    Parameters
    ----------
    CenterFreq : float
        central frequency of bandpass
    bandwidth : float
        width of the bandpass from centre to edge
    SampleFreq : float
        Sample frequency of filter
    order : int, optional
        order of IIR filter. Is 5 by default
    btype : string, optional
        type of filter to make e.g. (band, low, high)

    Returns
    -------
    b : ndarray
        coefficients multiplying the current and past inputs (feedforward coefficients)
    a : ndarray
        coefficients multiplying the past outputs (feedback coefficients)
    """

    lowcut = CenterFreq - bandwidth / 2
    highcut = CenterFreq + bandwidth / 2
    b, a = make_butterworth_b_a(lowcut, highcut, SampleFreq, order, btype)
    return b, a



[docs]def IIR_filter_design(CentralFreq,
                      bandwidth,
                      transitionWidth,
                      SampleFreq,
                      GainStop=40,
                      GainPass=0.01):
    """
    Function to calculate the coefficients of an IIR filter,
    IMPORTANT NOTE: make_butterworth_bandpass_b_a and make_butterworth_b_a
    can produce IIR filters with higher sample rates and are prefereable
    due to this.

    Parameters
    ----------
    CentralFreq : float
        Central frequency of the IIR filter to be designed
    bandwidth : float
        The width of the passband to be created about the central frequency
    transitionWidth : float
        The width of the transition band between the pass-band and stop-band
    SampleFreq : float
        The sample frequency (rate) of the data to be filtered
    GainStop : float, optional
        The dB of attenuation within the stopband (i.e. outside the passband)
    GainPass : float, optional
        The dB attenuation inside the passband (ideally close to 0 for a bandpass filter)

    Returns
    -------
    b : ndarray
        coefficients multiplying the current and past inputs (feedforward coefficients)
    a : ndarray
        coefficients multiplying the past outputs (feedback coefficients)
    """
    NyquistFreq = SampleFreq / 2
    if (CentralFreq + bandwidth / 2 + transitionWidth > NyquistFreq):
        raise ValueError(
            "Need a higher Sample Frequency for this Central Freq, Bandwidth and transition Width"
        )

    CentralFreqNormed = CentralFreq / NyquistFreq
    bandwidthNormed = bandwidth / NyquistFreq
    transitionWidthNormed = transitionWidth / NyquistFreq
    bandpass = [
        CentralFreqNormed - bandwidthNormed / 2,
        CentralFreqNormed + bandwidthNormed / 2
    ]
    bandstop = [
        CentralFreqNormed - bandwidthNormed / 2 - transitionWidthNormed,
        CentralFreqNormed + bandwidthNormed / 2 + transitionWidthNormed
    ]
    print(bandpass, bandstop)
    b, a = scipy.signal.iirdesign(bandpass, bandstop, GainPass, GainStop)
    return b, a



[docs]def get_freq_response(a,
                      b,
                      show_fig=True,
                      SampleFreq=(2 * pi),
                      NumOfFreqs=500,
                      whole=False):
    """
    This function takes an array of coefficients and finds the frequency
    response of the filter using scipy.signal.freqz.
    show_fig sets if the response should be plotted

    Parameters
    ----------
    b : array_like
        Coefficients multiplying the x values (inputs of the filter)

    a : array_like
        Coefficients multiplying the y values (outputs of the filter)
    show_fig : bool, optional
        Verbosity of function (i.e. whether to plot frequency and phase
        response or whether to just return the values.)
        Options (Default is 1):
        False - Do not plot anything, just return values
        True - Plot Frequency and Phase response and return values
    SampleFreq : float, optional
        Sample frequency (in Hz) to simulate (used to convert frequency range
        to normalised frequency range)
    NumOfFreqs : int, optional
        Number of frequencies to use to simulate the frequency and phase
        response of the filter. Default is 500.
    Whole : bool, optional
        Sets whether to plot the whole response (0 to sample freq)
        or just to plot 0 to Nyquist (SampleFreq/2):
        False - (default) plot 0 to Nyquist (SampleFreq/2)
        True - plot the whole response (0 to sample freq)

    Returns
    -------
    freqList : ndarray
        Array containing the frequencies at which the gain is calculated
    GainArray : ndarray
        Array containing the gain in dB of the filter when simulated
        (20*log_10(A_out/A_in))
    PhaseDiffArray : ndarray
        Array containing the phase response of the filter - phase
        difference between the input signal and output signal at
        different frequencies
    """
    w, h = scipy.signal.freqz(b=b, a=a, worN=NumOfFreqs, whole=whole)
    freqList = w / (pi) * SampleFreq / 2.0
    himag = _np.array([hi.imag for hi in h])
    GainArray = 20 * _np.log10(_np.abs(h))
    PhaseDiffArray = _np.unwrap(_np.arctan2(_np.imag(h), _np.real(h)))

    fig1 = _plt.figure()
    ax1 = fig1.add_subplot(111)
    ax1.plot(freqList, GainArray, '-', label="Specified Filter")
    ax1.set_title("Frequency Response")
    if SampleFreq == 2 * pi:
        ax1.set_xlabel(("$\Omega$ - Normalized frequency "
                        "($\pi$=Nyquist Frequency)"))
    else:
        ax1.set_xlabel("frequency (Hz)")
    ax1.set_ylabel("Gain (dB)")
    ax1.set_xlim([0, SampleFreq / 2.0])
    if show_fig:
        _plt.show()
    fig2 = _plt.figure()
    ax2 = fig2.add_subplot(111)
    ax2.plot(freqList, PhaseDiffArray, '-', label="Specified Filter")
    ax2.set_title("Phase Response")
    if SampleFreq == 2 * pi:
        ax2.set_xlabel(("$\Omega$ - Normalized frequency "
                        "($\pi$=Nyquist Frequency)"))
    else:
        ax2.set_xlabel("frequency (Hz)")

    ax2.set_ylabel("Phase Difference")
    ax2.set_xlim([0, SampleFreq / 2.0])
    if show_fig:
        _plt.show()
    return freqList, GainArray, PhaseDiffArray, fig1, ax1, fig2, ax2



[docs]def multi_plot_PSD(DataArray,
                   xlim=[0, 500],
                   units="kHz",
                   LabelArray=[],
                   ColorArray=[],
                   alphaArray=[],
                   show_fig=True):
    """
    plot the pulse spectral density for multiple data sets on the same
    axes.

    Parameters
    ----------
    DataArray : array-like
        array of DataObject instances for which to plot the PSDs
    xlim : array-like, optional
        2 element array specifying the lower and upper x limit for which to
        plot the Power Spectral Density
    units : string
        units to use for the x axis
    LabelArray : array-like, optional
        array of labels for each data-set to be plotted
    ColorArray : array-like, optional
        array of colors for each data-set to be plotted
    show_fig : bool, optional
       If True runs plt.show() before returning figure
       if False it just returns the figure object.
       (the default is True, it shows the figure)

    Returns
    -------
    fig : matplotlib.figure.Figure object
        The figure object created
    ax : matplotlib.axes.Axes object
        The axes object created
    """
    unit_prefix = units[:-2]  # removed the last 2 chars
    if LabelArray == []:
        LabelArray = [
            "DataSet {}".format(i) for i in _np.arange(0, len(DataArray), 1)
        ]
    if ColorArray == []:
        ColorArray = _np.empty(len(DataArray))
        ColorArray = list(ColorArray)
        for i, ele in enumerate(ColorArray):
            ColorArray[i] = None

    if alphaArray == []:
        alphaArray = _np.empty(len(DataArray))
        alphaArray = list(alphaArray)
        for i, ele in enumerate(alphaArray):
            alphaArray[i] = None

    fig = _plt.figure(figsize=properties['default_fig_size'])
    ax = fig.add_subplot(111)

    for i, data in enumerate(DataArray):
        ax.semilogy(
            unit_conversion(
                data.freqs,
                unit_prefix),
            data.PSD,
            label=LabelArray[i],
            color=ColorArray[i],
            alpha=alphaArray[i])

    ax.set_xlabel("Frequency ({})".format(units))
    ax.set_xlim(xlim)
    ax.grid(which="major")
    legend = ax.legend(loc="best", frameon=1)
    frame = legend.get_frame()
    frame.set_facecolor('white')
    frame.set_edgecolor('white')
    ax.set_ylabel("PSD ($v^2/Hz$)")

    _plt.title('filedir=%s' % (DataArray[0].filedir))

    if show_fig:
        _plt.show()
    return fig, ax



[docs]def multi_plot_time(DataArray,
                    SubSampleN=1,
                    units='s',
                    xlim=None,
                    ylim=None,
                    LabelArray=[],
                    show_fig=True):
    """
    plot the time trace for multiple data sets on the same axes.

    Parameters
    ----------
    DataArray : array-like
        array of DataObject instances for which to plot the PSDs
    SubSampleN : int, optional
        Number of intervals between points to remove (to sub-sample data so
        that you effectively have lower sample rate to make plotting easier
        and quicker.
    xlim : array-like, optional
        2 element array specifying the lower and upper x limit for which to
        plot the time signal
    LabelArray : array-like, optional
        array of labels for each data-set to be plotted
    show_fig : bool, optional
       If True runs plt.show() before returning figure
       if False it just returns the figure object.
       (the default is True, it shows the figure)

    Returns
    -------
    fig : matplotlib.figure.Figure object
        The figure object created
    ax : matplotlib.axes.Axes object
        The axes object created
    """
    unit_prefix = units[:-1]  # removed the last char
    if LabelArray == []:
        LabelArray = [
            "DataSet {}".format(i) for i in _np.arange(0, len(DataArray), 1)
        ]
    fig = _plt.figure(figsize=properties['default_fig_size'])
    ax = fig.add_subplot(111)

    for i, data in enumerate(DataArray):
        ax.plot(unit_conversion(data.time.get_array()[::SubSampleN],
                                unit_prefix),
                data.voltage[::SubSampleN],
                alpha=0.8,
                label=LabelArray[i])
    ax.set_xlabel("time (s)")
    if xlim is not None:
        ax.set_xlim(xlim)
    if ylim is not None:
        ax.set_ylim(ylim)
    ax.grid(which="major")
    legend = ax.legend(loc="best", frameon=1)
    frame = legend.get_frame()
    frame.set_facecolor('white')
    frame.set_edgecolor('white')

    ax.set_ylabel("voltage (V)")
    if show_fig:
        _plt.show()
    return fig, ax



[docs]def multi_subplots_time(DataArray,
                        SubSampleN=1,
                        units='s',
                        xlim=None,
                        ylim=None,
                        LabelArray=[],
                        show_fig=True):
    """
    plot the time trace on multiple axes

    Parameters
    ----------
    DataArray : array-like
        array of DataObject instances for which to plot the PSDs
    SubSampleN : int, optional
        Number of intervals between points to remove (to sub-sample data so
        that you effectively have lower sample rate to make plotting easier
        and quicker.
    xlim : array-like, optional
        2 element array specifying the lower and upper x limit for which to
        plot the time signal
    LabelArray : array-like, optional
        array of labels for each data-set to be plotted
    show_fig : bool, optional
       If True runs plt.show() before returning figure
       if False it just returns the figure object.
       (the default is True, it shows the figure)

    Returns
    -------
    fig : matplotlib.figure.Figure object
        The figure object created
    axs : list of matplotlib.axes.Axes objects
        The list of axes object created
    """
    unit_prefix = units[:-1]  # removed the last char
    NumDataSets = len(DataArray)

    if LabelArray == []:
        LabelArray = [
            "DataSet {}".format(i) for i in _np.arange(0, len(DataArray), 1)
        ]

    fig, axs = _plt.subplots(NumDataSets, 1)

    for i, data in enumerate(DataArray):
        axs[i].plot(unit_conversion(data.time.get_array()[::SubSampleN],
                                    unit_prefix),
                    data.voltage[::SubSampleN],
                    alpha=0.8,
                    label=LabelArray[i])
        axs[i].set_xlabel("time ({})".format(units))
        axs[i].grid(which="major")
        axs[i].legend(loc="best")
        axs[i].set_ylabel("voltage (V)")
        if xlim is not None:
            axs[i].set_xlim(xlim)
        if ylim is not None:
            axs[i].set_ylim(ylim)
    if show_fig:
        _plt.show()
    return fig, axs



[docs]def arrange_plots_on_one_canvas(FigureAxTupleArray,
                                title='',
                                SubtitleArray=[],
                                number_of_columns=2,
                                show_fig=True):
    """
    Arranges plots, given in an array of tuples consisting of fig and axs,
    onto a subplot-figure consisting of number_of_columns horizontal times the lenght of the
    passed (fig,axs)-array divided by number_of_columns vertical subplots

    Parameters
    ----------
    FigureAxTupleArray : array-like
        array of Tuples(fig, axs) outputted from the other plotting funtions
        inside optoanalysis
    title : string, optional
        string for the global title of the overall combined figure
    SubtitleArray : array-like, optional
        array of titles for each figure-set to be plotted, i.e. subplots
    number_of_columns : int, optional
       Number of columns in the subplot grid
       By default set to 2 columns
    show_fig : bool, optional
       If True runs plt.show() before returning figure
       if False it just returns the figure object.
       (the default is True, it shows the figure)

    Returns
    -------
    fig : matplotlib.figure.Figure object
        The figure object created
    """
    if SubtitleArray == []:
        SubtitleArray = [
            "Plot {}".format(i)
            for i in _np.arange(0, len(FigureAxTupleArray), 1)
        ]
    SingleFigSize = FigureAxTupleArray[0][0].get_size_inches()
    combinedFig = _plt.figure(
        figsize=(
            number_of_columns *
            SingleFigSize[0],
            _np.ceil(
                len(FigureAxTupleArray) /
                number_of_columns) *
            SingleFigSize[1]))
    for index in range(len(FigureAxTupleArray)):
        individualPlot = FigureAxTupleArray[index]
        individualPlot[0].set_size_inches(
            (number_of_columns *
             SingleFigSize[0],
             _np.ceil(
                 len(FigureAxTupleArray) /
                 number_of_columns) *
                SingleFigSize[1]))
        ax = individualPlot[1]
        ax.set_title(SubtitleArray[index])
        ax.remove()
        ax.figure = combinedFig
        ax.change_geometry(int(_np.ceil(
            len(FigureAxTupleArray) / number_of_columns)), number_of_columns, 1 + index)
        combinedFig.axes.append(ax)
        combinedFig.add_axes(ax)
        # _plt.close(individualPlot[0])
    combinedFig.subplots_adjust(hspace=.4)
    combinedFig.suptitle(title)
    if show_fig:
        _plt.show()
    return combinedFig



[docs]def calc_PSD(Signal, SampleFreq, NPerSegment=1000000, window="hann"):
    """
    Extracts the pulse spectral density (PSD) from the data.

    Parameters
    ----------
    Signal : array-like
        Array containing the signal to have the PSD calculated for
    SampleFreq : float
        Sample frequency of the signal array
    NPerSegment : int, optional
        Length of each segment used in scipy.welch
        default = 1000000
    window : str or tuple or array_like, optional
        Desired window to use. See get_window for a list of windows
        and required parameters. If window is array_like it will be
        used directly as the window and its length will be used for
        nperseg.
        default = "hann"

    Returns
    -------
    freqs : ndarray
            Array containing the frequencies at which the PSD has been
            calculated
    PSD : ndarray
            Array containing the value of the PSD at the corresponding
            frequency value in V**2/Hz
    """
    freqs, PSD = scipy.signal.welch(Signal,
                                    SampleFreq,
                                    window=window,
                                    nperseg=NPerSegment)
    PSD = PSD[freqs.argsort()]
    freqs.sort()
    return freqs, PSD



[docs]def calc_autocorrelation(Signal, FFT=False, PyCUDA=False):
    """
    Calculates the autocorrelation from a given Signal via using


    Parameters
    ----------
    Signal : array-like
        Array containing the signal to have the autocorrelation calculated for
    FFT : optional, bool
        Uses FFT to accelerate autocorrelation calculation, but assumes certain
        certain periodicity on the signal to autocorrelate. Zero-padding is added
        to account for this periodicity assumption.
    PyCUDA : bool, optional
       If True, uses PyCUDA to accelerate the FFT and IFFT
       via using your NVIDIA-GPU
       If False, performs FFT and IFFT with conventional
       scipy.fftpack

    Returns
    -------
    Autocorrelation : ndarray
            Array containing the value of the autocorrelation evaluated
            at the corresponding amount of shifted array-index.
    """
    if FFT:
        Signal_padded = scipy.fftpack.ifftshift(
            (Signal - _np.average(Signal)) / _np.std(Signal))
        n, = Signal_padded.shape
        Signal_padded = _np.r_[Signal_padded[:n // 2],
                               _np.zeros_like(Signal_padded
                                              ), Signal_padded[n // 2:]]
        if PyCUDA:
            f = calc_fft_with_PyCUDA(Signal_padded)
        else:
            f = scipy.fftpack.fft(Signal_padded)
        p = _np.absolute(f)**2
        if PyCUDA:
            autocorr = calc_ifft_with_PyCUDA(p)
        else:
            autocorr = scipy.fftpack.ifft(p)
        return _np.real(autocorr)[:n // 2] / (_np.arange(n // 2)[::-1] +
                                              n // 2)
    else:
        Signal = Signal - _np.mean(Signal)
        autocorr = scipy.signal.correlate(Signal, Signal, mode='full')
        return autocorr[autocorr.size // 2:] / autocorr[autocorr.size // 2]



[docs]def calc_RSquared(time,
                  Signal,
                  SampleFreq,
                  CenterFreq,
                  CutOffFreq,
                  FractionOfSampleFreq):
    """
    Calculates the R Squared signal from a given Signal using
    demodulated signals and butterworth filtering.

    Parameters
    ----------
    time : array-like
        Array containing the time data points of the Signal
    Signal : array-like
        Array containing the signal to have the RSquared calculated for
    SampleFreq : float
        Sampling frequncy of the Signal
    CenterFreq : float
        central frequency of your Signal (oscillator)
    CutOffFreq : float
        is the cut off frequncy to get rid of the 2*omega component, make this
        several times larger than your linewidth, in Hz
    FractionOfSampleFreq : integer, optional
            The fraction of the sample frequency to sub-sample the data by.
            This sometimes needs to be done because a filter with the
            appropriate frequency response may not be generated using the
            sample rate at which the data was taken. Increasing this number
            means the R Squared signal produced by this function will be
            sampled at a lower rate but a higher number means a higher chance
            that the filter produced will have a nice frequency response.

    Returns
    -------
    RSquared : ndarray
        Array containing the value of the RSquared signal
    """
    time = time[::FractionOfSampleFreq]
    Signal = Signal[::FractionOfSampleFreq]
    SampleFreq = SampleFreq / FractionOfSampleFreq
    demodulation_signal_1 = _np.cos(2*_np.pi*CenterFreq*time)
    demodulation_signal_2 = _np.sin(2*_np.pi*CenterFreq*time)
    X = Signal*demodulation_signal_1
    Y = Signal*demodulation_signal_2
    b, a = make_butterworth_b_a(CutOffFreq, CutOffFreq,
                                SampleFreq, btype='low')
    X_filtered = _np.real(scipy.signal.filtfilt(b, a, X))
    Y_filtered = _np.real(scipy.signal.filtfilt(b, a, Y))
    RSquared = X_filtered**2 + Y_filtered**2
    return RSquared



def _GetRealImagArray(Array):
    """
    Returns the real and imaginary components of each element in an array and
    returns them in 2 resulting arrays.

    Parameters
    ----------
    Array : ndarray
        Input array

    Returns
    -------
    RealArray : ndarray
        The real components of the input array
    ImagArray : ndarray
        The imaginary components of the input array
    """
    ImagArray = _np.array([num.imag for num in Array])
    RealArray = _np.array([num.real for num in Array])
    return RealArray, ImagArray


def _GetComplexConjugateArray(Array):
    """
    Calculates the complex conjugate of each element in an array and returns the resulting array.

    Parameters
    ----------
    Array : ndarray
        Input array

    Returns
    -------
    ConjArray : ndarray
        The complex conjugate of the input array.
    """
    ConjArray = _np.array([num.conj() for num in Array])
    return ConjArray


[docs]def fm_discriminator(Signal):
    """
    Calculates the digital FM discriminator from a real-valued time signal.

    Parameters
    ----------
    Signal : array-like
        A real-valued time signal

    Returns
    -------
    fmDiscriminator : array-like
        The digital FM discriminator of the argument signal
    """
    S_analytic = _hilbert(Signal)
    S_analytic_star = _GetComplexConjugateArray(S_analytic)
    S_analytic_hat = S_analytic[1:] * S_analytic_star[:-1]
    R, I = _GetRealImagArray(S_analytic_hat)
    fmDiscriminator = _np.arctan2(I, R)
    return fmDiscriminator



def _approx_equal(a, b, tol):
    """
    Returns if b is approximately equal to be a within a certain percentage tolerance.

    Parameters
    ----------
    a : float
        first value
    b : float
        second value
    tol : float
        tolerance in percentage
    """
    return abs(a - b) / a * 100 < tol


def _is_this_a_collision(ArgList):
    """
    Detects if a particular point is during collision after effect (i.e. a phase shift) or not.

    Parameters
    ----------
    ArgList : array_like
        Contains the following elements:
            value : float
                value of the FM discriminator
            mean_fmd : float
                the mean value of the FM discriminator
            tolerance : float
                The tolerance in percentage that it must be away from the mean value for it
                to be counted as a collision event.

    Returns
    -------
    is_this_a_collision : bool
        True if this is a collision event, false if not.
    """
    value, mean_fmd, tolerance = ArgList
    if not _approx_equal(mean_fmd, value, tolerance):
        return True
    else:
        return False


[docs]def find_collisions(Signal, tolerance=50):
    """
    Finds collision events in the signal from the shift in phase of the signal.

    Parameters
    ----------
    Signal : array_like
        Array containing the values of the signal of interest containing a single frequency.
    tolerance : float
        Percentage tolerance, if the value of the FM Discriminator varies from the mean by this
        percentage it is counted as being during a collision event (or the aftermath of an event).

    Returns
    -------
    Collisions : ndarray
        Array of booleans, true if during a collision event, false otherwise.
    """
    fmd = fm_discriminator(Signal)
    mean_fmd = _np.mean(fmd)

    Collisions = [
        _is_this_a_collision([value, mean_fmd, tolerance]) for value in fmd
    ]

    return Collisions



[docs]def count_collisions(Collisions):
    """
    Counts the number of unique collisions and gets the collision index.

    Parameters
    ----------
    Collisions : array_like
        Array of booleans, containing true if during a collision event, false otherwise.

    Returns
    -------
    CollisionCount : int
        Number of unique collisions
    CollisionIndicies : list
        Indicies of collision occurance
    """
    CollisionCount = 0
    CollisionIndicies = []
    lastval = True
    for i, val in enumerate(Collisions):
        if val and lastval == False:
            CollisionIndicies.append(i)
            CollisionCount += 1
        lastval = val
    return CollisionCount, CollisionIndicies



[docs]def parse_orgtable(lines):
    """
    Parse an org-table (input as a list of strings split by newline)
    into a Pandas data frame.

    Parameters
    ----------
    lines : string
        an org-table input as a list of strings split by newline

    Returns
    -------
    dataframe : pandas.DataFrame
        A data frame containing the org-table's data
    """
    def parseline(l):
        w = l.split('|')[1:-1]
        return [wi.strip() for wi in w]

    columns = parseline(lines[0])

    data = []
    for line in lines[2:]:
        data.append(map(str, parseline(line)))
    dataframe = _pd.DataFrame(data=data, columns=columns)
    dataframe.set_index("RunNo")
    return dataframe



[docs]def plot_3d_dist(Z,
                 X,
                 Y,
                 N=1000,
                 AxisOffset=0,
                 Angle=-40,
                 LowLim=None,
                 HighLim=None,
                 show_fig=True):
    """
    Plots Z, X and Y as a 3d scatter plot with heatmaps of each axis pair.

    Parameters
    ----------
    Z : ndarray
        Array of Z positions with time
    X : ndarray
        Array of X positions with time
    Y : ndarray
        Array of Y positions with time
    N : optional, int
        Number of time points to plot (Defaults to 1000)
    AxisOffset : optional, double
        Offset to add to each axis from the data - used to get a better view
        of the heat maps (Defaults to 0)
    LowLim : optional, double
        Lower limit of x, y and z axis
    HighLim : optional, double
        Upper limit of x, y and z axis
    show_fig : optional, bool
        Whether to show the produced figure before returning

    Returns
    -------
    fig : matplotlib.figure.Figure object
        The figure object created
    ax : matplotlib.axes.Axes object
        The subplot object created
    """
    angle = Angle
    fig = _plt.figure(figsize=(8, 6))
    ax = fig.add_subplot(111, projection='3d')

    y = Z[0:N]
    x = X[0:N]
    z = Y[0:N]

    ax.scatter(x, y, z, alpha=0.3)

    xlim = ax.get_xlim()
    ylim = ax.get_ylim()
    zlim = ax.get_zlim()
    if LowLim is not None:
        lowLim = LowLim - AxisOffset
    else:
        lowLim = min([xlim[0], ylim[0], zlim[0]]) - AxisOffset
    if HighLim is not None:
        highLim = HighLim + AxisOffset
    else:
        highLim = max([xlim[1], ylim[1], zlim[1]]) + AxisOffset
    ax.set_xlim([lowLim, highLim])
    ax.set_ylim([lowLim, highLim])
    ax.set_zlim([lowLim, highLim])
    ax.set_xlabel("x")
    ax.set_ylabel("z")
    ax.set_zlabel("y")
    ax.view_init(30, angle)

    h, yedges, zedges = _np.histogram2d(y, z, bins=50)
    h = h.transpose()
    normalized_map = _plt.cm.Blues(h / h.max())
    yy, zz = _np.meshgrid(yedges, zedges)
    xpos = lowLim  # Plane of histogram
    xflat = _np.full_like(yy, xpos)
    p = ax.plot_surface(xflat, yy, zz, facecolors=normalized_map,
                        rstride=1, cstride=1, shade=False)

    h, xedges, zedges = _np.histogram2d(x, z, bins=50)
    h = h.transpose()
    normalized_map = _plt.cm.Blues(h / h.max())
    xx, zz = _np.meshgrid(xedges, zedges)
    ypos = highLim  # Plane of histogram
    yflat = _np.full_like(xx, ypos)
    p = ax.plot_surface(xx, yflat, zz, facecolors=normalized_map,
                        rstride=1, cstride=1, shade=False)

    h, yedges, xedges = _np.histogram2d(y, x, bins=50)
    h = h.transpose()
    normalized_map = _plt.cm.Blues(h / h.max())
    yy, xx = _np.meshgrid(yedges, xedges)
    zpos = lowLim  # Plane of histogram
    zflat = _np.full_like(yy, zpos)
    p = ax.plot_surface(xx, yy, zflat, facecolors=normalized_map,
                        rstride=1, cstride=1, shade=False)
    if show_fig:
        _plt.show()
    return fig, ax



[docs]def multi_plot_3d_dist(ZXYData,
                       N=1000,
                       AxisOffset=0,
                       Angle=-40,
                       LowLim=None,
                       HighLim=None,
                       ColorArray=None,
                       alphaLevel=0.3,
                       show_fig=True):
    """
    Plots serveral Z, X and Y datasets as a 3d scatter plot with heatmaps of each axis pair in each dataset.

    Parameters
    ----------
    ZXYData : ndarray
        Array of arrays containing Z, X, Y data e.g. [[Z1, X1, Y1], [Z2, X2, Y2]]
    N : optional, int
        Number of time points to plot (Defaults to 1000)
    AxisOffset : optional, double
        Offset to add to each axis from the data - used to get a better view
        of the heat maps (Defaults to 0)
    LowLim : optional, double
        Lower limit of x, y and z axis
    HighLim : optional, double
        Upper limit of x, y and z axis
    show_fig : optional, bool
        Whether to show the produced figure before returning

    Returns
    -------
    fig : matplotlib.figure.Figure object
        The figure object created
    ax : matplotlib.axes.Axes object
        The subplot object created
    """
    if ZXYData.shape[1] != 3:
        raise ValueError(
            "Parameter ZXYData should be an array of length-3 arrays containing arrays of Z, X and Y data"
        )
    if ColorArray is not None:
        if ZXYData.shape[0] != len(ColorArray):
            raise ValueError(
                "Parameter ColorArray should be the same lenth as ZXYData")
    else:
        ColorArray = list(mcolours.BASE_COLORS.keys())
        # ColorArray = ['b', 'g', 'r']
        #    ColorMapArray = [_plt.cm.Blues, _plt.cm.Greens, _plt.cm.Reds]
        if ZXYData.shape[0] > len(ColorArray):

            raise NotImplementedError(
                "Only {} datasets can be plotted with automatic colors".format(
                    len(ColorArray)))

    angle = Angle
    fig = _plt.figure(figsize=(8, 6))
    ax = fig.add_subplot(111, projection='3d')

    for datindx, ZXY in enumerate(ZXYData):
        y = ZXY[0][0:N]
        x = ZXY[1][0:N]
        z = ZXY[2][0:N]
        ax.scatter(x, y, z, alpha=alphaLevel, color=ColorArray[datindx])

    xlim = ax.get_xlim()
    ylim = ax.get_ylim()
    zlim = ax.get_zlim()
    if LowLim is not None:
        lowLim = LowLim - AxisOffset
    else:
        lowLim = min([xlim[0], ylim[0], zlim[0]]) - AxisOffset
    if HighLim is not None:
        highLim = HighLim + AxisOffset
    else:
        highLim = max([xlim[1], ylim[1], zlim[1]]) + AxisOffset
    ax.set_xlim([lowLim, highLim])
    ax.set_ylim([lowLim, highLim])
    ax.set_zlim([lowLim, highLim])

    for datindx, ZXY in enumerate(ZXYData):
        y = ZXY[0][0:N]
        x = ZXY[1][0:N]
        z = ZXY[2][0:N]

        # h, yedges, zedges = _np.histogram2d(y, z, bins=50)
        # h = h.transpose()
        # normalized_map = ColorMapArray[datindx](h/h.max())
        # yy, zz = _np.meshgrid(yedges, zedges)
        xpos = lowLim  # Plane of histogram
        # xflat = _np.full_like(yy, xpos)
        # p = ax.plot_surface(xflat, yy, zz, facecolors=normalized_map, rstride=1, cstride=1, shade=False)
        xflat = _np.full_like(y, xpos)
        ax.scatter(xflat, y, z, color=ColorArray[datindx], alpha=alphaLevel)

        # h, xedges, zedges = _np.histogram2d(x, z, bins=50)
        # h = h.transpose()
        # normalized_map = ColorMapArray[datindx](h/h.max())
        # xx, zz = _np.meshgrid(xedges, zedges)
        ypos = highLim  # Plane of histogram
        # yflat = _np.full_like(xx, ypos)
        # p = ax.plot_surface(xx, yflat, zz, facecolors=normalized_map, rstride=1, cstride=1, shade=False)
        yflat = _np.full_like(x, ypos)
        ax.scatter(x, yflat, z, color=ColorArray[datindx], alpha=alphaLevel)

        # h, yedges, xedges = _np.histogram2d(y, x, bins=50)
        # h = h.transpose()
        # normalized_map = ColorMapArray[datindx](h/h.max())
        # yy, xx = _np.meshgrid(yedges, xedges)
        zpos = lowLim  # Plane of histogram
        # zflat = _np.full_like(yy, zpos)
        # p = ax.plot_surface(xx, yy, zflat, facecolors=normalized_map, rstride=1, cstride=1, shade=False)
        zflat = _np.full_like(y, zpos)
        ax.scatter(x, y, zflat, color=ColorArray[datindx], alpha=alphaLevel)

    ax.set_xlabel("x")
    ax.set_ylabel("z")
    ax.set_zlabel("y")
    ax.view_init(30, angle)

    if show_fig:
        _plt.show()
    return fig, ax



# ------ Functions for extracting mass via potential comparision ---------

[docs]def steady_state_potential(xdata, HistBins=100):
    """
    Calculates the steady state potential. Used in
    fit_radius_from_potentials.

    Parameters
    ----------
    xdata : ndarray
        Position data for a degree of freedom
    HistBins : int
        Number of bins to use for histogram
        of xdata. Number of position points
        at which the potential is calculated.

    Returns
    -------
    position : ndarray
        positions at which potential has been
        calculated
    potential : ndarray
        value of potential at the positions above

    """
    import numpy as _np

    pops = _np.histogram(xdata, HistBins)[0]
    bins = _np.histogram(xdata, HistBins)[1]
    bins = bins[0:-1]
    bins = bins + _np.mean(_np.diff(bins))

    # normalise pops
    pops = pops / float(_np.sum(pops))

    return bins, -_np.log(pops)



[docs]def dynamical_potential(xdata, dt, order=3):
    """
    Computes potential from spring function

    Parameters
    ----------
    xdata : ndarray
        Position data for a degree of freedom,
        at which to calculate potential
    dt : float
        time between measurements
    order : int
        order of polynomial to fit

    Returns
    -------
    Potential : ndarray
        valued of potential at positions in
        xdata

    """
    import numpy as _np
    adata = calc_acceleration(xdata, dt)
    xdata = xdata[2:]  # removes first 2 values as differentiating twice means
    # we have acceleration[n] corresponds to position[n-2]

    z = _np.polyfit(xdata, adata, order)
    p = _np.poly1d(z)
    spring_pot = _np.polyint(p)
    return -spring_pot



[docs]def calc_acceleration(xdata, dt):
    """
    Calculates the acceleration from the position

    Parameters
    ----------
    xdata : ndarray
        Position data
    dt : float
        time between measurements

    Returns
    -------
    acceleration : ndarray
        values of acceleration from position
        2 to N.

    """
    acceleration = _np.diff(_np.diff(xdata)) / dt**2
    return acceleration



[docs]def fit_radius_from_potentials(z,
                               SampleFreq,
                               Damping,
                               HistBins=100,
                               show_fig=False):
    """
    Fits the dynamical potential to the Steady
    State Potential by varying the Radius.

    z : ndarray
        Position data
    SampleFreq : float
        frequency at which the position data was
        sampled
    Damping : float
        value of damping (in radians/second)
    HistBins : int
        number of values at which to evaluate
        the steady state potential / perform
        the fitting to the dynamical potential

    Returns
    -------
    Radius : float
        Radius of the nanoparticle
    RadiusError : float
        One Standard Deviation Error in the Radius from the Fit
        (doesn't take into account possible error in damping)
    fig : matplotlib.figure.Figure object
        figure showing fitted dynamical potential and stationary potential
    ax : matplotlib.axes.Axes object
        axes for above figure

    """
    dt = 1 / SampleFreq
    boltzmann = Boltzmann
    temp = 300  # why halved??
    density = 1800
    SteadyStatePotnl = list(steady_state_potential(z, HistBins=HistBins))
    yoffset = min(SteadyStatePotnl[1])
    SteadyStatePotnl[1] -= yoffset

    SpringPotnlFunc = dynamical_potential(z, dt)
    SpringPotnl = SpringPotnlFunc(z)

    kBT_Gamma = temp * boltzmann * 1 / Damping

    DynamicPotentialFunc = make_dynamical_potential_func(
        kBT_Gamma, density, SpringPotnlFunc)
    FitSoln = _curve_fit(DynamicPotentialFunc,
                         SteadyStatePotnl[0], SteadyStatePotnl[1], p0=50)
    print(FitSoln)
    popt, pcov = FitSoln
    perr = _np.sqrt(_np.diag(pcov))
    Radius, RadiusError = popt[0], perr[0]

    mass = ((4 / 3) * pi * ((Radius * 10**-9)**3)) * density
    yfit = (kBT_Gamma / mass)
    Y = yfit * SpringPotnl

    fig, ax = _plt.subplots()
    ax.plot(SteadyStatePotnl[0],
            SteadyStatePotnl[1],
            'bo',
            label="Steady State Potential")
    _plt.plot(z, Y, 'r-', label="Dynamical Potential")
    ax.legend(loc='best')
    ax.set_ylabel('U ($k_{B} T $ Joules)')
    ax.set_xlabel('Distance (mV)')
    _plt.tight_layout()
    if show_fig:
        _plt.show()
    return Radius * 1e-9, RadiusError * 1e-9, fig, ax



[docs]def make_dynamical_potential_func(kBT_Gamma, density, SpringPotnlFunc):
    """
    Creates the function that calculates the potential given
    the position (in volts) and the radius of the particle.

    Parameters
    ----------
    kBT_Gamma : float
        Value of kB*T/Gamma
    density : float
        density of the nanoparticle
    SpringPotnlFunc : function
        Function which takes the value of position (in volts)
        and returns the spring potential

    Returns
    -------
    PotentialFunc : function
        function that calculates the potential given
        the position (in volts) and the radius of the
        particle.

    """
    def PotentialFunc(xdata, Radius):
        """
        calculates the potential given the position (in volts)
        and the radius of the particle.

        Parameters
        ----------
        xdata : ndarray
            Positon data (in volts)
        Radius : float
            Radius in units of nm

        Returns
        -------
        Potential : ndarray
            Dynamical Spring Potential at positions given by xdata
        """
        mass = ((4 / 3) * pi * ((Radius * 10**-9)**3)) * density
        yfit = (kBT_Gamma / mass)
        Y = yfit * SpringPotnlFunc(xdata)
        return Y

    return PotentialFunc



# ------------------------------------------------------------


[docs]def calc_mean_amp(signal):
    """
    calculates the mean amplitude by calculating the RMS
    of the signal and then multiplying it by √2.

    Parameters
    ----------
    signal : ndarray
    array of floats containing an AC signal

    Returns
    -------
    mean_amplitude : float
        the mean amplitude of the signal
    """
    return _np.sqrt(2) * _np.sqrt(_np.mean(signal**2))



[docs]def calc_z0_and_conv_factor_from_ratio_of_harmonics(z, z2, NA=0.999):
    """
    Calculates the Conversion Factor and physical amplitude of motion in nms
    by comparison of the ratio of the heights of the z signal and
    second harmonic of z.

    Parameters
    ----------
    z : ndarray
        array containing z signal in volts
    z2 : ndarray
        array containing second harmonic of z signal in volts
    NA : float
        NA of mirror used in experiment

    Returns
    -------
    z0 : float
        Physical average amplitude of motion in nms
    ConvFactor : float
        Conversion Factor between volts and nms
    """
    V1 = calc_mean_amp(z)
    V2 = calc_mean_amp(z2)
    ratio = V2 / V1
    beta = 4 * ratio
    laserWavelength = 1550e-9  # in m
    k0 = (2 * pi) / (laserWavelength)
    WaistSize = laserWavelength / (pi * NA)
    Zr = pi * WaistSize**2 / laserWavelength
    z0 = beta / (k0 - 1 / Zr)
    ConvFactor = V1 / z0
    T0 = 300
    return z0, ConvFactor



[docs]def calc_mass_from_z0(z0, w0):
    """
    Calculates the mass of the particle using the equipartition
    from the angular frequency of the z signal and the average
    amplitude of the z signal in nms.

    Parameters
    ----------
    z0 : float
        Physical average amplitude of motion in nms
    w0 : float
        Angular Frequency of z motion

    Returns
    -------
    mass : float
        mass in kgs
    """
    T0 = 300
    mFromEquipartition = Boltzmann * T0 / (w0**2 * z0**2)
    return mFromEquipartition



[docs]def calc_mass_from_fit_and_conv_factor(A, Damping, ConvFactor):
    """
    Calculates mass from the A parameter from fitting, the damping from
    fitting in angular units and the Conversion factor calculated from
    comparing the ratio of the z signal and first harmonic of z.

    Parameters
    ----------
    A : float
        A factor calculated from fitting
    Damping : float
        damping in radians/second calcualted from fitting
    ConvFactor : float
        conversion factor between volts and nms

    Returns
    -------
    mass : float
        mass in kgs
    """
    T0 = 300
    mFromA = 2 * Boltzmann * T0 / (pi * A) * ConvFactor**2 * Damping
    return mFromA



# -----------------------------------------------------------------------------


[docs]def get_time_slice(time, z, zdot=None, timeStart=None, timeEnd=None):
    """
    Get slice of time, z and (if provided) zdot from timeStart to timeEnd.

    Parameters
    ----------
    time : ndarray
        array of time values
    z : ndarray
        array of z values
    zdot : ndarray, optional
        array of zdot (velocity) values.
    timeStart : float, optional
        time at which to start the slice.
        Defaults to beginnging of time trace
    timeEnd : float, optional
        time at which to end the slide.
        Defaults to end of time trace

    Returns
    -------
    time_sliced : ndarray
        array of time values from timeStart to timeEnd
    z_sliced : ndarray
        array of z values from timeStart to timeEnd
    zdot_sliced : ndarray
        array of zdot values from timeStart to timeEnd.
        None if zdot not provided

    """
    if timeStart is None:
        timeStart = time[0]
    if timeEnd is None:
        timeEnd = time[-1]

    StartIndex = _np.where(time == take_closest(time, timeStart))[0][0]
    EndIndex = _np.where(time == take_closest(time, timeEnd))[0][0]

    time_sliced = time[StartIndex:EndIndex]
    z_sliced = z[StartIndex:EndIndex]

    if zdot is not None:
        zdot_sliced = zdot[StartIndex:EndIndex]
    else:
        zdot_sliced = None

    return time_sliced, z_sliced, zdot_sliced



[docs]def calc_radius_from_mass(Mass):
    """
    Given the mass of a particle calculates the
    radius, assuming a 1800 kg/m**3 density.

    Parameters
    ----------
    Mass : float
        mass in kgs

    Returns
    -------
    Radius : float
        radius in ms
    """
    density = 1800
    Radius = (3 * Mass / (4 * pi * density))**(1 / 3)
    return Radius



# ------------------------------------------------------------


[docs]def unit_conversion(array, unit_prefix, current_prefix=""):
    """
    Converts an array or value to of a certain
    unit scale to another unit scale.

    Accepted units are:
    E - exa - 1e18
    P - peta - 1e15
    T - tera - 1e12
    G - giga - 1e9
    M - mega - 1e6
    k - kilo - 1e3
    m - milli - 1e-3
    u - micro - 1e-6
    n - nano - 1e-9
    p - pico - 1e-12
    f - femto - 1e-15
    a - atto - 1e-18

    Parameters
    ----------
    array : ndarray
        Array to be converted
    unit_prefix : string
        desired unit (metric) prefix (e.g. nm would be n, ms would be m)
    current_prefix : optional, string
        current prefix of units of data (assumed to be in SI units
        by default (e.g. m or s)

    Returns
    -------
    converted_array : ndarray
        Array multiplied such as to be in the units specified
    """
    UnitDict = {
        'E': 1e18,
        'P': 1e15,
        'T': 1e12,
        'G': 1e9,
        'M': 1e6,
        'k': 1e3,
        '': 1,
        'm': 1e-3,
        'u': 1e-6,
        'n': 1e-9,
        'p': 1e-12,
        'f': 1e-15,
        'a': 1e-18,
    }
    try:
        Desired_units = UnitDict[unit_prefix]
    except KeyError:
        raise ValueError(
            "You entered {} for the unit_prefix, this is not a valid prefix".
            format(unit_prefix))
    try:
        Current_units = UnitDict[current_prefix]
    except KeyError:
        raise ValueError(
            "You entered {} for the current_prefix, this is not a valid prefix"
            .format(current_prefix))
    conversion_multiplication = Current_units / Desired_units
    converted_array = array * conversion_multiplication
    return converted_array



[docs]def audiate(signal, AudioSampleFreq, filename):
    AudioSampleFreq = int(_np.round(AudioSampleFreq))
    signal_dc_removed = signal - _np.mean(signal)
    _writewav(filename, AudioSampleFreq, signal_dc_removed)
    return None



# ----------------- WIGNER FUNCTIONS -------------------------------------


[docs]def extract_slices(z, freq, sample_freq, show_plot=False):
    """
    Iterates through z trace and pulls out slices of length period_samples
    and assigns them a phase from -180 to 180. Each slice then becomes a column
    in the 2d array that is returned. Such that the row (the first index) refers
    to phase (i.e. dat[0] are all the samples at phase = -180) and the column
    refers to the oscillation number (i.e. dat[:, 0] is the first oscillation).

    Parameters
    ----------
    z : ndarray
        trace of z motion
    freq : float
        frequency of motion
    sample_freq : float
        sample frequency of the z array
    show_plot : bool, optional (default=False)
        if true plots and shows the phase plotted against the positon
        for each oscillation built on top of each other.

    Returns
    -------
    phase : ndarray
        phase (in degrees) for each oscillation
    phase_slices : ndarray
        2d numpy array containing slices as detailed above.

    """
    dt = 1 / sample_freq  # dt between samples
    period = 1 / freq  # period of oscillation of motion
    period_samples = round(
        period / dt)  # integer number of discrete samples in a period
    number_of_oscillations = int(_np.floor(
        len(z) / period_samples))  # number of oscillations in z trace

    phase_slices_untransposed = _np.zeros(
        [number_of_oscillations - 1, period_samples])

    phase = _np.linspace(-180, 180,
                         period_samples)  # phase assigned to samples

    if show_plot:
        fig, ax = _plt.subplots()

    for i in range(number_of_oscillations - 1):
        # loops through number of oscillations - 1 pulling out period_samples
        # slices and assigning them a phase from -180 to 180 degrees
        start = i * period_samples  # start index of section
        end = (i + 1) * period_samples  # end index of section
        if show_plot:
            _plt.plot(phase, z[start:end])
        # enter z section as ith row
        phase_slices_untransposed[i] = z[start:end]

    phase_slices = phase_slices_untransposed.transpose()  # swap rows and columns

    if show_plot:
        _plt.show()
    return phase, phase_slices



[docs]def histogram_phase(phase_slices, phase, histbins=200, show_plot=False):
    """
    histograms the phase slices such as to build a histogram of the position
    distribution at each phase value.

    Parameters
    ----------
    phase_slices : ndarray
        2d array containing slices from many oscillations at each phase
    phase : ndarray
        1d array of phases corresponding to slices
    histbins : int, optional (default=200)
        number of bins to use in histogramming data
    show_plot : bool, optional (default=False)
        if true plots and shows the heatmap of the
        phase against the positon distribution

    Returns
    -------
    counts_array : ndarray
        2d array containing the number of counts varying with
        phase and position.
    bin_edges : ndarray
        positions of bin edges

    """
    counts_array = _np.zeros([len(phase), histbins])

    histedges = [phase_slices.min(), phase_slices.max()]
    for i, phase_slice in enumerate(phase_slices):  # for each value of phase
        counts, bin_edges = _np.histogram(
            phase_slice, bins=histbins, range=histedges
        )  # histogram the position distribution at that phase
        counts_array[i] = counts
    counts_array = _np.array(counts_array)
    counts_array_transposed = _np.transpose(counts_array).astype(float)

    if show_plot:
        fig = _plt.figure(figsize=(12, 6))
        ax = fig.add_subplot(111)
        ax.set_title('Phase Distribution')
        ax.set_xlabel("phase (°)")
        ax.set_ylabel("x")
        _plt.imshow(counts_array_transposed,
                    cmap='hot',
                    interpolation='nearest',
                    extent=[phase[0], phase[-1], histedges[0], histedges[1]])
        ax.set_aspect('auto')
        _plt.show()

    return counts_array_transposed, bin_edges



[docs]def get_wigner(z, freq, sample_freq, histbins=200, show_plot=False):
    """
    Calculates an approximation to the wigner quasi-probability distribution
    by splitting the z position array into slices of the length of one period
    of the motion. This slice is then associated with phase from -180 to 180
    degrees. These slices are then histogramed in order to get a distribution
    of counts of where the particle is observed at each phase. The 2d array
    containing the counts varying with position and phase is then passed through
    the inverse radon transformation using the Simultaneous Algebraic
    Reconstruction Technique approximation from the scikit-image package.

    Parameters
    ----------
    z : ndarray
        trace of z motion
    freq : float
        frequency of motion
    sample_freq : float
        sample frequency of the z array
    histbins : int, optional (default=200)
        number of bins to use in histogramming data for each phase
    show_plot : bool, optional (default=False)
        Whether or not to plot the phase distribution

    Returns
    -------
    iradon_output : ndarray
        2d array of size (histbins x histbins)
    bin_centres : ndarray
        positions of the bin centres

    """

    phase, phase_slices = extract_slices(z, freq, sample_freq, show_plot=False)

    counts_array, bin_edges = histogram_phase(phase_slices,
                                              phase,
                                              histbins,
                                              show_plot=show_plot)

    diff = bin_edges[1] - bin_edges[0]
    bin_centres = bin_edges[:-1] + diff

    iradon_output = _iradon_sart(counts_array, theta=phase)

    # _plt.imshow(iradon_output, extent=[bin_centres[0], bin_centres[-1], bin_centres[0], bin_centres[-1]])
    # _plt.show()

    return iradon_output, bin_centres



[docs]def plot_wigner3d(iradon_output,
                  bin_centres,
                  bin_centre_units="",
                  cmap=_cm.cubehelix_r,
                  view=(10, -45),
                  figsize=(10, 10)):
    """
    Plots the wigner space representation as a 3D surface plot.

    Parameters
    ----------
    iradon_output : ndarray
        2d array of size (histbins x histbins)
    bin_centres : ndarray
        positions of the bin centres
    bin_centre_units : string, optional (default="")
        Units in which the bin_centres are given
    cmap : matplotlib.cm.cmap, optional (default=cm.cubehelix_r)
        color map to use for Wigner
    view : tuple, optional (default=(10, -45))
        view angle for 3d wigner plot
    figsize : tuple, optional (default=(10, 10))
        tuple defining size of figure created

    Returns
    -------
    fig : matplotlib.figure.Figure object
        figure showing the wigner function
    ax : matplotlib.axes.Axes object
        axes containing the object

    """
    fig = _plt.figure(figsize=figsize)
    ax = fig.add_subplot(111, projection='3d')

    resid1 = iradon_output.sum(axis=0)
    resid2 = iradon_output.sum(axis=1)

    x = bin_centres  # replace with x
    y = bin_centres  # replace with p (xdot/omega)
    xpos, ypos = _np.meshgrid(x, y)
    X = xpos
    Y = ypos
    Z = iradon_output

    ax.set_xlabel("x ({})".format(bin_centre_units))
    ax.set_xlabel("y ({})".format(bin_centre_units))

    ax.scatter(_np.min(X) * _np.ones_like(y),
               y,
               resid2 / _np.max(resid2) * _np.max(Z),
               alpha=0.7)
    ax.scatter(x,
               _np.max(Y) * _np.ones_like(x),
               resid1 / _np.max(resid1) * _np.max(Z),
               alpha=0.7)

    # Plot the surface.
    surf = ax.plot_surface(X, Y, Z, cmap=cmap, linewidth=0, antialiased=False)

    # Customize the z axis.
    # ax.set_zlim(-1.01, 1.01)
    # ax.zaxis.set_major_locator(LinearLocator(10))
    # ax.zaxis.set_major_formatter(FormatStrFormatter('%.02f'))

    # Add a color bar which maps values to colors.
    fig.colorbar(surf, shrink=0.5, aspect=5)

    ax.view_init(view[0], view[1])

    return fig, ax



[docs]def plot_wigner2d(iradon_output,
                  bin_centres,
                  cmap=_cm.cubehelix_r,
                  figsize=(6, 6)):
    """
    Plots the wigner space representation as a 2D heatmap.

    Parameters
    ----------
    iradon_output : ndarray
        2d array of size (histbins x histbins)
    bin_centres : ndarray
        positions of the bin centres
    cmap : matplotlib.cm.cmap, optional (default=cm.cubehelix_r)
        color map to use for Wigner
    figsize : tuple, optional (default=(6, 6))
        tuple defining size of figure created

    Returns
    -------
    fig : matplotlib.figure.Figure object
        figure showing the wigner function
    ax : matplotlib.axes.Axes object
        axes containing the object

    """
    xx, yy = _np.meshgrid(bin_centres, bin_centres)
    resid1 = iradon_output.sum(axis=0)
    resid2 = iradon_output.sum(axis=1)

    wigner_marginal_seperation = 0.001
    left, width = 0.2, 0.65 - 0.1  # left = left side of hexbin and hist_x
    bottom, height = 0.1, 0.65 - 0.1  # bottom = bottom of hexbin and hist_y
    bottom_h = height + bottom + wigner_marginal_seperation
    left_h = width + left + wigner_marginal_seperation
    cbar_pos = [0.03, bottom, 0.05, 0.02 + width]

    rect_wigner = [left, bottom, width, height]
    rect_histx = [left, bottom_h, width, 0.2]
    rect_histy = [left_h, bottom, 0.2, height]

    # start with a rectangular Figure
    fig = _plt.figure(figsize=figsize)

    axWigner = _plt.axes(rect_wigner)
    axHistx = _plt.axes(rect_histx)
    axHisty = _plt.axes(rect_histy)

    pcol = axWigner.pcolor(xx, yy, iradon_output, cmap=cmap)
    binwidth = bin_centres[1] - bin_centres[0]
    axHistx.bar(bin_centres, resid2, binwidth)
    axHisty.barh(bin_centres, resid1, binwidth)

    _plt.setp(
        axHistx.get_xticklabels(),
        visible=False)  # sets x ticks to be invisible while keeping gridlines
    _plt.setp(
        axHisty.get_yticklabels(),
        visible=False)  # sets x ticks to be invisible while keeping gridlines
    for tick in axHisty.get_xticklabels():
        tick.set_rotation(-90)

    cbaraxes = fig.add_axes(cbar_pos)  # This is the position for the colorbar
    # cbar = _plt.colorbar(axp, cax = cbaraxes)
    cbar = fig.colorbar(pcol, cax=cbaraxes,
                        drawedges=False)  # , orientation="horizontal"
    cbar.solids.set_edgecolor("face")
    cbar.solids.set_rasterized(True)
    cbar.ax.set_yticklabels(cbar.ax.yaxis.get_ticklabels(), y=0, rotation=45)
    # cbar.set_label(cbarlabel, labelpad=-25, y=1.05, rotation=0)

    plotlimits = _np.max(_np.abs(bin_centres))
    axWigner.axis((-plotlimits, plotlimits, -plotlimits, plotlimits))
    axHistx.set_xlim(axWigner.get_xlim())
    axHisty.set_ylim(axWigner.get_ylim())

    return fig, axWigner, axHistx, axHisty, cbar



[docs]def fit_data(
        freq_array,
        S_xx_array,
        AGuess,
        OmegaTrap,
        GammaGuess,
        freq_range=None,
        make_fig=True,
        show_fig=True,
        **kwargs):
    if freq_range is not None:
        StartIndex = list(freq_array).index(
            freq_array[freq_array >= freq_range[0]][0])
        EndIndex = list(freq_array).index(
            freq_array[freq_array >= freq_range[1]][0])
        freq_array = freq_array[StartIndex:EndIndex]
        S_xx_array = S_xx_array[StartIndex:EndIndex]
    else:
        pass

    logPSD = 10 * _np.log10(S_xx_array)  # putting S_xx in dB

    def calc_theory_PSD_curve_fit(freqs, A, TrapFreq, BigGamma):
        Theory_PSD = 10 * \
            _np.log10(PSD_fitting_eqn(
                A, TrapFreq, BigGamma, freqs))  # PSD in dB
        if A < 0 or TrapFreq < 0 or BigGamma < 0:
            return 1e9
        else:
            return Theory_PSD

    datax = _np.array(freq_array) * (2 * _np.pi)  # angular frequency
    datay = logPSD  # S_xx data in dB

    p0 = _np.array([AGuess, OmegaTrap, GammaGuess])

    Params_Fit, Params_Fit_Err = fit_curvefit(p0,
                                              datax,
                                              datay,
                                              calc_theory_PSD_curve_fit,
                                              **kwargs)

    if make_fig:
        fig = _plt.figure(figsize=properties["default_fig_size"])
        ax = fig.add_subplot(111)

        PSDTheory_fit_initial = PSD_fitting_eqn(p0[0], p0[1], p0[2], datax)

        PSDTheory_fit = PSD_fitting_eqn(Params_Fit[0], Params_Fit[1],
                                        Params_Fit[2], datax)

        ax.plot(datax / (2 * pi),
                S_xx_array,
                color="darkblue",
                label="Raw PSD Data",
                alpha=0.5)
        ax.plot(datax / (2 * pi),
                PSDTheory_fit_initial,
                '--',
                alpha=0.7,
                color="purple",
                label="initial vals")
        ax.plot(datax / (2 * pi),
                PSDTheory_fit,
                color="red",
                label="fitted vals")
        ax.semilogy()
        legend = ax.legend(loc="best", frameon=1)
        frame = legend.get_frame()
        frame.set_facecolor('white')
        frame.set_edgecolor('white')
        ax.set_xlabel("Frequency (Hz)")
        ax.set_ylabel("$S_{xx}$ ($V^2/Hz$)")
        if show_fig:
            _plt.show()
        return Params_Fit, Params_Fit_Err, fig, ax
    else:
        return Params_Fit, Params_Fit_Err, None, None



[docs]def fit_data_2(
        freq_array,
        S_xx_array,
        AGuess,
        OmegaTrap,
        GammaGuess,
        make_fig=True,
        show_fig=True):

    logPSD = 10 * _np.log10(S_xx_array)  # putting S_xx in dB

    def calc_theory_PSD_curve_fit(freqs, A, TrapFreq, BigGamma):
        Theory_PSD = 10 * \
            _np.log10(PSD_fitting_eqn2(
                A, TrapFreq, BigGamma, freqs))  # PSD in dB
        if A < 0 or TrapFreq < 0 or BigGamma < 0:
            return 1e9
        else:
            return Theory_PSD

    datax = _np.array(freq_array) * (2 * _np.pi)  # angular frequency
    datay = logPSD  # S_xx data in dB

    p0 = _np.array([AGuess, OmegaTrap, GammaGuess])

    Params_Fit, Params_Fit_Err = fit_curvefit(p0,
                                              datax,
                                              datay,
                                              calc_theory_PSD_curve_fit)

    if make_fig:
        fig = _plt.figure(figsize=properties["default_fig_size"])
        ax = fig.add_subplot(111)

        PSDTheory_fit_initial = PSD_fitting_eqn2(p0[0],
                                                 p0[1],
                                                 p0[2],
                                                 datax)

        PSDTheory_fit = PSD_fitting_eqn2(Params_Fit[0],
                                         Params_Fit[1],
                                         Params_Fit[2],
                                         datax)

        ax.plot(datax / (2 * pi), S_xx_array,
                color="darkblue", label="Raw PSD Data", alpha=0.5)
        ax.plot(datax / (2 * pi), PSDTheory_fit_initial,
                '--', alpha=0.7, color="purple", label="initial vals")
        ax.plot(datax / (2 * pi), PSDTheory_fit,
                color="red", label="fitted vals")
        ax.semilogy()
        legend = ax.legend(loc="best", frameon=1)
        frame = legend.get_frame()
        frame.set_facecolor('white')
        frame.set_edgecolor('white')
        ax.set_xlabel("Frequency (Hz)")
        ax.set_ylabel("$S_{xx}$ ($V^2/Hz$)")
        if show_fig:
            _plt.show()
        return Params_Fit, Params_Fit_Err, fig, ax
    else:
        return Params_Fit, Params_Fit_Err, None, None



[docs]def calc_reduced_chi_squared(
        y_observed,
        y_model,
        observation_error,
        number_of_fitted_parameters):
    """
    Calculates the reduced chi-squared, used to compare a model to observations. For example can be used to calculate how good a fit is by using fitted y values for y_model along with observed y values and error in those y values. Reduced chi-squared should be close to 1 for a good fit, lower than 1 suggests you are overestimating the measurement error (observation_error you entered is higher than the true error in the measurement). A value higher than 1 suggests either your model is a bad fit OR you are underestimating the error in the measurement (observation_error you entered is lower than the true error in the measurement). See https://en.wikipedia.org/wiki/Reduced_chi-squared_statistic for more detail.

    Parameters
    ----------
    y_observed : ndarray
        array of measured/observed values of some variable y which you are fitting to.
    y_model : ndarray
        array of y values predicted by your model/fit (predicted y values corresponding to y_observed)
    observation_error : float
        error in the measurements/observations of y
    number_of_fitted_parameters : float
        number of parameters in your model

    Returns
    -------
    chi2_reduced : float
        reduced chi-squared parameter
    """
    observed = _np.array(y_observed)
    expected = _np.array(y_model)
    if observed.shape != expected.shape:
        raise ValueError(
            "y_observed should have same number of elements as y_model")
    residuals = (observed - expected)
    # residuals divided by known error in measurement
    z = residuals / observation_error
    chi2 = _np.sum(z**2)  # chi squared value
    num_of_observations = len(observed)
    # v = number of degrees of freedom
    v = num_of_observations - number_of_fitted_parameters
    chi2_reduced = chi2 / v
    return chi2_reduced



[docs]def fit_to_ringdown(time, signal, time_start, time_stop, Gamma_guess):
    StartIndex = list(time).index(time[time >= time_start][0])
    EndIndex = list(time).index(time[time >= time_stop][0])

    t_slice = time[StartIndex:EndIndex]
    x_slice = signal[StartIndex:EndIndex]
    Hx_slice = _hilbert(x_slice)
    Htransx_slice = _np.sqrt(Hx_slice.imag**2 + x_slice**2)

    start_of_slice = t_slice[0]
    t_slice = t_slice - start_of_slice  # shift 0 point of time to start of slice

    def fitfn(t, A, Gamma): return A * _np.exp(-Gamma / 2 * t)

    A_guess = max(Htransx_slice)

    result = _curve_fit(fitfn, t_slice, Htransx_slice,
                        p0=[A_guess, Gamma_guess])
    A, Gamma = result[0]
    A_err = result[1][0, 0]**0.5
    Gamma_err = result[1][1, 1]**0.5
    A_Ufloat = _uncertainties.ufloat(A, A_err)
    Gamma_Ufloat = _uncertainties.ufloat(Gamma, Gamma_err)

    fig, ax = _plt.subplots()
    ax.plot(t_slice, x_slice)
    ax.plot(t_slice, Htransx_slice)
    ax.plot(t_slice, fitfn(t_slice, A, Gamma))
    return Gamma_Ufloat, A_Ufloat, fig, ax, t_slice, x_slice, Htransx_slice





          

      

      

    

  

    
      
          
            
  Source code for optoanalysis.LeCroy.LeCroy

import warnings

[docs]class HDO6104:
        """
        Class for communicating with the Teledyne LeCroy Oscilloscope.
        """
        def __init__(self, address='152.78.194.16'):
                """
                Initialises the connection to the Oscilloscope.
                
                Parameters
                ----------
                address : string
                    IP address of the oscilloscope.
                """
                self.address = address
                import vxi11
                self.connection = vxi11.Instrument(address)
                
                self.write = self.connection.write
                self.read  = self.connection.read
                self.ask   = self.connection.ask
                self.read_raw = self.connection.read_raw
                return None
                
[docs]        def raw(self, channel=1):
                """
                Reads the raw input from the oscilloscope.
                
                Parameters
                ----------
                channel : int
                    channel number of read
                
                Returns
                -------
                rawData : bytes
                    raw binary data read from the oscilloscope
                """
                self.waitOPC()
                self.write('COMM_FORMAT DEF9,WORD,BIN')
                self.write('C%u:WAVEFORM?' % channel)
                return self.read_raw()


[docs]        def data(self, channel=1):
                """
                Reads the raw input from the scope and interprets it
                returning the header information, time, voltage and 
                raw integers read with the ADC.
                
                Parameters
                ----------
                channel : int
                    channel number of read
                
                Returns
                -------
                WAVEDESC : dict
                    dictionary containing some properties of the time trace and oscilloscope
                    settings extracted from the header file.
                x : ndarray
                    The array of time values recorded by the oscilloscope
                y : ndarray
                    The array of voltage values recorded by the oscilloscope
                integers : ndarray
                    The array of raw integers recorded from the ADC and stored in the binary file
                """
                raw = self.raw(channel) # Grab waveform from scope
                return InterpretWaveform(raw)


[docs]        def waitOPC(self):
                """
                Waits for a response from the oscilloscope indicating that
                processing is complete and it is ready to receive more commands.
                Function sleeps until the oscilloscope is ready.
                """
                from time import sleep
                self.write('WAIT')
                while not self.opc():
                        sleep(1)

                
[docs]        def opc(self):
                """
                Asks the oscilloscope if it is done processing data.
                
                Returns
                -------
                IsDoneProcessing : bool
                    returns False if oscilloscope is still busy, 
                    True is oscilloscope is done processing last commands.
                """
                return self.ask('*OPC?')[-1] == '1'




[docs]def InterpretWaveform(raw, integersOnly=False, headersOnly=False, noTimeArray=False):
        """
        Take the raw binary from a file saved from the LeCroy, read from a file using 
        the 2 lines:
        with open(filename, "rb") as file:
        raw = file.read()
        And extracts various properties of the saved time trace.
        
        Parameters
        ----------
        raw : bytes
            Bytes object containing the binary contents of the saved raw/trc file
        integersOnly : bool, optional
            If True, only returns the unprocessed integers (read from the ADC) 
            rather than the signal in volts. Defaults to False. 
        headersOnly : bool, optional
            If True, only returns the file header. Defaults to False. 
        noTimeArray : bool, optional
            If true returns timeStart, timeStop and timeStep and doesn't create the time array

        Returns
        -------
        WAVEDESC : dict
            dictionary containing some properties of the time trace and oscilloscope
            settings extracted from the header file.
        x : ndarray / tuple
            The array of time values recorded by the oscilloscope or,
            if noTimeArray is True, returns a tuplef of (timeStart, timeStop, timeStep)
        y : ndarray
            The array of voltage values recorded by the oscilloscope
        integers : ndarray
            The array of raw integers recorded from the ADC and stored in the binary file
        MissingData : bool
            bool stating if any data was missing


        """
        MissingData = False
        from struct import unpack
        
        if raw[0:1] != b'#':
                cmd = raw.split(b',')[0]  # "C1:WF ALL" or similar
                wave = raw[len(cmd)+1:]   # Remove the above command text (and trailing
        else:
                wave = raw

        del raw

#        if wave[0:1] != b'#':
#                warnings.warn('Waveform format not as expected, time trace may be missing data')
#                MissingData = True
                
        n = int(wave[1:2])          # number of digits in length of data
        N = int(wave[2:2+n])      # number describing length of data

        if wave.endswith(b'\n'):
                wave = wave[:-1]

        wave = wave[2+n:]

#        if N != len(wave):
#                warnings.warn('Length of waveform not as expected, time trace may be missing data')
#                MissingData = True
                
        # Code to parse WAVEDESC generated by parsing template, returned from scope query "TEMPLATE?"
        # Note that this is not well tested and will not handle unusual settings
        WAVEDESC = dict()
        WAVEDESC['DESCRIPTOR_NAME'] = wave[0:16].strip(b'\x00')
        WAVEDESC['TEMPLATE_NAME'] = wave[16:32].strip(b'\x00')
        WAVEDESC['COMM_TYPE'] = {0: 'byte',1: 'word'}[unpack(b"<H", wave[32:34])[0]]
        WAVEDESC['COMM_ORDER'] = {0: 'HIFIRST',1: 'LOFIRST'}[unpack("<H", wave[34:36])[0]]
        WAVEDESC['WAVE_DESCRIPTOR'] = unpack('<l', wave[36:40])[0]
        WAVEDESC['USER_TEXT'] = unpack('<l', wave[40:44])[0]
        WAVEDESC['RES_DESC1'] = unpack('<l', wave[44:48])[0]
        WAVEDESC['TRIGTIME_ARRAY'] = unpack('<l', wave[48:52])[0]
        WAVEDESC['RIS_TIME_ARRAY'] = unpack('<l', wave[52:56])[0]
        WAVEDESC['RES_ARRAY1'] = unpack('<l', wave[56:60])[0]
        WAVEDESC['WAVE_ARRAY_1'] = unpack('<l', wave[60:64])[0]
        WAVEDESC['WAVE_ARRAY_2'] = unpack('<l', wave[64:68])[0]
        WAVEDESC['RES_ARRAY2'] = unpack('<l', wave[68:72])[0]
        WAVEDESC['RES_ARRAY3'] = unpack('<l', wave[72:76])[0]
        WAVEDESC['INSTRUMENT_NAME'] = wave[76:92].strip(b'\x00')
        WAVEDESC['INSTRUMENT_NUMBER'] = unpack('<l', wave[92:96])[0]
        WAVEDESC['TRACE_LABEL'] = wave[96:112].strip(b'\x00')
        WAVEDESC['RESERVED1'] = unpack('<h', wave[112:114])[0]
        WAVEDESC['RESERVED2'] = unpack('<h', wave[114:116])[0]
        WAVEDESC['WAVE_ARRAY_COUNT'] = unpack('<l', wave[116:120])[0]
        WAVEDESC['PNTS_PER_SCREEN'] = unpack('<l', wave[120:124])[0]
        WAVEDESC['FIRST_VALID_PNT'] = unpack('<l', wave[124:128])[0]
        WAVEDESC['LAST_VALID_PNT'] = unpack('<l', wave[128:132])[0]
        WAVEDESC['FIRST_POINT'] = unpack('<l', wave[132:136])[0]
        WAVEDESC['SPARSING_FACTOR'] = unpack('<l', wave[136:140])[0]
        WAVEDESC['SEGMENT_INDEX'] = unpack('<l', wave[140:144])[0]
        WAVEDESC['SUBARRAY_COUNT'] = unpack('<l', wave[144:148])[0]
        WAVEDESC['SWEEPS_PER_ACQ'] = unpack('<l', wave[148:152])[0]
        WAVEDESC['POINTS_PER_PAIR'] = unpack('<h', wave[152:154])[0]
        WAVEDESC['PAIR_OFFSET'] = unpack('<h', wave[154:156])[0]
        WAVEDESC['VERTICAL_GAIN'] = unpack('<f', wave[156:160])[0]
        WAVEDESC['VERTICAL_OFFSET'] = unpack('<f', wave[160:164])[0]
        WAVEDESC['MAX_VALUE'] = unpack('<f', wave[164:168])[0]
        WAVEDESC['MIN_VALUE'] = unpack('<f', wave[168:172])[0]
        WAVEDESC['NOMINAL_BITS'] = unpack('<h', wave[172:174])[0]
        WAVEDESC['NOM_SUBARRAY_COUNT'] = unpack('<h', wave[174:176])[0]
        WAVEDESC['HORIZ_INTERVAL'] = unpack('<f', wave[176:180])[0]
        WAVEDESC['HORIZ_OFFSET'] = unpack('<d', wave[180:188])[0]
        WAVEDESC['PIXEL_OFFSET'] = unpack('<d', wave[188:196])[0]
        WAVEDESC['VERTUNIT'] = wave[196:244].strip(b'\x00')
        WAVEDESC['HORUNIT'] = wave[244:292].strip(b'\x00')
        WAVEDESC['HORIZ_UNCERTAINTY'] = unpack('<f', wave[292:296])[0]
        WAVEDESC['TRIGGER_TIME'] = wave[296:312] # Format time_stamp not implemented
        WAVEDESC['ACQ_DURATION'] = unpack('<f', wave[312:316])[0]
        WAVEDESC['RECORD_TYPE'] = {0: 'single_sweep',1: 'interleaved',2: 'histogram',3: 'graph',4: 'filter_coefficient',5: 'complex',6: 'extrema',7: 'sequence_obsolete',8: 'centered_RIS',9: 'peak_detect'}[unpack("<H", wave[316:318])[0]]
        WAVEDESC['PROCESSING_DONE'] = {0: 'no_processing',1: 'fir_filter',2: 'interpolated',3: 'sparsed',4: 'autoscaled',5: 'no_result',6: 'rolling',7: 'cumulative'}[unpack("<H", wave[318:320])[0]]
        WAVEDESC['RESERVED5'] = unpack('<h', wave[320:322])[0]
        WAVEDESC['RIS_SWEEPS'] = unpack('<h', wave[322:324])[0]
        WAVEDESC['TIMEBASE'] = {0: '1_ps/div',1: '2_ps/div',2: '5_ps/div',3: '10_ps/div',4: '20_ps/div',5: '50_ps/div',6: '100_ps/div',7: '200_ps/div',8: '500_ps/div',9: '1_ns/div',10: '2_ns/div',11: '5_ns/div',12: '10_ns/div',13: '20_ns/div',14: '50_ns/div',15: '100_ns/div',16: '200_ns/div',17: '500_ns/div',18: '1_us/div',19: '2_us/div',20: '5_us/div',21: '10_us/div',22: '20_us/div',23: '50_us/div',24: '100_us/div',25: '200_us/div',26: '500_us/div',27: '1_ms/div',28: '2_ms/div',29: '5_ms/div',30: '10_ms/div',31: '20_ms/div',32: '50_ms/div',33: '100_ms/div',34: '200_ms/div',35: '500_ms/div',36: '1_s/div',37: '2_s/div',38: '5_s/div',39: '10_s/div',40: '20_s/div',41: '50_s/div',42: '100_s/div',43: '200_s/div',44: '500_s/div',45: '1_ks/div',46: '2_ks/div',47: '5_ks/div',100: 'EXTERNAL'}[unpack("<H", wave[324:326])[0]]
        WAVEDESC['VERT_COUPLING'] = {0: 'DC_50_Ohms',1: 'ground',2: 'DC_1MOhm',3: 'ground',4: 'AC_1MOhm'}[unpack("<H", wave[326:328])[0]]
        WAVEDESC['PROBE_ATT'] = unpack('<f', wave[328:332])[0]
        WAVEDESC['FIXED_VERT_GAIN'] = {0: '1_uV/div',1: '2_uV/div',2: '5_uV/div',3: '10_uV/div',4: '20_uV/div',5: '50_uV/div',6: '100_uV/div',7: '200_uV/div',8: '500_uV/div',9: '1_mV/div',10: '2_mV/div',11: '5_mV/div',12: '10_mV/div',13: '20_mV/div',14: '50_mV/div',15: '100_mV/div',16: '200_mV/div',17: '500_mV/div',18: '1_V/div',19: '2_V/div',20: '5_V/div',21: '10_V/div',22: '20_V/div',23: '50_V/div',24: '100_V/div',25: '200_V/div',26: '500_V/div',27: '1_kV/div'}[unpack("<H", wave[332:334])[0]]
        WAVEDESC['BANDWIDTH_LIMIT'] = {0: 'off',1: 'on'}[unpack("<H", wave[334:336])[0]]
        WAVEDESC['VERTICAL_VERNIER'] = unpack('<f', wave[336:340])[0]
        WAVEDESC['ACQ_VERT_OFFSET'] = unpack('<f', wave[340:344])[0]
        WAVEDESC['WAVE_SOURCE'] = {0: 'CHANNEL_1',1: 'CHANNEL_2',2: 'CHANNEL_3',3: 'CHANNEL_4',9: 'UNKNOWN'}[unpack("<H", wave[344:346])[0]]

        if len(wave[346:]) != WAVEDESC['WAVE_ARRAY_1']:
                warnings.warn('Binary data not the expected length, time trace may be missing data')
                MissingData = True

        if headersOnly:
                return WAVEDESC, MissingData
        else:
                from numpy import fromstring, int16, arange
                if MissingData != True:
                        integers = fromstring(wave[346:], dtype=int16)
                else:
                        integers = fromstring(wave[346:][:-1], dtype=int16)
                        
                if integersOnly:
                        return (WAVEDESC, integers, MissingData)
                elif noTimeArray:
                        y = integers * WAVEDESC['VERTICAL_GAIN'] - WAVEDESC['VERTICAL_OFFSET']
                        x = arange(len(integers)) * WAVEDESC['HORIZ_INTERVAL'] + WAVEDESC['HORIZ_OFFSET']
                        timeStart = x[0]
                        timeStop = x[-1] 
                        timeStep = x[1]-x[0]
                        return (WAVEDESC, (timeStart, timeStop, timeStep), y, integers, MissingData)
                        
                else:
                        y = integers * WAVEDESC['VERTICAL_GAIN'] - WAVEDESC['VERTICAL_OFFSET'] 
                        x = arange(len(integers)) * WAVEDESC['HORIZ_INTERVAL'] + WAVEDESC['HORIZ_OFFSET']
                        return (WAVEDESC, x, y, integers, MissingData)






          

      

      

    

  

    
      
          
            
  Source code for optoanalysis.Saleae.Saleae

import struct
import numpy as _np

[docs]def get_chunks(Array, Chunksize):
    """Generator that yields chunks of size ChunkSize"""
    for i in range(0, len(Array), Chunksize):
        yield Array[i:i + Chunksize]


[docs]def read_data_from_bin_file(fileName):
    """
    Loads the binary data stored in the a binary file and extracts the 
    data for each channel that was saved, along with the sample rate and length
    of the data array.

    Parameters
    ----------
    fileContent : bytes 
        bytes object containing the data from a .bin file exported from
        the saleae data logger.
    
    Returns
    -------
    ChannelData : list
        List containing a list which contains the data from each channel
    LenOf1Channel : int
        The length of the data in each channel
    NumOfChannels : int
        The number of channels saved
    SampleTime : float
        The time between samples (in seconds)
    SampleRate : float
        The sample rate (in Hz)
    """
    with open(fileName, mode='rb') as file: # b is important -> binary
        fileContent = file.read()

    (ChannelData, LenOf1Channel,
     NumOfChannels, SampleTime) = read_data_from_bytes(fileContent)
    
    return ChannelData, LenOf1Channel, NumOfChannels, SampleTime


[docs]def read_data_from_bytes(fileContent):
    """
    Takes the binary data stored in the binary string provided and extracts the 
    data for each channel that was saved, along with the sample rate and length
    of the data array.

    Parameters
    ----------
    fileContent : bytes 
        bytes object containing the data from a .bin file exported from
        the saleae data logger.
    
    Returns
    -------
    ChannelData : list
        List containing a list which contains the data from each channel
    LenOf1Channel : int
        The length of the data in each channel
    NumOfChannels : int
        The number of channels saved
    SampleTime : float
        The time between samples (in seconds)
    SampleRate : float
        The sample rate (in Hz)
    """
    TotalDataLen = struct.unpack('Q', fileContent[:8])[0] # Unsigned long long 
    NumOfChannels = struct.unpack('I', fileContent[8:12])[0] # unsigned Long
    SampleTime = struct.unpack('d', fileContent[12:20])[0]

    AllChannelData = struct.unpack("f" * ((len(fileContent) -20) // 4), fileContent[20:])
    #  ignore the heading bytes (= 20)
    # The remaining part forms the body, to know the number of bytes in the body do an integer division by 4 (since 4 bytes = 32 bits = sizeof(float)

    LenOf1Channel = int(TotalDataLen/NumOfChannels)

    ChannelData = list(get_chunks(AllChannelData, LenOf1Channel))
    
    return ChannelData, LenOf1Channel, NumOfChannels, SampleTime



[docs]def interpret_waveform(fileContent, RelativeChannelNo):
    """
    Extracts the data for just 1 channel and computes the corresponding
    time array (in seconds) starting from 0.
    
    Important Note: RelativeChannelNo is NOT the channel number on the Saleae data logger 
    it is the relative number of the channel that was saved. E.g. if you 
    save channels 3, 7 and 10, the corresponding RelativeChannelNos would
    be 0, 1 and 2.
    
    Parameters
    ----------
    fileContent : bytes 
        bytes object containing the data from a .bin file exported from
        the saleae data logger.
    RelativeChannelNo : int
        The relative order/position of the channel number in the saved
        binary file. See Important Note above!

    Returns
    -------    
    time : ndarray
        A generated time array corresponding to the data list
    Data : list
        The data from the relative channel requested
    SampleTime : float
        The time between samples (in seconds)
    """
    (ChannelData, LenOf1Channel,
     NumOfChannels, SampleTime) = read_data_from_bytes(fileContent)

    if RelativeChannelNo > NumOfChannels-1:
        raise ValueError("There are {} channels saved, you attempted to read relative channel number {}. Pick a relative channel number between {} and {}".format(NumOfChannels, RelativeChannelNo, 0, NumOfChannels-1))
    
    data = ChannelData[RelativeChannelNo]

    del(ChannelData)

    time = _np.arange(0, SampleTime*LenOf1Channel, SampleTime)

    return (0,SampleTime*LenOf1Channel,SampleTime), data





          

      

      

    

  

    
      
          
            
  Source code for optoanalysis.thermo.thermo

import optoanalysis
import numpy as _np
import scipy as _scipy
from scipy import constants
try:
    from numba import jit as _jit
except (OSError, ModuleNotFoundError) as e:
    def _jit(func):        
        return func
    print("Numba not present on system, not importing jit")


[docs]class ThermoObject(optoanalysis.DataObject):
    """
    Creates an object containing some data and all it's properties
    for thermodynamics analysis.
    
    Attributes
    ----------
        SampleFreq : float
                The sample frequency used in generating the data.
        time : ndarray
                Contains the time data in seconds
        voltage : ndarray
                Contains the voltage data in Volts - with noise and clean signals
                all added together
        SampleFreq : sample frequency used to sample the data (when it was
                taken by the oscilloscope)
        freqs : ndarray
                Contains the frequencies corresponding to the PSD (Pulse Spectral
                Density)
        PSD : ndarray
                Contains the values for the PSD (Pulse Spectral Density) as calculated
                at each frequency contained in freqs        
    """
    def __init__(self, filepath, RelativeChannelNo=None, SampleFreq=None, NumberOfChannels=None, PointsToLoad=-1, calcPSD=True, NPerSegmentPSD=1000000, NormaliseByMonitorOutput=False):
        """
        Parameters
        ----------
        filepath : string
            The filepath to the data file to initialise this object instance.
        RelativeChannelNo : int, optional
             Channel number for loading .bin saleae data files
             If loading a .mat file produced by the picoscope using picolog, used to 
             specifiy the channel ID as follows: 0 = Channel 'A', 1 = Channel 'B', 
             2 = Channel 'C' and 3 = Channel 'D'
             If loading a .bin file saved using custom code to interface with the
             Picoscope used to specify the channel number to load in conjunction 
             with the NumberOfChannels parameter, if left None with .bin files 
             it will assume that the file to load only contains one channel.
             If loading a .dat file produced by the labview NI5122 daq card, used to 
             specifiy the channel number if two channels where saved, if left None with 
             .dat files it will assume that the file to load only contains one channel.
             If NormaliseByMonitorOutput is True then RelativeChannelNo specifies the 
             monitor channel for loading a .dat file produced by the labview NI5122 daq card.
        SampleFreq : float, optional
             Manual selection of sample frequency for loading labview NI5122 daq files and
             .mat and .bin files recorded using the Picoscope
        NumberOfChannels : int, optional
             Total number of channels present in a .bin file recorded using a Picoscope.
        PointsToLoad : int, optional
             Number of first points to read. -1 means all points (i.e., the complete file)
             WORKS WITH NI5122, PICOSCOPE AND .BIN DATA SO FAR ONLY!!!
        calcPSD : bool, optional
            Whether to calculate the PSD upon loading the file, can take some time
            off the loading and reduce memory usage if frequency space info is not required
        NPerSegmentPSD : int, optional
            NPerSegment to pass to scipy.signal.welch to calculate the PSD
        NormaliseByMonitorOutput : bool, optional
            If True the particle signal trace will be divided by the monitor output, which is
            specified by the channel number set in the RelativeChannelNo parameter. 
            WORKS WITH NI5122 DATA SO FAR ONLY!!!

        """
        super(ThermoObject, self).__init__(filepath, RelativeChannelNo=RelativeChannelNo, SampleFreq=SampleFreq, NumberOfChannels=NumberOfChannels, PointsToLoad=PointsToLoad, calcPSD=calcPSD, NPerSegmentPSD=NPerSegmentPSD,NormaliseByMonitorOutput=NormaliseByMonitorOutput) # calls the init func from optoanalysis
        return None

    @_jit
    def calc_hamiltonian(self, mass, omega_array):
        """
        Calculates the standard (pot+kin) Hamiltonian of your system.
        
        Parameters
        ----------
        mass : float
            The mass of the particle in kg
        omega_array : array
            array which represents omega at every point in your time trace
            and should therefore have the same length as self.position_data
        
        Requirements
        ------------
        self.position_data : array
            Already filtered for the degree of freedom of intrest and converted into meters. 

        Returns
        -------
        Hamiltonian : array
            The calculated Hamiltonian
        """
        Kappa_t= mass*omega_array**2
        self.E_pot = 0.5*Kappa_t*self.position_data**2
        self.E_kin = 0.5*mass*(_np.insert(_np.diff(self.position_data), 0, (self.position_data[1]-self.position_data[0]))*self.SampleFreq)**2
        self.Hamiltonian = self.E_pot + self.E_kin
        return self.Hamiltonian

    @_jit
    def calc_phase_space_density(self, mass, omega_array, temperature_array):
        """
        Calculates the partition function of your system at each point in time.
    
        Parameters
        ----------
        mass : float
            The mass of the particle in kg
        omega_array : array
            array which represents omega at every point in your time trace
            and should therefore have the same length as the Hamiltonian
        temperature_array : array
            array which represents the temperature at every point in your time trace
            and should therefore have the same length as the Hamiltonian
        
        Requirements
        ------------
        self.position_data : array
            Already filtered for the degree of freedom of intrest and converted into meters. 

        Returns:
        -------
        Phasespace-density : array
            The Partition Function at every point in time over a given trap-frequency and temperature change.
        """

        return self.calc_hamiltonian(mass, omega_array)/calc_partition_function(mass, omega_array,temperature_array)

    @_jit
    def extract_thermodynamic_quantities(self,temperature_array):
        """
        Calculates the thermodynamic quantities of your system at each point in time.
        Calculated Quantities: self.Q (heat),self.W (work), self.Delta_E_kin, self.Delta_E_pot
        self.Delta_E (change of Hamiltonian),
    
        Parameters
        ----------
        temperature_array : array
            array which represents the temperature at every point in your time trace
            and should therefore have the same length as the Hamiltonian
        
        Requirements
        ------------
        execute calc_hamiltonian on the DataObject first

        Returns:
        -------
        Q : array
            The heat exchanged by the particle at every point in time over a given trap-frequency and temperature change.
        W : array
            The work "done"  by the particle at every point in time over a given trap-frequency and temperature change.
        """
        beta = 1/(_scipy.constants.Boltzmann*temperature_array)
        self.Q = self.Hamiltonian*(_np.insert(_np.diff(beta),0,beta[1]-beta[0])*self.SampleFreq)
        self.W = self.Hamiltonian-self.Q
        self.Delta_E_kin = _np.diff(self.E_kin)*self.SampleFreq
        self.Delta_E_pot = _np.diff(self.E_pot)*self.SampleFreq
        self.Delta_E = _np.diff(self.Hamiltonian)*self.SampleFreq
        
        return self.Q, self.W

[docs]    def calc_mean_and_variance_of_variances(self, NumberOfOscillations):
        """
        Calculates the mean and variance of a set of varainces. 
        This set is obtained by splitting the timetrace into chunks 
        of points with a length of NumberOfOscillations oscillations.  

        Parameters
        ----------
        NumberOfOscillations : int
            The number of oscillations each chunk of the timetrace 
            used to calculate the variance should contain.

        Returns
        -------
        Mean : float
        Variance : float
        """
        SplittedArraySize = int(self.SampleFreq/self.FTrap.n) * NumberOfOscillations
        VoltageArraySize = len(self.voltage)
        SnippetsVariances = _np.var(self.voltage[:VoltageArraySize-_np.mod(VoltageArraySize,SplittedArraySize)].reshape(-1,SplittedArraySize),axis=1)

        return _np.mean(SnippetsVariances), _np.var(SnippetsVariances)



@_jit
def calc_partition_function(mass, omega_array, temperature_array):
    """
    Calculates the partition function of your system at each point in time.

    Parameters
    ----------
    mass : float
        The mass of the particle in kg
    omega_array : array
        array which represents omega at every point in your time trace
        and should therefore have the same length as the Hamiltonian
    temperature_array : array
        array which represents the temperature at every point in your time trace
        and should therefore have the same length as the Hamiltonian

    Returns:
    -------
    Partition function : array
        The Partition Function at every point in time over a given trap-frequency and temperature change.
    """
    Kappa_t= mass*omega_array**2    
    return _np.sqrt(4*_np.pi**2*_scipy.constants.Boltzmann**2*temperature_array**2/(mass*Kappa_t))
        
    
@_jit
def calc_entropy(phase_space_density_array):
    """
    Calculates the entropy of your system at each point in time 
    for your given phase space density evolution in time.
    
    Parameters
    ----------
    phase_space_density_array : array
        array which represents the phase space density at every point in time

    Returns:
    -------
    entropy : array
        The entropy of the particle at every point in time via the phase space density method.
    
    """
    entropy = -_scipy.constants.Boltzmann*_np.log(phase_space_density_array)
    return entropy




          

      

      

    

  

    
      
          
            
  Source code for unittest.mock

# mock.py
# Test tools for mocking and patching.
# Maintained by Michael Foord
# Backport for other versions of Python available from
# https://pypi.org/project/mock

__all__ = (
    'Mock',
    'MagicMock',
    'patch',
    'sentinel',
    'DEFAULT',
    'ANY',
    'call',
    'create_autospec',
    'FILTER_DIR',
    'NonCallableMock',
    'NonCallableMagicMock',
    'mock_open',
    'PropertyMock',
    'seal',
)


__version__ = '1.0'


import io
import inspect
import pprint
import sys
import builtins
import contextlib
from types import ModuleType, MethodType
from functools import wraps, partial


_builtins = {name for name in dir(builtins) if not name.startswith('_')}

BaseExceptions = (BaseException,)
if 'java' in sys.platform:
    # jython
    import java
    BaseExceptions = (BaseException, java.lang.Throwable)


FILTER_DIR = True

# Workaround for issue #12370
# Without this, the __class__ properties wouldn't be set correctly
_safe_super = super

def _is_instance_mock(obj):
    # can't use isinstance on Mock objects because they override __class__
    # The base class for all mocks is NonCallableMock
    return issubclass(type(obj), NonCallableMock)


def _is_exception(obj):
    return (
        isinstance(obj, BaseExceptions) or
        isinstance(obj, type) and issubclass(obj, BaseExceptions)
    )


def _extract_mock(obj):
    # Autospecced functions will return a FunctionType with "mock" attribute
    # which is the actual mock object that needs to be used.
    if isinstance(obj, FunctionTypes) and hasattr(obj, 'mock'):
        return obj.mock
    else:
        return obj


def _get_signature_object(func, as_instance, eat_self):
    """
    Given an arbitrary, possibly callable object, try to create a suitable
    signature object.
    Return a (reduced func, signature) tuple, or None.
    """
    if isinstance(func, type) and not as_instance:
        # If it's a type and should be modelled as a type, use __init__.
        try:
            func = func.__init__
        except AttributeError:
            return None
        # Skip the `self` argument in __init__
        eat_self = True
    elif not isinstance(func, FunctionTypes):
        # If we really want to model an instance of the passed type,
        # __call__ should be looked up, not __init__.
        try:
            func = func.__call__
        except AttributeError:
            return None
    if eat_self:
        sig_func = partial(func, None)
    else:
        sig_func = func
    try:
        return func, inspect.signature(sig_func)
    except ValueError:
        # Certain callable types are not supported by inspect.signature()
        return None


def _check_signature(func, mock, skipfirst, instance=False):
    sig = _get_signature_object(func, instance, skipfirst)
    if sig is None:
        return
    func, sig = sig
    def checksig(_mock_self, *args, **kwargs):
        sig.bind(*args, **kwargs)
    _copy_func_details(func, checksig)
    type(mock)._mock_check_sig = checksig
    type(mock).__signature__ = sig


def _copy_func_details(func, funcopy):
    # we explicitly don't copy func.__dict__ into this copy as it would
    # expose original attributes that should be mocked
    for attribute in (
        '__name__', '__doc__', '__text_signature__',
        '__module__', '__defaults__', '__kwdefaults__',
    ):
        try:
            setattr(funcopy, attribute, getattr(func, attribute))
        except AttributeError:
            pass


def _callable(obj):
    if isinstance(obj, type):
        return True
    if isinstance(obj, (staticmethod, classmethod, MethodType)):
        return _callable(obj.__func__)
    if getattr(obj, '__call__', None) is not None:
        return True
    return False


def _is_list(obj):
    # checks for list or tuples
    # XXXX badly named!
    return type(obj) in (list, tuple)


def _instance_callable(obj):
    """Given an object, return True if the object is callable.
    For classes, return True if instances would be callable."""
    if not isinstance(obj, type):
        # already an instance
        return getattr(obj, '__call__', None) is not None

    # *could* be broken by a class overriding __mro__ or __dict__ via
    # a metaclass
    for base in (obj,) + obj.__mro__:
        if base.__dict__.get('__call__') is not None:
            return True
    return False


def _set_signature(mock, original, instance=False):
    # creates a function with signature (*args, **kwargs) that delegates to a
    # mock. It still does signature checking by calling a lambda with the same
    # signature as the original.
    if not _callable(original):
        return

    skipfirst = isinstance(original, type)
    result = _get_signature_object(original, instance, skipfirst)
    if result is None:
        return mock
    func, sig = result
    def checksig(*args, **kwargs):
        sig.bind(*args, **kwargs)
    _copy_func_details(func, checksig)

    name = original.__name__
    if not name.isidentifier():
        name = 'funcopy'
    context = {'_checksig_': checksig, 'mock': mock}
    src = """def %s(*args, **kwargs):
    _checksig_(*args, **kwargs)
    return mock(*args, **kwargs)""" % name
    exec (src, context)
    funcopy = context[name]
    _setup_func(funcopy, mock, sig)
    return funcopy


def _setup_func(funcopy, mock, sig):
    funcopy.mock = mock

    # can't use isinstance with mocks
    if not _is_instance_mock(mock):
        return

    def assert_called_with(*args, **kwargs):
        return mock.assert_called_with(*args, **kwargs)
    def assert_called(*args, **kwargs):
        return mock.assert_called(*args, **kwargs)
    def assert_not_called(*args, **kwargs):
        return mock.assert_not_called(*args, **kwargs)
    def assert_called_once(*args, **kwargs):
        return mock.assert_called_once(*args, **kwargs)
    def assert_called_once_with(*args, **kwargs):
        return mock.assert_called_once_with(*args, **kwargs)
    def assert_has_calls(*args, **kwargs):
        return mock.assert_has_calls(*args, **kwargs)
    def assert_any_call(*args, **kwargs):
        return mock.assert_any_call(*args, **kwargs)
    def reset_mock():
        funcopy.method_calls = _CallList()
        funcopy.mock_calls = _CallList()
        mock.reset_mock()
        ret = funcopy.return_value
        if _is_instance_mock(ret) and not ret is mock:
            ret.reset_mock()

    funcopy.called = False
    funcopy.call_count = 0
    funcopy.call_args = None
    funcopy.call_args_list = _CallList()
    funcopy.method_calls = _CallList()
    funcopy.mock_calls = _CallList()

    funcopy.return_value = mock.return_value
    funcopy.side_effect = mock.side_effect
    funcopy._mock_children = mock._mock_children

    funcopy.assert_called_with = assert_called_with
    funcopy.assert_called_once_with = assert_called_once_with
    funcopy.assert_has_calls = assert_has_calls
    funcopy.assert_any_call = assert_any_call
    funcopy.reset_mock = reset_mock
    funcopy.assert_called = assert_called
    funcopy.assert_not_called = assert_not_called
    funcopy.assert_called_once = assert_called_once
    funcopy.__signature__ = sig

    mock._mock_delegate = funcopy


def _is_magic(name):
    return '__%s__' % name[2:-2] == name


class _SentinelObject(object):
    "A unique, named, sentinel object."
    def __init__(self, name):
        self.name = name

    def __repr__(self):
        return 'sentinel.%s' % self.name

    def __reduce__(self):
        return 'sentinel.%s' % self.name


class _Sentinel(object):
    """Access attributes to return a named object, usable as a sentinel."""
    def __init__(self):
        self._sentinels = {}

    def __getattr__(self, name):
        if name == '__bases__':
            # Without this help(unittest.mock) raises an exception
            raise AttributeError
        return self._sentinels.setdefault(name, _SentinelObject(name))

    def __reduce__(self):
        return 'sentinel'


sentinel = _Sentinel()

DEFAULT = sentinel.DEFAULT
_missing = sentinel.MISSING
_deleted = sentinel.DELETED


def _copy(value):
    if type(value) in (dict, list, tuple, set):
        return type(value)(value)
    return value


_allowed_names = {
    'return_value', '_mock_return_value', 'side_effect',
    '_mock_side_effect', '_mock_parent', '_mock_new_parent',
    '_mock_name', '_mock_new_name'
}


def _delegating_property(name):
    _allowed_names.add(name)
    _the_name = '_mock_' + name
    def _get(self, name=name, _the_name=_the_name):
        sig = self._mock_delegate
        if sig is None:
            return getattr(self, _the_name)
        return getattr(sig, name)
    def _set(self, value, name=name, _the_name=_the_name):
        sig = self._mock_delegate
        if sig is None:
            self.__dict__[_the_name] = value
        else:
            setattr(sig, name, value)

    return property(_get, _set)



class _CallList(list):

    def __contains__(self, value):
        if not isinstance(value, list):
            return list.__contains__(self, value)
        len_value = len(value)
        len_self = len(self)
        if len_value > len_self:
            return False

        for i in range(0, len_self - len_value + 1):
            sub_list = self[i:i+len_value]
            if sub_list == value:
                return True
        return False

    def __repr__(self):
        return pprint.pformat(list(self))


def _check_and_set_parent(parent, value, name, new_name):
    value = _extract_mock(value)

    if not _is_instance_mock(value):
        return False
    if ((value._mock_name or value._mock_new_name) or
        (value._mock_parent is not None) or
        (value._mock_new_parent is not None)):
        return False

    _parent = parent
    while _parent is not None:
        # setting a mock (value) as a child or return value of itself
        # should not modify the mock
        if _parent is value:
            return False
        _parent = _parent._mock_new_parent

    if new_name:
        value._mock_new_parent = parent
        value._mock_new_name = new_name
    if name:
        value._mock_parent = parent
        value._mock_name = name
    return True

# Internal class to identify if we wrapped an iterator object or not.
class _MockIter(object):
    def __init__(self, obj):
        self.obj = iter(obj)
    def __iter__(self):
        return self
    def __next__(self):
        return next(self.obj)

class Base(object):
    _mock_return_value = DEFAULT
    _mock_side_effect = None
    def __init__(self, *args, **kwargs):
        pass



class NonCallableMock(Base):
    """A non-callable version of `Mock`"""

    def __new__(cls, *args, **kw):
        # every instance has its own class
        # so we can create magic methods on the
        # class without stomping on other mocks
        new = type(cls.__name__, (cls,), {'__doc__': cls.__doc__})
        instance = object.__new__(new)
        return instance


    def __init__(
            self, spec=None, wraps=None, name=None, spec_set=None,
            parent=None, _spec_state=None, _new_name='', _new_parent=None,
            _spec_as_instance=False, _eat_self=None, unsafe=False, **kwargs
        ):
        if _new_parent is None:
            _new_parent = parent

        __dict__ = self.__dict__
        __dict__['_mock_parent'] = parent
        __dict__['_mock_name'] = name
        __dict__['_mock_new_name'] = _new_name
        __dict__['_mock_new_parent'] = _new_parent
        __dict__['_mock_sealed'] = False

        if spec_set is not None:
            spec = spec_set
            spec_set = True
        if _eat_self is None:
            _eat_self = parent is not None

        self._mock_add_spec(spec, spec_set, _spec_as_instance, _eat_self)

        __dict__['_mock_children'] = {}
        __dict__['_mock_wraps'] = wraps
        __dict__['_mock_delegate'] = None

        __dict__['_mock_called'] = False
        __dict__['_mock_call_args'] = None
        __dict__['_mock_call_count'] = 0
        __dict__['_mock_call_args_list'] = _CallList()
        __dict__['_mock_mock_calls'] = _CallList()

        __dict__['method_calls'] = _CallList()
        __dict__['_mock_unsafe'] = unsafe

        if kwargs:
            self.configure_mock(**kwargs)

        _safe_super(NonCallableMock, self).__init__(
            spec, wraps, name, spec_set, parent,
            _spec_state
        )


    def attach_mock(self, mock, attribute):
        """
        Attach a mock as an attribute of this one, replacing its name and
        parent. Calls to the attached mock will be recorded in the
        `method_calls` and `mock_calls` attributes of this one."""
        inner_mock = _extract_mock(mock)

        inner_mock._mock_parent = None
        inner_mock._mock_new_parent = None
        inner_mock._mock_name = ''
        inner_mock._mock_new_name = None

        setattr(self, attribute, mock)


    def mock_add_spec(self, spec, spec_set=False):
        """Add a spec to a mock. `spec` can either be an object or a
        list of strings. Only attributes on the `spec` can be fetched as
        attributes from the mock.

        If `spec_set` is True then only attributes on the spec can be set."""
        self._mock_add_spec(spec, spec_set)


    def _mock_add_spec(self, spec, spec_set, _spec_as_instance=False,
                       _eat_self=False):
        _spec_class = None
        _spec_signature = None

        if spec is not None and not _is_list(spec):
            if isinstance(spec, type):
                _spec_class = spec
            else:
                _spec_class = _get_class(spec)
            res = _get_signature_object(spec,
                                        _spec_as_instance, _eat_self)
            _spec_signature = res and res[1]

            spec = dir(spec)

        __dict__ = self.__dict__
        __dict__['_spec_class'] = _spec_class
        __dict__['_spec_set'] = spec_set
        __dict__['_spec_signature'] = _spec_signature
        __dict__['_mock_methods'] = spec


    def __get_return_value(self):
        ret = self._mock_return_value
        if self._mock_delegate is not None:
            ret = self._mock_delegate.return_value

        if ret is DEFAULT:
            ret = self._get_child_mock(
                _new_parent=self, _new_name='()'
            )
            self.return_value = ret
        return ret


    def __set_return_value(self, value):
        if self._mock_delegate is not None:
            self._mock_delegate.return_value = value
        else:
            self._mock_return_value = value
            _check_and_set_parent(self, value, None, '()')

    __return_value_doc = "The value to be returned when the mock is called."
    return_value = property(__get_return_value, __set_return_value,
                            __return_value_doc)


    @property
    def __class__(self):
        if self._spec_class is None:
            return type(self)
        return self._spec_class

    called = _delegating_property('called')
    call_count = _delegating_property('call_count')
    call_args = _delegating_property('call_args')
    call_args_list = _delegating_property('call_args_list')
    mock_calls = _delegating_property('mock_calls')


    def __get_side_effect(self):
        delegated = self._mock_delegate
        if delegated is None:
            return self._mock_side_effect
        sf = delegated.side_effect
        if (sf is not None and not callable(sf)
                and not isinstance(sf, _MockIter) and not _is_exception(sf)):
            sf = _MockIter(sf)
            delegated.side_effect = sf
        return sf

    def __set_side_effect(self, value):
        value = _try_iter(value)
        delegated = self._mock_delegate
        if delegated is None:
            self._mock_side_effect = value
        else:
            delegated.side_effect = value

    side_effect = property(__get_side_effect, __set_side_effect)


    def reset_mock(self,  visited=None,*, return_value=False, side_effect=False):
        "Restore the mock object to its initial state."
        if visited is None:
            visited = []
        if id(self) in visited:
            return
        visited.append(id(self))

        self.called = False
        self.call_args = None
        self.call_count = 0
        self.mock_calls = _CallList()
        self.call_args_list = _CallList()
        self.method_calls = _CallList()

        if return_value:
            self._mock_return_value = DEFAULT
        if side_effect:
            self._mock_side_effect = None

        for child in self._mock_children.values():
            if isinstance(child, _SpecState) or child is _deleted:
                continue
            child.reset_mock(visited)

        ret = self._mock_return_value
        if _is_instance_mock(ret) and ret is not self:
            ret.reset_mock(visited)


    def configure_mock(self, **kwargs):
        """Set attributes on the mock through keyword arguments.

        Attributes plus return values and side effects can be set on child
        mocks using standard dot notation and unpacking a dictionary in the
        method call:

        >>> attrs = {'method.return_value': 3, 'other.side_effect': KeyError}
        >>> mock.configure_mock(**attrs)"""
        for arg, val in sorted(kwargs.items(),
                               # we sort on the number of dots so that
                               # attributes are set before we set attributes on
                               # attributes
                               key=lambda entry: entry[0].count('.')):
            args = arg.split('.')
            final = args.pop()
            obj = self
            for entry in args:
                obj = getattr(obj, entry)
            setattr(obj, final, val)


    def __getattr__(self, name):
        if name in {'_mock_methods', '_mock_unsafe'}:
            raise AttributeError(name)
        elif self._mock_methods is not None:
            if name not in self._mock_methods or name in _all_magics:
                raise AttributeError("Mock object has no attribute %r" % name)
        elif _is_magic(name):
            raise AttributeError(name)
        if not self._mock_unsafe:
            if name.startswith(('assert', 'assret')):
                raise AttributeError(name)

        result = self._mock_children.get(name)
        if result is _deleted:
            raise AttributeError(name)
        elif result is None:
            wraps = None
            if self._mock_wraps is not None:
                # XXXX should we get the attribute without triggering code
                # execution?
                wraps = getattr(self._mock_wraps, name)

            result = self._get_child_mock(
                parent=self, name=name, wraps=wraps, _new_name=name,
                _new_parent=self
            )
            self._mock_children[name]  = result

        elif isinstance(result, _SpecState):
            result = create_autospec(
                result.spec, result.spec_set, result.instance,
                result.parent, result.name
            )
            self._mock_children[name]  = result

        return result


    def _extract_mock_name(self):
        _name_list = [self._mock_new_name]
        _parent = self._mock_new_parent
        last = self

        dot = '.'
        if _name_list == ['()']:
            dot = ''
        seen = set()
        while _parent is not None:
            last = _parent

            _name_list.append(_parent._mock_new_name + dot)
            dot = '.'
            if _parent._mock_new_name == '()':
                dot = ''

            _parent = _parent._mock_new_parent

            # use ids here so as not to call __hash__ on the mocks
            if id(_parent) in seen:
                break
            seen.add(id(_parent))

        _name_list = list(reversed(_name_list))
        _first = last._mock_name or 'mock'
        if len(_name_list) > 1:
            if _name_list[1] not in ('()', '().'):
                _first += '.'
        _name_list[0] = _first
        return ''.join(_name_list)

    def __repr__(self):
        name = self._extract_mock_name()

        name_string = ''
        if name not in ('mock', 'mock.'):
            name_string = ' name=%r' % name

        spec_string = ''
        if self._spec_class is not None:
            spec_string = ' spec=%r'
            if self._spec_set:
                spec_string = ' spec_set=%r'
            spec_string = spec_string % self._spec_class.__name__
        return "<%s%s%s id='%s'>" % (
            type(self).__name__,
            name_string,
            spec_string,
            id(self)
        )


    def __dir__(self):
        """Filter the output of `dir(mock)` to only useful members."""
        if not FILTER_DIR:
            return object.__dir__(self)

        extras = self._mock_methods or []
        from_type = dir(type(self))
        from_dict = list(self.__dict__)
        from_child_mocks = [
            m_name for m_name, m_value in self._mock_children.items()
            if m_value is not _deleted]

        from_type = [e for e in from_type if not e.startswith('_')]
        from_dict = [e for e in from_dict if not e.startswith('_') or
                     _is_magic(e)]
        return sorted(set(extras + from_type + from_dict + from_child_mocks))


    def __setattr__(self, name, value):
        if name in _allowed_names:
            # property setters go through here
            return object.__setattr__(self, name, value)
        elif (self._spec_set and self._mock_methods is not None and
            name not in self._mock_methods and
            name not in self.__dict__):
            raise AttributeError("Mock object has no attribute '%s'" % name)
        elif name in _unsupported_magics:
            msg = 'Attempting to set unsupported magic method %r.' % name
            raise AttributeError(msg)
        elif name in _all_magics:
            if self._mock_methods is not None and name not in self._mock_methods:
                raise AttributeError("Mock object has no attribute '%s'" % name)

            if not _is_instance_mock(value):
                setattr(type(self), name, _get_method(name, value))
                original = value
                value = lambda *args, **kw: original(self, *args, **kw)
            else:
                # only set _new_name and not name so that mock_calls is tracked
                # but not method calls
                _check_and_set_parent(self, value, None, name)
                setattr(type(self), name, value)
                self._mock_children[name] = value
        elif name == '__class__':
            self._spec_class = value
            return
        else:
            if _check_and_set_parent(self, value, name, name):
                self._mock_children[name] = value

        if self._mock_sealed and not hasattr(self, name):
            mock_name = f'{self._extract_mock_name()}.{name}'
            raise AttributeError(f'Cannot set {mock_name}')

        return object.__setattr__(self, name, value)


    def __delattr__(self, name):
        if name in _all_magics and name in type(self).__dict__:
            delattr(type(self), name)
            if name not in self.__dict__:
                # for magic methods that are still MagicProxy objects and
                # not set on the instance itself
                return

        obj = self._mock_children.get(name, _missing)
        if name in self.__dict__:
            _safe_super(NonCallableMock, self).__delattr__(name)
        elif obj is _deleted:
            raise AttributeError(name)
        if obj is not _missing:
            del self._mock_children[name]
        self._mock_children[name] = _deleted


    def _format_mock_call_signature(self, args, kwargs):
        name = self._mock_name or 'mock'
        return _format_call_signature(name, args, kwargs)


    def _format_mock_failure_message(self, args, kwargs):
        message = 'Expected call: %s\nActual call: %s'
        expected_string = self._format_mock_call_signature(args, kwargs)
        call_args = self.call_args
        if len(call_args) == 3:
            call_args = call_args[1:]
        actual_string = self._format_mock_call_signature(*call_args)
        return message % (expected_string, actual_string)


    def _get_call_signature_from_name(self, name):
        """
        * If call objects are asserted against a method/function like obj.meth1
        then there could be no name for the call object to lookup. Hence just
        return the spec_signature of the method/function being asserted against.
        * If the name is not empty then remove () and split by '.' to get
        list of names to iterate through the children until a potential
        match is found. A child mock is created only during attribute access
        so if we get a _SpecState then no attributes of the spec were accessed
        and can be safely exited.
        """
        if not name:
            return self._spec_signature

        sig = None
        names = name.replace('()', '').split('.')
        children = self._mock_children

        for name in names:
            child = children.get(name)
            if child is None or isinstance(child, _SpecState):
                break
            else:
                # If an autospecced object is attached using attach_mock the
                # child would be a function with mock object as attribute from
                # which signature has to be derived.
                child = _extract_mock(child)
                children = child._mock_children
                sig = child._spec_signature

        return sig


    def _call_matcher(self, _call):
        """
        Given a call (or simply an (args, kwargs) tuple), return a
        comparison key suitable for matching with other calls.
        This is a best effort method which relies on the spec's signature,
        if available, or falls back on the arguments themselves.
        """

        if isinstance(_call, tuple) and len(_call) > 2:
            sig = self._get_call_signature_from_name(_call[0])
        else:
            sig = self._spec_signature

        if sig is not None:
            if len(_call) == 2:
                name = ''
                args, kwargs = _call
            else:
                name, args, kwargs = _call
            try:
                return name, sig.bind(*args, **kwargs)
            except TypeError as e:
                return e.with_traceback(None)
        else:
            return _call

    def assert_not_called(_mock_self):
        """assert that the mock was never called.
        """
        self = _mock_self
        if self.call_count != 0:
            msg = ("Expected '%s' to not have been called. Called %s times." %
                   (self._mock_name or 'mock', self.call_count))
            raise AssertionError(msg)

    def assert_called(_mock_self):
        """assert that the mock was called at least once
        """
        self = _mock_self
        if self.call_count == 0:
            msg = ("Expected '%s' to have been called." %
                   self._mock_name or 'mock')
            raise AssertionError(msg)

    def assert_called_once(_mock_self):
        """assert that the mock was called only once.
        """
        self = _mock_self
        if not self.call_count == 1:
            msg = ("Expected '%s' to have been called once. Called %s times." %
                   (self._mock_name or 'mock', self.call_count))
            raise AssertionError(msg)

    def assert_called_with(_mock_self, *args, **kwargs):
        """assert that the mock was called with the specified arguments.

        Raises an AssertionError if the args and keyword args passed in are
        different to the last call to the mock."""
        self = _mock_self
        if self.call_args is None:
            expected = self._format_mock_call_signature(args, kwargs)
            raise AssertionError('Expected call: %s\nNot called' % (expected,))

        def _error_message():
            msg = self._format_mock_failure_message(args, kwargs)
            return msg
        expected = self._call_matcher((args, kwargs))
        actual = self._call_matcher(self.call_args)
        if expected != actual:
            cause = expected if isinstance(expected, Exception) else None
            raise AssertionError(_error_message()) from cause


    def assert_called_once_with(_mock_self, *args, **kwargs):
        """assert that the mock was called exactly once and that that call was
        with the specified arguments."""
        self = _mock_self
        if not self.call_count == 1:
            msg = ("Expected '%s' to be called once. Called %s times." %
                   (self._mock_name or 'mock', self.call_count))
            raise AssertionError(msg)
        return self.assert_called_with(*args, **kwargs)


    def assert_has_calls(self, calls, any_order=False):
        """assert the mock has been called with the specified calls.
        The `mock_calls` list is checked for the calls.

        If `any_order` is False (the default) then the calls must be
        sequential. There can be extra calls before or after the
        specified calls.

        If `any_order` is True then the calls can be in any order, but
        they must all appear in `mock_calls`."""
        expected = [self._call_matcher(c) for c in calls]
        cause = next((e for e in expected if isinstance(e, Exception)), None)
        all_calls = _CallList(self._call_matcher(c) for c in self.mock_calls)
        if not any_order:
            if expected not in all_calls:
                if cause is None:
                    problem = 'Calls not found.'
                else:
                    problem = ('Error processing expected calls.\n'
                               'Errors: {}').format(
                                   [e if isinstance(e, Exception) else None
                                    for e in expected])
                raise AssertionError(
                    '%s\nExpected: %r\nActual: %r' % (
                        problem, _CallList(calls), self.mock_calls)
                ) from cause
            return

        all_calls = list(all_calls)

        not_found = []
        for kall in expected:
            try:
                all_calls.remove(kall)
            except ValueError:
                not_found.append(kall)
        if not_found:
            raise AssertionError(
                '%r not all found in call list' % (tuple(not_found),)
            ) from cause


    def assert_any_call(self, *args, **kwargs):
        """assert the mock has been called with the specified arguments.

        The assert passes if the mock has *ever* been called, unlike
        `assert_called_with` and `assert_called_once_with` that only pass if
        the call is the most recent one."""
        expected = self._call_matcher((args, kwargs))
        actual = [self._call_matcher(c) for c in self.call_args_list]
        if expected not in actual:
            cause = expected if isinstance(expected, Exception) else None
            expected_string = self._format_mock_call_signature(args, kwargs)
            raise AssertionError(
                '%s call not found' % expected_string
            ) from cause


    def _get_child_mock(self, **kw):
        """Create the child mocks for attributes and return value.
        By default child mocks will be the same type as the parent.
        Subclasses of Mock may want to override this to customize the way
        child mocks are made.

        For non-callable mocks the callable variant will be used (rather than
        any custom subclass)."""
        _type = type(self)
        if not issubclass(_type, CallableMixin):
            if issubclass(_type, NonCallableMagicMock):
                klass = MagicMock
            elif issubclass(_type, NonCallableMock) :
                klass = Mock
        else:
            klass = _type.__mro__[1]

        if self._mock_sealed:
            attribute = "." + kw["name"] if "name" in kw else "()"
            mock_name = self._extract_mock_name() + attribute
            raise AttributeError(mock_name)

        return klass(**kw)



def _try_iter(obj):
    if obj is None:
        return obj
    if _is_exception(obj):
        return obj
    if _callable(obj):
        return obj
    try:
        return iter(obj)
    except TypeError:
        # XXXX backwards compatibility
        # but this will blow up on first call - so maybe we should fail early?
        return obj



class CallableMixin(Base):

    def __init__(self, spec=None, side_effect=None, return_value=DEFAULT,
                 wraps=None, name=None, spec_set=None, parent=None,
                 _spec_state=None, _new_name='', _new_parent=None, **kwargs):
        self.__dict__['_mock_return_value'] = return_value

        _safe_super(CallableMixin, self).__init__(
            spec, wraps, name, spec_set, parent,
            _spec_state, _new_name, _new_parent, **kwargs
        )

        self.side_effect = side_effect


    def _mock_check_sig(self, *args, **kwargs):
        # stub method that can be replaced with one with a specific signature
        pass


    def __call__(_mock_self, *args, **kwargs):
        # can't use self in-case a function / method we are mocking uses self
        # in the signature
        _mock_self._mock_check_sig(*args, **kwargs)
        return _mock_self._mock_call(*args, **kwargs)


    def _mock_call(_mock_self, *args, **kwargs):
        self = _mock_self
        self.called = True
        self.call_count += 1

        # handle call_args
        _call = _Call((args, kwargs), two=True)
        self.call_args = _call
        self.call_args_list.append(_call)

        seen = set()

        # initial stuff for method_calls:
        do_method_calls = self._mock_parent is not None
        method_call_name = self._mock_name

        # initial stuff for mock_calls:
        mock_call_name = self._mock_new_name
        is_a_call = mock_call_name == '()'
        self.mock_calls.append(_Call(('', args, kwargs)))

        # follow up the chain of mocks:
        _new_parent = self._mock_new_parent
        while _new_parent is not None:

            # handle method_calls:
            if do_method_calls:
                _new_parent.method_calls.append(_Call((method_call_name, args, kwargs)))
                do_method_calls = _new_parent._mock_parent is not None
                if do_method_calls:
                    method_call_name = _new_parent._mock_name + '.' + method_call_name

            # handle mock_calls:
            this_mock_call = _Call((mock_call_name, args, kwargs))
            _new_parent.mock_calls.append(this_mock_call)

            if _new_parent._mock_new_name:
                if is_a_call:
                    dot = ''
                else:
                    dot = '.'
                is_a_call = _new_parent._mock_new_name == '()'
                mock_call_name = _new_parent._mock_new_name + dot + mock_call_name

            # follow the parental chain:
            _new_parent = _new_parent._mock_new_parent

            # check we're not in an infinite loop:
            # ( use ids here so as not to call __hash__ on the mocks)
            _new_parent_id = id(_new_parent)
            if _new_parent_id in seen:
                break
            seen.add(_new_parent_id)

        effect = self.side_effect
        if effect is not None:
            if _is_exception(effect):
                raise effect
            elif not _callable(effect):
                result = next(effect)
                if _is_exception(result):
                    raise result
            else:
                result = effect(*args, **kwargs)

            if result is not DEFAULT:
                return result

        if self._mock_return_value is not DEFAULT:
            return self.return_value

        if self._mock_wraps is not None:
            return self._mock_wraps(*args, **kwargs)

        return self.return_value



class Mock(CallableMixin, NonCallableMock):
    """
    Create a new `Mock` object. `Mock` takes several optional arguments
    that specify the behaviour of the Mock object:

    * `spec`: This can be either a list of strings or an existing object (a
      class or instance) that acts as the specification for the mock object. If
      you pass in an object then a list of strings is formed by calling dir on
      the object (excluding unsupported magic attributes and methods). Accessing
      any attribute not in this list will raise an `AttributeError`.

      If `spec` is an object (rather than a list of strings) then
      `mock.__class__` returns the class of the spec object. This allows mocks
      to pass `isinstance` tests.

    * `spec_set`: A stricter variant of `spec`. If used, attempting to *set*
      or get an attribute on the mock that isn't on the object passed as
      `spec_set` will raise an `AttributeError`.

    * `side_effect`: A function to be called whenever the Mock is called. See
      the `side_effect` attribute. Useful for raising exceptions or
      dynamically changing return values. The function is called with the same
      arguments as the mock, and unless it returns `DEFAULT`, the return
      value of this function is used as the return value.

      If `side_effect` is an iterable then each call to the mock will return
      the next value from the iterable. If any of the members of the iterable
      are exceptions they will be raised instead of returned.

    * `return_value`: The value returned when the mock is called. By default
      this is a new Mock (created on first access). See the
      `return_value` attribute.

    * `wraps`: Item for the mock object to wrap. If `wraps` is not None then
      calling the Mock will pass the call through to the wrapped object
      (returning the real result). Attribute access on the mock will return a
      Mock object that wraps the corresponding attribute of the wrapped object
      (so attempting to access an attribute that doesn't exist will raise an
      `AttributeError`).

      If the mock has an explicit `return_value` set then calls are not passed
      to the wrapped object and the `return_value` is returned instead.

    * `name`: If the mock has a name then it will be used in the repr of the
      mock. This can be useful for debugging. The name is propagated to child
      mocks.

    Mocks can also be called with arbitrary keyword arguments. These will be
    used to set attributes on the mock after it is created.
    """



def _dot_lookup(thing, comp, import_path):
    try:
        return getattr(thing, comp)
    except AttributeError:
        __import__(import_path)
        return getattr(thing, comp)


def _importer(target):
    components = target.split('.')
    import_path = components.pop(0)
    thing = __import__(import_path)

    for comp in components:
        import_path += ".%s" % comp
        thing = _dot_lookup(thing, comp, import_path)
    return thing


def _is_started(patcher):
    # XXXX horrible
    return hasattr(patcher, 'is_local')


class _patch(object):

    attribute_name = None
    _active_patches = []

    def __init__(
            self, getter, attribute, new, spec, create,
            spec_set, autospec, new_callable, kwargs
        ):
        if new_callable is not None:
            if new is not DEFAULT:
                raise ValueError(
                    "Cannot use 'new' and 'new_callable' together"
                )
            if autospec is not None:
                raise ValueError(
                    "Cannot use 'autospec' and 'new_callable' together"
                )

        self.getter = getter
        self.attribute = attribute
        self.new = new
        self.new_callable = new_callable
        self.spec = spec
        self.create = create
        self.has_local = False
        self.spec_set = spec_set
        self.autospec = autospec
        self.kwargs = kwargs
        self.additional_patchers = []


    def copy(self):
        patcher = _patch(
            self.getter, self.attribute, self.new, self.spec,
            self.create, self.spec_set,
            self.autospec, self.new_callable, self.kwargs
        )
        patcher.attribute_name = self.attribute_name
        patcher.additional_patchers = [
            p.copy() for p in self.additional_patchers
        ]
        return patcher


    def __call__(self, func):
        if isinstance(func, type):
            return self.decorate_class(func)
        return self.decorate_callable(func)


    def decorate_class(self, klass):
        for attr in dir(klass):
            if not attr.startswith(patch.TEST_PREFIX):
                continue

            attr_value = getattr(klass, attr)
            if not hasattr(attr_value, "__call__"):
                continue

            patcher = self.copy()
            setattr(klass, attr, patcher(attr_value))
        return klass


    def decorate_callable(self, func):
        if hasattr(func, 'patchings'):
            func.patchings.append(self)
            return func

        @wraps(func)
        def patched(*args, **keywargs):
            extra_args = []
            with contextlib.ExitStack() as exit_stack:
                for patching in patched.patchings:
                    arg = exit_stack.enter_context(patching)
                    if patching.attribute_name is not None:
                        keywargs.update(arg)
                    elif patching.new is DEFAULT:
                        extra_args.append(arg)

                args += tuple(extra_args)
                return func(*args, **keywargs)

        patched.patchings = [self]
        return patched


    def get_original(self):
        target = self.getter()
        name = self.attribute

        original = DEFAULT
        local = False

        try:
            original = target.__dict__[name]
        except (AttributeError, KeyError):
            original = getattr(target, name, DEFAULT)
        else:
            local = True

        if name in _builtins and isinstance(target, ModuleType):
            self.create = True

        if not self.create and original is DEFAULT:
            raise AttributeError(
                "%s does not have the attribute %r" % (target, name)
            )
        return original, local


    def __enter__(self):
        """Perform the patch."""
        new, spec, spec_set = self.new, self.spec, self.spec_set
        autospec, kwargs = self.autospec, self.kwargs
        new_callable = self.new_callable
        self.target = self.getter()

        # normalise False to None
        if spec is False:
            spec = None
        if spec_set is False:
            spec_set = None
        if autospec is False:
            autospec = None

        if spec is not None and autospec is not None:
            raise TypeError("Can't specify spec and autospec")
        if ((spec is not None or autospec is not None) and
            spec_set not in (True, None)):
            raise TypeError("Can't provide explicit spec_set *and* spec or autospec")

        original, local = self.get_original()

        if new is DEFAULT and autospec is None:
            inherit = False
            if spec is True:
                # set spec to the object we are replacing
                spec = original
                if spec_set is True:
                    spec_set = original
                    spec = None
            elif spec is not None:
                if spec_set is True:
                    spec_set = spec
                    spec = None
            elif spec_set is True:
                spec_set = original

            if spec is not None or spec_set is not None:
                if original is DEFAULT:
                    raise TypeError("Can't use 'spec' with create=True")
                if isinstance(original, type):
                    # If we're patching out a class and there is a spec
                    inherit = True

            Klass = MagicMock
            _kwargs = {}
            if new_callable is not None:
                Klass = new_callable
            elif spec is not None or spec_set is not None:
                this_spec = spec
                if spec_set is not None:
                    this_spec = spec_set
                if _is_list(this_spec):
                    not_callable = '__call__' not in this_spec
                else:
                    not_callable = not callable(this_spec)
                if not_callable:
                    Klass = NonCallableMagicMock

            if spec is not None:
                _kwargs['spec'] = spec
            if spec_set is not None:
                _kwargs['spec_set'] = spec_set

            # add a name to mocks
            if (isinstance(Klass, type) and
                issubclass(Klass, NonCallableMock) and self.attribute):
                _kwargs['name'] = self.attribute

            _kwargs.update(kwargs)
            new = Klass(**_kwargs)

            if inherit and _is_instance_mock(new):
                # we can only tell if the instance should be callable if the
                # spec is not a list
                this_spec = spec
                if spec_set is not None:
                    this_spec = spec_set
                if (not _is_list(this_spec) and not
                    _instance_callable(this_spec)):
                    Klass = NonCallableMagicMock

                _kwargs.pop('name')
                new.return_value = Klass(_new_parent=new, _new_name='()',
                                         **_kwargs)
        elif autospec is not None:
            # spec is ignored, new *must* be default, spec_set is treated
            # as a boolean. Should we check spec is not None and that spec_set
            # is a bool?
            if new is not DEFAULT:
                raise TypeError(
                    "autospec creates the mock for you. Can't specify "
                    "autospec and new."
                )
            if original is DEFAULT:
                raise TypeError("Can't use 'autospec' with create=True")
            spec_set = bool(spec_set)
            if autospec is True:
                autospec = original

            new = create_autospec(autospec, spec_set=spec_set,
                                  _name=self.attribute, **kwargs)
        elif kwargs:
            # can't set keyword args when we aren't creating the mock
            # XXXX If new is a Mock we could call new.configure_mock(**kwargs)
            raise TypeError("Can't pass kwargs to a mock we aren't creating")

        new_attr = new

        self.temp_original = original
        self.is_local = local
        self._exit_stack = contextlib.ExitStack()
        try:
            setattr(self.target, self.attribute, new_attr)
            if self.attribute_name is not None:
                extra_args = {}
                if self.new is DEFAULT:
                    extra_args[self.attribute_name] =  new
                for patching in self.additional_patchers:
                    arg = self._exit_stack.enter_context(patching)
                    if patching.new is DEFAULT:
                        extra_args.update(arg)
                return extra_args

            return new
        except:
            if not self.__exit__(*sys.exc_info()):
                raise

    def __exit__(self, *exc_info):
        """Undo the patch."""
        if not _is_started(self):
            raise RuntimeError('stop called on unstarted patcher')

        if self.is_local and self.temp_original is not DEFAULT:
            setattr(self.target, self.attribute, self.temp_original)
        else:
            delattr(self.target, self.attribute)
            if not self.create and (not hasattr(self.target, self.attribute) or
                        self.attribute in ('__doc__', '__module__',
                                           '__defaults__', '__annotations__',
                                           '__kwdefaults__')):
                # needed for proxy objects like django settings
                setattr(self.target, self.attribute, self.temp_original)

        del self.temp_original
        del self.is_local
        del self.target
        exit_stack = self._exit_stack
        del self._exit_stack
        return exit_stack.__exit__(*exc_info)


    def start(self):
        """Activate a patch, returning any created mock."""
        result = self.__enter__()
        self._active_patches.append(self)
        return result


    def stop(self):
        """Stop an active patch."""
        try:
            self._active_patches.remove(self)
        except ValueError:
            # If the patch hasn't been started this will fail
            pass

        return self.__exit__(None, None, None)



def _get_target(target):
    try:
        target, attribute = target.rsplit('.', 1)
    except (TypeError, ValueError):
        raise TypeError("Need a valid target to patch. You supplied: %r" %
                        (target,))
    getter = lambda: _importer(target)
    return getter, attribute


def _patch_object(
        target, attribute, new=DEFAULT, spec=None,
        create=False, spec_set=None, autospec=None,
        new_callable=None, **kwargs
    ):
    """
    patch the named member (`attribute`) on an object (`target`) with a mock
    object.

    `patch.object` can be used as a decorator, class decorator or a context
    manager. Arguments `new`, `spec`, `create`, `spec_set`,
    `autospec` and `new_callable` have the same meaning as for `patch`. Like
    `patch`, `patch.object` takes arbitrary keyword arguments for configuring
    the mock object it creates.

    When used as a class decorator `patch.object` honours `patch.TEST_PREFIX`
    for choosing which methods to wrap.
    """
    if type(target) is str:
        raise TypeError(
            f"{target!r} must be the actual object to be patched, not a str"
        )
    getter = lambda: target
    return _patch(
        getter, attribute, new, spec, create,
        spec_set, autospec, new_callable, kwargs
    )


def _patch_multiple(target, spec=None, create=False, spec_set=None,
                    autospec=None, new_callable=None, **kwargs):
    """Perform multiple patches in a single call. It takes the object to be
    patched (either as an object or a string to fetch the object by importing)
    and keyword arguments for the patches::

        with patch.multiple(settings, FIRST_PATCH='one', SECOND_PATCH='two'):
            ...

    Use `DEFAULT` as the value if you want `patch.multiple` to create
    mocks for you. In this case the created mocks are passed into a decorated
    function by keyword, and a dictionary is returned when `patch.multiple` is
    used as a context manager.

    `patch.multiple` can be used as a decorator, class decorator or a context
    manager. The arguments `spec`, `spec_set`, `create`,
    `autospec` and `new_callable` have the same meaning as for `patch`. These
    arguments will be applied to *all* patches done by `patch.multiple`.

    When used as a class decorator `patch.multiple` honours `patch.TEST_PREFIX`
    for choosing which methods to wrap.
    """
    if type(target) is str:
        getter = lambda: _importer(target)
    else:
        getter = lambda: target

    if not kwargs:
        raise ValueError(
            'Must supply at least one keyword argument with patch.multiple'
        )
    # need to wrap in a list for python 3, where items is a view
    items = list(kwargs.items())
    attribute, new = items[0]
    patcher = _patch(
        getter, attribute, new, spec, create, spec_set,
        autospec, new_callable, {}
    )
    patcher.attribute_name = attribute
    for attribute, new in items[1:]:
        this_patcher = _patch(
            getter, attribute, new, spec, create, spec_set,
            autospec, new_callable, {}
        )
        this_patcher.attribute_name = attribute
        patcher.additional_patchers.append(this_patcher)
    return patcher


def patch(
        target, new=DEFAULT, spec=None, create=False,
        spec_set=None, autospec=None, new_callable=None, **kwargs
    ):
    """
    `patch` acts as a function decorator, class decorator or a context
    manager. Inside the body of the function or with statement, the `target`
    is patched with a `new` object. When the function/with statement exits
    the patch is undone.

    If `new` is omitted, then the target is replaced with a
    `MagicMock`. If `patch` is used as a decorator and `new` is
    omitted, the created mock is passed in as an extra argument to the
    decorated function. If `patch` is used as a context manager the created
    mock is returned by the context manager.

    `target` should be a string in the form `'package.module.ClassName'`. The
    `target` is imported and the specified object replaced with the `new`
    object, so the `target` must be importable from the environment you are
    calling `patch` from. The target is imported when the decorated function
    is executed, not at decoration time.

    The `spec` and `spec_set` keyword arguments are passed to the `MagicMock`
    if patch is creating one for you.

    In addition you can pass `spec=True` or `spec_set=True`, which causes
    patch to pass in the object being mocked as the spec/spec_set object.

    `new_callable` allows you to specify a different class, or callable object,
    that will be called to create the `new` object. By default `MagicMock` is
    used.

    A more powerful form of `spec` is `autospec`. If you set `autospec=True`
    then the mock will be created with a spec from the object being replaced.
    All attributes of the mock will also have the spec of the corresponding
    attribute of the object being replaced. Methods and functions being
    mocked will have their arguments checked and will raise a `TypeError` if
    they are called with the wrong signature. For mocks replacing a class,
    their return value (the 'instance') will have the same spec as the class.

    Instead of `autospec=True` you can pass `autospec=some_object` to use an
    arbitrary object as the spec instead of the one being replaced.

    By default `patch` will fail to replace attributes that don't exist. If
    you pass in `create=True`, and the attribute doesn't exist, patch will
    create the attribute for you when the patched function is called, and
    delete it again afterwards. This is useful for writing tests against
    attributes that your production code creates at runtime. It is off by
    default because it can be dangerous. With it switched on you can write
    passing tests against APIs that don't actually exist!

    Patch can be used as a `TestCase` class decorator. It works by
    decorating each test method in the class. This reduces the boilerplate
    code when your test methods share a common patchings set. `patch` finds
    tests by looking for method names that start with `patch.TEST_PREFIX`.
    By default this is `test`, which matches the way `unittest` finds tests.
    You can specify an alternative prefix by setting `patch.TEST_PREFIX`.

    Patch can be used as a context manager, with the with statement. Here the
    patching applies to the indented block after the with statement. If you
    use "as" then the patched object will be bound to the name after the
    "as"; very useful if `patch` is creating a mock object for you.

    `patch` takes arbitrary keyword arguments. These will be passed to
    the `Mock` (or `new_callable`) on construction.

    `patch.dict(...)`, `patch.multiple(...)` and `patch.object(...)` are
    available for alternate use-cases.
    """
    getter, attribute = _get_target(target)
    return _patch(
        getter, attribute, new, spec, create,
        spec_set, autospec, new_callable, kwargs
    )


class _patch_dict(object):
    """
    Patch a dictionary, or dictionary like object, and restore the dictionary
    to its original state after the test.

    `in_dict` can be a dictionary or a mapping like container. If it is a
    mapping then it must at least support getting, setting and deleting items
    plus iterating over keys.

    `in_dict` can also be a string specifying the name of the dictionary, which
    will then be fetched by importing it.

    `values` can be a dictionary of values to set in the dictionary. `values`
    can also be an iterable of `(key, value)` pairs.

    If `clear` is True then the dictionary will be cleared before the new
    values are set.

    `patch.dict` can also be called with arbitrary keyword arguments to set
    values in the dictionary::

        with patch.dict('sys.modules', mymodule=Mock(), other_module=Mock()):
            ...

    `patch.dict` can be used as a context manager, decorator or class
    decorator. When used as a class decorator `patch.dict` honours
    `patch.TEST_PREFIX` for choosing which methods to wrap.
    """

    def __init__(self, in_dict, values=(), clear=False, **kwargs):
        self.in_dict = in_dict
        # support any argument supported by dict(...) constructor
        self.values = dict(values)
        self.values.update(kwargs)
        self.clear = clear
        self._original = None


    def __call__(self, f):
        if isinstance(f, type):
            return self.decorate_class(f)
        @wraps(f)
        def _inner(*args, **kw):
            self._patch_dict()
            try:
                return f(*args, **kw)
            finally:
                self._unpatch_dict()

        return _inner


    def decorate_class(self, klass):
        for attr in dir(klass):
            attr_value = getattr(klass, attr)
            if (attr.startswith(patch.TEST_PREFIX) and
                 hasattr(attr_value, "__call__")):
                decorator = _patch_dict(self.in_dict, self.values, self.clear)
                decorated = decorator(attr_value)
                setattr(klass, attr, decorated)
        return klass


    def __enter__(self):
        """Patch the dict."""
        self._patch_dict()


    def _patch_dict(self):
        values = self.values
        if isinstance(self.in_dict, str):
            self.in_dict = _importer(self.in_dict)
        in_dict = self.in_dict
        clear = self.clear

        try:
            original = in_dict.copy()
        except AttributeError:
            # dict like object with no copy method
            # must support iteration over keys
            original = {}
            for key in in_dict:
                original[key] = in_dict[key]
        self._original = original

        if clear:
            _clear_dict(in_dict)

        try:
            in_dict.update(values)
        except AttributeError:
            # dict like object with no update method
            for key in values:
                in_dict[key] = values[key]


    def _unpatch_dict(self):
        in_dict = self.in_dict
        original = self._original

        _clear_dict(in_dict)

        try:
            in_dict.update(original)
        except AttributeError:
            for key in original:
                in_dict[key] = original[key]


    def __exit__(self, *args):
        """Unpatch the dict."""
        self._unpatch_dict()
        return False

    start = __enter__
    stop = __exit__


def _clear_dict(in_dict):
    try:
        in_dict.clear()
    except AttributeError:
        keys = list(in_dict)
        for key in keys:
            del in_dict[key]


def _patch_stopall():
    """Stop all active patches. LIFO to unroll nested patches."""
    for patch in reversed(_patch._active_patches):
        patch.stop()


patch.object = _patch_object
patch.dict = _patch_dict
patch.multiple = _patch_multiple
patch.stopall = _patch_stopall
patch.TEST_PREFIX = 'test'

magic_methods = (
    "lt le gt ge eq ne "
    "getitem setitem delitem "
    "len contains iter "
    "hash str sizeof "
    "enter exit "
    # we added divmod and rdivmod here instead of numerics
    # because there is no idivmod
    "divmod rdivmod neg pos abs invert "
    "complex int float index "
    "trunc floor ceil "
    "bool next "
)

numerics = (
    "add sub mul matmul div floordiv mod lshift rshift and xor or pow truediv"
)
inplace = ' '.join('i%s' % n for n in numerics.split())
right = ' '.join('r%s' % n for n in numerics.split())

# not including __prepare__, __instancecheck__, __subclasscheck__
# (as they are metaclass methods)
# __del__ is not supported at all as it causes problems if it exists

_non_defaults = {
    '__get__', '__set__', '__delete__', '__reversed__', '__missing__',
    '__reduce__', '__reduce_ex__', '__getinitargs__', '__getnewargs__',
    '__getstate__', '__setstate__', '__getformat__', '__setformat__',
    '__repr__', '__dir__', '__subclasses__', '__format__',
    '__getnewargs_ex__',
}


def _get_method(name, func):
    "Turns a callable object (like a mock) into a real function"
    def method(self, *args, **kw):
        return func(self, *args, **kw)
    method.__name__ = name
    return method


_magics = {
    '__%s__' % method for method in
    ' '.join([magic_methods, numerics, inplace, right]).split()
}

_all_magics = _magics | _non_defaults

_unsupported_magics = {
    '__getattr__', '__setattr__',
    '__init__', '__new__', '__prepare__',
    '__instancecheck__', '__subclasscheck__',
    '__del__'
}

_calculate_return_value = {
    '__hash__': lambda self: object.__hash__(self),
    '__str__': lambda self: object.__str__(self),
    '__sizeof__': lambda self: object.__sizeof__(self),
}

_return_values = {
    '__lt__': NotImplemented,
    '__gt__': NotImplemented,
    '__le__': NotImplemented,
    '__ge__': NotImplemented,
    '__int__': 1,
    '__contains__': False,
    '__len__': 0,
    '__exit__': False,
    '__complex__': 1j,
    '__float__': 1.0,
    '__bool__': True,
    '__index__': 1,
}


def _get_eq(self):
    def __eq__(other):
        ret_val = self.__eq__._mock_return_value
        if ret_val is not DEFAULT:
            return ret_val
        if self is other:
            return True
        return NotImplemented
    return __eq__

def _get_ne(self):
    def __ne__(other):
        if self.__ne__._mock_return_value is not DEFAULT:
            return DEFAULT
        if self is other:
            return False
        return NotImplemented
    return __ne__

def _get_iter(self):
    def __iter__():
        ret_val = self.__iter__._mock_return_value
        if ret_val is DEFAULT:
            return iter([])
        # if ret_val was already an iterator, then calling iter on it should
        # return the iterator unchanged
        return iter(ret_val)
    return __iter__

_side_effect_methods = {
    '__eq__': _get_eq,
    '__ne__': _get_ne,
    '__iter__': _get_iter,
}



def _set_return_value(mock, method, name):
    fixed = _return_values.get(name, DEFAULT)
    if fixed is not DEFAULT:
        method.return_value = fixed
        return

    return_calculator = _calculate_return_value.get(name)
    if return_calculator is not None:
        try:
            return_value = return_calculator(mock)
        except AttributeError:
            # XXXX why do we return AttributeError here?
            #      set it as a side_effect instead?
            return_value = AttributeError(name)
        method.return_value = return_value
        return

    side_effector = _side_effect_methods.get(name)
    if side_effector is not None:
        method.side_effect = side_effector(mock)



class MagicMixin(object):
    def __init__(self, *args, **kw):
        self._mock_set_magics()  # make magic work for kwargs in init
        _safe_super(MagicMixin, self).__init__(*args, **kw)
        self._mock_set_magics()  # fix magic broken by upper level init


    def _mock_set_magics(self):
        these_magics = _magics

        if getattr(self, "_mock_methods", None) is not None:
            these_magics = _magics.intersection(self._mock_methods)

            remove_magics = set()
            remove_magics = _magics - these_magics

            for entry in remove_magics:
                if entry in type(self).__dict__:
                    # remove unneeded magic methods
                    delattr(self, entry)

        # don't overwrite existing attributes if called a second time
        these_magics = these_magics - set(type(self).__dict__)

        _type = type(self)
        for entry in these_magics:
            setattr(_type, entry, MagicProxy(entry, self))



class NonCallableMagicMock(MagicMixin, NonCallableMock):
    """A version of `MagicMock` that isn't callable."""
    def mock_add_spec(self, spec, spec_set=False):
        """Add a spec to a mock. `spec` can either be an object or a
        list of strings. Only attributes on the `spec` can be fetched as
        attributes from the mock.

        If `spec_set` is True then only attributes on the spec can be set."""
        self._mock_add_spec(spec, spec_set)
        self._mock_set_magics()



class MagicMock(MagicMixin, Mock):
    """
    MagicMock is a subclass of Mock with default implementations
    of most of the magic methods. You can use MagicMock without having to
    configure the magic methods yourself.

    If you use the `spec` or `spec_set` arguments then *only* magic
    methods that exist in the spec will be created.

    Attributes and the return value of a `MagicMock` will also be `MagicMocks`.
    """
    def mock_add_spec(self, spec, spec_set=False):
        """Add a spec to a mock. `spec` can either be an object or a
        list of strings. Only attributes on the `spec` can be fetched as
        attributes from the mock.

        If `spec_set` is True then only attributes on the spec can be set."""
        self._mock_add_spec(spec, spec_set)
        self._mock_set_magics()



class MagicProxy(object):
    def __init__(self, name, parent):
        self.name = name
        self.parent = parent

    def __call__(self, *args, **kwargs):
        m = self.create_mock()
        return m(*args, **kwargs)

    def create_mock(self):
        entry = self.name
        parent = self.parent
        m = parent._get_child_mock(name=entry, _new_name=entry,
                                   _new_parent=parent)
        setattr(parent, entry, m)
        _set_return_value(parent, m, entry)
        return m

    def __get__(self, obj, _type=None):
        return self.create_mock()



class _ANY(object):
    "A helper object that compares equal to everything."

    def __eq__(self, other):
        return True

    def __ne__(self, other):
        return False

    def __repr__(self):
        return '<ANY>'

ANY = _ANY()



def _format_call_signature(name, args, kwargs):
    message = '%s(%%s)' % name
    formatted_args = ''
    args_string = ', '.join([repr(arg) for arg in args])
    kwargs_string = ', '.join([
        '%s=%r' % (key, value) for key, value in sorted(kwargs.items())
    ])
    if args_string:
        formatted_args = args_string
    if kwargs_string:
        if formatted_args:
            formatted_args += ', '
        formatted_args += kwargs_string

    return message % formatted_args



class _Call(tuple):
    """
    A tuple for holding the results of a call to a mock, either in the form
    `(args, kwargs)` or `(name, args, kwargs)`.

    If args or kwargs are empty then a call tuple will compare equal to
    a tuple without those values. This makes comparisons less verbose::

        _Call(('name', (), {})) == ('name',)
        _Call(('name', (1,), {})) == ('name', (1,))
        _Call(((), {'a': 'b'})) == ({'a': 'b'},)

    The `_Call` object provides a useful shortcut for comparing with call::

        _Call(((1, 2), {'a': 3})) == call(1, 2, a=3)
        _Call(('foo', (1, 2), {'a': 3})) == call.foo(1, 2, a=3)

    If the _Call has no name then it will match any name.
    """
    def __new__(cls, value=(), name='', parent=None, two=False,
                from_kall=True):
        args = ()
        kwargs = {}
        _len = len(value)
        if _len == 3:
            name, args, kwargs = value
        elif _len == 2:
            first, second = value
            if isinstance(first, str):
                name = first
                if isinstance(second, tuple):
                    args = second
                else:
                    kwargs = second
            else:
                args, kwargs = first, second
        elif _len == 1:
            value, = value
            if isinstance(value, str):
                name = value
            elif isinstance(value, tuple):
                args = value
            else:
                kwargs = value

        if two:
            return tuple.__new__(cls, (args, kwargs))

        return tuple.__new__(cls, (name, args, kwargs))


    def __init__(self, value=(), name=None, parent=None, two=False,
                 from_kall=True):
        self._mock_name = name
        self._mock_parent = parent
        self._mock_from_kall = from_kall


    def __eq__(self, other):
        if other is ANY:
            return True
        try:
            len_other = len(other)
        except TypeError:
            return False

        self_name = ''
        if len(self) == 2:
            self_args, self_kwargs = self
        else:
            self_name, self_args, self_kwargs = self

        if (getattr(self, '_mock_parent', None) and getattr(other, '_mock_parent', None)
                and self._mock_parent != other._mock_parent):
            return False

        other_name = ''
        if len_other == 0:
            other_args, other_kwargs = (), {}
        elif len_other == 3:
            other_name, other_args, other_kwargs = other
        elif len_other == 1:
            value, = other
            if isinstance(value, tuple):
                other_args = value
                other_kwargs = {}
            elif isinstance(value, str):
                other_name = value
                other_args, other_kwargs = (), {}
            else:
                other_args = ()
                other_kwargs = value
        elif len_other == 2:
            # could be (name, args) or (name, kwargs) or (args, kwargs)
            first, second = other
            if isinstance(first, str):
                other_name = first
                if isinstance(second, tuple):
                    other_args, other_kwargs = second, {}
                else:
                    other_args, other_kwargs = (), second
            else:
                other_args, other_kwargs = first, second
        else:
            return False

        if self_name and other_name != self_name:
            return False

        # this order is important for ANY to work!
        return (other_args, other_kwargs) == (self_args, self_kwargs)


    __ne__ = object.__ne__


    def __call__(self, *args, **kwargs):
        if self._mock_name is None:
            return _Call(('', args, kwargs), name='()')

        name = self._mock_name + '()'
        return _Call((self._mock_name, args, kwargs), name=name, parent=self)


    def __getattr__(self, attr):
        if self._mock_name is None:
            return _Call(name=attr, from_kall=False)
        name = '%s.%s' % (self._mock_name, attr)
        return _Call(name=name, parent=self, from_kall=False)


    def count(self, *args, **kwargs):
        return self.__getattr__('count')(*args, **kwargs)

    def index(self, *args, **kwargs):
        return self.__getattr__('index')(*args, **kwargs)

    def __repr__(self):
        if not self._mock_from_kall:
            name = self._mock_name or 'call'
            if name.startswith('()'):
                name = 'call%s' % name
            return name

        if len(self) == 2:
            name = 'call'
            args, kwargs = self
        else:
            name, args, kwargs = self
            if not name:
                name = 'call'
            elif not name.startswith('()'):
                name = 'call.%s' % name
            else:
                name = 'call%s' % name
        return _format_call_signature(name, args, kwargs)


    def call_list(self):
        """For a call object that represents multiple calls, `call_list`
        returns a list of all the intermediate calls as well as the
        final call."""
        vals = []
        thing = self
        while thing is not None:
            if thing._mock_from_kall:
                vals.append(thing)
            thing = thing._mock_parent
        return _CallList(reversed(vals))


call = _Call(from_kall=False)



def create_autospec(spec, spec_set=False, instance=False, _parent=None,
                    _name=None, **kwargs):
    """Create a mock object using another object as a spec. Attributes on the
    mock will use the corresponding attribute on the `spec` object as their
    spec.

    Functions or methods being mocked will have their arguments checked
    to check that they are called with the correct signature.

    If `spec_set` is True then attempting to set attributes that don't exist
    on the spec object will raise an `AttributeError`.

    If a class is used as a spec then the return value of the mock (the
    instance of the class) will have the same spec. You can use a class as the
    spec for an instance object by passing `instance=True`. The returned mock
    will only be callable if instances of the mock are callable.

    `create_autospec` also takes arbitrary keyword arguments that are passed to
    the constructor of the created mock."""
    if _is_list(spec):
        # can't pass a list instance to the mock constructor as it will be
        # interpreted as a list of strings
        spec = type(spec)

    is_type = isinstance(spec, type)

    _kwargs = {'spec': spec}
    if spec_set:
        _kwargs = {'spec_set': spec}
    elif spec is None:
        # None we mock with a normal mock without a spec
        _kwargs = {}
    if _kwargs and instance:
        _kwargs['_spec_as_instance'] = True

    _kwargs.update(kwargs)

    Klass = MagicMock
    if inspect.isdatadescriptor(spec):
        # descriptors don't have a spec
        # because we don't know what type they return
        _kwargs = {}
    elif not _callable(spec):
        Klass = NonCallableMagicMock
    elif is_type and instance and not _instance_callable(spec):
        Klass = NonCallableMagicMock

    _name = _kwargs.pop('name', _name)

    _new_name = _name
    if _parent is None:
        # for a top level object no _new_name should be set
        _new_name = ''

    mock = Klass(parent=_parent, _new_parent=_parent, _new_name=_new_name,
                 name=_name, **_kwargs)

    if isinstance(spec, FunctionTypes):
        # should only happen at the top level because we don't
        # recurse for functions
        mock = _set_signature(mock, spec)
    else:
        _check_signature(spec, mock, is_type, instance)

    if _parent is not None and not instance:
        _parent._mock_children[_name] = mock

    if is_type and not instance and 'return_value' not in kwargs:
        mock.return_value = create_autospec(spec, spec_set, instance=True,
                                            _name='()', _parent=mock)

    for entry in dir(spec):
        if _is_magic(entry):
            # MagicMock already does the useful magic methods for us
            continue

        # XXXX do we need a better way of getting attributes without
        # triggering code execution (?) Probably not - we need the actual
        # object to mock it so we would rather trigger a property than mock
        # the property descriptor. Likewise we want to mock out dynamically
        # provided attributes.
        # XXXX what about attributes that raise exceptions other than
        # AttributeError on being fetched?
        # we could be resilient against it, or catch and propagate the
        # exception when the attribute is fetched from the mock
        try:
            original = getattr(spec, entry)
        except AttributeError:
            continue

        kwargs = {'spec': original}
        if spec_set:
            kwargs = {'spec_set': original}

        if not isinstance(original, FunctionTypes):
            new = _SpecState(original, spec_set, mock, entry, instance)
            mock._mock_children[entry] = new
        else:
            parent = mock
            if isinstance(spec, FunctionTypes):
                parent = mock.mock

            skipfirst = _must_skip(spec, entry, is_type)
            kwargs['_eat_self'] = skipfirst
            new = MagicMock(parent=parent, name=entry, _new_name=entry,
                            _new_parent=parent,
                            **kwargs)
            mock._mock_children[entry] = new
            _check_signature(original, new, skipfirst=skipfirst)

        # so functions created with _set_signature become instance attributes,
        # *plus* their underlying mock exists in _mock_children of the parent
        # mock. Adding to _mock_children may be unnecessary where we are also
        # setting as an instance attribute?
        if isinstance(new, FunctionTypes):
            setattr(mock, entry, new)

    return mock


def _must_skip(spec, entry, is_type):
    """
    Return whether we should skip the first argument on spec's `entry`
    attribute.
    """
    if not isinstance(spec, type):
        if entry in getattr(spec, '__dict__', {}):
            # instance attribute - shouldn't skip
            return False
        spec = spec.__class__

    for klass in spec.__mro__:
        result = klass.__dict__.get(entry, DEFAULT)
        if result is DEFAULT:
            continue
        if isinstance(result, (staticmethod, classmethod)):
            return False
        elif isinstance(result, FunctionTypes):
            # Normal method => skip if looked up on type
            # (if looked up on instance, self is already skipped)
            return is_type
        else:
            return False

    # shouldn't get here unless function is a dynamically provided attribute
    # XXXX untested behaviour
    return is_type


def _get_class(obj):
    try:
        return obj.__class__
    except AttributeError:
        # it is possible for objects to have no __class__
        return type(obj)


class _SpecState(object):

    def __init__(self, spec, spec_set=False, parent=None,
                 name=None, ids=None, instance=False):
        self.spec = spec
        self.ids = ids
        self.spec_set = spec_set
        self.parent = parent
        self.instance = instance
        self.name = name


FunctionTypes = (
    # python function
    type(create_autospec),
    # instance method
    type(ANY.__eq__),
)


file_spec = None


def _to_stream(read_data):
    if isinstance(read_data, bytes):
        return io.BytesIO(read_data)
    else:
        return io.StringIO(read_data)


def mock_open(mock=None, read_data=''):
    """
    A helper function to create a mock to replace the use of `open`. It works
    for `open` called directly or used as a context manager.

    The `mock` argument is the mock object to configure. If `None` (the
    default) then a `MagicMock` will be created for you, with the API limited
    to methods or attributes available on standard file handles.

    `read_data` is a string for the `read`, `readline` and `readlines` of the
    file handle to return.  This is an empty string by default.
    """
    _read_data = _to_stream(read_data)
    _state = [_read_data, None]

    def _readlines_side_effect(*args, **kwargs):
        if handle.readlines.return_value is not None:
            return handle.readlines.return_value
        return _state[0].readlines(*args, **kwargs)

    def _read_side_effect(*args, **kwargs):
        if handle.read.return_value is not None:
            return handle.read.return_value
        return _state[0].read(*args, **kwargs)

    def _readline_side_effect(*args, **kwargs):
        yield from _iter_side_effect()
        while True:
            yield _state[0].readline(*args, **kwargs)

    def _iter_side_effect():
        if handle.readline.return_value is not None:
            while True:
                yield handle.readline.return_value
        for line in _state[0]:
            yield line

    def _next_side_effect():
        if handle.readline.return_value is not None:
            return handle.readline.return_value
        return next(_state[0])

    global file_spec
    if file_spec is None:
        import _io
        file_spec = list(set(dir(_io.TextIOWrapper)).union(set(dir(_io.BytesIO))))

    if mock is None:
        mock = MagicMock(name='open', spec=open)

    handle = MagicMock(spec=file_spec)
    handle.__enter__.return_value = handle

    handle.write.return_value = None
    handle.read.return_value = None
    handle.readline.return_value = None
    handle.readlines.return_value = None

    handle.read.side_effect = _read_side_effect
    _state[1] = _readline_side_effect()
    handle.readline.side_effect = _state[1]
    handle.readlines.side_effect = _readlines_side_effect
    handle.__iter__.side_effect = _iter_side_effect
    handle.__next__.side_effect = _next_side_effect

    def reset_data(*args, **kwargs):
        _state[0] = _to_stream(read_data)
        if handle.readline.side_effect == _state[1]:
            # Only reset the side effect if the user hasn't overridden it.
            _state[1] = _readline_side_effect()
            handle.readline.side_effect = _state[1]
        return DEFAULT

    mock.side_effect = reset_data
    mock.return_value = handle
    return mock


class PropertyMock(Mock):
    """
    A mock intended to be used as a property, or other descriptor, on a class.
    `PropertyMock` provides `__get__` and `__set__` methods so you can specify
    a return value when it is fetched.

    Fetching a `PropertyMock` instance from an object calls the mock, with
    no args. Setting it calls the mock with the value being set.
    """
    def _get_child_mock(self, **kwargs):
        return MagicMock(**kwargs)

    def __get__(self, obj, obj_type):
        return self()
    def __set__(self, obj, val):
        self(val)


def seal(mock):
    """Disable the automatic generation of child mocks.

    Given an input Mock, seals it to ensure no further mocks will be generated
    when accessing an attribute that was not already defined.

    The operation recursively seals the mock passed in, meaning that
    the mock itself, any mocks generated by accessing one of its attributes,
    and all assigned mocks without a name or spec will be sealed.
    """
    mock._mock_sealed = True
    for attr in dir(mock):
        try:
            m = getattr(mock, attr)
        except AttributeError:
            continue
        if not isinstance(m, NonCallableMock):
            continue
        if m._mock_new_parent is mock:
            seal(m)
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