

    
      
          
            
  


Welcome to the McsPyDataTools documentation!

The aim of the McsPyDataTools package is to provide a convenient python interface to access the
content of HDF5 data files created by the Multi Channel DataManager and other Multi Channel Systems MCS GmbH software.
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McsPyDataTools API Reference


McsPy

McsPy is a Python module/package to read, handle and operate on HDF5-based raw data
files converted from recordings of devices of the Multi Channel Systems MCS GmbH.


	copyright

	
	2022 by Multi Channel Systems MCS GmbH






	license

	see LICENSE for more details






	
class McsPy.McsHdf5Protocols

	Class of supported MCS-HDF5 protocol types and version ranges

Entry: (Protocol Type Name => Tuple of supported version range from (including) the first version entry up to (including) the second version entry)


	
classmethod check_hdf5_protocol_version(protocol_name, version)

	Check if the given version of the HDF5 protocol is supported


	Parameters

	
	protocol_name – name of the protocol that is tested


	version – version number that should be checked






	Returns

	is true if the given protocol and version is supported










	
classmethod check_protocol_type_version(protocol_type_name, version)

	Check if the given version of a protocol is supported by the implementation


	Parameters

	
	protocol_type_name – name of the protocol that is tested


	version – version number that should be checked






	Returns

	is true if the given protocol and version is supported














	
class McsPy.McsHdf5Types

	Class of supported MCS-HDF5 file structure types and version ranges

Entry: (Protocol TypeID => Tuple of supported version range from (including) the first version entry up to (including) the second version entry)


	
classmethod get_mcs_class_name(typeID)

	Returns the McsPy class name, that corresponds to a given Mcs HDF5 file structure type. The function also checks if the requested class supports 
the Mcs HDF5 file structure type version


	Parameters

	typeID – name of the type that is tested



	Returns

	a McsCMOSMEA class if the given type and version is supported















The ‘’McsData’’ module


	
class McsPy.McsData.RawData(raw_data_path)

	This class holds the information of a complete MCS raw data file


	Parameters

	
	raw_data_path – path to the HDF5 file


	h5_file – h5py File handle


	mcs_hdf5_protocol_type – protocol type. Currently, only “RawData” is supported


	mcs_hdf5_protocol_type_version – protocol version


	comment – comment string


	clr_date – recording date string


	date_in_clr_ticks – recording date in CLR ticks (100 ns)


	date – datetime object representing the recording date


	file_guid – file GUID


	mea_layout – name of the MEA layout


	mea_sn – serial number of the MEA


	mea_name – name of the MEA


	program_name – name of the recording software that created the file


	program_version – version of the recording software that created the file









	
recordings

	Access recordings










	
class McsPy.McsData.Recording(recording_grp)

	Container class for one recording


	Parameters

	
	comment – recording comment


	duration – duration of the recording in microseconds


	label – recording label


	recording_id – recording ID


	recording_type – recording type


	timestamp – recording timestamp








Provides the content of the HDF5 Folder “Recording_x” in Python.


	
analog_streams

	Access all analog streams - collection of AnalogStream objects






	
frame_streams

	Access all frame streams - collection of FrameStream objects






	
event_streams

	Access event streams - collection of EventStream objects






	
segment_streams

	Access segment streams - collection of SegementStream objects






	
timestamp_streams

	Access timestamp streams - collection of TimestampStream objects






	
duration_time

	Duration of the recording










Data-Stream-Structures containing the data


	
class McsPy.McsData.Stream(stream_grp, info_type_name=None)

	Base class for all stream types






	
class McsPy.McsData.AnalogStream(stream_grp)

	Container class for one analog stream of several channels.
Description for each channel is provided by a channel-associated object of ChannelInfo


	Parameters

	
	channel_data – numpy array (channels x samples) with channel data


	timestamp_index – numpy array (segment x 3) defining the timestamps for each data segment as [first_timestamp, first_index, last_index]. Interpretation: All samples in channel_data between first_index and last_index (inclusive) are in a continuous data segment and the timestamp of the samples at first_index is first_timestamp


	channel_infos – dict with channel metadata. Key: ChannelID, Value: ChannelInfo object


	info_version – version of the Info structure


	data_subtype – type of stream data (“Electrode”, “Auxiliary”, “Digital”, …)


	label – the stream label


	source_stream_guid – the GUID of the source stream


	stream_guid – the stream GUID


	stream_type – the stream type (“Analog”)








Provides the content of the HDF5 Sub-folder “Stream_x” of “AnalogStream” in Python.


	
get_channel(channel_id)

	Get the signal of the given channel over the course of time and in its measured range.


	Parameters

	channel_id – ID of the channel



	Returns

	Tuple (vector of the signal, unit of the values)










	
get_channel_in_range(channel_id, idx_start=0, idx_end=None)

	Get the signal of the given channel over the course of time and in its measured range.


	Parameters

	
	channel_id – ID of the channel


	idx_start – index of the first sampled signal value that should be returned (0 <= idx_start < idx_end <= count samples). Default: 0


	idx_end – index of the last sampled signal value that should be returned (0 <= idx_start < idx_end <= count samples). Default: None (= last index)






	Returns

	Tuple (vector of the signal, unit of the values)










	
get_channel_sample_timestamps(channel_id, idx_start=0, idx_end=None)

	Get the timestamps of the sampled values.


	Parameters

	
	channel_id – ID of the channel


	idx_start – index of the first signal timestamp that should be returned (0 <= idx_start < idx_end <= count samples). Default: 0


	idx_end – index of the last signal timestamp that should be returned (0 <= idx_start < idx_end <= count samples). Default: None (= last index)






	Returns

	Tuple (vector of the timestamps, unit of the timestamps)














	
class McsPy.McsData.FrameStream(stream_grp)

	Container class for one frame stream with different entities


	Parameters

	
	frame_entity – list of FrameEntity objects


	info_version – version of the Info structure


	data_subtype – type of stream data


	label – the stream label


	source_stream_guid – the GUID of the source stream


	stream_guid – the stream GUID


	stream_type – the stream type (“Frame”)








Provides the content of the HDF5 Subfolder “Stream_x” of “FrameStream” in Python.






	
class McsPy.McsData.FrameEntity(frame_entity_group, frame_info)

	Contains the stream of a specific frame entity.
Meta-Information for this entity is available via an associated object of FrameEntityInfo


	Parameters

	
	data – numpy array (sensors_X x sensors_Y x time) of sensor data in ADC steps. Multiply with info.conversion_factors to get voltages.


	info – FrameEntityInfo object with Frame metadata


	timestamp_index – start timestamp of the Frame








Provides the content of the HDF5 Subfolder “Stream_x” of “FrameStream”
and Subfolder “FrameDataEntity_x” in Python.


	
get_sensor_signal(sensor_x, sensor_y, idx_start, idx_end)

	Get the signal of a single sensor over the curse of time and in its measured range.


	Parameters

	
	sensor_x – x coordinate of the sensor


	sensor_y – y coordinate of the sensor


	idx_start – index of the first sampled frame that should be returned (0 <= idx_start < idx_end <= count frames)


	idx_end – index of the last sampled frame that should be returned (0 <= idx_start < idx_end <= count frames)






	Returns

	Tuple (vector of the signal, unit of the values)










	
get_frame_timestamps(idx_start, idx_end)

	Get the timestamps of the sampled frames.


	Parameters

	
	idx_start – index of the first sampled frame that should be returned (0 <= idx_start < idx_end <= count frames)


	idx_end – index of the last sampled frame that should be returned (0 <= idx_start < idx_end <= count frames)






	Returns

	Tuple (vector of the timestamps, unit of the timestamps)














	
class McsPy.McsData.EventStream(stream_grp)

	Container class for one event stream with different entities


	Parameters

	
	event_entity – dict of event entities. Key: event ID, value: a EventEntity object


	info_version – version of the Info structure


	data_subtype – type of stream data (“DigitalInput”, “UserData”, …)


	label – the stream label


	source_stream_guid – the GUID of the source stream


	stream_guid – the stream GUID


	stream_type – the stream type (“Event”)








Provides the content of the HDF5 Subfolder “Stream_x” of “EventStream” in Python.






	
class McsPy.McsData.EventEntity(event_data, event_info)

	Contains the event data of a specific entity.
Meta-Information for this entity is available via an associated object of EventEntityInfo


	Parameters

	
	data – numpy array (5 x n_events) of event data. row 0: event timestamp in microsecond; row 1: event duration in microseconds; row 2: event type; row 3-4: reserved


	info – EventEntityInfo object with the event metadata








Maps data event entity content of the HDF5 Subfolder “Stream_x” of “EventStream” to Python structures.


	
count

	Number of contained events






	
get_events(idx_start=None, idx_end=None)

	Get all n events of this entity of the given index range (idx_start <= idx < idx_end)


	Parameters

	
	idx_start – start index of the range (including), if nothing is given -> 0


	idx_end – end index of the range (excluding, if nothing is given -> last index






	Returns

	Tuple of (2 x n matrix of timestamp (1. row) and duration (2. row), Used unit of time)










	
get_event_timestamps(idx_start=None, idx_end=None)

	Get all n event timestamps of this entity of the given index range


	Parameters

	
	idx_start – start index of the range, if nothing is given -> 0


	idx_end – end index of the range, if nothing is given -> last index






	Returns

	Tuple of (n-length array of timestamps, Used unit of time)










	
get_event_durations(idx_start=None, idx_end=None)

	Get all n event durations of this entity of the given index range


	Parameters

	
	idx_start – start index of the range, if nothing is given -> 0


	idx_end – end index of the range, if nothing is given -> last index






	Returns

	Tuple of (n-length array of duration, Used unit of time)














	
class McsPy.McsData.SegmentStream(stream_grp)

	Container class for one segment stream of different segment entities


	Parameters

	
	segment_entity – dict of segment entities. Key: segment ID, value: for data_subtype == “Cutout”: SegmentEntity object, for data_subtype == “Average: AverageSegmentEntity object


	info_version – version of the Info structure


	data_subtype – type of stream data (“Cutout”, “Average”, …)


	label – the stream label


	source_stream_guid – the GUID of the source stream


	stream_guid – the stream GUID


	stream_type – the stream type (“Segment”)








Provides the content of the HDF5 Subfolder “Stream_x” of “SegmentStream” in Python.






	
class McsPy.McsData.SegmentEntity(segment_data, segment_ts, segment_info)

	Segment entity class,
Meta-Information for this entity is available via an associated object of SegmentEntityInfo


	Parameters

	
	data – numpy array (n_segments x samples) or (n_segments x n_multi x samples) with segment data


	data_ts – numpy vector (n_segments) with timestamps for every segment


	info – segment metadata as a SegmentEntityInfo object

DataSubType != Average → Maps segement entity content of the HDF5 Subfolder “Stream_x” of “SegmentStream” to Python structures.











	
segment_sample_count

	Number of contained samples of segments (2d) or multi-segments (3d)






	
segment_count

	Number of segments that are sampled for one time point (2d) -> 1 and (3d) -> n






	
get_segment_in_range(segment_id, flat=False, idx_start=None, idx_end=None)

	Get the a/the segment signals in its measured range.


	Parameters

	
	segment_id – id resp. number of the segment (0 if only one segment is present or the index inside the multi-segment collection)


	flat – true -> one-dimensional vector of the sequentially ordered segments, false -> k x n matrix of the n segments of k sample points


	idx_start – index of the first segment that should be returned (0 <= idx_start < idx_end <= count segments)


	idx_end – index of the last segment that should be returned (0 <= idx_start < idx_end <= count segments)






	Returns

	Tuple (of a flat vector of the sequentially ordered segments or a k x n matrix of the n segments of k sample points depending on the value of flat , and the unit of the values)










	
get_segment_sample_timestamps(segment_id, flat=False, idx_start=None, idx_end=None)

	Get the timestamps of the sample points of the measured segment.


	Parameters

	
	segment_id – id resp. number of the segment (0 if only one segment is present or the index inside the multi-segment collection)


	flat – true -> one-dimensional vector of the sequentially ordered segment timestamps, false -> k x n matrix of the k timestamps of n segments


	idx_start – index of the first segment for that timestamps should be returned (0 <= idx_start < idx_end <= count segments)


	idx_end – index of the last segment for that timestamps should be returned (0 <= idx_start < idx_end <= count segments)






	Returns

	Tuple (of a flat vector of the sequentially ordered segments or a k x n matrix of the n segments of k sample points depending on the value of flat , and the unit of the values)














	
class McsPy.McsData.AverageSegmentTuple(mean, std_dev, time_tick_unit, signal_unit)

	Named tuple that describe one or more average segments (mean, std_dev, time_tick_unit, signal_unit).


Note


	mean - mean signal values


	std_dev - standard deviation of the signal value (it is 0 if there was only one sample segment)


	time_tick_unit - sampling interval with time unit


	signal_unit - measured unit of the signal







	
mean

	Alias for field number 0






	
signal_unit

	Alias for field number 3






	
std_dev

	Alias for field number 1






	
time_tick_unit

	Alias for field number 2










	
class McsPy.McsData.AverageSegmentEntity(segment_average_data, segment_average_annotation, segment_info)

	Contains a number of signal segments that are calcualted as averages of number of segments occured in a given time range.
Meta-Information for this entity is available via an associated object of SegmentEntityInfo


	Parameters

	
	data – numpy array (2 x n_samples x n_averages) with averages and standard deviations. First row is the mean per sample data, second row is the standard deviation per sample data.


	data_annotation – numpy array (3 x n_averages) with metadata describing how each average was created. row 0 and 1: start and end timestamp in microseconds of the time window in which signal segments were averaged. row 2: number of averaged signal segments in this time window


	info – metadata for the average as a SegmentEntityInfo object








DataSubType == Average → Maps segment entity content of the HDF5 DataSubType-Average: Subfolder “Stream_x” of “SegmentStream” to Python structures.


	
number_of_averages

	Number of average segments inside this average entity






	
sample_length

	Number of sample points of an average segment






	
time_ranges()

	List of time range tuples for all contained average segments


	Returns

	List of tuple with start and end time point










	
time_range(average_segment_idx)

	Get the time range for that the average segment was calculated


	Parameters

	average_segment_idx – index resp. number of the average segment



	Returns

	Tuple with start and end time point










	
average_counts()

	List of counts of samples for all contained average segments


	Parameters

	average_segment_idx – id resp. number of the average segment



	Returns

	sample count










	
average_count(average_segment_idx)

	Count of samples that were used to calculate the average


	Parameters

	average_segment_idx – id resp. number of the average segment



	Returns

	sample count










	
get_scaled_average_segments()

	Get all contained average segments in its measured physical range.


	Returns

	AverageSegmentTuple containing the k x n matrices for mean and standard deviation of all contained average segments n with the associated sampling and measuring information










	
get_scaled_average_segment(average_segment_idx)

	Get the selected average segment in its measured physical range.


	Parameters

	segment_idx – index resp. number of the average segment



	Returns

	AverageSegmentTuple containing the mean and standard deviation vector of the average segment with the associated sampling and measuring information










	
get_average_segments()

	Get all contained average segments AD-offset in ADC values with its measuring conditions


	Returns

	AverageSegmentTuple containing the mean and standard deviation vector of the average segment in ADC steps with sampling tick and ADC-Step definition










	
get_average_segment(average_segment_idx)

	Get the AD-offset corrected average segment in ADC values with its measuring conditions


	Parameters

	segment_id – id resp. number of the segment



	Returns

	AverageSegmentTuple containing the k x n matrices for mean and standard deviation of all contained average segments in ADC steps with sampling tick and ADC-Step definition














	
class McsPy.McsData.TimeStampStream(stream_grp)

	Container class for one timestamp stream with different entities


	Parameters

	
	timestamp_entity – dict of timestamp entities. Key: timestamp ID, value: a TimeStampEntity object


	info_version – version of the Info structure


	data_subtype – type of stream data


	label – the stream label


	source_stream_guid – the GUID of the source stream


	stream_guid – the stream GUID


	stream_type – the stream type (“Timestamp”)








Provides the content of the HDF5 Subfolder “Stream_x” of “TimeStampStream” in Python.






	
class McsPy.McsData.TimeStampEntity(timestamp_data, timestamp_info)

	Time-Stamp entity class,
Meta-Information for this entity is available via an associated object of TimestampEntityInfo


	Parameters

	
	data – numpy vector (n_timestamps) with timestamp data


	info – timestamp metadata as a TimeStampEntityInfo object








Maps data timestamp entity data of the HDF5 Subfolder “Stream_x” of “TimeStampStream” to Python structures.


	
count

	Number of contained timestamps






	
get_timestamps(idx_start=None, idx_end=None)

	Get all n time stamps of this entity of the given index range (idx_start <= idx < idx_end)


	Parameters

	
	idx_start – start index of the range (including), if nothing is given -> 0


	idx_end – end index of the range (excluding, if nothing is given -> last index






	Returns

	Tuple of (n-length array of timestamps, Used unit of time)















Info-Classes containing Meta-Information for the data


	
class McsPy.McsData.Info(info_data)

	Base class of all info classes

Derived classes contain meta information for data structures and fields.


	
get_field(name)

	Get the field with that name -> access to the raw info array






	
group_id

	Get the id of the group that the objects belongs to






	
label

	Label of this object






	
data_type

	Raw data type of this object










	
class McsPy.McsData.ChannelInfo(info_version, info)

	Contains all describing meta data for one sampled channel


	Parameters

	info – dict containing the channel metadata






	
channel_id

	Get the ID of the channel






	
row_index

	Get the index of the row that contains the associated channel data inside the data matrix






	
adc_step

	Size and unit of one ADC step for this channel






	
version

	Version number of the Type-Definition










	
class McsPy.McsData.InfoSampledData(info)

	Base class of all info classes for evenly sampled data


	
sampling_frequency

	Get the used sampling frequency in Hz






	
sampling_tick

	Get the used sampling tick










	
class McsPy.McsData.EventEntityInfo(info_version, info)

	Contains all meta data for one event entity


	Parameters

	info – dict containing the event metadata






	
id

	Event ID






	
raw_data_bytes

	Length of raw data in bytes






	
source_channel_ids

	IDs of all channels that were involved in the event generation.






	
source_channel_labels

	Labels of the channels that were involved in the event generation.






	
version

	Version number of the type definition










	
class McsPy.McsData.SegmentEntityInfo(info_version, info, source_channel_infos)

	Contains all meta data for one segment entity


	Parameters

	
	info – dict containing the segment metadata


	source_channel_of_segment – dict containing the channel metadata for each source channel of the segment. Key: source channel index, value: ChannelInfo object









	
id

	Segment ID






	
pre_interval

	Interval [start of the segment <- defining event timestamp]






	
post_interval

	Interval [defining event timestamp -> end of the segment]






	
type

	Type of the segment like ‘Average’ or ‘Cutout’






	
count

	Count of segments inside the segment entity






	
version

	Version number of the Type-Definition










	
class McsPy.McsData.TimeStampEntityInfo(info_version, info)

	Contains all meta data for one timestamp entity


	Parameters

	info – dict containing the timestamp metadata






	
id

	Timestamp entity ID






	
unit

	Unit in which the timestamps are measured






	
exponent

	Exponent for the unit in which the timestamps are measured






	
measuring_unit

	Unit in which the timestamp entity was measured






	
data_type

	DataType for the timestamps






	
source_channel_ids

	ID’s of all channels that were involved in the timestamp generation.






	
source_channel_labels

	Labels of the channels that were involved in the timestamp generation.






	
version

	Version number of the Type-Definition












The ‘’McsCMOSMEA’’ module


	
class McsPy.McsCMOSMEA.McsCMOSMEAData(cmos_data_path)

	This class holds the information of a complete MCS CMOS-MEA data file system


	
classmethod sensorID_to_coordinates(sensorID)

	Computes the [x,y] chip coordinates of a sensor. Note: both, sensor IDs and coordinates are base 1






	
classmethod coordinates_to_sensorID(row: int, col: int) → int

	Computes the sensor ID for row and column coordinates. Note: sensor IDs and rows and columns are base 1










	
class McsPy.McsCMOSMEA.McsGroup(h5py_group_object)

	this class subclasses the h5py.Group object and extends it with McsPy toolbox functionality


	
class IDSetGroup(h5py, mcs_instanceid, mcspy, mcs_typeid)

	
	
h5py

	Alias for field number 0






	
mcs_instanceid

	Alias for field number 1






	
mcs_typeid

	Alias for field number 3






	
mcspy

	Alias for field number 2










	
class IDSetDataset(h5py, mcs_instanceid, mcspy, mcs_typeid)

	
	
h5py

	Alias for field number 0






	
mcs_instanceid

	Alias for field number 1






	
mcs_typeid

	Alias for field number 3






	
mcspy

	Alias for field number 2










	
ischild(id)

	Takes an identifier and checks if it is a valid identifier for a child of this group:


	Parameters

	id – mcs instanceid, h5py name , mcspy name as instance of ‘str’



	Returns

	False if id is not valid, set of identifiers of the child










	
tree(name='mcspy', mcs_type=False, max_level=None)

	builds the hdf5 hierarchy beginning with the current group then traversing all subentities depth first as a string


	Parameters

	
	name – cfg variable for the type of name that is to be printed for each entity in the 
h5py group, default: ‘h5py’, options: ‘mcspy’


	mcs_type – cfg variable to show mcs type in the tree, default: False


	max_level – cfg variable to limit the number of tree levels shown, default: None (show all)

















	
class McsPy.McsCMOSMEA.McsDataset(h5py_dataset_object)

	This class subclasses the h5py.Dataset object and extends it with McsPy toolbox functionality


	
iscompound()

	Determines whether Dataset is a Compound Dataset


	Return Boolean

	True if Dataset object represents h5py Compound Dataset, False otherwise










	
to_pdDataFrame()

	Returns the data set as a pandas DataFrame










Raw Data (.cmcr) files


	
class McsPy.McsCMOSMEA.Acquisition(acquisition_group)

	Container class for acquisition data.

Acquisition Group can hold different types of streams: Analog Streams, Event Streams, Timestamp Streams, Segment Streams, Spike Streams






	
class McsPy.McsCMOSMEA.McsInfo(meta_data_set)

	Container class for Stream Meta Data






	
class McsPy.McsCMOSMEA.McsStream(stream_grp, data_typeid, meta_typeid, *args)

	Base class for all stream types


	
Data

	Access all datasets - collection of McsDataset objects






	
Meta

	Access meta data










	
class McsPy.McsCMOSMEA.McsChannelStream(channel_stream_grp)

	Container class for one analog stream of several channels.


	
DataChunk

	The continuous data segments in the stream










	
class McsPy.McsCMOSMEA.McsChannelEntity(channel_stream_entity_dataset, mcspy_parent)

	Container class for one ChannelStream Entity.


	
Meta

	reads the subset of Meta data that belongs to the channels










	
class McsPy.McsCMOSMEA.McsEventStream(event_stream_grp)

	Container class for one Event Stream.


	
EventData

	All events of all event entities in the stream






	
EventMeta

	The meta data for all event entities






	
EventEntity

	All event entities in the stream










	
class McsPy.McsCMOSMEA.McsEventEntity(parent, event_id)

	Container class for Event Entity object


	
events

	The ids, timestamps and durations of the occurences of the event entity






	
meta

	The meta data for an event entity










	
class McsPy.McsCMOSMEA.McsSensorStream(sensor_stream_grp)

	Container class for one Event Stream.


	
DataChunk

	The groups of data that have been acquired. Intended for acquisition of multiple time windows






	
Regions

	The regions of interest (ROI) on the sensor for which data has been acquired, usually from a rectangular subset of the sensors






	
SensorData

	The sensor data as a numpy array of shape (frames x sensors_Y x sensors_X)






	
SensorMeta

	The meta data for the acquired sensor data










	
class McsPy.McsCMOSMEA.McsSensorEntity(sensor_stream_entity_dataset, mcspy_parent)

	Container class for one McsSensorEntity - a sensor stream entity.






	
class McsPy.McsCMOSMEA.McsSpikeStream(spike_stream_grp, spike_data_typeid='3e8aaacc-268b-4057-b0bb-45d7dc9ec73b')

	Container class for one Spike Stream.


	
get_spikes_at_sensor(sensor_id)

	retrieves all spikes that occured at the sensor with id sensor_id


	Parameters

	sensor_id – valid identifier for a sensor on the MCS CMOS chip as int: 1 <= sensor_id <= 65*65



	Returns

	numpy structured array of all spikes that have been detected on the sensor with id sensor_id










	
get_spikes_in_interval(interval)

	Retrieves all spikes that occured in a given time interval. Intervals exceeding the time range of the dataset will throw a warning, 
and retrieval of maximally sized subset of the interval is attempted.


	Parameters

	interval – 
	interval in s as instance of

	
	list(start,stop) of length 2


	tuple(start,stop) of length 2








start must be a number, stop must be a number or the keyword ‘end’, start and stop must satisfy start < stop





	Result

	numpy structured array which includes all spikes occuring in the given interval










	
get_spike_timestamps_at_sensors(sensor_ids)

	Retrieves all spike timestamps for all given sensors as a dictionary


	Parameters

	sensor_ids – valid identifiers for sensors on the MCS CMOS chip as int: 1 <= sensor_id <= 65*65



	Returns

	dictionary of all spike timestamps that have been detected on the given sensors. Key: sensor_id, value: spike timestamps










	
get_spike_cutouts_at_sensor(sensor_id)

	Retrieves the spike cutouts for all spikes for the given sensor_id


	Parameters

	sensor_id – valid identifier for a sensor on the MCS CMOS chip as int: 1 <= sensor_id <= 65*65



	Returns

	Numpy array spikes x samples of the spike cutouts










	
SpikeData

	The detected spikes, each with a sensor ID, a timestamp and (optionally) with a cutout






	
SpikeMeta

	The meta data for spike detection, e.g. pre- and post interval










	
class McsPy.McsCMOSMEA.McsSpikeEntity(spike_stream_entity_dataset, mcspy_parent)

	Container class for one SpikeStream Entity.






	
class McsPy.McsCMOSMEA.McsSegmentStream(segment_stream_grp)

	Container class for one segment stream of different segment entities






	
class McsPy.McsCMOSMEA.McsSegmentStreamEntity

	Segment entity class,






	
class McsPy.McsCMOSMEA.McsTimeStampStream(timestamp_stream_grp)

	Container class for one TimeStamp stream






	
class McsPy.McsCMOSMEA.McsTimeStampStreamEntity

	TimeStamp stream entity class







Processed Data (.cmtr) files


	
class McsPy.McsCMOSMEA.NetworkExplorer(network_explorer_group)

	Container class for a NetworkExplorer object


	
get_sta_entity_by_sourceID(key)

	Retrieve the STA Entity for the given source ID.


	Parameters

	key – A valid source ID. See the sourceIDs attribute for a list of valid source IDs



	Returns

	The STA Entity for the given source ID










	
get_sta_entity_by_sensorID(key)

	Retrieve the STA Entity for the given sensor ID.


	Parameters

	key – A valid sensor ID. See the sensorIDs attribute for a list of valid sensor IDs



	Returns

	The STA Entity for the given sensor ID










	
get_sta_entity(key)

	Retrieve the STA Entity for the given key.


	Parameters

	key – A valid key, either a sensor or a source ID, depending on the sta_key_type attribute



	Returns

	The STA Entity for the given key










	
set_sta_entity(key, value)

	Sets an entity to a value






	
del_sta_entity(key)

	Deletes an entity






	
get_axon_for_entity_by_sourceID(key, axon=1, segment=1)

	Retrieve the path of the axon for a given sensor or source ID.


	Parameters

	
	key – A valid key, either a sensor or a source ID, depending on the sta_key_type attribute


	axon – A valid axon ID, in case multiple axons have been found for a unit. Default: 1


	segment – A valid axon ID, in case multiple segments have been found for an axon. Default: 1






	Returns

	The axon path as a list of (X,Y) tuples in sensor coordinates. Returns None if no axon is found










	
sta_key_type

	The type of key used in the access functions. Either ‘sourceID’ or ‘sensorID’






	
sourceIDs

	A list of valid source IDs






	
sensorIDs

	A list of valid sensor IDs










	
class McsPy.McsCMOSMEA.STAEntity(sta_explorer, sta_entity, spikes_entity=None, stastddev_entity=None, axon=None)

	Container Class for a STAEntity object


	
data

	The STA data as a numpy array of shape (frames x sensors_Y x sensor_X)






	
spikes

	Detected spikes in the STA






	
sta_stddev

	Returns the standard deviation for each channel in the STA. Used for spike detection on the STA






	
sensor_coordinates

	Returns the STA source coordinates on the chip as [X,Y]. Note: X and Y are 1-based






	
axon

	Returns the axon path as a list of (X,Y) tuples in sensor coordinates. None if no axon has been found










	
class McsPy.McsCMOSMEA.SpikeExplorer(spike_explorer_group)

	Container Class for an SpikeExplorer object






	
class McsPy.McsCMOSMEA.SpikeSorter(spike_sorter_group)

	Container for SpikeSorter object


	
get_unit(unit_id)

	Retrieves a single unit by its UnitID


	Parameters

	unit_id – A valid unit ID.










	
get_units_by_id()

	Returns a list of units sorted by unit ID






	
get_units_by_measure(measure, descending=True)

	Returns a list of units ordered by the given quality measure.


	Parameters

	
	measure – The name of a quality measure. See get_unit_measures() for a list of valid quality measure names.


	descending – The ordering of the list. Default: True (=descending order)













	
get_unit_measures()

	Returns a list of the available unit quality measure names










	
class McsPy.McsCMOSMEA.SpikeSorterUnitEntity(unit_group)

	Container for Spike Sorter Units


	
get_peaks()

	Retrieves all peaks in the source signal where the ‘IncludePeak’ flag is set.






	
get_peaks_timestamps()

	Retrieves the timestamps for all peaks in the source signal where the ‘IncludePeak’ flag is set.






	
get_peaks_amplitudes()

	Retrieves the peak amplitudes for all peaks in the source signal where the ‘IncludePeak’ flag is set.






	
get_peaks_cutouts()

	Retrieves the cutouts for all peaks in the source signal where the ‘IncludePeak’ flag is set.






	
get_measures()

	Gets a list of valid unit quality measures names






	
get_measure(measure)

	Gets a quality measure for this unit


	Parameters

	measure – The name of a quality measure. See get_measures() for a list of valid quality measure names.














	
class McsPy.McsCMOSMEA.FilterTool(filter_tool)

	Container for FilterTool object






	
class McsPy.McsCMOSMEA.ActivitySummary(activity_summary)

	Container for ActivitySummary object










          

      

      

    

  

    
      
          
            
  


MCS HDF5 Format Definitions


Definition of the HDF5 format for raw data

MCS-HDF5 Protocol Type: RawData (Raw-Data protocol)

Protocol Version: 3 based on the definitions of RawDataFileIO in version
10.

All strings are only ASCII-encoded


Changelog

Version 1:


	Initial draft




Version 2:


	New Root-Folder attributes added to detect name and version of the
creating application and library




Version 3:


	Data structures for DataSubType::Average of
StreamType::Segment added





Hierarchy


[image: images/Hierarchy_short.png]



Root-Folder “/”

Contains all information for one experiment - measured data (inside the
folder Data) and a description (possibly in the future) inside the
folder Experiment/Description/…

Attributes:









	Name

	Description

	Data Type

	MCS-HDF5 Protocol Version





	McsHdf5ProtocolType

	
Type of the used MCS-HDF5 protocol definition

(e.g. RawData for the raw data MCS-HDF5 definitions)




	[String,Scalar]

	1 ≤



	McsHdf5ProtocolVersion

	Version number of the used MCS-HDF5 protocol

	[Integer,Scalar]

	1 ≤



	GeneratingApplicationName

	Name of the application that generated this HDF5 file

	[String,Scalar]

	2 ≤



	GeneratingApplicationVersion

	Version of the application that generated this HDF5 file

	[String,Scalar]

	2 ≤



	McsDataToolsVersion

	
Version of the McsDataTools library that was used

by the application to create the HDF5 file




	[String,Scalar]

	2 ≤






Datasets:


	none






Folder “Data”

Navigation: /Data

Contains all recordings for this experiment.

Attributes:








	Name

	Description

	Data Type





	ProgramName

	Name of the recording program

	[String,Scalar]



	ProgramVersion

	Version number of the recording program

	[String,Scalar]



	MeaName

	Name of the recorded MEA

	[String,Scalar]



	MeaLayout

	Layout descriptor

	[String,Scalar]



	MeaSN

	Serial number of the MEA

	[String,Scalar]



	Date

	Date of the recording

	[String,Scalar]



	DateInTicks

	Date of the recording in .NET ticks (100 ns)

	[Long(64-bit Integer),Scalar]



	FileGUID

	GUID of the converted raw data file

	[String,Scalar]



	Comment

	Comment

	[String,Scalar]






Datasets:


	none






Folder “Recording_x”

Navigation: /Data/Recording_x

Contains all recorded streams for recording x.

Attributes:








	Name

	Description

	Data Type





	RecordingID

	Recording ID

	[Integer(32-bit Integer),Scalar]



	RecordingType

	Recording type

	[String,Scalar]



	TimeStamp

	Start time of the recording in microseconds

	[Long(64-bit Integer),Scalar]



	Duration

	
Total recording duration in microseconds

(This duration can differ from the actual

duration of the recorded data!!!)




	[Long(64-bit Integer),Scalar]



	Label

	Label

	[String,Scalar]



	Comment

	Comment

	[String,Scalar]






Datasets:


	none






Folder “AnalogStream”

Navigation: /Data/Recording_x/AnalogStream

(Organisational) folder for all channel-based streams of this recording

Attributes:


	none




Datasets:


	none






Sub-folder “Stream_x” of “AnalogStream”

Navigation: /Data/Recording_x/AnalogStream/Stream_x

Container for an analog stream

Attributes:









	Name

	Description

	Data Type

	StreamInfoVersion





	StreamInfoVersion

	Version number of the meta information structure

	[Int(32-bit Integer),Scalar]

	1 ≤



	Label

	Label

	[String,Scalar]

	1 ≤



	SourceStreamGUID

	GUID of the source streams

	[String,Scalar]

	1 ≤



	StreamGUID

	GUID

	[String,Scalar]

	1 ≤



	StreamType

	Type of the stream, e.g. Electrode

	[String,Scalar]

	1 ≤



	DataSubType

	Sub-type of the analog stream (e.g. Analog)

	[String,Scalar]

	1 ≤






Datasets:


	Matrix InfoChannel → n × 16 matrix of describing information vectors
for the n channels:


	Attributes: InfoVersion → Version number of the Info-Objects
[Int(32-bit Integer),Scalar]
















	Name

	Description

	Data Type

	InfoVersion





	ChannelID

	ID of the channel as given by the recording software

	[Int(32-bit Integer),Array(Size 1)]

	1 ≤



	RowIndex

	
Row number of this channel inside the ChannelData matrix where


the data of this channel is stored






	[Int(32-bit Integer),Array(Size 1)]

	1 ≤



	GroupID

	ID of the group that this channel belongs to

	[Int(32-bit Integer),Array(Size 1)]

	1 ≤



	Label

	Label of the channel

	[String,Array]

	1 ≤



	RawDataType

	Type of the raw data

	[String,Array]

	1 ≤



	Unit

	Physical unit of the measured sensor value

	[String,Array]

	1 ≤



	Exponent

	
Exponent n ⇒ 1En resp. 10n in which the channel values


magnitude is measured (e.g. k,m,µ,…)






	[Int(32-bit Integer),Array(Size 1)]

	1 ≤



	ADZero

	ADC-Step that represents the 0-point of the measuring range of the ADC

	[Int(32-bit Integer),Array(Size 1)]

	1 ≤



	Tick

	
Sample tick Δ between two sample points of a channel in µs


⇒ sampling frequency = 1000000 / Δ






	[Long(64-bit Integer),Array(Size 1)]

	1 ≤



	ConversionFactor

	Conversion factor for the mapping ADC-Step ⇒ measured value

	[Long(64-bit Integer),Array(Size 1)]

	1 ≤



	ADCBits

	Number of bits used by the AD-Converter

	[Int(32-bit Integer),Array(Size 1)]

	1 ≤



	HighPassFilterType

	Type of the high-pass filter (empty string if not available)

	[String,Scalar]

	1 ≤



	HighPassFilterCutOffFrequency

	Cut-off frequency of the high-pass filter (‘-1’-String if not available)

	[String,Scalar]

	1 ≤



	HighPassFilterOrder

	Order of the high-pass filter (-1 if not available)

	[Int(32-bit Integer),Array(Size 1)]

	1 ≤



	LowPassFilterType

	Type of the low-pass filter (empty string if not available)

	[String,Scalar]

	1 ≤



	LowPassFilterCutOffFrequency

	Cut-off frequency of the low-pass filter (‘-1’-String if not available)

	[String,Scalar]

	1 ≤



	LowPassFilterOrder

	Order of the low-pass filter (-1 if not available)

	[Int(32-bit Integer),Array(Size 1)]

	1 ≤







	2-dimensional Data-Matrix ChannelData → Data for sampled channels
organized as n × m matrix ⇒ one row per channel and one column per
sample time point


	reconstruct the value of the measured signal:
\(y(\text{channel},t_{ind}) = (\text{ChannelData}[\text{InfoChannel}[\text{channel}].\text{RowIndex},t_{ind}] - \text{ADZero}) * \text{InfoChannel}[\text{channel}].\text{ConversionFactor} * 10^{\text{InfoChannel}[\text{channel}].\text{Exponent}}\)
in \(\text{InfoChannel}[\text{channel}].\text{Unit}\)


	reconstruct the sample time point:
\(t = t_{ind} * \text{InfoChannel}[\text{channel}].\text{Tick}\)
in \(\mu s\)






	Matrix ChannelDataTimeStamps → k × 3 matrix of segments where the
rows are one segment and the columns are:


	first column → time stamp of the first sample point of the segment


	second column → first index (column) of the segment in
ChannelData


	third column → last index (column) of the segment in
ChannelData










Folder “FrameStream”

Navigation: /Data/Recording_x/FrameStream

(Organisational) folder for all frame-based streams of this recording

Attributes:


	none




Datasets:


	none






Subfolder “Stream_x” of “FrameStream”

Navigation: /Data/Recording_x/FrameStream/Stream_x

Folder that contains all Frame-Entities of one Frame-Stream:

Attributes:









	Name

	Description

	Data Type

	StreamInfoVersion





	StreamInfoVersion

	Version number of the meta information structure

	[Int(32-bit Integer),Scalar]

	1 ≤



	Label

	Label

	[String,Scalar]

	1 ≤



	SourceStreamGUID

	GUID of the source stream

	[String,Scalar]

	1 ≤



	StreamGUID

	GUID

	[String,Scalar]

	1 ≤



	StreamType

	Type of the stream Frame

	[String,Scalar]

	1 ≤



	DataSubType

	Sub-type of the event stream (e.g. SpikeTimeStamp)

	[String,Scalar]

	1 ≤






Datasets:


	Matrix InfoFrame → n × 24 matrix of describing information vectors
for the n Frame-Entities:


	Attributes: InfoVersion → Version number of the Info-Objects
[Int(32-bit Integer),Scalar]
















	Name

	Description

	Data Type

	InfoVersion





	FrameID

	ID of the frame entity as given by the recording software

	[Int(32-bit Integer),Array(Size 1)]

	1 ≤



	FrameDataID

	
ID of the frame entity inside the stream folder that maps this information


vector to the entity folder (FrameDataID → subfolder FrameDataEntity_FrameDataID)






	[Int(32-bit Integer),Array(Size 1)]

	1 ≤



	GroupID

	ID of the group that this frame entity belongs to

	[Int(32-bit Integer),Array(Size 1)]

	1 ≤



	Label

	Label of the entity

	[String,Array]

	1 ≤



	RawDataType

	Type of the raw data

	[String,Array]

	1 ≤



	Unit

	Physical unit of the measured sensor value

	[String,Array]

	1 ≤



	Exponent

	
Exponent n ⇒ 1En resp. 10n in which the sensor values magnitude


is measured (e.g. k,m,µ,…)






	[Int(32-bit Integer),Array(Size 1)]

	1 ≤



	ADZero

	ADC-Step that represents the 0-point of the measuring range of the ADC

	[Int(32-bit Integer),Array(Size 1)]

	1 ≤



	ADCBits

	Number of bits used by the AD-Converter

	[Int(32-bit Integer),Array(Size 1)]

	1 ≤



	Tick

	
Sample tick Δ between two frames in µs

⇒ sampling frequency = 1000000 / Δ




	[Long(64-bit Integer),Array(Size 1)]

	1 ≤



	HighPassFilterType

	Type of the high-pass filter (empty string if not available)

	[String,Scalar]

	1 ≤



	HighPassFilterCutOffFrequency

	Cut-off frequency of the high-pass filter (‘-1’-String if not available)

	[String,Scalar]

	1 ≤



	HighPassFilterOrder

	Order of the high-pass filter (-1 if not available)

	[Int(32-bit Integer),Array(Size 1)]

	1 ≤



	LowPassFilterType

	Type of the low-pass filter (empty string if not available)

	[String,Scalar]

	1 ≤



	LowPassFilterCutOffFrequency

	Cut-off frequency of the low-pass filter (‘-1’-String if not available)

	[String,Scalar]

	1 ≤



	LowPassFilterOrder

	Order of the low-pass filter (-1 if not available)

	[Int(32-bit Integer),Array(Size 1)]

	1 ≤



	SensorSpacing

	Distance between adjacent sensors in µm

	[Int(32-bit Integer),Array(Size 1)]

	1 ≤



	FrameLeft

	Sensor count of the left edge of the entity frame based on the reference frame

	[Int(32-bit Integer),Array(Size 1)]

	1 ≤



	FrameTop

	Sensor count of the top edge of the entity frame based on the reference frame

	[Int(32-bit Integer),Array(Size 1)]

	1 ≤



	FrameRight

	Sensor count of the right edge of the entity frame based on the reference frame

	[Int(32-bit Integer),Array(Size 1)]

	1 ≤



	FrameBottom

	Sensor count of the bottom edge of the entity frame based on the reference frame

	[Int(32-bit Integer),Array(Size 1)]

	1 ≤



	ReferenceFrameLeft

	
Sensor count of the left edge of the reference frame


(defined by the used sensor array)






	[Int(32-bit Integer),Array(Size 1)]

	1 ≤



	ReferenceFrameTop

	
Sensor count of the left edge of the reference frame


(defined by the used sensor array)






	[Int(32-bit Integer),Array(Size 1)]

	1 ≤



	ReferenceFrameRight

	
Sensor count of the left edge of the reference frame


(defined by the used sensor array)






	[Int(32-bit Integer),Array(Size 1)]

	1 ≤



	ReferenceFrameBottom

	
Sensor count of the left edge of the reference frame


(defined by the used sensor array)






	[Int(32-bit Integer),Array(Size 1)]

	1 ≤








Subfolder “FrameDataEntity_x”

Navigation: /Data/Recording_x/FrameStream/Stream_x/FrameDataEntity_x

Contains all datasets of the Frame-Entity x

Datasets:


	Matrix ConversionFactors → n × m matrix of conversion factors for the
sensor array


	3-dimensional Data-Cube FrameData → cube of the frame data organized
as one frame to one sample time point (n × m matrix of sampled signal
values per sensor) × sample time points


	reconstruct the value of the measured signal: y =
(FrameData[x,y,t] - ADZero) * ConversionFactors[x,y]


	reconstruct the sample time point:






	Matrix FrameDataTimeStamps → k × 3 matrix of segments where the rows
are one segment and the columns are:


	first column → time stamp of the first sample point of the segment


	second column → first index (z-axis) of the segment in
FrameData


	third column → last index (z-axis) of the segment in FrameData








Datasets:


	none






Folder “EventStream”

Navigation: /Data/Recording_x/EventStream

(Organisational) folder for all event-based streams of this recording

Attributes:


	none




Datasets:


	none






Subfolder “Stream_x” of “EventStream”

Navigation: /Data/Recording_x/EventStream/Stream_x

Folder that contains all Event-Entities of one Event-Stream:

Attributes:









	Name

	Description

	Data Type

	StreamInfoVersion





	StreamInfoVersion

	Version number of the meta information structure

	[Int(32-bit Integer),Scalar]

	1 ≤



	Label

	Label

	[String,Scalar]

	1 ≤



	SourceStreamGUID

	GUID of the source stream

	[String,Scalar]

	1 ≤



	StreamGUID

	GUID of the current stream

	[String,Scalar]

	1 ≤



	StreamType

	Type of the stream Event

	[String,Scalar]

	1 ≤



	DataSubType

	Sub-type of the event stream (e.g. StgSideband, UserInput, DigitalPort)

	[String,Scalar]

	1 ≤






Sub-type Description:


	StgSideband → The event is associated to a STG sideband change.


	UserInput → The event is associated with an user input.


	DigitalPort → The event is associated with a digital port change.




Datasets:


	Matrix InfoEvent → n × 7 matrix of describing information vectors for
the n Event-Entities:


	Attributes: InfoVersion → Version number of the Info-Objects
[Int(32-bit Integer),Scalar]
















	Name

	Description

	Data Type

	InfoVersion





	EventID

	ID of the event entity

	[Int(32-bit Integer),Array(Size 1)]

	1 ≤



	GroupID

	ID of the group that the entity belongs to

	[Int(32-bit Integer),Array(Size 1)]

	1 ≤



	Label

	Label of the entity

	[String,Array]

	1 ≤



	RawDataType

	Type of the raw data

	[String,Array]

	1 ≤



	RawDataBytes

	Number of bytes of the raw data type

	[Int(32-bit Integer),Array(Size 1)]

	1 ≤



	SourceChannelIDs

	
Comma separated list of ID’s of (source) channel that were


involved in the generation of this event






	[String,Array]

	1 ≤



	SourceChannelLabels

	Comma separated list of labels of the source channels

	[String,Scalar]

	1 ≤







	2-dimensional matrix EventEntity_x → 2 × n matrix ⇒ n events with
describing vector (time stamp of event, duration of event)


	Attributes: Short description of content


	\(t_\text{event i} = \text{EventEntity}\_x[0,i]\) in
\(\mu s\)


	\(\Delta_\text{event i} = \text{EventEntity}\_x[1,i]\) in
\(\mu s\)










Folder “SegmentStream”

Navigation: /Data/Recording_x/SegmentStream

(Organisational) folder for all segment-based streams of this recording.
A segment is a cutout of parts of the sampled signal relative to an
event, defined by a pre- and post interval.

Attributes:


	none




Datasets:


	none






Subfolder “Stream_x” of “SegmentStream”

Navigation: /Data/Recording_x/SegmentStream/Stream_x

Folder that contains all Segment-Entities of one Segment-Stream:

Attributes:









	Name

	Description

	Data Type

	StreamInfoVersion





	StreamInfoVersion

	Version number of the meta information structure

	[Int(32-bit Integer),Scalar]

	1 ≤



	Label

	Label

	[String,Scalar]

	1 ≤



	SourceStreamGUID

	GUID of the source stream

	[String,Scalar]

	1 ≤



	StreamGUID

	GUID of the current stream

	[String,Scalar]

	1 ≤



	StreamType

	Type of the stream Segment

	[String,Scalar]

	1 ≤



	DataSubType

	Sub-type of the segment stream (e.g. Spike)

	[String,Scalar]

	1 ≤






Datasets:


	Matrix InfoSegment → n × 7 matrix of describing information vectors
for the n Segment-Entities:


	Attributes: InfoVersion → Version number of the Info-Objects
[Int(32-bit Integer),Scalar]
















	Name

	Description

	Data Type

	InfoVersion





	SegmentID

	ID of the segment entity

	[Int(32-bit Integer),Array(Size 1)]

	1 ≤



	GroupID

	ID of the group that the segment entity belongs to

	[Int(32-bit Integer),Array(Size 1)]

	1 ≤



	Label

	Label of the entity

	[String,Array]

	1 ≤



	PreInterval

	
Time interval in µs before the segment defining event occured


- definition of the beginning of the segment






	[Int(64-bit Integer),Array(Size 1)]

	1 ≤



	PostInterval

	
Time interval in µs after the segment defining event occured


- definition of the end of the segment

\(\text{length of the segment} = \text{PreInterval} + \text{PostInterval}\) in µs






	[Int(64-bit Integer),Array(Size 1)]

	1 ≤



	SegmentType

	Type of the segment (e.g. SpikeCutout)

	[String,Array]

	1 ≤



	SourceChannelIDs

	
Comma separated list of ID’s of (source) channels that the segements are taken from


→ Link to the SourceChannelInfo matrix






	[String,Array]

	1 ≤







	2-dimensional matrix SourceChannelInfo → n × 15 matrix ⇒ n of
describing vectors for the n source channels, the structure is the
same as in ChannelInfo used in section Sub-folder “Stream_x” of
“AnalogStream”


	Attributes: InfoVersion → Version number of the Info-Objects
[Int(32-bit Integer),Scalar]






	Vector SegmentData_ts_x → n time stamps in µs of the event
triggering the segment, one for each of the n segments contained by
segment entity x


	2-dimensional matrix or 3-dimensional cube SegmentData_x → k × n
matrix (k sample points for one segment, n number of sampled
segments) or k × m × n cube (k sample points for one segment, m
number of segments for one time point/for one multi-segment, n number
of sampled multi-segments) of segment data:


	Attributes: SourceChannelID → Comma separated list of ID’s of
(source) channels that the segements are taken from
[String,Scalar] (the same as in InfoSegment, repeated
for clarification)


	reconstruct the value of the measured segment signal (only one
segment \(id_\text{segment}\) → 2-dimensional matrix
M[row,col]):


	\(t_{ind}[row,col] = \text{SegmentData ts x}[\text{col}] + (\text{row} - 1) * \text{tick}_\text{source-channel} - \text{PreInterval}\)
in µs


	\(y(id_\text{segment},t_{ind}(row,col)) = (\text{SegmentData x}[row, col] - \text{ADZero}_\text{source-channel}) * \text{ConversionFactor}_\text{source-channel} * 10^{\text{Exponent}_\text{source-channel}}\)
in
\(\text{InfoChannel}[\text{source-channel}].\text{Unit}\)






	reconstruct the value of the measured segment signal (m segments →
multi-segments → 3-dimensional cube M[row,col,z]):


	col → \(id_\text{segment}\) → source-channel


	\(t_{ind}[row,col,z] = \text{SegmentData ts x}[\text{z}] + (\text{row} - 1) * \text{tick}_{\text{source-channel}[col]}\)
in µs


	\(y(id_\text{segment},t_{ind}(row, z)) = (\text{SegmentData x}[row, \text{col}, z] - \text{ADZero}_{\text{source-channel}[\text{col}]}) * \text{ConversionFactor}_{\text{source-channel}[\text{col}]} * 10^{\text{Exponent}_{\text{source-channel}[\text{col}]}}\)
in
\(\text{InfoChannel}[\text{source-channel}[\text{col}]].\text{Unit}\)














DataSubType-Average: Subfolder “Stream_x” of “SegmentStream”

Navigation: /Data/Recording_x/SegmentStream/Stream_x

Folder that contains all Segment-Entities of one Segment-Stream with
DataSybType == Average:

Attributes: no difference to the standard case above

Datasets:


	Matrix InfoSegment: no difference to the standard case above


	Matrix SourceChannelInfo: no difference to the standard case above


	(3 × n) matrix AverageData_Range_x → (start, end,
count) per segment average × count of segment averages contained
by segment entity x. start and end denote the start and end
timestamp in µs of the interval that contains all averaged segments.
count is the number of averaged segments.


	Attributes: description of the content






	(2 × k × n) cube AverageData_x → (mean and standard deviation) × k
sample points of the segment × n number of segment averages


	Attributes:: description of the content


	reconstruct the value of the mean and standard deviation of the
average segment (n average segments → 3-dimensional cube
M[row,col,z]):


	row: mean → row = 0; StdDev → row = 1


	col:
\(t_{ind}(col) = (\text{col} - 1) * \text{tick}_{\text{source-channel}}\)
→ time range
\((0, PreInterval[\text{SegmentID}] + PreInterval[\text{SegmentID}])\)
in µs


	z: z = \(id_\text{average}\) (number of average segment)


	\(Mean(id_\text{average},t_{ind}(col)) = (\text{AverageData x}[0, \text{col}, id_\text{average}] - \text{ADZero}_{\text{source-channel}}) * \text{ConversionFactor}_{\text{source-channel}} * 10^{\text{Exponent}_{\text{source-channel}}}\)
in \(\text{InfoChannel}_\text{source-channel}.\text{Unit}\)


	\(StdDev(id_\text{average},t_{ind}(col)) = \text{AverageData x}[1, \text{col}, id_\text{average}] * \text{ConversionFactor}_{\text{source-channel}} * 10^{\text{Exponent}_{\text{source-channel}}}\)
in \(\text{InfoChannel}_\text{source-channel}.\text{Unit}\)














Folder “TimeStampStream”

Navigation: /Data/Recording_x/TimeStampStream

(Organisational) folder for all TimeStamp-based streams of this
recording

Attributes:


	none




Datasets:


	none






Subfolder “Stream_x” of “TimeStampStream”

Navigation: /Data/Recording_x/TimeStampStream/Stream_x

Folder that contains all TimeStamp-Entities of one TimeStamp-Stream:

Attributes:









	Name

	Description

	Data Type

	StreamInfoVersion





	StreamInfoVersion

	Version number of the meta information structure

	[Int(32-bit Integer),Scalar]

	1 ≤



	Label

	Label

	[String,Scalar]

	1 ≤



	SourceStreamGUID

	GUID of the source stream

	[String,Scalar]

	1 ≤



	StreamGUID

	GUID of the current stream

	[String,Scalar]

	1 ≤



	StreamType

	Type of the stream TimeStamp

	[String,Scalar]

	1 ≤



	DataSubType

	Sub-type of the TimeStamp stream (e.g. NeuralSpike)

	[String,Scalar]

	1 ≤






Sub-type Description:


	NeuralSpike → The entity contains time stamps of neural spikes




Datasets:


	Matrix InfoTimeStamp → n × 7 matrix of describing information vectors
for the n Event-Entities:


	Attributes: InfoVersion → Version number of the Info-Objects
[Int(32-bit Integer),Scalar]
















	Name

	Description

	Data Type

	InfoVersion





	TimeStampEntityID

	ID of the event entity

	[Int(32-bit Integer),Array(Size 1)]

	1 ≤



	GroupID

	ID of the group that the entity belongs to

	[Int(32-bit Integer),Array(Size 1)]

	1 ≤



	Label

	Label of the entity

	[String,Array]

	1 ≤



	Unit

	Physical unit of the measured sensor value

	[String,Array]

	1 ≤



	Exponent

	
Exponent n ⇒ 1En resp. 10n in which the channel values


magnitude is measured (e.g. k,m,µ,…)






	[Int(32-bit Integer),Array(Size 1)]

	1 ≤



	SourceChannelIDs

	
Comma separated list of ID’s of (source) channel that were


involved in the generation of this event






	[String,Array]

	1 ≤



	SourceChannelLabels

	Comma separated list of labels of the source channels

	[String,Scalar]

	1 ≤







	Vector TimeStampEntity_x → n time stamps in \(\mu s\)






Comment

All time-related information except dates (100ns ticks) are given in \(\mu s\) ticks!!

Category:Software







          

      

      

    

  

    
      
          
            
  


McsPyDataTools Tutorials

These tutorials can be found as Jupyter Notebooks in the McsPyDataNotebooks folder of the Github repository. They rely on data files that are distributed either in the McsPy/tests/TestData folder or (in case of larger test files) as part of a separate repository that can be downloaded from https://download.multichannelsystems.com/download_data/software/multi-channel-datamanager/McsPyDataTools-TestDataFiles.zip







          

      

      

    

  

    
      
          
            
  


Authors

Alphabetical list of contributors to the McsPyDataTools toolbox:


	Janko Dietzsch <dietzsch@multichannelsystems.com>


	Florian Helmhold <helmhold@multichannelsystems.com>


	Hans Loeffler <loeffler@multichannelsystems.com>


	Armin Walter <walter@multichannelsystems.com>


	Ole Wenzel <wenzel@multichannelsystems.com>




The McsPyDataTools toolbox is maintained by Armin Walter (Multi Channel Systems MCS GmbH) <walter@multichannelsystems.com>.




          

      

      

    

  

    
      
          
            
  


History


Version 0.4.2 (2022-02-11)


	Allowed reading of data files with InfoChannel version 2






Version 0.4.1 (2020-04-01)


	Bugfix for the get_channel_sample_timestamps function in McsData.py






Version 0.4.0 (2019-12-18)


	Improved documentation


	Improved support for CMOS-MEA files


	New Jupyter Notebook Tutorials






Version 0.3.0 (2018-06-13)


	Migrated to Python 3


	Analog streams with Acceleration, Gyroscope and OptoStim data supported


	New native HDF5-based CMOS-MEA format supported


	Jupyter notebooks added and extended to demonstrate usage patterns






Version 0.2.2 (2017-09-19)


	Bugfix Supported Protocol-Version for SegmentEntityInfo






Version 0.2.1 (2016-08-12)


	Bugfix CMOSSpike class






Version 0.2 (2015-04-29)


	support for average segments added


	improved documentation (Sphinx-based)






Version 0.1 (2014-03-27)


	first release
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	“cells”: [

	
	{

	“cell_type”: “markdown”,
“metadata”: {


“pycharm”: {}




},
“source”: [


“McsPyDataTools Tutorial for CMOS-MEA files<a id=’Top’></a>n”,
“=======================n”,
“n”,
“This tutorial focuses on the HDF5 files generated by the MCS CMOS-MEA software (V. 2.0 and newer) and the usage of the McsPyDataTools toolbox to interact with these files.n”,
“n”,
“- ### <a href=’#McsPy’>The McsPy module for MCS CMOS-MEA file handling</a>n”,
“- ### <a href=’#Mcs-HDF5’>Structure of the CMOS-MEA HDF5 files</a>n”,
“n”,
“- ### <a href=’#McsData Module’>McsData Classes and Inheritance</a>n”,
“——————————————————————————————-n”,
”  n”,
“- ### <a href=’#Accessing your Data with McsData’>Accessing your Data with McsData</a>n”,
”     - #### <a href=’#Req’>Requirements</a>n”,
”     - #### <a href=’#naming’>Naming</a>n”,
“- ### <a href=’#RawData’>Raw Data Files (.cmcr)</a>n”,
”     - #### <a href=’#acquisition’>Acquisition</a>n”,
”     - #### <a href=’#channelStream’>ChannelStream</a>n”,
”     - #### <a href=’#sensorStream’>SensorStream</a>n”,
”     - #### <a href=’#eventStream’>EventStream</a>n”,
“- ### <a href=’#processedData’>Processed Data Files (.cmtr)</a>n”,
”     - #### <a href=’#filterTool’>Filter Tool</a>n”,
”     - #### <a href=’#spikeExplorer’>Spike Explorer</a>n”,
”     - #### <a href=’#networkExplorer’>Network Explorer</a>n”,
”     - #### <a href=’#spikeSorter’>Spike Sorter</a>n”,
“n”,
“The McsPy module for MCS CMOS-MEA file handling<a id=’McsPy’></a>n”,
“—————————————————n”,
“With the `h5py` package, a powerful tool for accessing HDF5 files in python already exists. This toolbox builds upon h5py by subclassing its central `h5py.Group` and `h5py.Dataset` classes as `McsGroup` and `McsDataset` respectively. Thus the McsPy classes feature all attributes and methods you might be used to from working with `h5py`, and simply extend them with MCS specific features. So if you are new to HDF5 in python you can always refer to the h5py documentation and discussions. Likewise, if you have worked with `h5py` previously you will find yourself in an at least familiar environment.n”,
“If you prefer to work with h5py functionalities at any point in your analysis, feel free to retrieve the h5py base object from the McsPy object attribute `.h5py_object`n”,
“n”,
“`python\n",
"    h5py_object = self.h5py_object\n",
"`n”,
“n”,
“Structure of the HDF5 MCS-CMOS-MEA file system<a id=’Mcs-HDF5’></a>n”,
“—————————————————n”,
“n”,
“A MCS-CMOS-MEA filesystem typically consists of two seperate files. A MCS CMOS-MEA RawData (RD) HDF5 file and a MCS CMOS-MEA ProcessedData (PD) HDF5 file.n”,
“The RD file holds all raw data generated in a CMOS-MEA experiment with the CMOS-MEA-Control software, i.e. mainly different MCS data streams. The corresponding file extension is ‘.cmcr’.n”,
“The PD file contains all data generated in post-processing raw data with the CMOS-MEA-Tools software. Each tool in the CMOS-MEA-Tools software (Filter Tool, STA or Network Explorer, Spike Explorer, and Spike Sorter) stores its results and settings in its own subgroup. Furthermore, the CMOS-MEA-Tools make use of the HDF5 capabilities to mount HDF5 files into each other. In that sense, the PD file mounts the RD file into the “Acquisition” subgroup of its own hierarchy tree. Thus, given the link in the PD file correctly points to the RD file, this toolbox provides a set of intuitive access tools for both RD and PD via just the PD file. The corresponding file extension is ‘.cmtr’.n”,
“n”,
“As the McsPyDataTools toolbox works with the underlying, strictly hierarchical HDF5 structure, the starting point of every data exploration with the McsPyDataTools toolbox is the `McsData` object. As the docstrings of the class already imply, this class was designed to hold the information of a complete CMOS-MEA HDF5 file system.n”,
“n”,
“`python\n",
"    data = McsCMOSMEA.McsData('path to your data')\n",
"`n”,
“n”,
“We highly recommend the supplementary use of the HDF Group’s HDFView software to help visualize and understand the structure of HDF5 files. This makes accessing the data much easier.n”,
“n”,
“<a href=’#Top’>Back to index</a>n”,
“n”,
“McsData Classes and Inheritance <a id=’McsData Module’></a>n”,
“—————————————————————————————n”,
“n”,
“Generally, the McsPyDataTools toolbox creates a structure that, upon navigation through the file, reflects the CMOS-MEA HDF5 file structure, e.g. just as the CMOS-MEA HDF5 file system holds raw data in the “Acquisition” subgroup, the McsData object has an attribute `data.Acquisition`. Therefore, you can refer to the following graphical representation of the CMOS-MEA HDF5 file hierarchy for easy navigation through the python objects.n”,
“n”,
“Note: The subgroups of the root will not be accessible if they do not exist in the loaded CMOS-MEA file system.n”,
“n”,
“<a id=’file_structure_graphic’></a>n”,
“<img src=”./Cmos_Hierarchy_short.png”>n”,
“n”,
“Upon initialization with the path to your datan”,
“n”,
“`python\n",
"    data = McsCMOSMEA.McsData('path to your data')\n",
"`n”,
“n”,
“member methods of this class will check if the provided file meets the version requirements to be further processed. This is neccessary, as not only the way how MCS programs handle the HDF5 formatted files may change, but the file format itself can undergo changes.n”,
“n”,
“Afterwards all information about the data stored in the file is retrieved from the HDF5 attributes, decoded and saved in the attribute `.attributes` as a dictionary. The `.attributes` dictionary is created for every McsPy object.n”,
“n”,
“`python\n",
"    data.attributes\n",
"`n”,
“n”,
“An access request on one of the subgroups or datasets (i.e. Acquisition, Filter Tool, STA Explorer, Network Explorer, Spike Explorer, Spike Sorter) readies the respective data:n”,
“n”,
“`python\n",
"    aquisition_data = data.Aquisition\n",
"`n”,
“n”,
“This instantiates a new McsPy object holding the all data about the requested subgroup.n”,
“n”,
“<a href=’#Top’>Back to index</a>”
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{


“cell_type”: “markdown”,
“metadata”: {


“pycharm”: {}




},
“source”: [


“## Accessing your Data with McsData<a id=’Accessing your Data with McsData’></a>n”,
“n”,
“Now that the general structure of a HDF5 file and the McsPy package with its McsData class is clear, we can walk through some quick and easy examples of how to access and visualize your data.n”,
“n”,
“n”,
“Navigation through McsPy objects implements two central concepts:n”,
“1. Groups work like dictionaries or classes.n”,
“2. Datasets work like numpy arrays.n”,
“n”,
“### Naming<a id=’naming’></a>n”,
“n”,
“Wherever possible, McsPy names instances and attributes as found in the CMOS-MEA HDF5 file system. However, some systematic substitutions in group, dataset, and attribute naming are necessary to ensure python compatibility:n”,
“n”,
“n”,
“| HDF5 MCS-CMOS-MEA | McsPyDataTools toolbox     |\n",
"|———————–|----------------------------|n”,
“| whitespace            | _                          |\n",
"| .                     | _                          |\n",
"| ,                     | _                          |\n",
"| @                     | at                         |\n",
"| (                     | (character removed)        |\n",
"| )                     | (character removed)        |\n",
"| :                     | (character removed)        |”




]




},
{


“cell_type”: “markdown”,
“metadata”: {


“pycharm”: {}




},
“source”: [


“### Requirements <a id=’Req’></a>n”,
“n”,
“So let’s dig in and get an impression of working with MCS CMOS-MEA data.n”,
“n”,
“First some modules need to be imported:”




]




},
{


“cell_type”: “code”,
“execution_count”: 1,
“metadata”: {



	“pycharm”: {

	“is_executing”: false





}




},
“outputs”: [],
“source”: [


“# These are the imports of the McsData modulen”,
“import sys, importlib, osn”,
“n”,
“import McsPyn”,
“import McsPy.McsCMOSMEA as McsCMOSMEAn”,
“n”,
“# matplotlib.pyplot will be used in these examples to generate the plots visualizing the datan”,
“import matplotlib.pyplot as pltn”,
“from matplotlib.figure import Figuren”,
“from matplotlib.widgets import Slider, AxesWidgetn”,
“import matplotlib.animation as animationn”,
“from IPython.display import HTMLn”,
“# These adjustments only need to be made so that the plot gets displayed inside the notebookn”,
“%matplotlib inlinen”,
“# %config InlineBackend.figure_formats = {‘png’, ‘retina’}n”,
“n”,
“# numpy is numpy & pandas os pandasn”,
“import numpy as npn”,
“import pandas as pdn”,
“n”,
“# bokeh adds more interactivity to the plots within notebooks. Adds toolbar at the top-right corner of the plot.n”,
“# Allows zooming, panning and saving of the plotn”,
“import bokeh.ion”,
“import bokeh.plottingn”,
“n”,
“# IMPORT cv2 to write a videon”,
“from cv2 import VideoWriter, VideoWriter_fourccn”,
“n”,
“#import widgetsn”,
“from ipywidgets import *n”,
“from ipywebrtc import VideoStreamn”,
“n”,
“# autoreload modulesn”,
“%load_ext autoreloadn”,
“%autoreload 2”




]




},
{


“cell_type”: “markdown”,
“metadata”: {


“pycharm”: {}




},
“source”: [


“Then, we need to define where the test data is located. This needs to be adjusted to your local setup! The McsPyDataTools toolbox includes a set of small test files in its tests/TestData folder. An archive with larger test files can be downloaded from the [Multi Channel DataManager](https://www.multichannelsystems.com/software/multi-channel-datamanager) page.”




]




},
{


“cell_type”: “code”,
“execution_count”: 2,
“metadata”: {



	“pycharm”: {

	“is_executing”: false





}




},
“outputs”: [],
“source”: [


“path2TestData = r’..\McsPyDataTools\McsPy\tests\TestData’ # adjust this!”




]




},
{


“cell_type”: “markdown”,
“metadata”: {


“pycharm”: {}




},
“source”: [


“Sometimes running Python applications in the background can interfere with the functionalities of this notebook. To make sure that all plots are created correctly you are best advised to exit any other Python related processes.”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“## Raw Data Files (.cmcr)<a id=’RawData’></a>”




]




},
{


“cell_type”: “markdown”,
“metadata”: {


“pycharm”: {}




},
“source”: [


“In order to access a raw data file with extension .cmcr, we need to initialize an instance of the McsData class from the McsData module with the path to the file:”




]




},
{


“cell_type”: “code”,
“execution_count”: 3,
“metadata”: {



	“pycharm”: {

	“is_executing”: false





}




},
“outputs”: [],
“source”: [


“path2TestDataFile1 = os.path.join(path2TestData, “V200-SensorRoi-3Aux-Dig-Stim2-DiginEvts-5kHz.cmcr”)n”,
“data = McsCMOSMEA.McsData(path2TestDataFile1)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {


“pycharm”: {}




},
“source”: [


“Note: The `McsData` call actually determines the type of MCS HDF5 file system which you have called, and returns an instance of an appropriate class. Do not be confused if the return is not an instance of `McsData` as you have maybe expected.n”,
“n”,
“To check if we got access to the file we can simply print the object. This gives a rough overview of the contents of the CMOS MEA RawData, or CMOS MEA ProcessedData file. In general, all McsGroup objects provide some information about themselves and a table of all subgroups or datasets (which you can check against the file hierarchy image) upon printing. The table also provides the McsPy access name of all contents.”




]




},
{


“cell_type”: “code”,
“execution_count”: 4,
“metadata”: {



	“pycharm”: {

	“is_executing”: false





}




},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“<McsCMOSMEAData instance at 0x246d6401ef0>n”,
“n”,
“This object represents the Mcs CMOS MEA file:n”,
“Filename:   V200-SensorRoi-3Aux-Dig-Stim2-DiginEvts-5kHz.cmcrn”,
“n”,
“Date                 Program                     Version     n”,
“——————-  ————————–  ———-n”,
“10.10.2017 10:08:46  CMOS-MEA-Control            2.0.0.0     n”,
“n”,
“n”,
“Content:n”,
“n”,
“|        Mcs Type         |        HDF5 name        |       McsPy name        |\n",
"===============================================================================\n",
"Groups:\n",
"|       Acquisition       |       Acquisition       |       Acquisition       |n”,
“——————————————————————————-n”,
“Datasets:n”,
”    Nonen”,
“n”




]





}




],
“source”: [


“print(data)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {


“pycharm”: {}




},
“source”: [


“The root object holds information about the Date of the recording, the Program which was used as well as its Version.n”,
“n”,
“Feel free to browse the `self.attributes` on any instance of `McsGroup` or `McsDataset` for more detailed information. And finally, you can call `McsGroup.tree(self)` for an ‘indent-tree’ of the current HDF5 Group and all its descendants. Feel free to check the output against the file hierarchy image <a href=’#file_structure_graphic’>above</a>.n”,
“n”,
“Note: As file trees may become very large very quickly, you are advised to print the instance rather than the tree once you are familiar with the MCS HDF5 file system.”




]




},
{


“cell_type”: “code”,
“execution_count”: 5,
“metadata”: {



	“pycharm”: {

	“is_executing”: false





}




},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“/n”,
”    Acquisition                        n”,
”        Analog_Data                        n”,
”            ChannelData_1                      n”,
”            ChannelMeta                        n”,
”        Digital_Data                       n”,
”            ChannelData_1                      n”,
”            ChannelMeta                        n”,
”        Digital_Data_Events                n”,
”            EventData                          n”,
”            EventMeta                          n”,
”        STG_Sideband_Events                n”,
”            EventData                          n”,
”            EventMeta                          n”,
”            StimulationSites                   n”,
”        STG_Waveform                       n”,
”            ChannelData_1                      n”,
”            ChannelMeta                        n”,
”            StimulationSites                   n”,
”        Sensor_Data                        n”,
”            SensorData_1_1                     n”,
”            SensorMeta                         n”,
“n”




]





}




],
“source”: [


“print(data.tree())”




]




},
{


“cell_type”: “markdown”,
“metadata”: {


“pycharm”: {}




},
“source”: [


“<a href=’#Top’>Back to index</a>”




]




},
{


“cell_type”: “markdown”,
“metadata”: {


“pycharm”: {}




},
“source”: [


“### Accessing Acquisition Data<a id=’acquisition’></a>n”,
“n”,
“From the table we see that we can access the RawData, which is stored in the ‘Acquisition’ group of the MCS HDF5 file by simply calling the acquisition attribute on our `data` instance. Let’s go ahead and get a glimpse of the raw data streams in the file.”




]




},
{


“cell_type”: “code”,
“execution_count”: 6,
“metadata”: {



	“pycharm”: {

	“is_executing”: false





}




},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“——————————————————————————-n”,
“Parent Group: <class ‘McsPyDataTools.McsPy.McsCMOSMEA.Acquisition’ object at 0x246d64201d0>n”,
“n”,
“——————————————————————————-n”,
“n”,
“n”,
“|         Subtype         |        HDF5 name        |       McsPy name        |\n",
"===============================================================================\n",
"ChannelStream\n",
"|        Auxiliary        |       Analog Data       |       Analog_Data       |\n",
"|         Digital         |      Digital Data       |      Digital_Data       |\n",
"|       StgWaveform       |      STG Waveform       |      STG_Waveform       |\n",
"-------------------------------------------------------------------------------\n",
"EventStream\n",
"|       DigitalPort       |   Digital Data Events   |   Digital_Data_Events   |\n",
"|       StgSideband       |   STG Sideband Events   |   STG_Sideband_Events   |\n",
"-------------------------------------------------------------------------------\n",
"SensorStream\n",
"|       CMosSensor        |       Sensor Data       |       Sensor_Data       |n”,
“——————————————————————————-n”,
“n”




]





}




],
“source”: [


“print(data.Acquisition)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {


“pycharm”: {}




},
“source”: [


“#### Channel Streams<a id=’channelStream’></a>n”,
“We can navigate further to start and work with some channel data.”




]




},
{


“cell_type”: “code”,
“execution_count”: 7,
“metadata”: {



	“pycharm”: {

	“is_executing”: false





}




},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“——————————————————————————-n”,
“Parent Group: <class ‘McsPyDataTools.McsPy.McsCMOSMEA.McsChannelStream’ object at 0x246d64205c0>n”,
“——————————————————————————-n”,
“n”,
“n”,
“|        Mcs Type         |        HDF5 name        |       McsPy name        |\n",
"===============================================================================\n",
"Groups:\n",
"    None\n",
"-------------------------------------------------------------------------------\n",
"Datasets:\n",
"|       ChannelData       |      ChannelData 1      |      ChannelData_1      |\n",
"|       ChannelMeta       |       ChannelMeta       |       ChannelMeta       |\n",
"|          Sites          |    StimulationSites     |    StimulationSites     |n”,
“n”




]





}




],
“source”: [


“print(data.Acquisition.STG_Waveform)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {


“pycharm”: {}




},
“source”: [


“The Channel Stream ‘Digital Data’ object contains the two data sets `ChannelData_1` and `ChannelMeta`. The objects we obtain upon access are not arrays, but subclasses of `h5py.Dataset`. However, ```h5py.Dataset```s can be accessed, sliced and manipulated just as numpy arrays. So ```h5py.Dataset```s have a shape, a size, and a data type. For more information on working with Datasets please refer to the h5py <a href=’https://readthedocs.org/projects/h5py/’ [https://readthedocs.org/projects/h5py/']>documentation</a>.”




]




},
{


“cell_type”: “code”,
“execution_count”: 8,
“metadata”: {



	“pycharm”: {

	“is_executing”: false





}




},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“Shape:    (1, 10000)n”,
“Size:     10000n”,
“Type:     int32n”




]





}




],
“source”: [


“print(‘Shape:’.ljust(10)+str(data.Acquisition.STG_Waveform.ChannelData_1.shape))n”,
“print(‘Size:’.ljust(10)+str(data.Acquisition.STG_Waveform.ChannelData_1.size))n”,
“print(‘Type:’.ljust(10)+str(data.Acquisition.STG_Waveform.ChannelData_1.dtype))”




]




},
{


“cell_type”: “markdown”,
“metadata”: {


“pycharm”: {}




},
“source”: [


“Now, let’s go ahead and visual the signal of a channel we recorded:”




]




},
{


“cell_type”: “code”,
“execution_count”: 9,
“metadata”: {



	“pycharm”: {

	“is_executing”: false





}




},
“outputs”: [



	{

	
	“data”: {

	
	“text/plain”: [

	“Text(0.5, 1.0, ‘Signal recorded by Channel 2’)”





]





},
“execution_count”: 9,
“metadata”: {},
“output_type”: “execute_result”





},
{



	“data”: {

	“image/png”: “”,
“text/plain”: [


“<Figure size 980.64x472.32 with 1 Axes>”




]





},
“metadata”: {


“needs_background”: “light”




},
“output_type”: “display_data”




}




],
“source”: [


“channeldata_1 = data.Acquisition.STG_Waveform.ChannelData_1n”,
“exponent = data.Acquisition.STG_Waveform.ChannelData_1.Meta[‘Exponent’][0]n”,
“channel_id = data.Acquisition.STG_Waveform.ChannelData_1.Meta[‘ChannelID’][0]n”,
“n”,
“plt.figure(figsize=(0.681*20, 0.328*20))n”,
“plt.plot(channeldata_1[0,2000:3000])n”,
“plt.ylabel(‘Voltage [Ve’+str(exponent)+’]’)n”,
“plt.xlabel(‘Time in timesteps’)n”,
“plt.title(‘Signal recorded by Channel ‘+str(channel_id), fontweight=’bold’)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {


“pycharm”: {}




},
“source”: [


“#### Sensor Streams<a id=’sensorStream’></a>n”,
“Alternatively we can investigate a Sensor Stream.”




]




},
{


“cell_type”: “code”,
“execution_count”: 10,
“metadata”: {



	“pycharm”: {

	“is_executing”: false





}




},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“——————————————————————————-n”,
“Parent Group: <class ‘McsPyDataTools.McsPy.McsCMOSMEA.McsSensorStream’ object at 0x246d6507400>n”,
“——————————————————————————-n”,
“n”,
“n”,
“|        Mcs Type         |        HDF5 name        |       McsPy name        |\n",
"===============================================================================\n",
"Groups:\n",
"    None\n",
"-------------------------------------------------------------------------------\n",
"Datasets:\n",
"|       SensorData        |     SensorData 1 1      |     SensorData_1_1      |\n",
"|       SensorMeta        |       SensorMeta        |       SensorMeta        |n”,
“n”




]





}




],
“source”: [


“print(data.Acquisition.Sensor_Data)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {


“pycharm”: {}




},
“source”: [


“To visualize the sensor data as greyscale images, we can create an animation in matplotlib and play it as a HTML video. You’ll need to have FFmpeg available for this to work.”




]




},
{


“cell_type”: “code”,
“execution_count”: null,
“metadata”: {



	“pycharm”: {

	“is_executing”: false





}




},
“outputs”: [],
“source”: [


“images = data.Acquisition.Sensor_Data.SensorData_1_1n”,
“n”,
“fig = plt.figure()n”,
“n”,
“im = plt.imshow(images[0], animated=True, cmap=’gray’)n”,
“plt.title(‘Sensor Data 1 1’)n”,
“plt.box(False)n”,
“n”,
“def updatefig(i):n”,
”    global imagesn”,
”    im.set_array(images[i])n”,
”    return im,n”,
“n”,
“ani = animation.FuncAnimation(fig, updatefig, interval=50, blit=True)n”,
“n”,
“plt.close(ani._fig)n”,
“n”,
“# Call function to display the animationn”,
“HTML(ani.to_html5_video())”




]




},
{


“cell_type”: “markdown”,
“metadata”: {


“pycharm”: {}




},
“source”: [


“We can also take the sensor data and create a simple slider to go through the blocks of sensor data in time:”




]




},
{


“cell_type”: “code”,
“execution_count”: 13,
“metadata”: {



	“pycharm”: {

	“is_executing”: false





}




},
“outputs”: [



	{

	
	“data”: {

	
	“application/javascript”: [

	“/* Put everything inside the global mpl namespace /n”,
“window.mpl = {};n”,
“n”,
“n”,
“mpl.get_websocket_type = function() {n”,
”    if (typeof(WebSocket) !== ‘undefined’) {n”,
”        return WebSocket;n”,
”    } else if (typeof(MozWebSocket) !== ‘undefined’) {n”,
”        return MozWebSocket;n”,
”    } else {n”,
”        alert(‘Your browser does not have WebSocket support. ‘ +n”,
”              ‘Please try Chrome, Safari or Firefox ≥ 6. ‘ +n”,
”              ‘Firefox 4 and 5 are also supported but you ‘ +n”,
”              ‘have to enable WebSockets in about:config.’);n”,
”    };n”,
“}n”,
“n”,
“mpl.figure = function(figure_id, websocket, ondownload, parent_element) {n”,
”    this.id = figure_id;n”,
“n”,
”    this.ws = websocket;n”,
“n”,
”    this.supports_binary = (this.ws.binaryType != undefined);n”,
“n”,
”    if (!this.supports_binary) {n”,
”        var warnings = document.getElementById(“mpl-warnings”);n”,
”        if (warnings) {n”,
”            warnings.style.display = ‘block’;n”,
”            warnings.textContent = (n”,
”                “This browser does not support binary websocket messages. ” +n”,
”                    “Performance may be slow.”);n”,
”        }n”,
”    }n”,
“n”,
”    this.imageObj = new Image();n”,
“n”,
”    this.context = undefined;n”,
”    this.message = undefined;n”,
”    this.canvas = undefined;n”,
”    this.rubberband_canvas = undefined;n”,
”    this.rubberband_context = undefined;n”,
”    this.format_dropdown = undefined;n”,
“n”,
”    this.image_mode = ‘full’;n”,
“n”,
”    this.root = $(‘<div/>’);n”,
”    this._root_extra_style(this.root)n”,
”    this.root.attr(‘style’, ‘display: inline-block’);n”,
“n”,
”    $(parent_element).append(this.root);n”,
“n”,
”    this._init_header(this);n”,
”    this._init_canvas(this);n”,
”    this._init_toolbar(this);n”,
“n”,
”    var fig = this;n”,
“n”,
”    this.waiting = false;n”,
“n”,
”    this.ws.onopen =  function () {n”,
”            fig.send_message(“supports_binary”, {value: fig.supports_binary});n”,
”            fig.send_message(“send_image_mode”, {});n”,
”            if (mpl.ratio != 1) {n”,
”                fig.send_message(“set_dpi_ratio”, {‘dpi_ratio’: mpl.ratio});n”,
”            }n”,
”            fig.send_message(“refresh”, {});n”,
”        }n”,
“n”,
”    this.imageObj.onload = function() {n”,
”            if (fig.image_mode == ‘full’) {n”,
”                // Full images could contain transparency (where diff imagesn”,
”                // almost always do), so we need to clear the canvas so thatn”,
”                // there is no ghosting.n”,
”                fig.context.clearRect(0, 0, fig.canvas.width, fig.canvas.height);n”,
”            }n”,
”            fig.context.drawImage(fig.imageObj, 0, 0);n”,
”        };n”,
“n”,
”    this.imageObj.onunload = function() {n”,
”        fig.ws.close();n”,
”    }n”,
“n”,
”    this.ws.onmessage = this._make_on_message_function(this);n”,
“n”,
”    this.ondownload = ondownload;n”,
“}n”,
“n”,
“mpl.figure.prototype._init_header = function() {n”,
”    var titlebar = $(n”,
”        ‘<div class=”ui-dialog-titlebar ui-widget-header ui-corner-all ‘ +n”,
”        ‘ui-helper-clearfix”/>’);n”,
”    var titletext = $(n”,
”        ‘<div class=”ui-dialog-title” style=”width: 100%; ‘ +n”,
”        ‘text-align: center; padding: 3px;”/>’);n”,
”    titlebar.append(titletext)n”,
”    this.root.append(titlebar);n”,
”    this.header = titletext[0];n”,
“}n”,
“n”,
“n”,
“n”,
“mpl.figure.prototype._canvas_extra_style = function(canvas_div) {n”,
“n”,
“}n”,
“n”,
“n”,
“mpl.figure.prototype._root_extra_style = function(canvas_div) {n”,
“n”,
“}n”,
“n”,
“mpl.figure.prototype._init_canvas = function() {n”,
”    var fig = this;n”,
“n”,
”    var canvas_div = $(‘<div/>’);n”,
“n”,
”    canvas_div.attr(‘style’, ‘position: relative; clear: both; outline: 0’);n”,
“n”,
”    function canvas_keyboard_event(event) {n”,
”        return fig.key_event(event, event[‘data’]);n”,
”    }n”,
“n”,
”    canvas_div.keydown(‘key_press’, canvas_keyboard_event);n”,
”    canvas_div.keyup(‘key_release’, canvas_keyboard_event);n”,
”    this.canvas_div = canvas_divn”,
”    this._canvas_extra_style(canvas_div)n”,
”    this.root.append(canvas_div);n”,
“n”,
”    var canvas = $(‘<canvas/>’);n”,
”    canvas.addClass(‘mpl-canvas’);n”,
”    canvas.attr(‘style’, “left: 0; top: 0; z-index: 0; outline: 0”)n”,
“n”,
”    this.canvas = canvas[0];n”,
”    this.context = canvas[0].getContext(“2d”);n”,
“n”,
”    var backingStore = this.context.backingStorePixelRatio ||n”,
“tthis.context.webkitBackingStorePixelRatio ||n”,
“tthis.context.mozBackingStorePixelRatio ||n”,
“tthis.context.msBackingStorePixelRatio ||n”,
“tthis.context.oBackingStorePixelRatio ||n”,
“tthis.context.backingStorePixelRatio || 1;n”,
“n”,
”    mpl.ratio = (window.devicePixelRatio || 1) / backingStore;n”,
“n”,
”    var rubberband = $(‘<canvas/>’);n”,
”    rubberband.attr(‘style’, “position: absolute; left: 0; top: 0; z-index: 1;”)n”,
“n”,
”    var pass_mouse_events = true;n”,
“n”,
”    canvas_div.resizable({n”,
”        start: function(event, ui) {n”,
”            pass_mouse_events = false;n”,
”        },n”,
”        resize: function(event, ui) {n”,
”            fig.request_resize(ui.size.width, ui.size.height);n”,
”        },n”,
”        stop: function(event, ui) {n”,
”            pass_mouse_events = true;n”,
”            fig.request_resize(ui.size.width, ui.size.height);n”,
”        },n”,
”    });n”,
“n”,
”    function mouse_event_fn(event) {n”,
”        if (pass_mouse_events)n”,
”            return fig.mouse_event(event, event[‘data’]);n”,
”    }n”,
“n”,
”    rubberband.mousedown(‘button_press’, mouse_event_fn);n”,
”    rubberband.mouseup(‘button_release’, mouse_event_fn);n”,
”    // Throttle sequential mouse events to 1 every 20ms.n”,
”    rubberband.mousemove(‘motion_notify’, mouse_event_fn);n”,
“n”,
”    rubberband.mouseenter(‘figure_enter’, mouse_event_fn);n”,
”    rubberband.mouseleave(‘figure_leave’, mouse_event_fn);n”,
“n”,
”    canvas_div.on(“wheel”, function (event) {n”,
”        event = event.originalEvent;n”,
”        event[‘data’] = ‘scroll’n”,
”        if (event.deltaY < 0) {n”,
”            event.step = 1;n”,
”        } else {n”,
”            event.step = -1;n”,
”        }n”,
”        mouse_event_fn(event);n”,
”    });n”,
“n”,
”    canvas_div.append(canvas);n”,
”    canvas_div.append(rubberband);n”,
“n”,
”    this.rubberband = rubberband;n”,
”    this.rubberband_canvas = rubberband[0];n”,
”    this.rubberband_context = rubberband[0].getContext(“2d”);n”,
”    this.rubberband_context.strokeStyle = “#000000”;n”,
“n”,
”    this._resize_canvas = function(width, height) {n”,
”        // Keep the size of the canvas, canvas container, and rubber bandn”,
”        // canvas in synch.n”,
”        canvas_div.css(‘width’, width)n”,
”        canvas_div.css(‘height’, height)n”,
“n”,
”        canvas.attr(‘width’, width * mpl.ratio);n”,
”        canvas.attr(‘height’, height * mpl.ratio);n”,
”        canvas.attr(‘style’, ‘width: ‘ + width + ‘px; height: ‘ + height + ‘px;’);n”,
“n”,
”        rubberband.attr(‘width’, width);n”,
”        rubberband.attr(‘height’, height);n”,
”    }n”,
“n”,
”    // Set the figure to an initial 600x600px, this will subsequently be updatedn”,
”    // upon first draw.n”,
”    this._resize_canvas(600, 600);n”,
“n”,
”    // Disable right mouse context menu.n”,
”    $(this.rubberband_canvas).bind(“contextmenu”,function(e){n”,
”        return false;n”,
”    });n”,
“n”,
”    function set_focus () {n”,
”        canvas.focus();n”,
”        canvas_div.focus();n”,
”    }n”,
“n”,
”    window.setTimeout(set_focus, 100);n”,
“}n”,
“n”,
“mpl.figure.prototype._init_toolbar = function() {n”,
”    var fig = this;n”,
“n”,
”    var nav_element = $(‘<div/>’);n”,
”    nav_element.attr(‘style’, ‘width: 100%’);n”,
”    this.root.append(nav_element);n”,
“n”,
”    // Define a callback function for later on.n”,
”    function toolbar_event(event) {n”,
”        return fig.toolbar_button_onclick(event[‘data’]);n”,
”    }n”,
”    function toolbar_mouse_event(event) {n”,
”        return fig.toolbar_button_onmouseover(event[‘data’]);n”,
”    }n”,
“n”,
”    for(var toolbar_ind in mpl.toolbar_items) {n”,
”        var name = mpl.toolbar_items[toolbar_ind][0];n”,
”        var tooltip = mpl.toolbar_items[toolbar_ind][1];n”,
”        var image = mpl.toolbar_items[toolbar_ind][2];n”,
”        var method_name = mpl.toolbar_items[toolbar_ind][3];n”,
“n”,
”        if (!name) {n”,
”            // put a spacer in here.n”,
”            continue;n”,
”        }n”,
”        var button = $(‘<button/>’);n”,
”        button.addClass(‘ui-button ui-widget ui-state-default ui-corner-all ‘ +n”,
”                        ‘ui-button-icon-only’);n”,
”        button.attr(‘role’, ‘button’);n”,
”        button.attr(‘aria-disabled’, ‘false’);n”,
”        button.click(method_name, toolbar_event);n”,
”        button.mouseover(tooltip, toolbar_mouse_event);n”,
“n”,
”        var icon_img = $(‘<span/>’);n”,
”        icon_img.addClass(‘ui-button-icon-primary ui-icon’);n”,
”        icon_img.addClass(image);n”,
”        icon_img.addClass(‘ui-corner-all’);n”,
“n”,
”        var tooltip_span = $(‘<span/>’);n”,
”        tooltip_span.addClass(‘ui-button-text’);n”,
”        tooltip_span.html(tooltip);n”,
“n”,
”        button.append(icon_img);n”,
”        button.append(tooltip_span);n”,
“n”,
”        nav_element.append(button);n”,
”    }n”,
“n”,
”    var fmt_picker_span = $(‘<span/>’);n”,
“n”,
”    var fmt_picker = $(‘<select/>’);n”,
”    fmt_picker.addClass(‘mpl-toolbar-option ui-widget ui-widget-content’);n”,
”    fmt_picker_span.append(fmt_picker);n”,
”    nav_element.append(fmt_picker_span);n”,
”    this.format_dropdown = fmt_picker[0];n”,
“n”,
”    for (var ind in mpl.extensions) {n”,
”        var fmt = mpl.extensions[ind];n”,
”        var option = $(n”,
”            ‘<option/>’, {selected: fmt === mpl.default_extension}).html(fmt);n”,
”        fmt_picker.append(option);n”,
”    }n”,
“n”,
”    // Add hover states to the ui-buttonsn”,
”    $( “.ui-button” ).hover(n”,
”        function() { $(this).addClass(“ui-state-hover”);},n”,
”        function() { $(this).removeClass(“ui-state-hover”);}n”,
”    );n”,
“n”,
”    var status_bar = $(‘<span class=”mpl-message”/>’);n”,
”    nav_element.append(status_bar);n”,
”    this.message = status_bar[0];n”,
“}n”,
“n”,
“mpl.figure.prototype.request_resize = function(x_pixels, y_pixels) {n”,
”    // Request matplotlib to resize the figure. Matplotlib will then trigger a resize in the client,n”,
”    // which will in turn request a refresh of the image.n”,
”    this.send_message(‘resize’, {‘width’: x_pixels, ‘height’: y_pixels});n”,
“}n”,
“n”,
“mpl.figure.prototype.send_message = function(type, properties) {n”,
”    properties[‘type’] = type;n”,
”    properties[‘figure_id’] = this.id;n”,
”    this.ws.send(JSON.stringify(properties));n”,
“}n”,
“n”,
“mpl.figure.prototype.send_draw_message = function() {n”,
”    if (!this.waiting) {n”,
”        this.waiting = true;n”,
”        this.ws.send(JSON.stringify({type: “draw”, figure_id: this.id}));n”,
”    }n”,
“}n”,
“n”,
“n”,
“mpl.figure.prototype.handle_save = function(fig, msg) {n”,
”    var format_dropdown = fig.format_dropdown;n”,
”    var format = format_dropdown.options[format_dropdown.selectedIndex].value;n”,
”    fig.ondownload(fig, format);n”,
“}n”,
“n”,
“n”,
“mpl.figure.prototype.handle_resize = function(fig, msg) {n”,
”    var size = msg[‘size’];n”,
”    if (size[0] != fig.canvas.width || size[1] != fig.canvas.height) {n”,
”        fig._resize_canvas(size[0], size[1]);n”,
”        fig.send_message(“refresh”, {});n”,
”    };n”,
“}n”,
“n”,
“mpl.figure.prototype.handle_rubberband = function(fig, msg) {n”,
”    var x0 = msg[‘x0’] / mpl.ratio;n”,
”    var y0 = (fig.canvas.height - msg[‘y0’]) / mpl.ratio;n”,
”    var x1 = msg[‘x1’] / mpl.ratio;n”,
”    var y1 = (fig.canvas.height - msg[‘y1’]) / mpl.ratio;n”,
”    x0 = Math.floor(x0) + 0.5;n”,
”    y0 = Math.floor(y0) + 0.5;n”,
”    x1 = Math.floor(x1) + 0.5;n”,
”    y1 = Math.floor(y1) + 0.5;n”,
”    var min_x = Math.min(x0, x1);n”,
”    var min_y = Math.min(y0, y1);n”,
”    var width = Math.abs(x1 - x0);n”,
”    var height = Math.abs(y1 - y0);n”,
“n”,
”    fig.rubberband_context.clearRect(n”,
”        0, 0, fig.canvas.width / mpl.ratio, fig.canvas.height / mpl.ratio);n”,
“n”,
”    fig.rubberband_context.strokeRect(min_x, min_y, width, height);n”,
“}n”,
“n”,
“mpl.figure.prototype.handle_figure_label = function(fig, msg) {n”,
”    // Updates the figure title.n”,
”    fig.header.textContent = msg[‘label’];n”,
“}n”,
“n”,
“mpl.figure.prototype.handle_cursor = function(fig, msg) {n”,
”    var cursor = msg[‘cursor’];n”,
”    switch(cursor)n”,
”    {n”,
”    case 0:n”,
”        cursor = ‘pointer’;n”,
”        break;n”,
”    case 1:n”,
”        cursor = ‘default’;n”,
”        break;n”,
”    case 2:n”,
”        cursor = ‘crosshair’;n”,
”        break;n”,
”    case 3:n”,
”        cursor = ‘move’;n”,
”        break;n”,
”    }n”,
”    fig.rubberband_canvas.style.cursor = cursor;n”,
“}n”,
“n”,
“mpl.figure.prototype.handle_message = function(fig, msg) {n”,
”    fig.message.textContent = msg[‘message’];n”,
“}n”,
“n”,
“mpl.figure.prototype.handle_draw = function(fig, msg) {n”,
”    // Request the server to send over a new figure.n”,
”    fig.send_draw_message();n”,
“}n”,
“n”,
“mpl.figure.prototype.handle_image_mode = function(fig, msg) {n”,
”    fig.image_mode = msg[‘mode’];n”,
“}n”,
“n”,
“mpl.figure.prototype.updated_canvas_event = function() {n”,
”    // Called whenever the canvas gets updated.n”,
”    this.send_message(“ack”, {});n”,
“}n”,
“n”,
“// A function to construct a web socket function for onmessage handling.n”,
“// Called in the figure constructor.n”,
“mpl.figure.prototype._make_on_message_function = function(fig) {n”,
”    return function socket_on_message(evt) {n”,
”        if (evt.data instanceof Blob) {n”,
”            / FIXME: We get “Resource interpreted as Image butn”,
”             * transferred with MIME type text/plain:” errors onn”,
”             * Chrome.  But how to set the MIME type?  It doesn’t seemn”,
”             * to be part of the websocket stream /n”,
”            evt.data.type = “image/png”;n”,
“n”,
”            / Free the memory for the previous frames /n”,
”            if (fig.imageObj.src) {n”,
”                (window.URL || window.webkitURL).revokeObjectURL(n”,
”                    fig.imageObj.src);n”,
”            }n”,
“n”,
”            fig.imageObj.src = (window.URL || window.webkitURL).createObjectURL(n”,
”                evt.data);n”,
”            fig.updated_canvas_event();n”,
”            fig.waiting = false;n”,
”            return;n”,
”        }n”,
”        else if (typeof evt.data === ‘string’ && evt.data.slice(0, 21) == “data:image/png;base64”) {n”,
”            fig.imageObj.src = evt.data;n”,
”            fig.updated_canvas_event();n”,
”            fig.waiting = false;n”,
”            return;n”,
”        }n”,
“n”,
”        var msg = JSON.parse(evt.data);n”,
”        var msg_type = msg[‘type’];n”,
“n”,
”        // Call the  “handle_{type}” callback, which takesn”,
”        // the figure and JSON message as its only arguments.n”,
”        try {n”,
”            var callback = fig[“handle_” + msg_type];n”,
”        } catch (e) {n”,
”            console.log(“No handler for the ‘” + msg_type + “’ message type: “, msg);n”,
”            return;n”,
”        }n”,
“n”,
”        if (callback) {n”,
”            try {n”,
”                // console.log(“Handling ‘” + msg_type + “’ message: “, msg);n”,
”                callback(fig, msg);n”,
”            } catch (e) {n”,
”                console.log(“Exception inside the ‘handler_” + msg_type + “’ callback:”, e, e.stack, msg);n”,
”            }n”,
”        }n”,
”    };n”,
“}n”,
“n”,
“// from http://stackoverflow.com/questions/1114465/getting-mouse-location-in-canvasn”,
“mpl.findpos = function(e) {n”,
”    //this section is from http://www.quirksmode.org/js/events_properties.htmln”,
”    var targ;n”,
”    if (!e)n”,
”        e = window.event;n”,
”    if (e.target)n”,
”        targ = e.target;n”,
”    else if (e.srcElement)n”,
”        targ = e.srcElement;n”,
”    if (targ.nodeType == 3) // defeat Safari bugn”,
”        targ = targ.parentNode;n”,
“n”,
”    // jQuery normalizes the pageX and pageYn”,
”    // pageX,Y are the mouse positions relative to the documentn”,
”    // offset() returns the position of the element relative to the documentn”,
”    var x = e.pageX - $(targ).offset().left;n”,
”    var y = e.pageY - $(targ).offset().top;n”,
“n”,
”    return {“x”: x, “y”: y};n”,
“};n”,
“n”,
“/n”,
” * return a copy of an object with only non-object keysn”,
” * we need this to avoid circular referencesn”,
” * http://stackoverflow.com/a/24161582/3208463n”,
” /n”,
“function simpleKeys (original) {n”,
”  return Object.keys(original).reduce(function (obj, key) {n”,
”    if (typeof original[key] !== ‘object’)n”,
”        obj[key] = original[key]n”,
”    return obj;n”,
”  }, {});n”,
“}n”,
“n”,
“mpl.figure.prototype.mouse_event = function(event, name) {n”,
”    var canvas_pos = mpl.findpos(event)n”,
“n”,
”    if (name === ‘button_press’)n”,
”    {n”,
”        this.canvas.focus();n”,
”        this.canvas_div.focus();n”,
”    }n”,
“n”,
”    var x = canvas_pos.x * mpl.ratio;n”,
”    var y = canvas_pos.y * mpl.ratio;n”,
“n”,
”    this.send_message(name, {x: x, y: y, button: event.button,n”,
”                             step: event.step,n”,
”                             guiEvent: simpleKeys(event)});n”,
“n”,
”    / This prevents the web browser from automatically changing ton”,
”     * the text insertion cursor when the button is pressed.  We wantn”,
”     * to control all of the cursor setting manually through then”,
”     * ‘cursor’ event from matplotlib /n”,
”    event.preventDefault();n”,
”    return false;n”,
“}n”,
“n”,
“mpl.figure.prototype._key_event_extra = function(event, name) {n”,
”    // Handle any extra behaviour associated with a key eventn”,
“}n”,
“n”,
“mpl.figure.prototype.key_event = function(event, name) {n”,
“n”,
”    // Prevent repeat eventsn”,
”    if (name == ‘key_press’)n”,
”    {n”,
”        if (event.which === this._key)n”,
”            return;n”,
”        elsen”,
”            this._key = event.which;n”,
”    }n”,
”    if (name == ‘key_release’)n”,
”        this._key = null;n”,
“n”,
”    var value = ‘’;n”,
”    if (event.ctrlKey && event.which != 17)n”,
”        value += “ctrl+”;n”,
”    if (event.altKey && event.which != 18)n”,
”        value += “alt+”;n”,
”    if (event.shiftKey && event.which != 16)n”,
”        value += “shift+”;n”,
“n”,
”    value += ‘k’;n”,
”    value += event.which.toString();n”,
“n”,
”    this._key_event_extra(event, name);n”,
“n”,
”    this.send_message(name, {key: value,n”,
”                             guiEvent: simpleKeys(event)});n”,
”    return false;n”,
“}n”,
“n”,
“mpl.figure.prototype.toolbar_button_onclick = function(name) {n”,
”    if (name == ‘download’) {n”,
”        this.handle_save(this, null);n”,
”    } else {n”,
”        this.send_message(“toolbar_button”, {name: name});n”,
”    }n”,
“};n”,
“n”,
“mpl.figure.prototype.toolbar_button_onmouseover = function(tooltip) {n”,
”    this.message.textContent = tooltip;n”,
“};n”,
“mpl.toolbar_items = [[“Home”, “Reset original view”, “fa fa-home icon-home”, “home”], [“Back”, “Back to previous view”, “fa fa-arrow-left icon-arrow-left”, “back”], [“Forward”, “Forward to next view”, “fa fa-arrow-right icon-arrow-right”, “forward”], [“”, “”, “”, “”], [“Pan”, “Pan axes with left mouse, zoom with right”, “fa fa-arrows icon-move”, “pan”], [“Zoom”, “Zoom to rectangle”, “fa fa-square-o icon-check-empty”, “zoom”], [“”, “”, “”, “”], [“Download”, “Download plot”, “fa fa-floppy-o icon-save”, “download”]];n”,
“n”,
“mpl.extensions = [“eps”, “jpeg”, “pdf”, “png”, “ps”, “raw”, “svg”, “tif”];n”,
“n”,
“mpl.default_extension = “png”;var comm_websocket_adapter = function(comm) {n”,
”    // Create a “websocket”-like object which calls the given IPython commn”,
”    // object with the appropriate methods. Currently this is a non binaryn”,
”    // socket, so there is still some room for performance tuning.n”,
”    var ws = {};n”,
“n”,
”    ws.close = function() {n”,
”        comm.close()n”,
”    };n”,
”    ws.send = function(m) {n”,
”        //console.log(‘sending’, m);n”,
”        comm.send(m);n”,
”    };n”,
”    // Register the callback with on_msg.n”,
”    comm.on_msg(function(msg) {n”,
”        //console.log(‘receiving’, msg[‘content’][‘data’], msg);n”,
”        // Pass the mpl event to the overridden (by mpl) onmessage function.n”,
”        ws.onmessage(msg[‘content’][‘data’])n”,
”    });n”,
”    return ws;n”,
“}n”,
“n”,
“mpl.mpl_figure_comm = function(comm, msg) {n”,
”    // This is the function which gets called when the mpl processn”,
”    // starts-up an IPython Comm through the “matplotlib” channel.n”,
“n”,
”    var id = msg.content.data.id;n”,
”    // Get hold of the div created by the display call when the Commn”,
”    // socket was opened in Python.n”,
”    var element = $(“#” + id);n”,
”    var ws_proxy = comm_websocket_adapter(comm)n”,
“n”,
”    function ondownload(figure, format) {n”,
”        window.open(figure.imageObj.src);n”,
”    }n”,
“n”,
”    var fig = new mpl.figure(id, ws_proxy,n”,
”                           ondownload,n”,
”                           element.get(0));n”,
“n”,
”    // Call onopen now - mpl needs it, as it is assuming we’ve passed it a realn”,
”    // web socket which is closed, not our websocket->open comm proxy.n”,
”    ws_proxy.onopen();n”,
“n”,
”    fig.parent_element = element.get(0);n”,
”    fig.cell_info = mpl.find_output_cell(“<div id=’” + id + “’></div>”);n”,
”    if (!fig.cell_info) {n”,
”        console.error(“Failed to find cell for figure”, id, fig);n”,
”        return;n”,
”    }n”,
“n”,
”    var output_index = fig.cell_info[2]n”,
”    var cell = fig.cell_info[0];n”,
“n”,
“};n”,
“n”,
“mpl.figure.prototype.handle_close = function(fig, msg) {n”,
”    var width = fig.canvas.width/mpl.ration”,
”    fig.root.unbind(‘remove’)n”,
“n”,
”    // Update the output cell to use the data from the current canvas.n”,
”    fig.push_to_output();n”,
”    var dataURL = fig.canvas.toDataURL();n”,
”    // Re-enable the keyboard manager in IPython - without this line, in FF,n”,
”    // the notebook keyboard shortcuts fail.n”,
”    IPython.keyboard_manager.enable()n”,
”    $(fig.parent_element).html(‘<img src=”’ + dataURL + ‘” width=”’ + width + ‘”>’);n”,
”    fig.close_ws(fig, msg);n”,
“}n”,
“n”,
“mpl.figure.prototype.close_ws = function(fig, msg){n”,
”    fig.send_message(‘closing’, msg);n”,
”    // fig.ws.close()n”,
“}n”,
“n”,
“mpl.figure.prototype.push_to_output = function(remove_interactive) {n”,
”    // Turn the data on the canvas into data in the output cell.n”,
”    var width = this.canvas.width/mpl.ration”,
”    var dataURL = this.canvas.toDataURL();n”,
”    this.cell_info[1][‘text/html’] = ‘<img src=”’ + dataURL + ‘” width=”’ + width + ‘”>’;n”,
“}n”,
“n”,
“mpl.figure.prototype.updated_canvas_event = function() {n”,
”    // Tell IPython that the notebook contents must change.n”,
”    IPython.notebook.set_dirty(true);n”,
”    this.send_message(“ack”, {});n”,
”    var fig = this;n”,
”    // Wait a second, then push the new image to the DOM son”,
”    // that it is saved nicely (might be nice to debounce this).n”,
”    setTimeout(function () { fig.push_to_output() }, 1000);n”,
“}n”,
“n”,
“mpl.figure.prototype._init_toolbar = function() {n”,
”    var fig = this;n”,
“n”,
”    var nav_element = $(‘<div/>’);n”,
”    nav_element.attr(‘style’, ‘width: 100%’);n”,
”    this.root.append(nav_element);n”,
“n”,
”    // Define a callback function for later on.n”,
”    function toolbar_event(event) {n”,
”        return fig.toolbar_button_onclick(event[‘data’]);n”,
”    }n”,
”    function toolbar_mouse_event(event) {n”,
”        return fig.toolbar_button_onmouseover(event[‘data’]);n”,
”    }n”,
“n”,
”    for(var toolbar_ind in mpl.toolbar_items){n”,
”        var name = mpl.toolbar_items[toolbar_ind][0];n”,
”        var tooltip = mpl.toolbar_items[toolbar_ind][1];n”,
”        var image = mpl.toolbar_items[toolbar_ind][2];n”,
”        var method_name = mpl.toolbar_items[toolbar_ind][3];n”,
“n”,
”        if (!name) { continue; };n”,
“n”,
”        var button = $(‘<button class=”btn btn-default” href=”#” title=”’ + name + ‘”><i class=”fa ‘ + image + ‘ fa-lg”></i></button>’);n”,
”        button.click(method_name, toolbar_event);n”,
”        button.mouseover(tooltip, toolbar_mouse_event);n”,
”        nav_element.append(button);n”,
”    }n”,
“n”,
”    // Add the status bar.n”,
”    var status_bar = $(‘<span class=”mpl-message” style=”text-align:right; float: right;”/>’);n”,
”    nav_element.append(status_bar);n”,
”    this.message = status_bar[0];n”,
“n”,
”    // Add the close button to the window.n”,
”    var buttongrp = $(‘<div class=”btn-group inline pull-right”></div>’);n”,
”    var button = $(‘<button class=”btn btn-mini btn-primary” href=”#” title=”Stop Interaction”><i class=”fa fa-power-off icon-remove icon-large”></i></button>’);n”,
”    button.click(function (evt) { fig.handle_close(fig, {}); } );n”,
”    button.mouseover(‘Stop Interaction’, toolbar_mouse_event);n”,
”    buttongrp.append(button);n”,
”    var titlebar = this.root.find($(‘.ui-dialog-titlebar’));n”,
”    titlebar.prepend(buttongrp);n”,
“}n”,
“n”,
“mpl.figure.prototype._root_extra_style = function(el){n”,
”    var fig = thisn”,
”    el.on(“remove”, function(){n”,
“tfig.close_ws(fig, {});n”,
”    });n”,
“}n”,
“n”,
“mpl.figure.prototype._canvas_extra_style = function(el){n”,
”    // this is important to make the div ‘focusablen”,
”    el.attr(‘tabindex’, 0)n”,
”    // reach out to IPython and tell the keyboard manager to turn it’s selfn”,
”    // off when our div gets focusn”,
“n”,
”    // location in version 3n”,
”    if (IPython.notebook.keyboard_manager) {n”,
”        IPython.notebook.keyboard_manager.register_events(el);n”,
”    }n”,
”    else {n”,
”        // location in version 2n”,
”        IPython.keyboard_manager.register_events(el);n”,
”    }n”,
“n”,
“}n”,
“n”,
“mpl.figure.prototype._key_event_extra = function(event, name) {n”,
”    var manager = IPython.notebook.keyboard_manager;n”,
”    if (!manager)n”,
”        manager = IPython.keyboard_manager;n”,
“n”,
”    // Check for shift+entern”,
”    if (event.shiftKey && event.which == 13) {n”,
”        this.canvas_div.blur();n”,
”        event.shiftKey = false;n”,
”        // Send a “J” for go to next celln”,
”        event.which = 74;n”,
”        event.keyCode = 74;n”,
”        manager.command_mode();n”,
”        manager.handle_keydown(event);n”,
”    }n”,
“}n”,
“n”,
“mpl.figure.prototype.handle_save = function(fig, msg) {n”,
”    fig.ondownload(fig, null);n”,
“}n”,
“n”,
“n”,
“mpl.find_output_cell = function(html_output) {n”,
”    // Return the cell and output element which can be found *uniquely in the notebook.n”,
”    // Note - this is a bit hacky, but it is done because the “notebook_saving.Notebook”n”,
”    // IPython event is triggered only after the cells have been serialised, which forn”,
”    // our purposes (turning an active figure into a static one), is too late.n”,
”    var cells = IPython.notebook.get_cells();n”,
”    var ncells = cells.length;n”,
”    for (var i=0; i<ncells; i++) {n”,
”        var cell = cells[i];n”,
”        if (cell.cell_type === ‘code’){n”,
”            for (var j=0; j<cell.output_area.outputs.length; j++) {n”,
”                var data = cell.output_area.outputs[j];n”,
”                if (data.data) {n”,
”                    // IPython >= 3 moved mimebundle to data attribute of outputn”,
”                    data = data.data;n”,
”                }n”,
”                if (data[‘text/html’] == html_output) {n”,
”                    return [cell, data, j];n”,
”                }n”,
”            }n”,
”        }n”,
”    }n”,
“}n”,
“n”,
“// Register the function which deals with the matplotlib target/channel.n”,
“// The kernel may be null if the page has been refreshed.n”,
“if (IPython.notebook.kernel != null) {n”,
”    IPython.notebook.kernel.comm_manager.register_target(‘matplotlib’, mpl.mpl_figure_comm);n”,
“}n”





],
“text/plain”: [


“<IPython.core.display.Javascript object>”




]





},
“metadata”: {},
“output_type”: “display_data”





},
{



	“data”: {

	
	“text/html”: [

	“<img src=”data:image/png;base64,” width=”490”>”





],
“text/plain”: [


“<IPython.core.display.HTML object>”




]





},
“metadata”: {},
“output_type”: “display_data”




},
{



	“data”: {

	
	“application/vnd.jupyter.widget-view+json”: {

	“model_id”: “cb2c84c7925f4ca6aaf2676706b6ec24”,
“version_major”: 2,
“version_minor”: 0





},
“text/plain”: [


“interactive(children=(IntSlider(value=0, description=’Frame’, max=9999), Output()), _dom_classes=(‘widget-inte…”




]





},
“metadata”: {},
“output_type”: “display_data”




}




],
“source”: [


“%matplotlib notebookn”,
“n”,
“images = data.Acquisition.Sensor_Data.SensorData_1_1n”,
“num_of_images = images.shape[0]-1n”,
“n”,
“fig = plt.figure(figsize=(0.681*10, 0.328*10))n”,
“ax = fig.add_subplot(1,1,1)n”,
“plt.title(‘Sensor Data 1 1’)n”,
“plt.box(False)n”,
“fig.show()n”,
“#print(images.shape)n”,
“def updateFrame(Frame):n”,
”    ax.imshow(images[Frame,::], cmap=”gray”)n”,
”              n”,
“_ = interact(updateFrame, Frame=widgets.IntSlider(min=0,max=num_of_images,step=1,value=0))”




]




},
{


“cell_type”: “markdown”,
“metadata”: {


“pycharm”: {}




},
“source”: [


“<a href=’#Top’>Back to index</a>”




]




},
{


“cell_type”: “markdown”,
“metadata”: {


“pycharm”: {}




},
“source”: [


“#### EventStream<a id=’eventStream’></a>n”,
“n”,
“EventStreams can be a wide array of events predefined by the user and stored in this stream. From the beginning/end or the duration of a treatment to periodically recurring stimuli this can be everything.”




]




},
{


“cell_type”: “markdown”,
“metadata”: {


“pycharm”: {}




},
“source”: [


“<a href=’#Top’>Back to index</a>”




]




},
{


“cell_type”: “code”,
“execution_count”: 14,
“metadata”: {



	“pycharm”: {

	“is_executing”: false





}




},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“——————————————————————————-n”,
“Parent Group: <class ‘McsPyDataTools.McsPy.McsCMOSMEA.McsEventStream’ object at 0x246d9737ef0>n”,
“——————————————————————————-n”,
“n”,
“n”,
“|        Mcs Type         |        HDF5 name        |       McsPy name        |\n",
"===============================================================================\n",
"Groups:\n",
"    None\n",
"-------------------------------------------------------------------------------\n",
"Datasets:\n",
"|        EventData        |        EventData        |        EventData        |\n",
"|        EventMeta        |        EventMeta        |        EventMeta        |\n",
"|          Sites          |    StimulationSites     |    StimulationSites     |n”,
“n”




]





}




],
“source”: [


“print(data.Acquisition.STG_Sideband_Events)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {


“pycharm”: {}




},
“source”: [


“We prepare the data:”




]




},
{


“cell_type”: “code”,
“execution_count”: 16,
“metadata”: {



	“pycharm”: {

	“is_executing”: false





}




},
“outputs”: [],
“source”: [


“# GET pandas DataFrame FROM MCSHDF5 FORMATn”,
“eventData = data.Acquisition.STG_Sideband_Events.EventData.to_pdDataFrame().iloc[:50,:]n”,
“eventData = eventData.sort_values(by=’EventID’)n”,
“n”,
“# EXTRACT EVENT POSITION IN TIMEn”,
“eventPosition = eventData.pivot(columns=’EventID’, values=’TimeStamp’)n”,
“eventPosition.fillna(method=’ffill’, axis=’index’, inplace=True)n”,
“eventPosition.fillna(method=’bfill’, axis=’index’, inplace=True)n”,
“n”,
“# EXTRACT EVENT DURATIONn”,
“eventDuration = eventData.pivot(columns=’EventID’, values=’Duration’)n”,
“eventDuration.fillna(method=’ffill’, axis=’index’, inplace=True)n”,
“eventDuration.fillna(method=’bfill’, axis=’index’, inplace=True)n”,
“eventDuration[eventDuration == 0] += 0.2 # add minimum event durationn”,
“n”,
“# EXTRACT EVENT DESCRIPTIONn”,
“eventMeta = data.Acquisition.STG_Sideband_Events.EventMeta.to_pdDataFrame().iloc[:50,:]n”,
“eventMeta = eventMeta.sort_values(by=’EventID’)n”,
“eventLabels = eventMeta.loc[eventMeta[‘EventID’].isin(eventData.EventID.unique())][‘Label’].tolist()”




]




},
{


“cell_type”: “markdown”,
“metadata”: {


“pycharm”: {}




},
“source”: [


“And visualize it”




]




},
{


“cell_type”: “code”,
“execution_count”: 17,
“metadata”: {



	“pycharm”: {

	“is_executing”: false





}




},
“outputs”: [



	{

	
	“data”: {

	
	“application/javascript”: [

	“/* Put everything inside the global mpl namespace /n”,
“window.mpl = {};n”,
“n”,
“n”,
“mpl.get_websocket_type = function() {n”,
”    if (typeof(WebSocket) !== ‘undefined’) {n”,
”        return WebSocket;n”,
”    } else if (typeof(MozWebSocket) !== ‘undefined’) {n”,
”        return MozWebSocket;n”,
”    } else {n”,
”        alert(‘Your browser does not have WebSocket support. ‘ +n”,
”              ‘Please try Chrome, Safari or Firefox ≥ 6. ‘ +n”,
”              ‘Firefox 4 and 5 are also supported but you ‘ +n”,
”              ‘have to enable WebSockets in about:config.’);n”,
”    };n”,
“}n”,
“n”,
“mpl.figure = function(figure_id, websocket, ondownload, parent_element) {n”,
”    this.id = figure_id;n”,
“n”,
”    this.ws = websocket;n”,
“n”,
”    this.supports_binary = (this.ws.binaryType != undefined);n”,
“n”,
”    if (!this.supports_binary) {n”,
”        var warnings = document.getElementById(“mpl-warnings”);n”,
”        if (warnings) {n”,
”            warnings.style.display = ‘block’;n”,
”            warnings.textContent = (n”,
”                “This browser does not support binary websocket messages. ” +n”,
”                    “Performance may be slow.”);n”,
”        }n”,
”    }n”,
“n”,
”    this.imageObj = new Image();n”,
“n”,
”    this.context = undefined;n”,
”    this.message = undefined;n”,
”    this.canvas = undefined;n”,
”    this.rubberband_canvas = undefined;n”,
”    this.rubberband_context = undefined;n”,
”    this.format_dropdown = undefined;n”,
“n”,
”    this.image_mode = ‘full’;n”,
“n”,
”    this.root = $(‘<div/>’);n”,
”    this._root_extra_style(this.root)n”,
”    this.root.attr(‘style’, ‘display: inline-block’);n”,
“n”,
”    $(parent_element).append(this.root);n”,
“n”,
”    this._init_header(this);n”,
”    this._init_canvas(this);n”,
”    this._init_toolbar(this);n”,
“n”,
”    var fig = this;n”,
“n”,
”    this.waiting = false;n”,
“n”,
”    this.ws.onopen =  function () {n”,
”            fig.send_message(“supports_binary”, {value: fig.supports_binary});n”,
”            fig.send_message(“send_image_mode”, {});n”,
”            if (mpl.ratio != 1) {n”,
”                fig.send_message(“set_dpi_ratio”, {‘dpi_ratio’: mpl.ratio});n”,
”            }n”,
”            fig.send_message(“refresh”, {});n”,
”        }n”,
“n”,
”    this.imageObj.onload = function() {n”,
”            if (fig.image_mode == ‘full’) {n”,
”                // Full images could contain transparency (where diff imagesn”,
”                // almost always do), so we need to clear the canvas so thatn”,
”                // there is no ghosting.n”,
”                fig.context.clearRect(0, 0, fig.canvas.width, fig.canvas.height);n”,
”            }n”,
”            fig.context.drawImage(fig.imageObj, 0, 0);n”,
”        };n”,
“n”,
”    this.imageObj.onunload = function() {n”,
”        fig.ws.close();n”,
”    }n”,
“n”,
”    this.ws.onmessage = this._make_on_message_function(this);n”,
“n”,
”    this.ondownload = ondownload;n”,
“}n”,
“n”,
“mpl.figure.prototype._init_header = function() {n”,
”    var titlebar = $(n”,
”        ‘<div class=”ui-dialog-titlebar ui-widget-header ui-corner-all ‘ +n”,
”        ‘ui-helper-clearfix”/>’);n”,
”    var titletext = $(n”,
”        ‘<div class=”ui-dialog-title” style=”width: 100%; ‘ +n”,
”        ‘text-align: center; padding: 3px;”/>’);n”,
”    titlebar.append(titletext)n”,
”    this.root.append(titlebar);n”,
”    this.header = titletext[0];n”,
“}n”,
“n”,
“n”,
“n”,
“mpl.figure.prototype._canvas_extra_style = function(canvas_div) {n”,
“n”,
“}n”,
“n”,
“n”,
“mpl.figure.prototype._root_extra_style = function(canvas_div) {n”,
“n”,
“}n”,
“n”,
“mpl.figure.prototype._init_canvas = function() {n”,
”    var fig = this;n”,
“n”,
”    var canvas_div = $(‘<div/>’);n”,
“n”,
”    canvas_div.attr(‘style’, ‘position: relative; clear: both; outline: 0’);n”,
“n”,
”    function canvas_keyboard_event(event) {n”,
”        return fig.key_event(event, event[‘data’]);n”,
”    }n”,
“n”,
”    canvas_div.keydown(‘key_press’, canvas_keyboard_event);n”,
”    canvas_div.keyup(‘key_release’, canvas_keyboard_event);n”,
”    this.canvas_div = canvas_divn”,
”    this._canvas_extra_style(canvas_div)n”,
”    this.root.append(canvas_div);n”,
“n”,
”    var canvas = $(‘<canvas/>’);n”,
”    canvas.addClass(‘mpl-canvas’);n”,
”    canvas.attr(‘style’, “left: 0; top: 0; z-index: 0; outline: 0”)n”,
“n”,
”    this.canvas = canvas[0];n”,
”    this.context = canvas[0].getContext(“2d”);n”,
“n”,
”    var backingStore = this.context.backingStorePixelRatio ||n”,
“tthis.context.webkitBackingStorePixelRatio ||n”,
“tthis.context.mozBackingStorePixelRatio ||n”,
“tthis.context.msBackingStorePixelRatio ||n”,
“tthis.context.oBackingStorePixelRatio ||n”,
“tthis.context.backingStorePixelRatio || 1;n”,
“n”,
”    mpl.ratio = (window.devicePixelRatio || 1) / backingStore;n”,
“n”,
”    var rubberband = $(‘<canvas/>’);n”,
”    rubberband.attr(‘style’, “position: absolute; left: 0; top: 0; z-index: 1;”)n”,
“n”,
”    var pass_mouse_events = true;n”,
“n”,
”    canvas_div.resizable({n”,
”        start: function(event, ui) {n”,
”            pass_mouse_events = false;n”,
”        },n”,
”        resize: function(event, ui) {n”,
”            fig.request_resize(ui.size.width, ui.size.height);n”,
”        },n”,
”        stop: function(event, ui) {n”,
”            pass_mouse_events = true;n”,
”            fig.request_resize(ui.size.width, ui.size.height);n”,
”        },n”,
”    });n”,
“n”,
”    function mouse_event_fn(event) {n”,
”        if (pass_mouse_events)n”,
”            return fig.mouse_event(event, event[‘data’]);n”,
”    }n”,
“n”,
”    rubberband.mousedown(‘button_press’, mouse_event_fn);n”,
”    rubberband.mouseup(‘button_release’, mouse_event_fn);n”,
”    // Throttle sequential mouse events to 1 every 20ms.n”,
”    rubberband.mousemove(‘motion_notify’, mouse_event_fn);n”,
“n”,
”    rubberband.mouseenter(‘figure_enter’, mouse_event_fn);n”,
”    rubberband.mouseleave(‘figure_leave’, mouse_event_fn);n”,
“n”,
”    canvas_div.on(“wheel”, function (event) {n”,
”        event = event.originalEvent;n”,
”        event[‘data’] = ‘scroll’n”,
”        if (event.deltaY < 0) {n”,
”            event.step = 1;n”,
”        } else {n”,
”            event.step = -1;n”,
”        }n”,
”        mouse_event_fn(event);n”,
”    });n”,
“n”,
”    canvas_div.append(canvas);n”,
”    canvas_div.append(rubberband);n”,
“n”,
”    this.rubberband = rubberband;n”,
”    this.rubberband_canvas = rubberband[0];n”,
”    this.rubberband_context = rubberband[0].getContext(“2d”);n”,
”    this.rubberband_context.strokeStyle = “#000000”;n”,
“n”,
”    this._resize_canvas = function(width, height) {n”,
”        // Keep the size of the canvas, canvas container, and rubber bandn”,
”        // canvas in synch.n”,
”        canvas_div.css(‘width’, width)n”,
”        canvas_div.css(‘height’, height)n”,
“n”,
”        canvas.attr(‘width’, width * mpl.ratio);n”,
”        canvas.attr(‘height’, height * mpl.ratio);n”,
”        canvas.attr(‘style’, ‘width: ‘ + width + ‘px; height: ‘ + height + ‘px;’);n”,
“n”,
”        rubberband.attr(‘width’, width);n”,
”        rubberband.attr(‘height’, height);n”,
”    }n”,
“n”,
”    // Set the figure to an initial 600x600px, this will subsequently be updatedn”,
”    // upon first draw.n”,
”    this._resize_canvas(600, 600);n”,
“n”,
”    // Disable right mouse context menu.n”,
”    $(this.rubberband_canvas).bind(“contextmenu”,function(e){n”,
”        return false;n”,
”    });n”,
“n”,
”    function set_focus () {n”,
”        canvas.focus();n”,
”        canvas_div.focus();n”,
”    }n”,
“n”,
”    window.setTimeout(set_focus, 100);n”,
“}n”,
“n”,
“mpl.figure.prototype._init_toolbar = function() {n”,
”    var fig = this;n”,
“n”,
”    var nav_element = $(‘<div/>’);n”,
”    nav_element.attr(‘style’, ‘width: 100%’);n”,
”    this.root.append(nav_element);n”,
“n”,
”    // Define a callback function for later on.n”,
”    function toolbar_event(event) {n”,
”        return fig.toolbar_button_onclick(event[‘data’]);n”,
”    }n”,
”    function toolbar_mouse_event(event) {n”,
”        return fig.toolbar_button_onmouseover(event[‘data’]);n”,
”    }n”,
“n”,
”    for(var toolbar_ind in mpl.toolbar_items) {n”,
”        var name = mpl.toolbar_items[toolbar_ind][0];n”,
”        var tooltip = mpl.toolbar_items[toolbar_ind][1];n”,
”        var image = mpl.toolbar_items[toolbar_ind][2];n”,
”        var method_name = mpl.toolbar_items[toolbar_ind][3];n”,
“n”,
”        if (!name) {n”,
”            // put a spacer in here.n”,
”            continue;n”,
”        }n”,
”        var button = $(‘<button/>’);n”,
”        button.addClass(‘ui-button ui-widget ui-state-default ui-corner-all ‘ +n”,
”                        ‘ui-button-icon-only’);n”,
”        button.attr(‘role’, ‘button’);n”,
”        button.attr(‘aria-disabled’, ‘false’);n”,
”        button.click(method_name, toolbar_event);n”,
”        button.mouseover(tooltip, toolbar_mouse_event);n”,
“n”,
”        var icon_img = $(‘<span/>’);n”,
”        icon_img.addClass(‘ui-button-icon-primary ui-icon’);n”,
”        icon_img.addClass(image);n”,
”        icon_img.addClass(‘ui-corner-all’);n”,
“n”,
”        var tooltip_span = $(‘<span/>’);n”,
”        tooltip_span.addClass(‘ui-button-text’);n”,
”        tooltip_span.html(tooltip);n”,
“n”,
”        button.append(icon_img);n”,
”        button.append(tooltip_span);n”,
“n”,
”        nav_element.append(button);n”,
”    }n”,
“n”,
”    var fmt_picker_span = $(‘<span/>’);n”,
“n”,
”    var fmt_picker = $(‘<select/>’);n”,
”    fmt_picker.addClass(‘mpl-toolbar-option ui-widget ui-widget-content’);n”,
”    fmt_picker_span.append(fmt_picker);n”,
”    nav_element.append(fmt_picker_span);n”,
”    this.format_dropdown = fmt_picker[0];n”,
“n”,
”    for (var ind in mpl.extensions) {n”,
”        var fmt = mpl.extensions[ind];n”,
”        var option = $(n”,
”            ‘<option/>’, {selected: fmt === mpl.default_extension}).html(fmt);n”,
”        fmt_picker.append(option);n”,
”    }n”,
“n”,
”    // Add hover states to the ui-buttonsn”,
”    $( “.ui-button” ).hover(n”,
”        function() { $(this).addClass(“ui-state-hover”);},n”,
”        function() { $(this).removeClass(“ui-state-hover”);}n”,
”    );n”,
“n”,
”    var status_bar = $(‘<span class=”mpl-message”/>’);n”,
”    nav_element.append(status_bar);n”,
”    this.message = status_bar[0];n”,
“}n”,
“n”,
“mpl.figure.prototype.request_resize = function(x_pixels, y_pixels) {n”,
”    // Request matplotlib to resize the figure. Matplotlib will then trigger a resize in the client,n”,
”    // which will in turn request a refresh of the image.n”,
”    this.send_message(‘resize’, {‘width’: x_pixels, ‘height’: y_pixels});n”,
“}n”,
“n”,
“mpl.figure.prototype.send_message = function(type, properties) {n”,
”    properties[‘type’] = type;n”,
”    properties[‘figure_id’] = this.id;n”,
”    this.ws.send(JSON.stringify(properties));n”,
“}n”,
“n”,
“mpl.figure.prototype.send_draw_message = function() {n”,
”    if (!this.waiting) {n”,
”        this.waiting = true;n”,
”        this.ws.send(JSON.stringify({type: “draw”, figure_id: this.id}));n”,
”    }n”,
“}n”,
“n”,
“n”,
“mpl.figure.prototype.handle_save = function(fig, msg) {n”,
”    var format_dropdown = fig.format_dropdown;n”,
”    var format = format_dropdown.options[format_dropdown.selectedIndex].value;n”,
”    fig.ondownload(fig, format);n”,
“}n”,
“n”,
“n”,
“mpl.figure.prototype.handle_resize = function(fig, msg) {n”,
”    var size = msg[‘size’];n”,
”    if (size[0] != fig.canvas.width || size[1] != fig.canvas.height) {n”,
”        fig._resize_canvas(size[0], size[1]);n”,
”        fig.send_message(“refresh”, {});n”,
”    };n”,
“}n”,
“n”,
“mpl.figure.prototype.handle_rubberband = function(fig, msg) {n”,
”    var x0 = msg[‘x0’] / mpl.ratio;n”,
”    var y0 = (fig.canvas.height - msg[‘y0’]) / mpl.ratio;n”,
”    var x1 = msg[‘x1’] / mpl.ratio;n”,
”    var y1 = (fig.canvas.height - msg[‘y1’]) / mpl.ratio;n”,
”    x0 = Math.floor(x0) + 0.5;n”,
”    y0 = Math.floor(y0) + 0.5;n”,
”    x1 = Math.floor(x1) + 0.5;n”,
”    y1 = Math.floor(y1) + 0.5;n”,
”    var min_x = Math.min(x0, x1);n”,
”    var min_y = Math.min(y0, y1);n”,
”    var width = Math.abs(x1 - x0);n”,
”    var height = Math.abs(y1 - y0);n”,
“n”,
”    fig.rubberband_context.clearRect(n”,
”        0, 0, fig.canvas.width / mpl.ratio, fig.canvas.height / mpl.ratio);n”,
“n”,
”    fig.rubberband_context.strokeRect(min_x, min_y, width, height);n”,
“}n”,
“n”,
“mpl.figure.prototype.handle_figure_label = function(fig, msg) {n”,
”    // Updates the figure title.n”,
”    fig.header.textContent = msg[‘label’];n”,
“}n”,
“n”,
“mpl.figure.prototype.handle_cursor = function(fig, msg) {n”,
”    var cursor = msg[‘cursor’];n”,
”    switch(cursor)n”,
”    {n”,
”    case 0:n”,
”        cursor = ‘pointer’;n”,
”        break;n”,
”    case 1:n”,
”        cursor = ‘default’;n”,
”        break;n”,
”    case 2:n”,
”        cursor = ‘crosshair’;n”,
”        break;n”,
”    case 3:n”,
”        cursor = ‘move’;n”,
”        break;n”,
”    }n”,
”    fig.rubberband_canvas.style.cursor = cursor;n”,
“}n”,
“n”,
“mpl.figure.prototype.handle_message = function(fig, msg) {n”,
”    fig.message.textContent = msg[‘message’];n”,
“}n”,
“n”,
“mpl.figure.prototype.handle_draw = function(fig, msg) {n”,
”    // Request the server to send over a new figure.n”,
”    fig.send_draw_message();n”,
“}n”,
“n”,
“mpl.figure.prototype.handle_image_mode = function(fig, msg) {n”,
”    fig.image_mode = msg[‘mode’];n”,
“}n”,
“n”,
“mpl.figure.prototype.updated_canvas_event = function() {n”,
”    // Called whenever the canvas gets updated.n”,
”    this.send_message(“ack”, {});n”,
“}n”,
“n”,
“// A function to construct a web socket function for onmessage handling.n”,
“// Called in the figure constructor.n”,
“mpl.figure.prototype._make_on_message_function = function(fig) {n”,
”    return function socket_on_message(evt) {n”,
”        if (evt.data instanceof Blob) {n”,
”            / FIXME: We get “Resource interpreted as Image butn”,
”             * transferred with MIME type text/plain:” errors onn”,
”             * Chrome.  But how to set the MIME type?  It doesn’t seemn”,
”             * to be part of the websocket stream /n”,
”            evt.data.type = “image/png”;n”,
“n”,
”            / Free the memory for the previous frames /n”,
”            if (fig.imageObj.src) {n”,
”                (window.URL || window.webkitURL).revokeObjectURL(n”,
”                    fig.imageObj.src);n”,
”            }n”,
“n”,
”            fig.imageObj.src = (window.URL || window.webkitURL).createObjectURL(n”,
”                evt.data);n”,
”            fig.updated_canvas_event();n”,
”            fig.waiting = false;n”,
”            return;n”,
”        }n”,
”        else if (typeof evt.data === ‘string’ && evt.data.slice(0, 21) == “data:image/png;base64”) {n”,
”            fig.imageObj.src = evt.data;n”,
”            fig.updated_canvas_event();n”,
”            fig.waiting = false;n”,
”            return;n”,
”        }n”,
“n”,
”        var msg = JSON.parse(evt.data);n”,
”        var msg_type = msg[‘type’];n”,
“n”,
”        // Call the  “handle_{type}” callback, which takesn”,
”        // the figure and JSON message as its only arguments.n”,
”        try {n”,
”            var callback = fig[“handle_” + msg_type];n”,
”        } catch (e) {n”,
”            console.log(“No handler for the ‘” + msg_type + “’ message type: “, msg);n”,
”            return;n”,
”        }n”,
“n”,
”        if (callback) {n”,
”            try {n”,
”                // console.log(“Handling ‘” + msg_type + “’ message: “, msg);n”,
”                callback(fig, msg);n”,
”            } catch (e) {n”,
”                console.log(“Exception inside the ‘handler_” + msg_type + “’ callback:”, e, e.stack, msg);n”,
”            }n”,
”        }n”,
”    };n”,
“}n”,
“n”,
“// from http://stackoverflow.com/questions/1114465/getting-mouse-location-in-canvasn”,
“mpl.findpos = function(e) {n”,
”    //this section is from http://www.quirksmode.org/js/events_properties.htmln”,
”    var targ;n”,
”    if (!e)n”,
”        e = window.event;n”,
”    if (e.target)n”,
”        targ = e.target;n”,
”    else if (e.srcElement)n”,
”        targ = e.srcElement;n”,
”    if (targ.nodeType == 3) // defeat Safari bugn”,
”        targ = targ.parentNode;n”,
“n”,
”    // jQuery normalizes the pageX and pageYn”,
”    // pageX,Y are the mouse positions relative to the documentn”,
”    // offset() returns the position of the element relative to the documentn”,
”    var x = e.pageX - $(targ).offset().left;n”,
”    var y = e.pageY - $(targ).offset().top;n”,
“n”,
”    return {“x”: x, “y”: y};n”,
“};n”,
“n”,
“/n”,
” * return a copy of an object with only non-object keysn”,
” * we need this to avoid circular referencesn”,
” * http://stackoverflow.com/a/24161582/3208463n”,
” /n”,
“function simpleKeys (original) {n”,
”  return Object.keys(original).reduce(function (obj, key) {n”,
”    if (typeof original[key] !== ‘object’)n”,
”        obj[key] = original[key]n”,
”    return obj;n”,
”  }, {});n”,
“}n”,
“n”,
“mpl.figure.prototype.mouse_event = function(event, name) {n”,
”    var canvas_pos = mpl.findpos(event)n”,
“n”,
”    if (name === ‘button_press’)n”,
”    {n”,
”        this.canvas.focus();n”,
”        this.canvas_div.focus();n”,
”    }n”,
“n”,
”    var x = canvas_pos.x * mpl.ratio;n”,
”    var y = canvas_pos.y * mpl.ratio;n”,
“n”,
”    this.send_message(name, {x: x, y: y, button: event.button,n”,
”                             step: event.step,n”,
”                             guiEvent: simpleKeys(event)});n”,
“n”,
”    / This prevents the web browser from automatically changing ton”,
”     * the text insertion cursor when the button is pressed.  We wantn”,
”     * to control all of the cursor setting manually through then”,
”     * ‘cursor’ event from matplotlib /n”,
”    event.preventDefault();n”,
”    return false;n”,
“}n”,
“n”,
“mpl.figure.prototype._key_event_extra = function(event, name) {n”,
”    // Handle any extra behaviour associated with a key eventn”,
“}n”,
“n”,
“mpl.figure.prototype.key_event = function(event, name) {n”,
“n”,
”    // Prevent repeat eventsn”,
”    if (name == ‘key_press’)n”,
”    {n”,
”        if (event.which === this._key)n”,
”            return;n”,
”        elsen”,
”            this._key = event.which;n”,
”    }n”,
”    if (name == ‘key_release’)n”,
”        this._key = null;n”,
“n”,
”    var value = ‘’;n”,
”    if (event.ctrlKey && event.which != 17)n”,
”        value += “ctrl+”;n”,
”    if (event.altKey && event.which != 18)n”,
”        value += “alt+”;n”,
”    if (event.shiftKey && event.which != 16)n”,
”        value += “shift+”;n”,
“n”,
”    value += ‘k’;n”,
”    value += event.which.toString();n”,
“n”,
”    this._key_event_extra(event, name);n”,
“n”,
”    this.send_message(name, {key: value,n”,
”                             guiEvent: simpleKeys(event)});n”,
”    return false;n”,
“}n”,
“n”,
“mpl.figure.prototype.toolbar_button_onclick = function(name) {n”,
”    if (name == ‘download’) {n”,
”        this.handle_save(this, null);n”,
”    } else {n”,
”        this.send_message(“toolbar_button”, {name: name});n”,
”    }n”,
“};n”,
“n”,
“mpl.figure.prototype.toolbar_button_onmouseover = function(tooltip) {n”,
”    this.message.textContent = tooltip;n”,
“};n”,
“mpl.toolbar_items = [[“Home”, “Reset original view”, “fa fa-home icon-home”, “home”], [“Back”, “Back to previous view”, “fa fa-arrow-left icon-arrow-left”, “back”], [“Forward”, “Forward to next view”, “fa fa-arrow-right icon-arrow-right”, “forward”], [“”, “”, “”, “”], [“Pan”, “Pan axes with left mouse, zoom with right”, “fa fa-arrows icon-move”, “pan”], [“Zoom”, “Zoom to rectangle”, “fa fa-square-o icon-check-empty”, “zoom”], [“”, “”, “”, “”], [“Download”, “Download plot”, “fa fa-floppy-o icon-save”, “download”]];n”,
“n”,
“mpl.extensions = [“eps”, “jpeg”, “pdf”, “png”, “ps”, “raw”, “svg”, “tif”];n”,
“n”,
“mpl.default_extension = “png”;var comm_websocket_adapter = function(comm) {n”,
”    // Create a “websocket”-like object which calls the given IPython commn”,
”    // object with the appropriate methods. Currently this is a non binaryn”,
”    // socket, so there is still some room for performance tuning.n”,
”    var ws = {};n”,
“n”,
”    ws.close = function() {n”,
”        comm.close()n”,
”    };n”,
”    ws.send = function(m) {n”,
”        //console.log(‘sending’, m);n”,
”        comm.send(m);n”,
”    };n”,
”    // Register the callback with on_msg.n”,
”    comm.on_msg(function(msg) {n”,
”        //console.log(‘receiving’, msg[‘content’][‘data’], msg);n”,
”        // Pass the mpl event to the overridden (by mpl) onmessage function.n”,
”        ws.onmessage(msg[‘content’][‘data’])n”,
”    });n”,
”    return ws;n”,
“}n”,
“n”,
“mpl.mpl_figure_comm = function(comm, msg) {n”,
”    // This is the function which gets called when the mpl processn”,
”    // starts-up an IPython Comm through the “matplotlib” channel.n”,
“n”,
”    var id = msg.content.data.id;n”,
”    // Get hold of the div created by the display call when the Commn”,
”    // socket was opened in Python.n”,
”    var element = $(“#” + id);n”,
”    var ws_proxy = comm_websocket_adapter(comm)n”,
“n”,
”    function ondownload(figure, format) {n”,
”        window.open(figure.imageObj.src);n”,
”    }n”,
“n”,
”    var fig = new mpl.figure(id, ws_proxy,n”,
”                           ondownload,n”,
”                           element.get(0));n”,
“n”,
”    // Call onopen now - mpl needs it, as it is assuming we’ve passed it a realn”,
”    // web socket which is closed, not our websocket->open comm proxy.n”,
”    ws_proxy.onopen();n”,
“n”,
”    fig.parent_element = element.get(0);n”,
”    fig.cell_info = mpl.find_output_cell(“<div id=’” + id + “’></div>”);n”,
”    if (!fig.cell_info) {n”,
”        console.error(“Failed to find cell for figure”, id, fig);n”,
”        return;n”,
”    }n”,
“n”,
”    var output_index = fig.cell_info[2]n”,
”    var cell = fig.cell_info[0];n”,
“n”,
“};n”,
“n”,
“mpl.figure.prototype.handle_close = function(fig, msg) {n”,
”    var width = fig.canvas.width/mpl.ration”,
”    fig.root.unbind(‘remove’)n”,
“n”,
”    // Update the output cell to use the data from the current canvas.n”,
”    fig.push_to_output();n”,
”    var dataURL = fig.canvas.toDataURL();n”,
”    // Re-enable the keyboard manager in IPython - without this line, in FF,n”,
”    // the notebook keyboard shortcuts fail.n”,
”    IPython.keyboard_manager.enable()n”,
”    $(fig.parent_element).html(‘<img src=”’ + dataURL + ‘” width=”’ + width + ‘”>’);n”,
”    fig.close_ws(fig, msg);n”,
“}n”,
“n”,
“mpl.figure.prototype.close_ws = function(fig, msg){n”,
”    fig.send_message(‘closing’, msg);n”,
”    // fig.ws.close()n”,
“}n”,
“n”,
“mpl.figure.prototype.push_to_output = function(remove_interactive) {n”,
”    // Turn the data on the canvas into data in the output cell.n”,
”    var width = this.canvas.width/mpl.ration”,
”    var dataURL = this.canvas.toDataURL();n”,
”    this.cell_info[1][‘text/html’] = ‘<img src=”’ + dataURL + ‘” width=”’ + width + ‘”>’;n”,
“}n”,
“n”,
“mpl.figure.prototype.updated_canvas_event = function() {n”,
”    // Tell IPython that the notebook contents must change.n”,
”    IPython.notebook.set_dirty(true);n”,
”    this.send_message(“ack”, {});n”,
”    var fig = this;n”,
”    // Wait a second, then push the new image to the DOM son”,
”    // that it is saved nicely (might be nice to debounce this).n”,
”    setTimeout(function () { fig.push_to_output() }, 1000);n”,
“}n”,
“n”,
“mpl.figure.prototype._init_toolbar = function() {n”,
”    var fig = this;n”,
“n”,
”    var nav_element = $(‘<div/>’);n”,
”    nav_element.attr(‘style’, ‘width: 100%’);n”,
”    this.root.append(nav_element);n”,
“n”,
”    // Define a callback function for later on.n”,
”    function toolbar_event(event) {n”,
”        return fig.toolbar_button_onclick(event[‘data’]);n”,
”    }n”,
”    function toolbar_mouse_event(event) {n”,
”        return fig.toolbar_button_onmouseover(event[‘data’]);n”,
”    }n”,
“n”,
”    for(var toolbar_ind in mpl.toolbar_items){n”,
”        var name = mpl.toolbar_items[toolbar_ind][0];n”,
”        var tooltip = mpl.toolbar_items[toolbar_ind][1];n”,
”        var image = mpl.toolbar_items[toolbar_ind][2];n”,
”        var method_name = mpl.toolbar_items[toolbar_ind][3];n”,
“n”,
”        if (!name) { continue; };n”,
“n”,
”        var button = $(‘<button class=”btn btn-default” href=”#” title=”’ + name + ‘”><i class=”fa ‘ + image + ‘ fa-lg”></i></button>’);n”,
”        button.click(method_name, toolbar_event);n”,
”        button.mouseover(tooltip, toolbar_mouse_event);n”,
”        nav_element.append(button);n”,
”    }n”,
“n”,
”    // Add the status bar.n”,
”    var status_bar = $(‘<span class=”mpl-message” style=”text-align:right; float: right;”/>’);n”,
”    nav_element.append(status_bar);n”,
”    this.message = status_bar[0];n”,
“n”,
”    // Add the close button to the window.n”,
”    var buttongrp = $(‘<div class=”btn-group inline pull-right”></div>’);n”,
”    var button = $(‘<button class=”btn btn-mini btn-primary” href=”#” title=”Stop Interaction”><i class=”fa fa-power-off icon-remove icon-large”></i></button>’);n”,
”    button.click(function (evt) { fig.handle_close(fig, {}); } );n”,
”    button.mouseover(‘Stop Interaction’, toolbar_mouse_event);n”,
”    buttongrp.append(button);n”,
”    var titlebar = this.root.find($(‘.ui-dialog-titlebar’));n”,
”    titlebar.prepend(buttongrp);n”,
“}n”,
“n”,
“mpl.figure.prototype._root_extra_style = function(el){n”,
”    var fig = thisn”,
”    el.on(“remove”, function(){n”,
“tfig.close_ws(fig, {});n”,
”    });n”,
“}n”,
“n”,
“mpl.figure.prototype._canvas_extra_style = function(el){n”,
”    // this is important to make the div ‘focusablen”,
”    el.attr(‘tabindex’, 0)n”,
”    // reach out to IPython and tell the keyboard manager to turn it’s selfn”,
”    // off when our div gets focusn”,
“n”,
”    // location in version 3n”,
”    if (IPython.notebook.keyboard_manager) {n”,
”        IPython.notebook.keyboard_manager.register_events(el);n”,
”    }n”,
”    else {n”,
”        // location in version 2n”,
”        IPython.keyboard_manager.register_events(el);n”,
”    }n”,
“n”,
“}n”,
“n”,
“mpl.figure.prototype._key_event_extra = function(event, name) {n”,
”    var manager = IPython.notebook.keyboard_manager;n”,
”    if (!manager)n”,
”        manager = IPython.keyboard_manager;n”,
“n”,
”    // Check for shift+entern”,
”    if (event.shiftKey && event.which == 13) {n”,
”        this.canvas_div.blur();n”,
”        event.shiftKey = false;n”,
”        // Send a “J” for go to next celln”,
”        event.which = 74;n”,
”        event.keyCode = 74;n”,
”        manager.command_mode();n”,
”        manager.handle_keydown(event);n”,
”    }n”,
“}n”,
“n”,
“mpl.figure.prototype.handle_save = function(fig, msg) {n”,
”    fig.ondownload(fig, null);n”,
“}n”,
“n”,
“n”,
“mpl.find_output_cell = function(html_output) {n”,
”    // Return the cell and output element which can be found *uniquely in the notebook.n”,
”    // Note - this is a bit hacky, but it is done because the “notebook_saving.Notebook”n”,
”    // IPython event is triggered only after the cells have been serialised, which forn”,
”    // our purposes (turning an active figure into a static one), is too late.n”,
”    var cells = IPython.notebook.get_cells();n”,
”    var ncells = cells.length;n”,
”    for (var i=0; i<ncells; i++) {n”,
”        var cell = cells[i];n”,
”        if (cell.cell_type === ‘code’){n”,
”            for (var j=0; j<cell.output_area.outputs.length; j++) {n”,
”                var data = cell.output_area.outputs[j];n”,
”                if (data.data) {n”,
”                    // IPython >= 3 moved mimebundle to data attribute of outputn”,
”                    data = data.data;n”,
”                }n”,
”                if (data[‘text/html’] == html_output) {n”,
”                    return [cell, data, j];n”,
”                }n”,
”            }n”,
”        }n”,
”    }n”,
“}n”,
“n”,
“// Register the function which deals with the matplotlib target/channel.n”,
“// The kernel may be null if the page has been refreshed.n”,
“if (IPython.notebook.kernel != null) {n”,
”    IPython.notebook.kernel.comm_manager.register_target(‘matplotlib’, mpl.mpl_figure_comm);n”,
“}n”





],
“text/plain”: [


“<IPython.core.display.Javascript object>”




]





},
“metadata”: {},
“output_type”: “display_data”





},
{



	“data”: {

	
	“text/html”: [

	“<img src=”data:image/png;base64,” width=”720”>”





],
“text/plain”: [


“<IPython.core.display.HTML object>”




]





},
“metadata”: {},
“output_type”: “display_data”




}




],
“source”: [


“# VISUALIZE EVENTSn”,
“fig = plt.figure(figsize=(10, 5))n”,
“ax = fig.add_subplot(111)n”,
“n”,
“colors = [[0, 1, 0], [1, 0, 0]]n”,
“n”,
“ax.eventplot(eventPosition.values.transpose(), n”,
”                   linewidth=eventDuration.values.transpose(), n”,
”                   linelength = 0.62,n”,
”                   colors=colors)n”,
“n”,
“ax.set_title(‘Events in STG_Sideband_Events’)n”,
“ax.set_xlabel(‘time [ms]’)n”,
“ax.set_ylabel(‘Event’)n”,
“ax.set_yticks(range(len(eventLabels)))n”,
“ax.set_yticklabels(eventLabels)n”,
“plt.box(False)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {


“pycharm”: {}




},
“source”: [


“## Processed Data Files (.cmtr)<a id=’processedData’></a>n”,
“n”,
“Processed data files with the file extension .cmtr are created by the CMOS-MEA-Tools software and contain the analysis results from different data sources. To access them, we need to create an instance of McsData in the same way as for the Raw Data files:”




]




},
{


“cell_type”: “code”,
“execution_count”: 3,
“metadata”: {},
“outputs”: [],
“source”: [


“path2TestDataFile2 = os.path.join(path2TestData, “CMOS_MEA_Results.cmtr”)n”,
“processed = McsCMOSMEA.McsData(path2TestDataFile2)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“The easiest way to see the file contents is to print the object”




]




},
{


“cell_type”: “code”,
“execution_count”: 19,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“<McsCMOSMEAData instance at 0x246d97f6ba8>n”,
“n”,
“This object represents the Mcs CMOS MEA file:n”,
“Filename:   result_file_with_network_explorer.cmtrn”,
“n”,
“Date                 Program                     Version     n”,
“——————-  ————————–  ———-n”,
“16.12.2019 11:34:19  CMOS-MEA-Tools              2.4.0.0     n”,
“n”,
“n”,
“Content:n”,
“n”,
“|        Mcs Type         |        HDF5 name        |       McsPy name        |\n",
"===============================================================================\n",
"Groups:\n",
"|       Acquisition       |       Acquisition       |       Acquisition       |\n",
"|       SummaryTool       |    Activity Summary     |    Activity_Summary     |\n",
"|       FilterTool        |       Filter Tool       |       Filter_Tool       |\n",
"|   NetworkExplorerTool   |    Network Explorer     |    Network_Explorer     |\n",
"|    SpikeExplorerTool    |     Spike Explorer      |     Spike_Explorer      |\n",
"|       SpikeSorter       |      Spike Sorter       |      Spike_Sorter       |n”,
“——————————————————————————-n”,
“Datasets:n”,
”    Nonen”,
“n”




]





}




],
“source”: [


“print(processed)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“The file contains 5 different data sources: Acquisition, Filter Tool, STA Explorer, Spike Explorer and Spike Sorter. Of these, Acquisition is a special case because it is actually a link to the Acquisition group in the Raw Data file 2017.12.14-18.38.15-GFP8ms_470nm_100pc_10rep_nofilter.cmcr that served as input to the analysis in CMOS-MEA-Tools. Still, you can access the contents of this group as usual:”




]




},
{


“cell_type”: “code”,
“execution_count”: 20,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“——————————————————————————-n”,
“Parent Group: <class ‘McsPyDataTools.McsPy.McsCMOSMEA.Acquisition’ object at 0x246d9971240>n”,
“n”,
“——————————————————————————-n”,
“n”,
“n”,
“|         Subtype         |        HDF5 name        |       McsPy name        |\n",
"===============================================================================\n",
"ChannelStream\n",
"|         Digital         |      Digital Data       |      Digital_Data       |\n",
"-------------------------------------------------------------------------------\n",
"EventStream\n",
"|       DigitalPort       |EventTool @ Digital Data |EventTool_at_Digital_Data|n”,
“——————————————————————————-n”,
“SensorStreamn”,
“|       CMosSensor        |       Sensor Data       |       Sensor_Data       |\n",
"-------------------------------------------------------------------------------\n",
"\n",
"|              Subtype              |            McsPy name             |             HDF5 name             |\n",
"=============================================================================================================\n",
"SensorStream:\n",
"|            CMosSensor             |            Sensor_Data            |            Sensor Data            |n”,
“————————————————————————————————————-n”,
“n”,
“(205584, 65, 65)n”




]





}




],
“source”: [


“print(processed.Acquisition)n”,
“print(processed.Acquisition.SensorStreams)n”,
“print(processed.Acquisition.SensorStreams[0].SensorData[0].shape)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“For more details about the interaction with the Acquisition group, please refer to the <a href=’#RawData’>Raw Data</a> section above. Because it is a link to a different file, it is necessary that a file with the correct name is found in the same folder as the ProcessedData file.n”,
“n”,
“The other data sources correspond to different tools in the CMOS-MEA-Tools software. Please note that data sources are only present if they had been activated for the analysis in CMOS-MEA-Tools, so it is possible that other .cmtr files contain a different set of data sources.”




]




},
{


“cell_type”: “markdown”,
“metadata”: {


“pycharm”: {}




},
“source”: [


“<a href=’#Top’>Back to index</a>”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“### Filter Tool<a id=’filterTool’></a>n”,
“n”,
“The Filter_Tool contains the settings for the filter pipeline applied to the raw data in CMOS-MEA-Tools:”




]




},
{


“cell_type”: “code”,
“execution_count”: 21,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“——————————————————————————-n”,
“Parent Group: <class ‘McsPyDataTools.McsPy.McsCMOSMEA.FilterTool’ object at 0x246d99718d0>n”,
“——————————————————————————-n”,
“n”,
“n”,
“|        Mcs Type         |        HDF5 name        |       McsPy name        |\n",
"===============================================================================\n",
"Groups:\n",
"|        PipeModel        |          Pipe           |          Pipe           |\n",
"-------------------------------------------------------------------------------\n",
"Datasets:\n",
"|   SettingsFilterTool    |   SettingsFilterTool    |   SettingsFilterTool    |n”,
“n”,
“Filter Order: 2n”,
“Cutoff Frequency: 300.0 Hzn”




]





}




],
“source”: [


“print(processed.Filter_Tool)n”,
“print(“Filter Order: ” + str(processed.Filter_Tool.Pipe[‘1 High-Pass’][‘Order’][0]))n”,
“print(“Cutoff Frequency: ” + str(processed.Filter_Tool.Pipe[‘1 High-Pass’][‘CutOffFrequency’][0]) + ” Hz”)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {


“pycharm”: {}




},
“source”: [


“<a href=’#Top’>Back to index</a>”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“### Spike Explorer<a id=’spikeExplorer’></a>n”,
“n”,
“The Spike_Explorer holds settings for the channel-wise spike detector in CMOS-MEA-Tools, as well as its detected spikes:”




]




},
{


“cell_type”: “code”,
“execution_count”: 22,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“——————————————————————————-n”,
“Parent Group: <class ‘McsPyDataTools.McsPy.McsCMOSMEA.SpikeExplorer’ object at 0x246d97f6f60>n”,
“——————————————————————————-n”,
“n”,
“n”,
“|        Mcs Type         |        HDF5 name        |       McsPy name        |\n",
"===============================================================================\n",
"Groups:\n",
"    None\n",
"-------------------------------------------------------------------------------\n",
"Datasets:\n",
"|   SettingsMapCreator    |   SettingsMapCreator    |   SettingsMapCreator    |\n",
"|  SettingsSpikeDetector  |  SettingsSpikeDetector  |  SettingsSpikeDetector  |\n",
"|  SettingsSpikeExplorer  |  SettingsSpikeExplorer  |  SettingsSpikeExplorer  |\n",
"|SettingsSpikePeakActivity|SettingsSpikePeakActivity|SettingsSpikePeakActivity|n”,
“|        SpikeData        |        SpikeData        |        SpikeData        |\n",
"|        SpikeMeta        |        SpikeMeta        |        SpikeMeta        |n”,
“n”




]





}




],
“source”: [


“print(processed.Spike_Explorer)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“The detection threshold and other details for the spike detector can be found in the SettingsSpikeDetector data set:”




]




},
{


“cell_type”: “code”,
“execution_count”: 23,
“metadata”: {},
“outputs”: [



	{

	
	“data”: {

	
	“text/plain”: [

	“5.0”





]





},
“execution_count”: 23,
“metadata”: {},
“output_type”: “execute_result”





}




],
“source”: [


“processed.Spike_Explorer.SettingsSpikeDetector[‘Threshold’][0]”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“The detected spikes are contained in the SpikeData dataset. It stores for each spike the SensorID of the detection location, the TimeStamp as the detection time in µs and an optional signal cutout around the spike timestamp:”




]




},
{


“cell_type”: “code”,
“execution_count”: 24,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“Compound McsDataset SpikeDatan”,
“n”,
“location in hdf5 file:   /Spike Explorer/SpikeDatan”,
“shape:                   /Spike Explorer/SpikeData(18486,)n”,
“dtype:                   /Spike Explorer/SpikeData[(‘SensorID’, ‘<i4’), (‘TimeStamp’, ‘<i8’), (‘1’, ‘<f8’), (‘2’, ‘<f8’), (‘3’, ‘<f8’), (‘4’, ‘<f8’), (‘5’, ‘<f8’), (‘6’, ‘<f8’), (‘7’, ‘<f8’), (‘8’, ‘<f8’), (‘9’, ‘<f8’), (‘10’, ‘<f8’), (‘11’, ‘<f8’), (‘12’, ‘<f8’), (‘13’, ‘<f8’), (‘14’, ‘<f8’), (‘15’, ‘<f8’), (‘16’, ‘<f8’), (‘17’, ‘<f8’), (‘18’, ‘<f8’), (‘19’, ‘<f8’), (‘20’, ‘<f8’), (‘21’, ‘<f8’), (‘22’, ‘<f8’), (‘23’, ‘<f8’), (‘24’, ‘<f8’), (‘25’, ‘<f8’), (‘26’, ‘<f8’), (‘27’, ‘<f8’), (‘28’, ‘<f8’), (‘29’, ‘<f8’), (‘30’, ‘<f8’), (‘31’, ‘<f8’), (‘32’, ‘<f8’), (‘33’, ‘<f8’), (‘34’, ‘<f8’), (‘35’, ‘<f8’), (‘36’, ‘<f8’), (‘37’, ‘<f8’), (‘38’, ‘<f8’), (‘39’, ‘<f8’), (‘40’, ‘<f8’), (‘41’, ‘<f8’), (‘42’, ‘<f8’), (‘43’, ‘<f8’), (‘44’, ‘<f8’), (‘45’, ‘<f8’), (‘46’, ‘<f8’), (‘47’, ‘<f8’), (‘48’, ‘<f8’), (‘49’, ‘<f8’), (‘50’, ‘<f8’), (‘51’, ‘<f8’), (‘52’, ‘<f8’), (‘53’, ‘<f8’), (‘54’, ‘<f8’), (‘55’, ‘<f8’), (‘56’, ‘<f8’), (‘57’, ‘<f8’), (‘58’, ‘<f8’), (‘59’, ‘<f8’), (‘60’, ‘<f8’)]n”,
“n”




]





}




],
“source”: [


“print(processed.Spike_Explorer.SpikeData)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“This allows us to do different visualizations of the spike data:”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“#### Raster Plotn”,
“n”,
“We can generate a raster plot for one or more sensors:”




]




},
{


“cell_type”: “code”,
“execution_count”: 26,
“metadata”: {},
“outputs”: [



	{

	
	“data”: {

	
	“application/javascript”: [

	“/* Put everything inside the global mpl namespace /n”,
“window.mpl = {};n”,
“n”,
“n”,
“mpl.get_websocket_type = function() {n”,
”    if (typeof(WebSocket) !== ‘undefined’) {n”,
”        return WebSocket;n”,
”    } else if (typeof(MozWebSocket) !== ‘undefined’) {n”,
”        return MozWebSocket;n”,
”    } else {n”,
”        alert(‘Your browser does not have WebSocket support. ‘ +n”,
”              ‘Please try Chrome, Safari or Firefox ≥ 6. ‘ +n”,
”              ‘Firefox 4 and 5 are also supported but you ‘ +n”,
”              ‘have to enable WebSockets in about:config.’);n”,
”    };n”,
“}n”,
“n”,
“mpl.figure = function(figure_id, websocket, ondownload, parent_element) {n”,
”    this.id = figure_id;n”,
“n”,
”    this.ws = websocket;n”,
“n”,
”    this.supports_binary = (this.ws.binaryType != undefined);n”,
“n”,
”    if (!this.supports_binary) {n”,
”        var warnings = document.getElementById(“mpl-warnings”);n”,
”        if (warnings) {n”,
”            warnings.style.display = ‘block’;n”,
”            warnings.textContent = (n”,
”                “This browser does not support binary websocket messages. ” +n”,
”                    “Performance may be slow.”);n”,
”        }n”,
”    }n”,
“n”,
”    this.imageObj = new Image();n”,
“n”,
”    this.context = undefined;n”,
”    this.message = undefined;n”,
”    this.canvas = undefined;n”,
”    this.rubberband_canvas = undefined;n”,
”    this.rubberband_context = undefined;n”,
”    this.format_dropdown = undefined;n”,
“n”,
”    this.image_mode = ‘full’;n”,
“n”,
”    this.root = $(‘<div/>’);n”,
”    this._root_extra_style(this.root)n”,
”    this.root.attr(‘style’, ‘display: inline-block’);n”,
“n”,
”    $(parent_element).append(this.root);n”,
“n”,
”    this._init_header(this);n”,
”    this._init_canvas(this);n”,
”    this._init_toolbar(this);n”,
“n”,
”    var fig = this;n”,
“n”,
”    this.waiting = false;n”,
“n”,
”    this.ws.onopen =  function () {n”,
”            fig.send_message(“supports_binary”, {value: fig.supports_binary});n”,
”            fig.send_message(“send_image_mode”, {});n”,
”            if (mpl.ratio != 1) {n”,
”                fig.send_message(“set_dpi_ratio”, {‘dpi_ratio’: mpl.ratio});n”,
”            }n”,
”            fig.send_message(“refresh”, {});n”,
”        }n”,
“n”,
”    this.imageObj.onload = function() {n”,
”            if (fig.image_mode == ‘full’) {n”,
”                // Full images could contain transparency (where diff imagesn”,
”                // almost always do), so we need to clear the canvas so thatn”,
”                // there is no ghosting.n”,
”                fig.context.clearRect(0, 0, fig.canvas.width, fig.canvas.height);n”,
”            }n”,
”            fig.context.drawImage(fig.imageObj, 0, 0);n”,
”        };n”,
“n”,
”    this.imageObj.onunload = function() {n”,
”        fig.ws.close();n”,
”    }n”,
“n”,
”    this.ws.onmessage = this._make_on_message_function(this);n”,
“n”,
”    this.ondownload = ondownload;n”,
“}n”,
“n”,
“mpl.figure.prototype._init_header = function() {n”,
”    var titlebar = $(n”,
”        ‘<div class=”ui-dialog-titlebar ui-widget-header ui-corner-all ‘ +n”,
”        ‘ui-helper-clearfix”/>’);n”,
”    var titletext = $(n”,
”        ‘<div class=”ui-dialog-title” style=”width: 100%; ‘ +n”,
”        ‘text-align: center; padding: 3px;”/>’);n”,
”    titlebar.append(titletext)n”,
”    this.root.append(titlebar);n”,
”    this.header = titletext[0];n”,
“}n”,
“n”,
“n”,
“n”,
“mpl.figure.prototype._canvas_extra_style = function(canvas_div) {n”,
“n”,
“}n”,
“n”,
“n”,
“mpl.figure.prototype._root_extra_style = function(canvas_div) {n”,
“n”,
“}n”,
“n”,
“mpl.figure.prototype._init_canvas = function() {n”,
”    var fig = this;n”,
“n”,
”    var canvas_div = $(‘<div/>’);n”,
“n”,
”    canvas_div.attr(‘style’, ‘position: relative; clear: both; outline: 0’);n”,
“n”,
”    function canvas_keyboard_event(event) {n”,
”        return fig.key_event(event, event[‘data’]);n”,
”    }n”,
“n”,
”    canvas_div.keydown(‘key_press’, canvas_keyboard_event);n”,
”    canvas_div.keyup(‘key_release’, canvas_keyboard_event);n”,
”    this.canvas_div = canvas_divn”,
”    this._canvas_extra_style(canvas_div)n”,
”    this.root.append(canvas_div);n”,
“n”,
”    var canvas = $(‘<canvas/>’);n”,
”    canvas.addClass(‘mpl-canvas’);n”,
”    canvas.attr(‘style’, “left: 0; top: 0; z-index: 0; outline: 0”)n”,
“n”,
”    this.canvas = canvas[0];n”,
”    this.context = canvas[0].getContext(“2d”);n”,
“n”,
”    var backingStore = this.context.backingStorePixelRatio ||n”,
“tthis.context.webkitBackingStorePixelRatio ||n”,
“tthis.context.mozBackingStorePixelRatio ||n”,
“tthis.context.msBackingStorePixelRatio ||n”,
“tthis.context.oBackingStorePixelRatio ||n”,
“tthis.context.backingStorePixelRatio || 1;n”,
“n”,
”    mpl.ratio = (window.devicePixelRatio || 1) / backingStore;n”,
“n”,
”    var rubberband = $(‘<canvas/>’);n”,
”    rubberband.attr(‘style’, “position: absolute; left: 0; top: 0; z-index: 1;”)n”,
“n”,
”    var pass_mouse_events = true;n”,
“n”,
”    canvas_div.resizable({n”,
”        start: function(event, ui) {n”,
”            pass_mouse_events = false;n”,
”        },n”,
”        resize: function(event, ui) {n”,
”            fig.request_resize(ui.size.width, ui.size.height);n”,
”        },n”,
”        stop: function(event, ui) {n”,
”            pass_mouse_events = true;n”,
”            fig.request_resize(ui.size.width, ui.size.height);n”,
”        },n”,
”    });n”,
“n”,
”    function mouse_event_fn(event) {n”,
”        if (pass_mouse_events)n”,
”            return fig.mouse_event(event, event[‘data’]);n”,
”    }n”,
“n”,
”    rubberband.mousedown(‘button_press’, mouse_event_fn);n”,
”    rubberband.mouseup(‘button_release’, mouse_event_fn);n”,
”    // Throttle sequential mouse events to 1 every 20ms.n”,
”    rubberband.mousemove(‘motion_notify’, mouse_event_fn);n”,
“n”,
”    rubberband.mouseenter(‘figure_enter’, mouse_event_fn);n”,
”    rubberband.mouseleave(‘figure_leave’, mouse_event_fn);n”,
“n”,
”    canvas_div.on(“wheel”, function (event) {n”,
”        event = event.originalEvent;n”,
”        event[‘data’] = ‘scroll’n”,
”        if (event.deltaY < 0) {n”,
”            event.step = 1;n”,
”        } else {n”,
”            event.step = -1;n”,
”        }n”,
”        mouse_event_fn(event);n”,
”    });n”,
“n”,
”    canvas_div.append(canvas);n”,
”    canvas_div.append(rubberband);n”,
“n”,
”    this.rubberband = rubberband;n”,
”    this.rubberband_canvas = rubberband[0];n”,
”    this.rubberband_context = rubberband[0].getContext(“2d”);n”,
”    this.rubberband_context.strokeStyle = “#000000”;n”,
“n”,
”    this._resize_canvas = function(width, height) {n”,
”        // Keep the size of the canvas, canvas container, and rubber bandn”,
”        // canvas in synch.n”,
”        canvas_div.css(‘width’, width)n”,
”        canvas_div.css(‘height’, height)n”,
“n”,
”        canvas.attr(‘width’, width * mpl.ratio);n”,
”        canvas.attr(‘height’, height * mpl.ratio);n”,
”        canvas.attr(‘style’, ‘width: ‘ + width + ‘px; height: ‘ + height + ‘px;’);n”,
“n”,
”        rubberband.attr(‘width’, width);n”,
”        rubberband.attr(‘height’, height);n”,
”    }n”,
“n”,
”    // Set the figure to an initial 600x600px, this will subsequently be updatedn”,
”    // upon first draw.n”,
”    this._resize_canvas(600, 600);n”,
“n”,
”    // Disable right mouse context menu.n”,
”    $(this.rubberband_canvas).bind(“contextmenu”,function(e){n”,
”        return false;n”,
”    });n”,
“n”,
”    function set_focus () {n”,
”        canvas.focus();n”,
”        canvas_div.focus();n”,
”    }n”,
“n”,
”    window.setTimeout(set_focus, 100);n”,
“}n”,
“n”,
“mpl.figure.prototype._init_toolbar = function() {n”,
”    var fig = this;n”,
“n”,
”    var nav_element = $(‘<div/>’);n”,
”    nav_element.attr(‘style’, ‘width: 100%’);n”,
”    this.root.append(nav_element);n”,
“n”,
”    // Define a callback function for later on.n”,
”    function toolbar_event(event) {n”,
”        return fig.toolbar_button_onclick(event[‘data’]);n”,
”    }n”,
”    function toolbar_mouse_event(event) {n”,
”        return fig.toolbar_button_onmouseover(event[‘data’]);n”,
”    }n”,
“n”,
”    for(var toolbar_ind in mpl.toolbar_items) {n”,
”        var name = mpl.toolbar_items[toolbar_ind][0];n”,
”        var tooltip = mpl.toolbar_items[toolbar_ind][1];n”,
”        var image = mpl.toolbar_items[toolbar_ind][2];n”,
”        var method_name = mpl.toolbar_items[toolbar_ind][3];n”,
“n”,
”        if (!name) {n”,
”            // put a spacer in here.n”,
”            continue;n”,
”        }n”,
”        var button = $(‘<button/>’);n”,
”        button.addClass(‘ui-button ui-widget ui-state-default ui-corner-all ‘ +n”,
”                        ‘ui-button-icon-only’);n”,
”        button.attr(‘role’, ‘button’);n”,
”        button.attr(‘aria-disabled’, ‘false’);n”,
”        button.click(method_name, toolbar_event);n”,
”        button.mouseover(tooltip, toolbar_mouse_event);n”,
“n”,
”        var icon_img = $(‘<span/>’);n”,
”        icon_img.addClass(‘ui-button-icon-primary ui-icon’);n”,
”        icon_img.addClass(image);n”,
”        icon_img.addClass(‘ui-corner-all’);n”,
“n”,
”        var tooltip_span = $(‘<span/>’);n”,
”        tooltip_span.addClass(‘ui-button-text’);n”,
”        tooltip_span.html(tooltip);n”,
“n”,
”        button.append(icon_img);n”,
”        button.append(tooltip_span);n”,
“n”,
”        nav_element.append(button);n”,
”    }n”,
“n”,
”    var fmt_picker_span = $(‘<span/>’);n”,
“n”,
”    var fmt_picker = $(‘<select/>’);n”,
”    fmt_picker.addClass(‘mpl-toolbar-option ui-widget ui-widget-content’);n”,
”    fmt_picker_span.append(fmt_picker);n”,
”    nav_element.append(fmt_picker_span);n”,
”    this.format_dropdown = fmt_picker[0];n”,
“n”,
”    for (var ind in mpl.extensions) {n”,
”        var fmt = mpl.extensions[ind];n”,
”        var option = $(n”,
”            ‘<option/>’, {selected: fmt === mpl.default_extension}).html(fmt);n”,
”        fmt_picker.append(option);n”,
”    }n”,
“n”,
”    // Add hover states to the ui-buttonsn”,
”    $( “.ui-button” ).hover(n”,
”        function() { $(this).addClass(“ui-state-hover”);},n”,
”        function() { $(this).removeClass(“ui-state-hover”);}n”,
”    );n”,
“n”,
”    var status_bar = $(‘<span class=”mpl-message”/>’);n”,
”    nav_element.append(status_bar);n”,
”    this.message = status_bar[0];n”,
“}n”,
“n”,
“mpl.figure.prototype.request_resize = function(x_pixels, y_pixels) {n”,
”    // Request matplotlib to resize the figure. Matplotlib will then trigger a resize in the client,n”,
”    // which will in turn request a refresh of the image.n”,
”    this.send_message(‘resize’, {‘width’: x_pixels, ‘height’: y_pixels});n”,
“}n”,
“n”,
“mpl.figure.prototype.send_message = function(type, properties) {n”,
”    properties[‘type’] = type;n”,
”    properties[‘figure_id’] = this.id;n”,
”    this.ws.send(JSON.stringify(properties));n”,
“}n”,
“n”,
“mpl.figure.prototype.send_draw_message = function() {n”,
”    if (!this.waiting) {n”,
”        this.waiting = true;n”,
”        this.ws.send(JSON.stringify({type: “draw”, figure_id: this.id}));n”,
”    }n”,
“}n”,
“n”,
“n”,
“mpl.figure.prototype.handle_save = function(fig, msg) {n”,
”    var format_dropdown = fig.format_dropdown;n”,
”    var format = format_dropdown.options[format_dropdown.selectedIndex].value;n”,
”    fig.ondownload(fig, format);n”,
“}n”,
“n”,
“n”,
“mpl.figure.prototype.handle_resize = function(fig, msg) {n”,
”    var size = msg[‘size’];n”,
”    if (size[0] != fig.canvas.width || size[1] != fig.canvas.height) {n”,
”        fig._resize_canvas(size[0], size[1]);n”,
”        fig.send_message(“refresh”, {});n”,
”    };n”,
“}n”,
“n”,
“mpl.figure.prototype.handle_rubberband = function(fig, msg) {n”,
”    var x0 = msg[‘x0’] / mpl.ratio;n”,
”    var y0 = (fig.canvas.height - msg[‘y0’]) / mpl.ratio;n”,
”    var x1 = msg[‘x1’] / mpl.ratio;n”,
”    var y1 = (fig.canvas.height - msg[‘y1’]) / mpl.ratio;n”,
”    x0 = Math.floor(x0) + 0.5;n”,
”    y0 = Math.floor(y0) + 0.5;n”,
”    x1 = Math.floor(x1) + 0.5;n”,
”    y1 = Math.floor(y1) + 0.5;n”,
”    var min_x = Math.min(x0, x1);n”,
”    var min_y = Math.min(y0, y1);n”,
”    var width = Math.abs(x1 - x0);n”,
”    var height = Math.abs(y1 - y0);n”,
“n”,
”    fig.rubberband_context.clearRect(n”,
”        0, 0, fig.canvas.width / mpl.ratio, fig.canvas.height / mpl.ratio);n”,
“n”,
”    fig.rubberband_context.strokeRect(min_x, min_y, width, height);n”,
“}n”,
“n”,
“mpl.figure.prototype.handle_figure_label = function(fig, msg) {n”,
”    // Updates the figure title.n”,
”    fig.header.textContent = msg[‘label’];n”,
“}n”,
“n”,
“mpl.figure.prototype.handle_cursor = function(fig, msg) {n”,
”    var cursor = msg[‘cursor’];n”,
”    switch(cursor)n”,
”    {n”,
”    case 0:n”,
”        cursor = ‘pointer’;n”,
”        break;n”,
”    case 1:n”,
”        cursor = ‘default’;n”,
”        break;n”,
”    case 2:n”,
”        cursor = ‘crosshair’;n”,
”        break;n”,
”    case 3:n”,
”        cursor = ‘move’;n”,
”        break;n”,
”    }n”,
”    fig.rubberband_canvas.style.cursor = cursor;n”,
“}n”,
“n”,
“mpl.figure.prototype.handle_message = function(fig, msg) {n”,
”    fig.message.textContent = msg[‘message’];n”,
“}n”,
“n”,
“mpl.figure.prototype.handle_draw = function(fig, msg) {n”,
”    // Request the server to send over a new figure.n”,
”    fig.send_draw_message();n”,
“}n”,
“n”,
“mpl.figure.prototype.handle_image_mode = function(fig, msg) {n”,
”    fig.image_mode = msg[‘mode’];n”,
“}n”,
“n”,
“mpl.figure.prototype.updated_canvas_event = function() {n”,
”    // Called whenever the canvas gets updated.n”,
”    this.send_message(“ack”, {});n”,
“}n”,
“n”,
“// A function to construct a web socket function for onmessage handling.n”,
“// Called in the figure constructor.n”,
“mpl.figure.prototype._make_on_message_function = function(fig) {n”,
”    return function socket_on_message(evt) {n”,
”        if (evt.data instanceof Blob) {n”,
”            / FIXME: We get “Resource interpreted as Image butn”,
”             * transferred with MIME type text/plain:” errors onn”,
”             * Chrome.  But how to set the MIME type?  It doesn’t seemn”,
”             * to be part of the websocket stream /n”,
”            evt.data.type = “image/png”;n”,
“n”,
”            / Free the memory for the previous frames /n”,
”            if (fig.imageObj.src) {n”,
”                (window.URL || window.webkitURL).revokeObjectURL(n”,
”                    fig.imageObj.src);n”,
”            }n”,
“n”,
”            fig.imageObj.src = (window.URL || window.webkitURL).createObjectURL(n”,
”                evt.data);n”,
”            fig.updated_canvas_event();n”,
”            fig.waiting = false;n”,
”            return;n”,
”        }n”,
”        else if (typeof evt.data === ‘string’ && evt.data.slice(0, 21) == “data:image/png;base64”) {n”,
”            fig.imageObj.src = evt.data;n”,
”            fig.updated_canvas_event();n”,
”            fig.waiting = false;n”,
”            return;n”,
”        }n”,
“n”,
”        var msg = JSON.parse(evt.data);n”,
”        var msg_type = msg[‘type’];n”,
“n”,
”        // Call the  “handle_{type}” callback, which takesn”,
”        // the figure and JSON message as its only arguments.n”,
”        try {n”,
”            var callback = fig[“handle_” + msg_type];n”,
”        } catch (e) {n”,
”            console.log(“No handler for the ‘” + msg_type + “’ message type: “, msg);n”,
”            return;n”,
”        }n”,
“n”,
”        if (callback) {n”,
”            try {n”,
”                // console.log(“Handling ‘” + msg_type + “’ message: “, msg);n”,
”                callback(fig, msg);n”,
”            } catch (e) {n”,
”                console.log(“Exception inside the ‘handler_” + msg_type + “’ callback:”, e, e.stack, msg);n”,
”            }n”,
”        }n”,
”    };n”,
“}n”,
“n”,
“// from http://stackoverflow.com/questions/1114465/getting-mouse-location-in-canvasn”,
“mpl.findpos = function(e) {n”,
”    //this section is from http://www.quirksmode.org/js/events_properties.htmln”,
”    var targ;n”,
”    if (!e)n”,
”        e = window.event;n”,
”    if (e.target)n”,
”        targ = e.target;n”,
”    else if (e.srcElement)n”,
”        targ = e.srcElement;n”,
”    if (targ.nodeType == 3) // defeat Safari bugn”,
”        targ = targ.parentNode;n”,
“n”,
”    // jQuery normalizes the pageX and pageYn”,
”    // pageX,Y are the mouse positions relative to the documentn”,
”    // offset() returns the position of the element relative to the documentn”,
”    var x = e.pageX - $(targ).offset().left;n”,
”    var y = e.pageY - $(targ).offset().top;n”,
“n”,
”    return {“x”: x, “y”: y};n”,
“};n”,
“n”,
“/n”,
” * return a copy of an object with only non-object keysn”,
” * we need this to avoid circular referencesn”,
” * http://stackoverflow.com/a/24161582/3208463n”,
” /n”,
“function simpleKeys (original) {n”,
”  return Object.keys(original).reduce(function (obj, key) {n”,
”    if (typeof original[key] !== ‘object’)n”,
”        obj[key] = original[key]n”,
”    return obj;n”,
”  }, {});n”,
“}n”,
“n”,
“mpl.figure.prototype.mouse_event = function(event, name) {n”,
”    var canvas_pos = mpl.findpos(event)n”,
“n”,
”    if (name === ‘button_press’)n”,
”    {n”,
”        this.canvas.focus();n”,
”        this.canvas_div.focus();n”,
”    }n”,
“n”,
”    var x = canvas_pos.x * mpl.ratio;n”,
”    var y = canvas_pos.y * mpl.ratio;n”,
“n”,
”    this.send_message(name, {x: x, y: y, button: event.button,n”,
”                             step: event.step,n”,
”                             guiEvent: simpleKeys(event)});n”,
“n”,
”    / This prevents the web browser from automatically changing ton”,
”     * the text insertion cursor when the button is pressed.  We wantn”,
”     * to control all of the cursor setting manually through then”,
”     * ‘cursor’ event from matplotlib /n”,
”    event.preventDefault();n”,
”    return false;n”,
“}n”,
“n”,
“mpl.figure.prototype._key_event_extra = function(event, name) {n”,
”    // Handle any extra behaviour associated with a key eventn”,
“}n”,
“n”,
“mpl.figure.prototype.key_event = function(event, name) {n”,
“n”,
”    // Prevent repeat eventsn”,
”    if (name == ‘key_press’)n”,
”    {n”,
”        if (event.which === this._key)n”,
”            return;n”,
”        elsen”,
”            this._key = event.which;n”,
”    }n”,
”    if (name == ‘key_release’)n”,
”        this._key = null;n”,
“n”,
”    var value = ‘’;n”,
”    if (event.ctrlKey && event.which != 17)n”,
”        value += “ctrl+”;n”,
”    if (event.altKey && event.which != 18)n”,
”        value += “alt+”;n”,
”    if (event.shiftKey && event.which != 16)n”,
”        value += “shift+”;n”,
“n”,
”    value += ‘k’;n”,
”    value += event.which.toString();n”,
“n”,
”    this._key_event_extra(event, name);n”,
“n”,
”    this.send_message(name, {key: value,n”,
”                             guiEvent: simpleKeys(event)});n”,
”    return false;n”,
“}n”,
“n”,
“mpl.figure.prototype.toolbar_button_onclick = function(name) {n”,
”    if (name == ‘download’) {n”,
”        this.handle_save(this, null);n”,
”    } else {n”,
”        this.send_message(“toolbar_button”, {name: name});n”,
”    }n”,
“};n”,
“n”,
“mpl.figure.prototype.toolbar_button_onmouseover = function(tooltip) {n”,
”    this.message.textContent = tooltip;n”,
“};n”,
“mpl.toolbar_items = [[“Home”, “Reset original view”, “fa fa-home icon-home”, “home”], [“Back”, “Back to previous view”, “fa fa-arrow-left icon-arrow-left”, “back”], [“Forward”, “Forward to next view”, “fa fa-arrow-right icon-arrow-right”, “forward”], [“”, “”, “”, “”], [“Pan”, “Pan axes with left mouse, zoom with right”, “fa fa-arrows icon-move”, “pan”], [“Zoom”, “Zoom to rectangle”, “fa fa-square-o icon-check-empty”, “zoom”], [“”, “”, “”, “”], [“Download”, “Download plot”, “fa fa-floppy-o icon-save”, “download”]];n”,
“n”,
“mpl.extensions = [“eps”, “jpeg”, “pdf”, “png”, “ps”, “raw”, “svg”, “tif”];n”,
“n”,
“mpl.default_extension = “png”;var comm_websocket_adapter = function(comm) {n”,
”    // Create a “websocket”-like object which calls the given IPython commn”,
”    // object with the appropriate methods. Currently this is a non binaryn”,
”    // socket, so there is still some room for performance tuning.n”,
”    var ws = {};n”,
“n”,
”    ws.close = function() {n”,
”        comm.close()n”,
”    };n”,
”    ws.send = function(m) {n”,
”        //console.log(‘sending’, m);n”,
”        comm.send(m);n”,
”    };n”,
”    // Register the callback with on_msg.n”,
”    comm.on_msg(function(msg) {n”,
”        //console.log(‘receiving’, msg[‘content’][‘data’], msg);n”,
”        // Pass the mpl event to the overridden (by mpl) onmessage function.n”,
”        ws.onmessage(msg[‘content’][‘data’])n”,
”    });n”,
”    return ws;n”,
“}n”,
“n”,
“mpl.mpl_figure_comm = function(comm, msg) {n”,
”    // This is the function which gets called when the mpl processn”,
”    // starts-up an IPython Comm through the “matplotlib” channel.n”,
“n”,
”    var id = msg.content.data.id;n”,
”    // Get hold of the div created by the display call when the Commn”,
”    // socket was opened in Python.n”,
”    var element = $(“#” + id);n”,
”    var ws_proxy = comm_websocket_adapter(comm)n”,
“n”,
”    function ondownload(figure, format) {n”,
”        window.open(figure.imageObj.src);n”,
”    }n”,
“n”,
”    var fig = new mpl.figure(id, ws_proxy,n”,
”                           ondownload,n”,
”                           element.get(0));n”,
“n”,
”    // Call onopen now - mpl needs it, as it is assuming we’ve passed it a realn”,
”    // web socket which is closed, not our websocket->open comm proxy.n”,
”    ws_proxy.onopen();n”,
“n”,
”    fig.parent_element = element.get(0);n”,
”    fig.cell_info = mpl.find_output_cell(“<div id=’” + id + “’></div>”);n”,
”    if (!fig.cell_info) {n”,
”        console.error(“Failed to find cell for figure”, id, fig);n”,
”        return;n”,
”    }n”,
“n”,
”    var output_index = fig.cell_info[2]n”,
”    var cell = fig.cell_info[0];n”,
“n”,
“};n”,
“n”,
“mpl.figure.prototype.handle_close = function(fig, msg) {n”,
”    var width = fig.canvas.width/mpl.ration”,
”    fig.root.unbind(‘remove’)n”,
“n”,
”    // Update the output cell to use the data from the current canvas.n”,
”    fig.push_to_output();n”,
”    var dataURL = fig.canvas.toDataURL();n”,
”    // Re-enable the keyboard manager in IPython - without this line, in FF,n”,
”    // the notebook keyboard shortcuts fail.n”,
”    IPython.keyboard_manager.enable()n”,
”    $(fig.parent_element).html(‘<img src=”’ + dataURL + ‘” width=”’ + width + ‘”>’);n”,
”    fig.close_ws(fig, msg);n”,
“}n”,
“n”,
“mpl.figure.prototype.close_ws = function(fig, msg){n”,
”    fig.send_message(‘closing’, msg);n”,
”    // fig.ws.close()n”,
“}n”,
“n”,
“mpl.figure.prototype.push_to_output = function(remove_interactive) {n”,
”    // Turn the data on the canvas into data in the output cell.n”,
”    var width = this.canvas.width/mpl.ration”,
”    var dataURL = this.canvas.toDataURL();n”,
”    this.cell_info[1][‘text/html’] = ‘<img src=”’ + dataURL + ‘” width=”’ + width + ‘”>’;n”,
“}n”,
“n”,
“mpl.figure.prototype.updated_canvas_event = function() {n”,
”    // Tell IPython that the notebook contents must change.n”,
”    IPython.notebook.set_dirty(true);n”,
”    this.send_message(“ack”, {});n”,
”    var fig = this;n”,
”    // Wait a second, then push the new image to the DOM son”,
”    // that it is saved nicely (might be nice to debounce this).n”,
”    setTimeout(function () { fig.push_to_output() }, 1000);n”,
“}n”,
“n”,
“mpl.figure.prototype._init_toolbar = function() {n”,
”    var fig = this;n”,
“n”,
”    var nav_element = $(‘<div/>’);n”,
”    nav_element.attr(‘style’, ‘width: 100%’);n”,
”    this.root.append(nav_element);n”,
“n”,
”    // Define a callback function for later on.n”,
”    function toolbar_event(event) {n”,
”        return fig.toolbar_button_onclick(event[‘data’]);n”,
”    }n”,
”    function toolbar_mouse_event(event) {n”,
”        return fig.toolbar_button_onmouseover(event[‘data’]);n”,
”    }n”,
“n”,
”    for(var toolbar_ind in mpl.toolbar_items){n”,
”        var name = mpl.toolbar_items[toolbar_ind][0];n”,
”        var tooltip = mpl.toolbar_items[toolbar_ind][1];n”,
”        var image = mpl.toolbar_items[toolbar_ind][2];n”,
”        var method_name = mpl.toolbar_items[toolbar_ind][3];n”,
“n”,
”        if (!name) { continue; };n”,
“n”,
”        var button = $(‘<button class=”btn btn-default” href=”#” title=”’ + name + ‘”><i class=”fa ‘ + image + ‘ fa-lg”></i></button>’);n”,
”        button.click(method_name, toolbar_event);n”,
”        button.mouseover(tooltip, toolbar_mouse_event);n”,
”        nav_element.append(button);n”,
”    }n”,
“n”,
”    // Add the status bar.n”,
”    var status_bar = $(‘<span class=”mpl-message” style=”text-align:right; float: right;”/>’);n”,
”    nav_element.append(status_bar);n”,
”    this.message = status_bar[0];n”,
“n”,
”    // Add the close button to the window.n”,
”    var buttongrp = $(‘<div class=”btn-group inline pull-right”></div>’);n”,
”    var button = $(‘<button class=”btn btn-mini btn-primary” href=”#” title=”Stop Interaction”><i class=”fa fa-power-off icon-remove icon-large”></i></button>’);n”,
”    button.click(function (evt) { fig.handle_close(fig, {}); } );n”,
”    button.mouseover(‘Stop Interaction’, toolbar_mouse_event);n”,
”    buttongrp.append(button);n”,
”    var titlebar = this.root.find($(‘.ui-dialog-titlebar’));n”,
”    titlebar.prepend(buttongrp);n”,
“}n”,
“n”,
“mpl.figure.prototype._root_extra_style = function(el){n”,
”    var fig = thisn”,
”    el.on(“remove”, function(){n”,
“tfig.close_ws(fig, {});n”,
”    });n”,
“}n”,
“n”,
“mpl.figure.prototype._canvas_extra_style = function(el){n”,
”    // this is important to make the div ‘focusablen”,
”    el.attr(‘tabindex’, 0)n”,
”    // reach out to IPython and tell the keyboard manager to turn it’s selfn”,
”    // off when our div gets focusn”,
“n”,
”    // location in version 3n”,
”    if (IPython.notebook.keyboard_manager) {n”,
”        IPython.notebook.keyboard_manager.register_events(el);n”,
”    }n”,
”    else {n”,
”        // location in version 2n”,
”        IPython.keyboard_manager.register_events(el);n”,
”    }n”,
“n”,
“}n”,
“n”,
“mpl.figure.prototype._key_event_extra = function(event, name) {n”,
”    var manager = IPython.notebook.keyboard_manager;n”,
”    if (!manager)n”,
”        manager = IPython.keyboard_manager;n”,
“n”,
”    // Check for shift+entern”,
”    if (event.shiftKey && event.which == 13) {n”,
”        this.canvas_div.blur();n”,
”        event.shiftKey = false;n”,
”        // Send a “J” for go to next celln”,
”        event.which = 74;n”,
”        event.keyCode = 74;n”,
”        manager.command_mode();n”,
”        manager.handle_keydown(event);n”,
”    }n”,
“}n”,
“n”,
“mpl.figure.prototype.handle_save = function(fig, msg) {n”,
”    fig.ondownload(fig, null);n”,
“}n”,
“n”,
“n”,
“mpl.find_output_cell = function(html_output) {n”,
”    // Return the cell and output element which can be found *uniquely in the notebook.n”,
”    // Note - this is a bit hacky, but it is done because the “notebook_saving.Notebook”n”,
”    // IPython event is triggered only after the cells have been serialised, which forn”,
”    // our purposes (turning an active figure into a static one), is too late.n”,
”    var cells = IPython.notebook.get_cells();n”,
”    var ncells = cells.length;n”,
”    for (var i=0; i<ncells; i++) {n”,
”        var cell = cells[i];n”,
”        if (cell.cell_type === ‘code’){n”,
”            for (var j=0; j<cell.output_area.outputs.length; j++) {n”,
”                var data = cell.output_area.outputs[j];n”,
”                if (data.data) {n”,
”                    // IPython >= 3 moved mimebundle to data attribute of outputn”,
”                    data = data.data;n”,
”                }n”,
”                if (data[‘text/html’] == html_output) {n”,
”                    return [cell, data, j];n”,
”                }n”,
”            }n”,
”        }n”,
”    }n”,
“}n”,
“n”,
“// Register the function which deals with the matplotlib target/channel.n”,
“// The kernel may be null if the page has been refreshed.n”,
“if (IPython.notebook.kernel != null) {n”,
”    IPython.notebook.kernel.comm_manager.register_target(‘matplotlib’, mpl.mpl_figure_comm);n”,
“}n”





],
“text/plain”: [


“<IPython.core.display.Javascript object>”




]





},
“metadata”: {},
“output_type”: “display_data”





},
{



	“data”: {

	
	“text/html”: [

	“<img src=”data:image/png;base64,” width=”864”>”





],
“text/plain”: [


“<IPython.core.display.HTML object>”




]





},
“metadata”: {},
“output_type”: “display_data”




}




],
“source”: [


“sensors_to_plot = [611, 977, 1772, 4150]n”,
“timestamps = processed.Spike_Explorer.get_spike_timestamps_at_sensors(sensors_to_plot)n”,
“plt.figure(figsize=(12,5))n”,
“_ = plt.eventplot(timestamps.values(), linelengths=0.8, colors=’k’)n”,
“_ = plt.xlabel(‘Time (microsecond)’)n”,
“_ = plt.ylabel(‘Sensor IDs’)n”,
“_ = plt.yticks(labels=[str(s) for s in timestamps.keys()], ticks=range(len(sensors_to_plot)))n”,
“_ = plt.title(‘Raster plot of spike timestamps’)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“#### Spike Countsn”,
“n”,
“Another option is to plot the spike counts for all sensors… the lighter, the more spikes were detected on the sensor:”




]




},
{


“cell_type”: “code”,
“execution_count”: 27,
“metadata”: {},
“outputs”: [



	{

	
	“data”: {

	
	“application/javascript”: [

	“/* Put everything inside the global mpl namespace /n”,
“window.mpl = {};n”,
“n”,
“n”,
“mpl.get_websocket_type = function() {n”,
”    if (typeof(WebSocket) !== ‘undefined’) {n”,
”        return WebSocket;n”,
”    } else if (typeof(MozWebSocket) !== ‘undefined’) {n”,
”        return MozWebSocket;n”,
”    } else {n”,
”        alert(‘Your browser does not have WebSocket support. ‘ +n”,
”              ‘Please try Chrome, Safari or Firefox ≥ 6. ‘ +n”,
”              ‘Firefox 4 and 5 are also supported but you ‘ +n”,
”              ‘have to enable WebSockets in about:config.’);n”,
”    };n”,
“}n”,
“n”,
“mpl.figure = function(figure_id, websocket, ondownload, parent_element) {n”,
”    this.id = figure_id;n”,
“n”,
”    this.ws = websocket;n”,
“n”,
”    this.supports_binary = (this.ws.binaryType != undefined);n”,
“n”,
”    if (!this.supports_binary) {n”,
”        var warnings = document.getElementById(“mpl-warnings”);n”,
”        if (warnings) {n”,
”            warnings.style.display = ‘block’;n”,
”            warnings.textContent = (n”,
”                “This browser does not support binary websocket messages. ” +n”,
”                    “Performance may be slow.”);n”,
”        }n”,
”    }n”,
“n”,
”    this.imageObj = new Image();n”,
“n”,
”    this.context = undefined;n”,
”    this.message = undefined;n”,
”    this.canvas = undefined;n”,
”    this.rubberband_canvas = undefined;n”,
”    this.rubberband_context = undefined;n”,
”    this.format_dropdown = undefined;n”,
“n”,
”    this.image_mode = ‘full’;n”,
“n”,
”    this.root = $(‘<div/>’);n”,
”    this._root_extra_style(this.root)n”,
”    this.root.attr(‘style’, ‘display: inline-block’);n”,
“n”,
”    $(parent_element).append(this.root);n”,
“n”,
”    this._init_header(this);n”,
”    this._init_canvas(this);n”,
”    this._init_toolbar(this);n”,
“n”,
”    var fig = this;n”,
“n”,
”    this.waiting = false;n”,
“n”,
”    this.ws.onopen =  function () {n”,
”            fig.send_message(“supports_binary”, {value: fig.supports_binary});n”,
”            fig.send_message(“send_image_mode”, {});n”,
”            if (mpl.ratio != 1) {n”,
”                fig.send_message(“set_dpi_ratio”, {‘dpi_ratio’: mpl.ratio});n”,
”            }n”,
”            fig.send_message(“refresh”, {});n”,
”        }n”,
“n”,
”    this.imageObj.onload = function() {n”,
”            if (fig.image_mode == ‘full’) {n”,
”                // Full images could contain transparency (where diff imagesn”,
”                // almost always do), so we need to clear the canvas so thatn”,
”                // there is no ghosting.n”,
”                fig.context.clearRect(0, 0, fig.canvas.width, fig.canvas.height);n”,
”            }n”,
”            fig.context.drawImage(fig.imageObj, 0, 0);n”,
”        };n”,
“n”,
”    this.imageObj.onunload = function() {n”,
”        fig.ws.close();n”,
”    }n”,
“n”,
”    this.ws.onmessage = this._make_on_message_function(this);n”,
“n”,
”    this.ondownload = ondownload;n”,
“}n”,
“n”,
“mpl.figure.prototype._init_header = function() {n”,
”    var titlebar = $(n”,
”        ‘<div class=”ui-dialog-titlebar ui-widget-header ui-corner-all ‘ +n”,
”        ‘ui-helper-clearfix”/>’);n”,
”    var titletext = $(n”,
”        ‘<div class=”ui-dialog-title” style=”width: 100%; ‘ +n”,
”        ‘text-align: center; padding: 3px;”/>’);n”,
”    titlebar.append(titletext)n”,
”    this.root.append(titlebar);n”,
”    this.header = titletext[0];n”,
“}n”,
“n”,
“n”,
“n”,
“mpl.figure.prototype._canvas_extra_style = function(canvas_div) {n”,
“n”,
“}n”,
“n”,
“n”,
“mpl.figure.prototype._root_extra_style = function(canvas_div) {n”,
“n”,
“}n”,
“n”,
“mpl.figure.prototype._init_canvas = function() {n”,
”    var fig = this;n”,
“n”,
”    var canvas_div = $(‘<div/>’);n”,
“n”,
”    canvas_div.attr(‘style’, ‘position: relative; clear: both; outline: 0’);n”,
“n”,
”    function canvas_keyboard_event(event) {n”,
”        return fig.key_event(event, event[‘data’]);n”,
”    }n”,
“n”,
”    canvas_div.keydown(‘key_press’, canvas_keyboard_event);n”,
”    canvas_div.keyup(‘key_release’, canvas_keyboard_event);n”,
”    this.canvas_div = canvas_divn”,
”    this._canvas_extra_style(canvas_div)n”,
”    this.root.append(canvas_div);n”,
“n”,
”    var canvas = $(‘<canvas/>’);n”,
”    canvas.addClass(‘mpl-canvas’);n”,
”    canvas.attr(‘style’, “left: 0; top: 0; z-index: 0; outline: 0”)n”,
“n”,
”    this.canvas = canvas[0];n”,
”    this.context = canvas[0].getContext(“2d”);n”,
“n”,
”    var backingStore = this.context.backingStorePixelRatio ||n”,
“tthis.context.webkitBackingStorePixelRatio ||n”,
“tthis.context.mozBackingStorePixelRatio ||n”,
“tthis.context.msBackingStorePixelRatio ||n”,
“tthis.context.oBackingStorePixelRatio ||n”,
“tthis.context.backingStorePixelRatio || 1;n”,
“n”,
”    mpl.ratio = (window.devicePixelRatio || 1) / backingStore;n”,
“n”,
”    var rubberband = $(‘<canvas/>’);n”,
”    rubberband.attr(‘style’, “position: absolute; left: 0; top: 0; z-index: 1;”)n”,
“n”,
”    var pass_mouse_events = true;n”,
“n”,
”    canvas_div.resizable({n”,
”        start: function(event, ui) {n”,
”            pass_mouse_events = false;n”,
”        },n”,
”        resize: function(event, ui) {n”,
”            fig.request_resize(ui.size.width, ui.size.height);n”,
”        },n”,
”        stop: function(event, ui) {n”,
”            pass_mouse_events = true;n”,
”            fig.request_resize(ui.size.width, ui.size.height);n”,
”        },n”,
”    });n”,
“n”,
”    function mouse_event_fn(event) {n”,
”        if (pass_mouse_events)n”,
”            return fig.mouse_event(event, event[‘data’]);n”,
”    }n”,
“n”,
”    rubberband.mousedown(‘button_press’, mouse_event_fn);n”,
”    rubberband.mouseup(‘button_release’, mouse_event_fn);n”,
”    // Throttle sequential mouse events to 1 every 20ms.n”,
”    rubberband.mousemove(‘motion_notify’, mouse_event_fn);n”,
“n”,
”    rubberband.mouseenter(‘figure_enter’, mouse_event_fn);n”,
”    rubberband.mouseleave(‘figure_leave’, mouse_event_fn);n”,
“n”,
”    canvas_div.on(“wheel”, function (event) {n”,
”        event = event.originalEvent;n”,
”        event[‘data’] = ‘scroll’n”,
”        if (event.deltaY < 0) {n”,
”            event.step = 1;n”,
”        } else {n”,
”            event.step = -1;n”,
”        }n”,
”        mouse_event_fn(event);n”,
”    });n”,
“n”,
”    canvas_div.append(canvas);n”,
”    canvas_div.append(rubberband);n”,
“n”,
”    this.rubberband = rubberband;n”,
”    this.rubberband_canvas = rubberband[0];n”,
”    this.rubberband_context = rubberband[0].getContext(“2d”);n”,
”    this.rubberband_context.strokeStyle = “#000000”;n”,
“n”,
”    this._resize_canvas = function(width, height) {n”,
”        // Keep the size of the canvas, canvas container, and rubber bandn”,
”        // canvas in synch.n”,
”        canvas_div.css(‘width’, width)n”,
”        canvas_div.css(‘height’, height)n”,
“n”,
”        canvas.attr(‘width’, width * mpl.ratio);n”,
”        canvas.attr(‘height’, height * mpl.ratio);n”,
”        canvas.attr(‘style’, ‘width: ‘ + width + ‘px; height: ‘ + height + ‘px;’);n”,
“n”,
”        rubberband.attr(‘width’, width);n”,
”        rubberband.attr(‘height’, height);n”,
”    }n”,
“n”,
”    // Set the figure to an initial 600x600px, this will subsequently be updatedn”,
”    // upon first draw.n”,
”    this._resize_canvas(600, 600);n”,
“n”,
”    // Disable right mouse context menu.n”,
”    $(this.rubberband_canvas).bind(“contextmenu”,function(e){n”,
”        return false;n”,
”    });n”,
“n”,
”    function set_focus () {n”,
”        canvas.focus();n”,
”        canvas_div.focus();n”,
”    }n”,
“n”,
”    window.setTimeout(set_focus, 100);n”,
“}n”,
“n”,
“mpl.figure.prototype._init_toolbar = function() {n”,
”    var fig = this;n”,
“n”,
”    var nav_element = $(‘<div/>’);n”,
”    nav_element.attr(‘style’, ‘width: 100%’);n”,
”    this.root.append(nav_element);n”,
“n”,
”    // Define a callback function for later on.n”,
”    function toolbar_event(event) {n”,
”        return fig.toolbar_button_onclick(event[‘data’]);n”,
”    }n”,
”    function toolbar_mouse_event(event) {n”,
”        return fig.toolbar_button_onmouseover(event[‘data’]);n”,
”    }n”,
“n”,
”    for(var toolbar_ind in mpl.toolbar_items) {n”,
”        var name = mpl.toolbar_items[toolbar_ind][0];n”,
”        var tooltip = mpl.toolbar_items[toolbar_ind][1];n”,
”        var image = mpl.toolbar_items[toolbar_ind][2];n”,
”        var method_name = mpl.toolbar_items[toolbar_ind][3];n”,
“n”,
”        if (!name) {n”,
”            // put a spacer in here.n”,
”            continue;n”,
”        }n”,
”        var button = $(‘<button/>’);n”,
”        button.addClass(‘ui-button ui-widget ui-state-default ui-corner-all ‘ +n”,
”                        ‘ui-button-icon-only’);n”,
”        button.attr(‘role’, ‘button’);n”,
”        button.attr(‘aria-disabled’, ‘false’);n”,
”        button.click(method_name, toolbar_event);n”,
”        button.mouseover(tooltip, toolbar_mouse_event);n”,
“n”,
”        var icon_img = $(‘<span/>’);n”,
”        icon_img.addClass(‘ui-button-icon-primary ui-icon’);n”,
”        icon_img.addClass(image);n”,
”        icon_img.addClass(‘ui-corner-all’);n”,
“n”,
”        var tooltip_span = $(‘<span/>’);n”,
”        tooltip_span.addClass(‘ui-button-text’);n”,
”        tooltip_span.html(tooltip);n”,
“n”,
”        button.append(icon_img);n”,
”        button.append(tooltip_span);n”,
“n”,
”        nav_element.append(button);n”,
”    }n”,
“n”,
”    var fmt_picker_span = $(‘<span/>’);n”,
“n”,
”    var fmt_picker = $(‘<select/>’);n”,
”    fmt_picker.addClass(‘mpl-toolbar-option ui-widget ui-widget-content’);n”,
”    fmt_picker_span.append(fmt_picker);n”,
”    nav_element.append(fmt_picker_span);n”,
”    this.format_dropdown = fmt_picker[0];n”,
“n”,
”    for (var ind in mpl.extensions) {n”,
”        var fmt = mpl.extensions[ind];n”,
”        var option = $(n”,
”            ‘<option/>’, {selected: fmt === mpl.default_extension}).html(fmt);n”,
”        fmt_picker.append(option);n”,
”    }n”,
“n”,
”    // Add hover states to the ui-buttonsn”,
”    $( “.ui-button” ).hover(n”,
”        function() { $(this).addClass(“ui-state-hover”);},n”,
”        function() { $(this).removeClass(“ui-state-hover”);}n”,
”    );n”,
“n”,
”    var status_bar = $(‘<span class=”mpl-message”/>’);n”,
”    nav_element.append(status_bar);n”,
”    this.message = status_bar[0];n”,
“}n”,
“n”,
“mpl.figure.prototype.request_resize = function(x_pixels, y_pixels) {n”,
”    // Request matplotlib to resize the figure. Matplotlib will then trigger a resize in the client,n”,
”    // which will in turn request a refresh of the image.n”,
”    this.send_message(‘resize’, {‘width’: x_pixels, ‘height’: y_pixels});n”,
“}n”,
“n”,
“mpl.figure.prototype.send_message = function(type, properties) {n”,
”    properties[‘type’] = type;n”,
”    properties[‘figure_id’] = this.id;n”,
”    this.ws.send(JSON.stringify(properties));n”,
“}n”,
“n”,
“mpl.figure.prototype.send_draw_message = function() {n”,
”    if (!this.waiting) {n”,
”        this.waiting = true;n”,
”        this.ws.send(JSON.stringify({type: “draw”, figure_id: this.id}));n”,
”    }n”,
“}n”,
“n”,
“n”,
“mpl.figure.prototype.handle_save = function(fig, msg) {n”,
”    var format_dropdown = fig.format_dropdown;n”,
”    var format = format_dropdown.options[format_dropdown.selectedIndex].value;n”,
”    fig.ondownload(fig, format);n”,
“}n”,
“n”,
“n”,
“mpl.figure.prototype.handle_resize = function(fig, msg) {n”,
”    var size = msg[‘size’];n”,
”    if (size[0] != fig.canvas.width || size[1] != fig.canvas.height) {n”,
”        fig._resize_canvas(size[0], size[1]);n”,
”        fig.send_message(“refresh”, {});n”,
”    };n”,
“}n”,
“n”,
“mpl.figure.prototype.handle_rubberband = function(fig, msg) {n”,
”    var x0 = msg[‘x0’] / mpl.ratio;n”,
”    var y0 = (fig.canvas.height - msg[‘y0’]) / mpl.ratio;n”,
”    var x1 = msg[‘x1’] / mpl.ratio;n”,
”    var y1 = (fig.canvas.height - msg[‘y1’]) / mpl.ratio;n”,
”    x0 = Math.floor(x0) + 0.5;n”,
”    y0 = Math.floor(y0) + 0.5;n”,
”    x1 = Math.floor(x1) + 0.5;n”,
”    y1 = Math.floor(y1) + 0.5;n”,
”    var min_x = Math.min(x0, x1);n”,
”    var min_y = Math.min(y0, y1);n”,
”    var width = Math.abs(x1 - x0);n”,
”    var height = Math.abs(y1 - y0);n”,
“n”,
”    fig.rubberband_context.clearRect(n”,
”        0, 0, fig.canvas.width / mpl.ratio, fig.canvas.height / mpl.ratio);n”,
“n”,
”    fig.rubberband_context.strokeRect(min_x, min_y, width, height);n”,
“}n”,
“n”,
“mpl.figure.prototype.handle_figure_label = function(fig, msg) {n”,
”    // Updates the figure title.n”,
”    fig.header.textContent = msg[‘label’];n”,
“}n”,
“n”,
“mpl.figure.prototype.handle_cursor = function(fig, msg) {n”,
”    var cursor = msg[‘cursor’];n”,
”    switch(cursor)n”,
”    {n”,
”    case 0:n”,
”        cursor = ‘pointer’;n”,
”        break;n”,
”    case 1:n”,
”        cursor = ‘default’;n”,
”        break;n”,
”    case 2:n”,
”        cursor = ‘crosshair’;n”,
”        break;n”,
”    case 3:n”,
”        cursor = ‘move’;n”,
”        break;n”,
”    }n”,
”    fig.rubberband_canvas.style.cursor = cursor;n”,
“}n”,
“n”,
“mpl.figure.prototype.handle_message = function(fig, msg) {n”,
”    fig.message.textContent = msg[‘message’];n”,
“}n”,
“n”,
“mpl.figure.prototype.handle_draw = function(fig, msg) {n”,
”    // Request the server to send over a new figure.n”,
”    fig.send_draw_message();n”,
“}n”,
“n”,
“mpl.figure.prototype.handle_image_mode = function(fig, msg) {n”,
”    fig.image_mode = msg[‘mode’];n”,
“}n”,
“n”,
“mpl.figure.prototype.updated_canvas_event = function() {n”,
”    // Called whenever the canvas gets updated.n”,
”    this.send_message(“ack”, {});n”,
“}n”,
“n”,
“// A function to construct a web socket function for onmessage handling.n”,
“// Called in the figure constructor.n”,
“mpl.figure.prototype._make_on_message_function = function(fig) {n”,
”    return function socket_on_message(evt) {n”,
”        if (evt.data instanceof Blob) {n”,
”            / FIXME: We get “Resource interpreted as Image butn”,
”             * transferred with MIME type text/plain:” errors onn”,
”             * Chrome.  But how to set the MIME type?  It doesn’t seemn”,
”             * to be part of the websocket stream /n”,
”            evt.data.type = “image/png”;n”,
“n”,
”            / Free the memory for the previous frames /n”,
”            if (fig.imageObj.src) {n”,
”                (window.URL || window.webkitURL).revokeObjectURL(n”,
”                    fig.imageObj.src);n”,
”            }n”,
“n”,
”            fig.imageObj.src = (window.URL || window.webkitURL).createObjectURL(n”,
”                evt.data);n”,
”            fig.updated_canvas_event();n”,
”            fig.waiting = false;n”,
”            return;n”,
”        }n”,
”        else if (typeof evt.data === ‘string’ && evt.data.slice(0, 21) == “data:image/png;base64”) {n”,
”            fig.imageObj.src = evt.data;n”,
”            fig.updated_canvas_event();n”,
”            fig.waiting = false;n”,
”            return;n”,
”        }n”,
“n”,
”        var msg = JSON.parse(evt.data);n”,
”        var msg_type = msg[‘type’];n”,
“n”,
”        // Call the  “handle_{type}” callback, which takesn”,
”        // the figure and JSON message as its only arguments.n”,
”        try {n”,
”            var callback = fig[“handle_” + msg_type];n”,
”        } catch (e) {n”,
”            console.log(“No handler for the ‘” + msg_type + “’ message type: “, msg);n”,
”            return;n”,
”        }n”,
“n”,
”        if (callback) {n”,
”            try {n”,
”                // console.log(“Handling ‘” + msg_type + “’ message: “, msg);n”,
”                callback(fig, msg);n”,
”            } catch (e) {n”,
”                console.log(“Exception inside the ‘handler_” + msg_type + “’ callback:”, e, e.stack, msg);n”,
”            }n”,
”        }n”,
”    };n”,
“}n”,
“n”,
“// from http://stackoverflow.com/questions/1114465/getting-mouse-location-in-canvasn”,
“mpl.findpos = function(e) {n”,
”    //this section is from http://www.quirksmode.org/js/events_properties.htmln”,
”    var targ;n”,
”    if (!e)n”,
”        e = window.event;n”,
”    if (e.target)n”,
”        targ = e.target;n”,
”    else if (e.srcElement)n”,
”        targ = e.srcElement;n”,
”    if (targ.nodeType == 3) // defeat Safari bugn”,
”        targ = targ.parentNode;n”,
“n”,
”    // jQuery normalizes the pageX and pageYn”,
”    // pageX,Y are the mouse positions relative to the documentn”,
”    // offset() returns the position of the element relative to the documentn”,
”    var x = e.pageX - $(targ).offset().left;n”,
”    var y = e.pageY - $(targ).offset().top;n”,
“n”,
”    return {“x”: x, “y”: y};n”,
“};n”,
“n”,
“/n”,
” * return a copy of an object with only non-object keysn”,
” * we need this to avoid circular referencesn”,
” * http://stackoverflow.com/a/24161582/3208463n”,
” /n”,
“function simpleKeys (original) {n”,
”  return Object.keys(original).reduce(function (obj, key) {n”,
”    if (typeof original[key] !== ‘object’)n”,
”        obj[key] = original[key]n”,
”    return obj;n”,
”  }, {});n”,
“}n”,
“n”,
“mpl.figure.prototype.mouse_event = function(event, name) {n”,
”    var canvas_pos = mpl.findpos(event)n”,
“n”,
”    if (name === ‘button_press’)n”,
”    {n”,
”        this.canvas.focus();n”,
”        this.canvas_div.focus();n”,
”    }n”,
“n”,
”    var x = canvas_pos.x * mpl.ratio;n”,
”    var y = canvas_pos.y * mpl.ratio;n”,
“n”,
”    this.send_message(name, {x: x, y: y, button: event.button,n”,
”                             step: event.step,n”,
”                             guiEvent: simpleKeys(event)});n”,
“n”,
”    / This prevents the web browser from automatically changing ton”,
”     * the text insertion cursor when the button is pressed.  We wantn”,
”     * to control all of the cursor setting manually through then”,
”     * ‘cursor’ event from matplotlib /n”,
”    event.preventDefault();n”,
”    return false;n”,
“}n”,
“n”,
“mpl.figure.prototype._key_event_extra = function(event, name) {n”,
”    // Handle any extra behaviour associated with a key eventn”,
“}n”,
“n”,
“mpl.figure.prototype.key_event = function(event, name) {n”,
“n”,
”    // Prevent repeat eventsn”,
”    if (name == ‘key_press’)n”,
”    {n”,
”        if (event.which === this._key)n”,
”            return;n”,
”        elsen”,
”            this._key = event.which;n”,
”    }n”,
”    if (name == ‘key_release’)n”,
”        this._key = null;n”,
“n”,
”    var value = ‘’;n”,
”    if (event.ctrlKey && event.which != 17)n”,
”        value += “ctrl+”;n”,
”    if (event.altKey && event.which != 18)n”,
”        value += “alt+”;n”,
”    if (event.shiftKey && event.which != 16)n”,
”        value += “shift+”;n”,
“n”,
”    value += ‘k’;n”,
”    value += event.which.toString();n”,
“n”,
”    this._key_event_extra(event, name);n”,
“n”,
”    this.send_message(name, {key: value,n”,
”                             guiEvent: simpleKeys(event)});n”,
”    return false;n”,
“}n”,
“n”,
“mpl.figure.prototype.toolbar_button_onclick = function(name) {n”,
”    if (name == ‘download’) {n”,
”        this.handle_save(this, null);n”,
”    } else {n”,
”        this.send_message(“toolbar_button”, {name: name});n”,
”    }n”,
“};n”,
“n”,
“mpl.figure.prototype.toolbar_button_onmouseover = function(tooltip) {n”,
”    this.message.textContent = tooltip;n”,
“};n”,
“mpl.toolbar_items = [[“Home”, “Reset original view”, “fa fa-home icon-home”, “home”], [“Back”, “Back to previous view”, “fa fa-arrow-left icon-arrow-left”, “back”], [“Forward”, “Forward to next view”, “fa fa-arrow-right icon-arrow-right”, “forward”], [“”, “”, “”, “”], [“Pan”, “Pan axes with left mouse, zoom with right”, “fa fa-arrows icon-move”, “pan”], [“Zoom”, “Zoom to rectangle”, “fa fa-square-o icon-check-empty”, “zoom”], [“”, “”, “”, “”], [“Download”, “Download plot”, “fa fa-floppy-o icon-save”, “download”]];n”,
“n”,
“mpl.extensions = [“eps”, “jpeg”, “pdf”, “png”, “ps”, “raw”, “svg”, “tif”];n”,
“n”,
“mpl.default_extension = “png”;var comm_websocket_adapter = function(comm) {n”,
”    // Create a “websocket”-like object which calls the given IPython commn”,
”    // object with the appropriate methods. Currently this is a non binaryn”,
”    // socket, so there is still some room for performance tuning.n”,
”    var ws = {};n”,
“n”,
”    ws.close = function() {n”,
”        comm.close()n”,
”    };n”,
”    ws.send = function(m) {n”,
”        //console.log(‘sending’, m);n”,
”        comm.send(m);n”,
”    };n”,
”    // Register the callback with on_msg.n”,
”    comm.on_msg(function(msg) {n”,
”        //console.log(‘receiving’, msg[‘content’][‘data’], msg);n”,
”        // Pass the mpl event to the overridden (by mpl) onmessage function.n”,
”        ws.onmessage(msg[‘content’][‘data’])n”,
”    });n”,
”    return ws;n”,
“}n”,
“n”,
“mpl.mpl_figure_comm = function(comm, msg) {n”,
”    // This is the function which gets called when the mpl processn”,
”    // starts-up an IPython Comm through the “matplotlib” channel.n”,
“n”,
”    var id = msg.content.data.id;n”,
”    // Get hold of the div created by the display call when the Commn”,
”    // socket was opened in Python.n”,
”    var element = $(“#” + id);n”,
”    var ws_proxy = comm_websocket_adapter(comm)n”,
“n”,
”    function ondownload(figure, format) {n”,
”        window.open(figure.imageObj.src);n”,
”    }n”,
“n”,
”    var fig = new mpl.figure(id, ws_proxy,n”,
”                           ondownload,n”,
”                           element.get(0));n”,
“n”,
”    // Call onopen now - mpl needs it, as it is assuming we’ve passed it a realn”,
”    // web socket which is closed, not our websocket->open comm proxy.n”,
”    ws_proxy.onopen();n”,
“n”,
”    fig.parent_element = element.get(0);n”,
”    fig.cell_info = mpl.find_output_cell(“<div id=’” + id + “’></div>”);n”,
”    if (!fig.cell_info) {n”,
”        console.error(“Failed to find cell for figure”, id, fig);n”,
”        return;n”,
”    }n”,
“n”,
”    var output_index = fig.cell_info[2]n”,
”    var cell = fig.cell_info[0];n”,
“n”,
“};n”,
“n”,
“mpl.figure.prototype.handle_close = function(fig, msg) {n”,
”    var width = fig.canvas.width/mpl.ration”,
”    fig.root.unbind(‘remove’)n”,
“n”,
”    // Update the output cell to use the data from the current canvas.n”,
”    fig.push_to_output();n”,
”    var dataURL = fig.canvas.toDataURL();n”,
”    // Re-enable the keyboard manager in IPython - without this line, in FF,n”,
”    // the notebook keyboard shortcuts fail.n”,
”    IPython.keyboard_manager.enable()n”,
”    $(fig.parent_element).html(‘<img src=”’ + dataURL + ‘” width=”’ + width + ‘”>’);n”,
”    fig.close_ws(fig, msg);n”,
“}n”,
“n”,
“mpl.figure.prototype.close_ws = function(fig, msg){n”,
”    fig.send_message(‘closing’, msg);n”,
”    // fig.ws.close()n”,
“}n”,
“n”,
“mpl.figure.prototype.push_to_output = function(remove_interactive) {n”,
”    // Turn the data on the canvas into data in the output cell.n”,
”    var width = this.canvas.width/mpl.ration”,
”    var dataURL = this.canvas.toDataURL();n”,
”    this.cell_info[1][‘text/html’] = ‘<img src=”’ + dataURL + ‘” width=”’ + width + ‘”>’;n”,
“}n”,
“n”,
“mpl.figure.prototype.updated_canvas_event = function() {n”,
”    // Tell IPython that the notebook contents must change.n”,
”    IPython.notebook.set_dirty(true);n”,
”    this.send_message(“ack”, {});n”,
”    var fig = this;n”,
”    // Wait a second, then push the new image to the DOM son”,
”    // that it is saved nicely (might be nice to debounce this).n”,
”    setTimeout(function () { fig.push_to_output() }, 1000);n”,
“}n”,
“n”,
“mpl.figure.prototype._init_toolbar = function() {n”,
”    var fig = this;n”,
“n”,
”    var nav_element = $(‘<div/>’);n”,
”    nav_element.attr(‘style’, ‘width: 100%’);n”,
”    this.root.append(nav_element);n”,
“n”,
”    // Define a callback function for later on.n”,
”    function toolbar_event(event) {n”,
”        return fig.toolbar_button_onclick(event[‘data’]);n”,
”    }n”,
”    function toolbar_mouse_event(event) {n”,
”        return fig.toolbar_button_onmouseover(event[‘data’]);n”,
”    }n”,
“n”,
”    for(var toolbar_ind in mpl.toolbar_items){n”,
”        var name = mpl.toolbar_items[toolbar_ind][0];n”,
”        var tooltip = mpl.toolbar_items[toolbar_ind][1];n”,
”        var image = mpl.toolbar_items[toolbar_ind][2];n”,
”        var method_name = mpl.toolbar_items[toolbar_ind][3];n”,
“n”,
”        if (!name) { continue; };n”,
“n”,
”        var button = $(‘<button class=”btn btn-default” href=”#” title=”’ + name + ‘”><i class=”fa ‘ + image + ‘ fa-lg”></i></button>’);n”,
”        button.click(method_name, toolbar_event);n”,
”        button.mouseover(tooltip, toolbar_mouse_event);n”,
”        nav_element.append(button);n”,
”    }n”,
“n”,
”    // Add the status bar.n”,
”    var status_bar = $(‘<span class=”mpl-message” style=”text-align:right; float: right;”/>’);n”,
”    nav_element.append(status_bar);n”,
”    this.message = status_bar[0];n”,
“n”,
”    // Add the close button to the window.n”,
”    var buttongrp = $(‘<div class=”btn-group inline pull-right”></div>’);n”,
”    var button = $(‘<button class=”btn btn-mini btn-primary” href=”#” title=”Stop Interaction”><i class=”fa fa-power-off icon-remove icon-large”></i></button>’);n”,
”    button.click(function (evt) { fig.handle_close(fig, {}); } );n”,
”    button.mouseover(‘Stop Interaction’, toolbar_mouse_event);n”,
”    buttongrp.append(button);n”,
”    var titlebar = this.root.find($(‘.ui-dialog-titlebar’));n”,
”    titlebar.prepend(buttongrp);n”,
“}n”,
“n”,
“mpl.figure.prototype._root_extra_style = function(el){n”,
”    var fig = thisn”,
”    el.on(“remove”, function(){n”,
“tfig.close_ws(fig, {});n”,
”    });n”,
“}n”,
“n”,
“mpl.figure.prototype._canvas_extra_style = function(el){n”,
”    // this is important to make the div ‘focusablen”,
”    el.attr(‘tabindex’, 0)n”,
”    // reach out to IPython and tell the keyboard manager to turn it’s selfn”,
”    // off when our div gets focusn”,
“n”,
”    // location in version 3n”,
”    if (IPython.notebook.keyboard_manager) {n”,
”        IPython.notebook.keyboard_manager.register_events(el);n”,
”    }n”,
”    else {n”,
”        // location in version 2n”,
”        IPython.keyboard_manager.register_events(el);n”,
”    }n”,
“n”,
“}n”,
“n”,
“mpl.figure.prototype._key_event_extra = function(event, name) {n”,
”    var manager = IPython.notebook.keyboard_manager;n”,
”    if (!manager)n”,
”        manager = IPython.keyboard_manager;n”,
“n”,
”    // Check for shift+entern”,
”    if (event.shiftKey && event.which == 13) {n”,
”        this.canvas_div.blur();n”,
”        event.shiftKey = false;n”,
”        // Send a “J” for go to next celln”,
”        event.which = 74;n”,
”        event.keyCode = 74;n”,
”        manager.command_mode();n”,
”        manager.handle_keydown(event);n”,
”    }n”,
“}n”,
“n”,
“mpl.figure.prototype.handle_save = function(fig, msg) {n”,
”    fig.ondownload(fig, null);n”,
“}n”,
“n”,
“n”,
“mpl.find_output_cell = function(html_output) {n”,
”    // Return the cell and output element which can be found *uniquely in the notebook.n”,
”    // Note - this is a bit hacky, but it is done because the “notebook_saving.Notebook”n”,
”    // IPython event is triggered only after the cells have been serialised, which forn”,
”    // our purposes (turning an active figure into a static one), is too late.n”,
”    var cells = IPython.notebook.get_cells();n”,
”    var ncells = cells.length;n”,
”    for (var i=0; i<ncells; i++) {n”,
”        var cell = cells[i];n”,
”        if (cell.cell_type === ‘code’){n”,
”            for (var j=0; j<cell.output_area.outputs.length; j++) {n”,
”                var data = cell.output_area.outputs[j];n”,
”                if (data.data) {n”,
”                    // IPython >= 3 moved mimebundle to data attribute of outputn”,
”                    data = data.data;n”,
”                }n”,
”                if (data[‘text/html’] == html_output) {n”,
”                    return [cell, data, j];n”,
”                }n”,
”            }n”,
”        }n”,
”    }n”,
“}n”,
“n”,
“// Register the function which deals with the matplotlib target/channel.n”,
“// The kernel may be null if the page has been refreshed.n”,
“if (IPython.notebook.kernel != null) {n”,
”    IPython.notebook.kernel.comm_manager.register_target(‘matplotlib’, mpl.mpl_figure_comm);n”,
“}n”





],
“text/plain”: [


“<IPython.core.display.Javascript object>”




]





},
“metadata”: {},
“output_type”: “display_data”





},
{



	“data”: {

	
	“text/html”: [

	“<img src=”data:image/png;base64,” width=”720”>”





],
“text/plain”: [


“<IPython.core.display.HTML object>”




]





},
“metadata”: {},
“output_type”: “display_data”




}




],
“source”: [


“ids_with_spikes, spike_counts = np.unique(processed.Spike_Explorer.SpikeData[‘SensorID’], return_counts=True)n”,
“sensor_counts = np.zeros((65, 65))n”,
“for i in range(len(ids_with_spikes)):n”,
”    sensor = ids_with_spikes[i]n”,
”    count = spike_counts[i]n”,
”    row,col = (sensor-1) % 65, (sensor-1) // 65n”,
”    sensor_counts[row,col] = countn”,
“n”,
“plt.figure(figsize=(10,10))n”,
“_ = plt.imshow(sensor_counts)n”,
“plt.set_cmap(“gray”)n”,
“plt.title(‘Spike Counts’)n”,
“plt.show()”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“#### Spike Cutoutsn”,
“n”,
“Finally, we can also check out an overlay of the spike cutouts of a sensor:”




]




},
{


“cell_type”: “code”,
“execution_count”: 28,
“metadata”: {},
“outputs”: [



	{

	
	“data”: {

	
	“application/javascript”: [

	“/* Put everything inside the global mpl namespace /n”,
“window.mpl = {};n”,
“n”,
“n”,
“mpl.get_websocket_type = function() {n”,
”    if (typeof(WebSocket) !== ‘undefined’) {n”,
”        return WebSocket;n”,
”    } else if (typeof(MozWebSocket) !== ‘undefined’) {n”,
”        return MozWebSocket;n”,
”    } else {n”,
”        alert(‘Your browser does not have WebSocket support. ‘ +n”,
”              ‘Please try Chrome, Safari or Firefox ≥ 6. ‘ +n”,
”              ‘Firefox 4 and 5 are also supported but you ‘ +n”,
”              ‘have to enable WebSockets in about:config.’);n”,
”    };n”,
“}n”,
“n”,
“mpl.figure = function(figure_id, websocket, ondownload, parent_element) {n”,
”    this.id = figure_id;n”,
“n”,
”    this.ws = websocket;n”,
“n”,
”    this.supports_binary = (this.ws.binaryType != undefined);n”,
“n”,
”    if (!this.supports_binary) {n”,
”        var warnings = document.getElementById(“mpl-warnings”);n”,
”        if (warnings) {n”,
”            warnings.style.display = ‘block’;n”,
”            warnings.textContent = (n”,
”                “This browser does not support binary websocket messages. ” +n”,
”                    “Performance may be slow.”);n”,
”        }n”,
”    }n”,
“n”,
”    this.imageObj = new Image();n”,
“n”,
”    this.context = undefined;n”,
”    this.message = undefined;n”,
”    this.canvas = undefined;n”,
”    this.rubberband_canvas = undefined;n”,
”    this.rubberband_context = undefined;n”,
”    this.format_dropdown = undefined;n”,
“n”,
”    this.image_mode = ‘full’;n”,
“n”,
”    this.root = $(‘<div/>’);n”,
”    this._root_extra_style(this.root)n”,
”    this.root.attr(‘style’, ‘display: inline-block’);n”,
“n”,
”    $(parent_element).append(this.root);n”,
“n”,
”    this._init_header(this);n”,
”    this._init_canvas(this);n”,
”    this._init_toolbar(this);n”,
“n”,
”    var fig = this;n”,
“n”,
”    this.waiting = false;n”,
“n”,
”    this.ws.onopen =  function () {n”,
”            fig.send_message(“supports_binary”, {value: fig.supports_binary});n”,
”            fig.send_message(“send_image_mode”, {});n”,
”            if (mpl.ratio != 1) {n”,
”                fig.send_message(“set_dpi_ratio”, {‘dpi_ratio’: mpl.ratio});n”,
”            }n”,
”            fig.send_message(“refresh”, {});n”,
”        }n”,
“n”,
”    this.imageObj.onload = function() {n”,
”            if (fig.image_mode == ‘full’) {n”,
”                // Full images could contain transparency (where diff imagesn”,
”                // almost always do), so we need to clear the canvas so thatn”,
”                // there is no ghosting.n”,
”                fig.context.clearRect(0, 0, fig.canvas.width, fig.canvas.height);n”,
”            }n”,
”            fig.context.drawImage(fig.imageObj, 0, 0);n”,
”        };n”,
“n”,
”    this.imageObj.onunload = function() {n”,
”        fig.ws.close();n”,
”    }n”,
“n”,
”    this.ws.onmessage = this._make_on_message_function(this);n”,
“n”,
”    this.ondownload = ondownload;n”,
“}n”,
“n”,
“mpl.figure.prototype._init_header = function() {n”,
”    var titlebar = $(n”,
”        ‘<div class=”ui-dialog-titlebar ui-widget-header ui-corner-all ‘ +n”,
”        ‘ui-helper-clearfix”/>’);n”,
”    var titletext = $(n”,
”        ‘<div class=”ui-dialog-title” style=”width: 100%; ‘ +n”,
”        ‘text-align: center; padding: 3px;”/>’);n”,
”    titlebar.append(titletext)n”,
”    this.root.append(titlebar);n”,
”    this.header = titletext[0];n”,
“}n”,
“n”,
“n”,
“n”,
“mpl.figure.prototype._canvas_extra_style = function(canvas_div) {n”,
“n”,
“}n”,
“n”,
“n”,
“mpl.figure.prototype._root_extra_style = function(canvas_div) {n”,
“n”,
“}n”,
“n”,
“mpl.figure.prototype._init_canvas = function() {n”,
”    var fig = this;n”,
“n”,
”    var canvas_div = $(‘<div/>’);n”,
“n”,
”    canvas_div.attr(‘style’, ‘position: relative; clear: both; outline: 0’);n”,
“n”,
”    function canvas_keyboard_event(event) {n”,
”        return fig.key_event(event, event[‘data’]);n”,
”    }n”,
“n”,
”    canvas_div.keydown(‘key_press’, canvas_keyboard_event);n”,
”    canvas_div.keyup(‘key_release’, canvas_keyboard_event);n”,
”    this.canvas_div = canvas_divn”,
”    this._canvas_extra_style(canvas_div)n”,
”    this.root.append(canvas_div);n”,
“n”,
”    var canvas = $(‘<canvas/>’);n”,
”    canvas.addClass(‘mpl-canvas’);n”,
”    canvas.attr(‘style’, “left: 0; top: 0; z-index: 0; outline: 0”)n”,
“n”,
”    this.canvas = canvas[0];n”,
”    this.context = canvas[0].getContext(“2d”);n”,
“n”,
”    var backingStore = this.context.backingStorePixelRatio ||n”,
“tthis.context.webkitBackingStorePixelRatio ||n”,
“tthis.context.mozBackingStorePixelRatio ||n”,
“tthis.context.msBackingStorePixelRatio ||n”,
“tthis.context.oBackingStorePixelRatio ||n”,
“tthis.context.backingStorePixelRatio || 1;n”,
“n”,
”    mpl.ratio = (window.devicePixelRatio || 1) / backingStore;n”,
“n”,
”    var rubberband = $(‘<canvas/>’);n”,
”    rubberband.attr(‘style’, “position: absolute; left: 0; top: 0; z-index: 1;”)n”,
“n”,
”    var pass_mouse_events = true;n”,
“n”,
”    canvas_div.resizable({n”,
”        start: function(event, ui) {n”,
”            pass_mouse_events = false;n”,
”        },n”,
”        resize: function(event, ui) {n”,
”            fig.request_resize(ui.size.width, ui.size.height);n”,
”        },n”,
”        stop: function(event, ui) {n”,
”            pass_mouse_events = true;n”,
”            fig.request_resize(ui.size.width, ui.size.height);n”,
”        },n”,
”    });n”,
“n”,
”    function mouse_event_fn(event) {n”,
”        if (pass_mouse_events)n”,
”            return fig.mouse_event(event, event[‘data’]);n”,
”    }n”,
“n”,
”    rubberband.mousedown(‘button_press’, mouse_event_fn);n”,
”    rubberband.mouseup(‘button_release’, mouse_event_fn);n”,
”    // Throttle sequential mouse events to 1 every 20ms.n”,
”    rubberband.mousemove(‘motion_notify’, mouse_event_fn);n”,
“n”,
”    rubberband.mouseenter(‘figure_enter’, mouse_event_fn);n”,
”    rubberband.mouseleave(‘figure_leave’, mouse_event_fn);n”,
“n”,
”    canvas_div.on(“wheel”, function (event) {n”,
”        event = event.originalEvent;n”,
”        event[‘data’] = ‘scroll’n”,
”        if (event.deltaY < 0) {n”,
”            event.step = 1;n”,
”        } else {n”,
”            event.step = -1;n”,
”        }n”,
”        mouse_event_fn(event);n”,
”    });n”,
“n”,
”    canvas_div.append(canvas);n”,
”    canvas_div.append(rubberband);n”,
“n”,
”    this.rubberband = rubberband;n”,
”    this.rubberband_canvas = rubberband[0];n”,
”    this.rubberband_context = rubberband[0].getContext(“2d”);n”,
”    this.rubberband_context.strokeStyle = “#000000”;n”,
“n”,
”    this._resize_canvas = function(width, height) {n”,
”        // Keep the size of the canvas, canvas container, and rubber bandn”,
”        // canvas in synch.n”,
”        canvas_div.css(‘width’, width)n”,
”        canvas_div.css(‘height’, height)n”,
“n”,
”        canvas.attr(‘width’, width * mpl.ratio);n”,
”        canvas.attr(‘height’, height * mpl.ratio);n”,
”        canvas.attr(‘style’, ‘width: ‘ + width + ‘px; height: ‘ + height + ‘px;’);n”,
“n”,
”        rubberband.attr(‘width’, width);n”,
”        rubberband.attr(‘height’, height);n”,
”    }n”,
“n”,
”    // Set the figure to an initial 600x600px, this will subsequently be updatedn”,
”    // upon first draw.n”,
”    this._resize_canvas(600, 600);n”,
“n”,
”    // Disable right mouse context menu.n”,
”    $(this.rubberband_canvas).bind(“contextmenu”,function(e){n”,
”        return false;n”,
”    });n”,
“n”,
”    function set_focus () {n”,
”        canvas.focus();n”,
”        canvas_div.focus();n”,
”    }n”,
“n”,
”    window.setTimeout(set_focus, 100);n”,
“}n”,
“n”,
“mpl.figure.prototype._init_toolbar = function() {n”,
”    var fig = this;n”,
“n”,
”    var nav_element = $(‘<div/>’);n”,
”    nav_element.attr(‘style’, ‘width: 100%’);n”,
”    this.root.append(nav_element);n”,
“n”,
”    // Define a callback function for later on.n”,
”    function toolbar_event(event) {n”,
”        return fig.toolbar_button_onclick(event[‘data’]);n”,
”    }n”,
”    function toolbar_mouse_event(event) {n”,
”        return fig.toolbar_button_onmouseover(event[‘data’]);n”,
”    }n”,
“n”,
”    for(var toolbar_ind in mpl.toolbar_items) {n”,
”        var name = mpl.toolbar_items[toolbar_ind][0];n”,
”        var tooltip = mpl.toolbar_items[toolbar_ind][1];n”,
”        var image = mpl.toolbar_items[toolbar_ind][2];n”,
”        var method_name = mpl.toolbar_items[toolbar_ind][3];n”,
“n”,
”        if (!name) {n”,
”            // put a spacer in here.n”,
”            continue;n”,
”        }n”,
”        var button = $(‘<button/>’);n”,
”        button.addClass(‘ui-button ui-widget ui-state-default ui-corner-all ‘ +n”,
”                        ‘ui-button-icon-only’);n”,
”        button.attr(‘role’, ‘button’);n”,
”        button.attr(‘aria-disabled’, ‘false’);n”,
”        button.click(method_name, toolbar_event);n”,
”        button.mouseover(tooltip, toolbar_mouse_event);n”,
“n”,
”        var icon_img = $(‘<span/>’);n”,
”        icon_img.addClass(‘ui-button-icon-primary ui-icon’);n”,
”        icon_img.addClass(image);n”,
”        icon_img.addClass(‘ui-corner-all’);n”,
“n”,
”        var tooltip_span = $(‘<span/>’);n”,
”        tooltip_span.addClass(‘ui-button-text’);n”,
”        tooltip_span.html(tooltip);n”,
“n”,
”        button.append(icon_img);n”,
”        button.append(tooltip_span);n”,
“n”,
”        nav_element.append(button);n”,
”    }n”,
“n”,
”    var fmt_picker_span = $(‘<span/>’);n”,
“n”,
”    var fmt_picker = $(‘<select/>’);n”,
”    fmt_picker.addClass(‘mpl-toolbar-option ui-widget ui-widget-content’);n”,
”    fmt_picker_span.append(fmt_picker);n”,
”    nav_element.append(fmt_picker_span);n”,
”    this.format_dropdown = fmt_picker[0];n”,
“n”,
”    for (var ind in mpl.extensions) {n”,
”        var fmt = mpl.extensions[ind];n”,
”        var option = $(n”,
”            ‘<option/>’, {selected: fmt === mpl.default_extension}).html(fmt);n”,
”        fmt_picker.append(option);n”,
”    }n”,
“n”,
”    // Add hover states to the ui-buttonsn”,
”    $( “.ui-button” ).hover(n”,
”        function() { $(this).addClass(“ui-state-hover”);},n”,
”        function() { $(this).removeClass(“ui-state-hover”);}n”,
”    );n”,
“n”,
”    var status_bar = $(‘<span class=”mpl-message”/>’);n”,
”    nav_element.append(status_bar);n”,
”    this.message = status_bar[0];n”,
“}n”,
“n”,
“mpl.figure.prototype.request_resize = function(x_pixels, y_pixels) {n”,
”    // Request matplotlib to resize the figure. Matplotlib will then trigger a resize in the client,n”,
”    // which will in turn request a refresh of the image.n”,
”    this.send_message(‘resize’, {‘width’: x_pixels, ‘height’: y_pixels});n”,
“}n”,
“n”,
“mpl.figure.prototype.send_message = function(type, properties) {n”,
”    properties[‘type’] = type;n”,
”    properties[‘figure_id’] = this.id;n”,
”    this.ws.send(JSON.stringify(properties));n”,
“}n”,
“n”,
“mpl.figure.prototype.send_draw_message = function() {n”,
”    if (!this.waiting) {n”,
”        this.waiting = true;n”,
”        this.ws.send(JSON.stringify({type: “draw”, figure_id: this.id}));n”,
”    }n”,
“}n”,
“n”,
“n”,
“mpl.figure.prototype.handle_save = function(fig, msg) {n”,
”    var format_dropdown = fig.format_dropdown;n”,
”    var format = format_dropdown.options[format_dropdown.selectedIndex].value;n”,
”    fig.ondownload(fig, format);n”,
“}n”,
“n”,
“n”,
“mpl.figure.prototype.handle_resize = function(fig, msg) {n”,
”    var size = msg[‘size’];n”,
”    if (size[0] != fig.canvas.width || size[1] != fig.canvas.height) {n”,
”        fig._resize_canvas(size[0], size[1]);n”,
”        fig.send_message(“refresh”, {});n”,
”    };n”,
“}n”,
“n”,
“mpl.figure.prototype.handle_rubberband = function(fig, msg) {n”,
”    var x0 = msg[‘x0’] / mpl.ratio;n”,
”    var y0 = (fig.canvas.height - msg[‘y0’]) / mpl.ratio;n”,
”    var x1 = msg[‘x1’] / mpl.ratio;n”,
”    var y1 = (fig.canvas.height - msg[‘y1’]) / mpl.ratio;n”,
”    x0 = Math.floor(x0) + 0.5;n”,
”    y0 = Math.floor(y0) + 0.5;n”,
”    x1 = Math.floor(x1) + 0.5;n”,
”    y1 = Math.floor(y1) + 0.5;n”,
”    var min_x = Math.min(x0, x1);n”,
”    var min_y = Math.min(y0, y1);n”,
”    var width = Math.abs(x1 - x0);n”,
”    var height = Math.abs(y1 - y0);n”,
“n”,
”    fig.rubberband_context.clearRect(n”,
”        0, 0, fig.canvas.width / mpl.ratio, fig.canvas.height / mpl.ratio);n”,
“n”,
”    fig.rubberband_context.strokeRect(min_x, min_y, width, height);n”,
“}n”,
“n”,
“mpl.figure.prototype.handle_figure_label = function(fig, msg) {n”,
”    // Updates the figure title.n”,
”    fig.header.textContent = msg[‘label’];n”,
“}n”,
“n”,
“mpl.figure.prototype.handle_cursor = function(fig, msg) {n”,
”    var cursor = msg[‘cursor’];n”,
”    switch(cursor)n”,
”    {n”,
”    case 0:n”,
”        cursor = ‘pointer’;n”,
”        break;n”,
”    case 1:n”,
”        cursor = ‘default’;n”,
”        break;n”,
”    case 2:n”,
”        cursor = ‘crosshair’;n”,
”        break;n”,
”    case 3:n”,
”        cursor = ‘move’;n”,
”        break;n”,
”    }n”,
”    fig.rubberband_canvas.style.cursor = cursor;n”,
“}n”,
“n”,
“mpl.figure.prototype.handle_message = function(fig, msg) {n”,
”    fig.message.textContent = msg[‘message’];n”,
“}n”,
“n”,
“mpl.figure.prototype.handle_draw = function(fig, msg) {n”,
”    // Request the server to send over a new figure.n”,
”    fig.send_draw_message();n”,
“}n”,
“n”,
“mpl.figure.prototype.handle_image_mode = function(fig, msg) {n”,
”    fig.image_mode = msg[‘mode’];n”,
“}n”,
“n”,
“mpl.figure.prototype.updated_canvas_event = function() {n”,
”    // Called whenever the canvas gets updated.n”,
”    this.send_message(“ack”, {});n”,
“}n”,
“n”,
“// A function to construct a web socket function for onmessage handling.n”,
“// Called in the figure constructor.n”,
“mpl.figure.prototype._make_on_message_function = function(fig) {n”,
”    return function socket_on_message(evt) {n”,
”        if (evt.data instanceof Blob) {n”,
”            / FIXME: We get “Resource interpreted as Image butn”,
”             * transferred with MIME type text/plain:” errors onn”,
”             * Chrome.  But how to set the MIME type?  It doesn’t seemn”,
”             * to be part of the websocket stream /n”,
”            evt.data.type = “image/png”;n”,
“n”,
”            / Free the memory for the previous frames /n”,
”            if (fig.imageObj.src) {n”,
”                (window.URL || window.webkitURL).revokeObjectURL(n”,
”                    fig.imageObj.src);n”,
”            }n”,
“n”,
”            fig.imageObj.src = (window.URL || window.webkitURL).createObjectURL(n”,
”                evt.data);n”,
”            fig.updated_canvas_event();n”,
”            fig.waiting = false;n”,
”            return;n”,
”        }n”,
”        else if (typeof evt.data === ‘string’ && evt.data.slice(0, 21) == “data:image/png;base64”) {n”,
”            fig.imageObj.src = evt.data;n”,
”            fig.updated_canvas_event();n”,
”            fig.waiting = false;n”,
”            return;n”,
”        }n”,
“n”,
”        var msg = JSON.parse(evt.data);n”,
”        var msg_type = msg[‘type’];n”,
“n”,
”        // Call the  “handle_{type}” callback, which takesn”,
”        // the figure and JSON message as its only arguments.n”,
”        try {n”,
”            var callback = fig[“handle_” + msg_type];n”,
”        } catch (e) {n”,
”            console.log(“No handler for the ‘” + msg_type + “’ message type: “, msg);n”,
”            return;n”,
”        }n”,
“n”,
”        if (callback) {n”,
”            try {n”,
”                // console.log(“Handling ‘” + msg_type + “’ message: “, msg);n”,
”                callback(fig, msg);n”,
”            } catch (e) {n”,
”                console.log(“Exception inside the ‘handler_” + msg_type + “’ callback:”, e, e.stack, msg);n”,
”            }n”,
”        }n”,
”    };n”,
“}n”,
“n”,
“// from http://stackoverflow.com/questions/1114465/getting-mouse-location-in-canvasn”,
“mpl.findpos = function(e) {n”,
”    //this section is from http://www.quirksmode.org/js/events_properties.htmln”,
”    var targ;n”,
”    if (!e)n”,
”        e = window.event;n”,
”    if (e.target)n”,
”        targ = e.target;n”,
”    else if (e.srcElement)n”,
”        targ = e.srcElement;n”,
”    if (targ.nodeType == 3) // defeat Safari bugn”,
”        targ = targ.parentNode;n”,
“n”,
”    // jQuery normalizes the pageX and pageYn”,
”    // pageX,Y are the mouse positions relative to the documentn”,
”    // offset() returns the position of the element relative to the documentn”,
”    var x = e.pageX - $(targ).offset().left;n”,
”    var y = e.pageY - $(targ).offset().top;n”,
“n”,
”    return {“x”: x, “y”: y};n”,
“};n”,
“n”,
“/n”,
” * return a copy of an object with only non-object keysn”,
” * we need this to avoid circular referencesn”,
” * http://stackoverflow.com/a/24161582/3208463n”,
” /n”,
“function simpleKeys (original) {n”,
”  return Object.keys(original).reduce(function (obj, key) {n”,
”    if (typeof original[key] !== ‘object’)n”,
”        obj[key] = original[key]n”,
”    return obj;n”,
”  }, {});n”,
“}n”,
“n”,
“mpl.figure.prototype.mouse_event = function(event, name) {n”,
”    var canvas_pos = mpl.findpos(event)n”,
“n”,
”    if (name === ‘button_press’)n”,
”    {n”,
”        this.canvas.focus();n”,
”        this.canvas_div.focus();n”,
”    }n”,
“n”,
”    var x = canvas_pos.x * mpl.ratio;n”,
”    var y = canvas_pos.y * mpl.ratio;n”,
“n”,
”    this.send_message(name, {x: x, y: y, button: event.button,n”,
”                             step: event.step,n”,
”                             guiEvent: simpleKeys(event)});n”,
“n”,
”    / This prevents the web browser from automatically changing ton”,
”     * the text insertion cursor when the button is pressed.  We wantn”,
”     * to control all of the cursor setting manually through then”,
”     * ‘cursor’ event from matplotlib /n”,
”    event.preventDefault();n”,
”    return false;n”,
“}n”,
“n”,
“mpl.figure.prototype._key_event_extra = function(event, name) {n”,
”    // Handle any extra behaviour associated with a key eventn”,
“}n”,
“n”,
“mpl.figure.prototype.key_event = function(event, name) {n”,
“n”,
”    // Prevent repeat eventsn”,
”    if (name == ‘key_press’)n”,
”    {n”,
”        if (event.which === this._key)n”,
”            return;n”,
”        elsen”,
”            this._key = event.which;n”,
”    }n”,
”    if (name == ‘key_release’)n”,
”        this._key = null;n”,
“n”,
”    var value = ‘’;n”,
”    if (event.ctrlKey && event.which != 17)n”,
”        value += “ctrl+”;n”,
”    if (event.altKey && event.which != 18)n”,
”        value += “alt+”;n”,
”    if (event.shiftKey && event.which != 16)n”,
”        value += “shift+”;n”,
“n”,
”    value += ‘k’;n”,
”    value += event.which.toString();n”,
“n”,
”    this._key_event_extra(event, name);n”,
“n”,
”    this.send_message(name, {key: value,n”,
”                             guiEvent: simpleKeys(event)});n”,
”    return false;n”,
“}n”,
“n”,
“mpl.figure.prototype.toolbar_button_onclick = function(name) {n”,
”    if (name == ‘download’) {n”,
”        this.handle_save(this, null);n”,
”    } else {n”,
”        this.send_message(“toolbar_button”, {name: name});n”,
”    }n”,
“};n”,
“n”,
“mpl.figure.prototype.toolbar_button_onmouseover = function(tooltip) {n”,
”    this.message.textContent = tooltip;n”,
“};n”,
“mpl.toolbar_items = [[“Home”, “Reset original view”, “fa fa-home icon-home”, “home”], [“Back”, “Back to previous view”, “fa fa-arrow-left icon-arrow-left”, “back”], [“Forward”, “Forward to next view”, “fa fa-arrow-right icon-arrow-right”, “forward”], [“”, “”, “”, “”], [“Pan”, “Pan axes with left mouse, zoom with right”, “fa fa-arrows icon-move”, “pan”], [“Zoom”, “Zoom to rectangle”, “fa fa-square-o icon-check-empty”, “zoom”], [“”, “”, “”, “”], [“Download”, “Download plot”, “fa fa-floppy-o icon-save”, “download”]];n”,
“n”,
“mpl.extensions = [“eps”, “jpeg”, “pdf”, “png”, “ps”, “raw”, “svg”, “tif”];n”,
“n”,
“mpl.default_extension = “png”;var comm_websocket_adapter = function(comm) {n”,
”    // Create a “websocket”-like object which calls the given IPython commn”,
”    // object with the appropriate methods. Currently this is a non binaryn”,
”    // socket, so there is still some room for performance tuning.n”,
”    var ws = {};n”,
“n”,
”    ws.close = function() {n”,
”        comm.close()n”,
”    };n”,
”    ws.send = function(m) {n”,
”        //console.log(‘sending’, m);n”,
”        comm.send(m);n”,
”    };n”,
”    // Register the callback with on_msg.n”,
”    comm.on_msg(function(msg) {n”,
”        //console.log(‘receiving’, msg[‘content’][‘data’], msg);n”,
”        // Pass the mpl event to the overridden (by mpl) onmessage function.n”,
”        ws.onmessage(msg[‘content’][‘data’])n”,
”    });n”,
”    return ws;n”,
“}n”,
“n”,
“mpl.mpl_figure_comm = function(comm, msg) {n”,
”    // This is the function which gets called when the mpl processn”,
”    // starts-up an IPython Comm through the “matplotlib” channel.n”,
“n”,
”    var id = msg.content.data.id;n”,
”    // Get hold of the div created by the display call when the Commn”,
”    // socket was opened in Python.n”,
”    var element = $(“#” + id);n”,
”    var ws_proxy = comm_websocket_adapter(comm)n”,
“n”,
”    function ondownload(figure, format) {n”,
”        window.open(figure.imageObj.src);n”,
”    }n”,
“n”,
”    var fig = new mpl.figure(id, ws_proxy,n”,
”                           ondownload,n”,
”                           element.get(0));n”,
“n”,
”    // Call onopen now - mpl needs it, as it is assuming we’ve passed it a realn”,
”    // web socket which is closed, not our websocket->open comm proxy.n”,
”    ws_proxy.onopen();n”,
“n”,
”    fig.parent_element = element.get(0);n”,
”    fig.cell_info = mpl.find_output_cell(“<div id=’” + id + “’></div>”);n”,
”    if (!fig.cell_info) {n”,
”        console.error(“Failed to find cell for figure”, id, fig);n”,
”        return;n”,
”    }n”,
“n”,
”    var output_index = fig.cell_info[2]n”,
”    var cell = fig.cell_info[0];n”,
“n”,
“};n”,
“n”,
“mpl.figure.prototype.handle_close = function(fig, msg) {n”,
”    var width = fig.canvas.width/mpl.ration”,
”    fig.root.unbind(‘remove’)n”,
“n”,
”    // Update the output cell to use the data from the current canvas.n”,
”    fig.push_to_output();n”,
”    var dataURL = fig.canvas.toDataURL();n”,
”    // Re-enable the keyboard manager in IPython - without this line, in FF,n”,
”    // the notebook keyboard shortcuts fail.n”,
”    IPython.keyboard_manager.enable()n”,
”    $(fig.parent_element).html(‘<img src=”’ + dataURL + ‘” width=”’ + width + ‘”>’);n”,
”    fig.close_ws(fig, msg);n”,
“}n”,
“n”,
“mpl.figure.prototype.close_ws = function(fig, msg){n”,
”    fig.send_message(‘closing’, msg);n”,
”    // fig.ws.close()n”,
“}n”,
“n”,
“mpl.figure.prototype.push_to_output = function(remove_interactive) {n”,
”    // Turn the data on the canvas into data in the output cell.n”,
”    var width = this.canvas.width/mpl.ration”,
”    var dataURL = this.canvas.toDataURL();n”,
”    this.cell_info[1][‘text/html’] = ‘<img src=”’ + dataURL + ‘” width=”’ + width + ‘”>’;n”,
“}n”,
“n”,
“mpl.figure.prototype.updated_canvas_event = function() {n”,
”    // Tell IPython that the notebook contents must change.n”,
”    IPython.notebook.set_dirty(true);n”,
”    this.send_message(“ack”, {});n”,
”    var fig = this;n”,
”    // Wait a second, then push the new image to the DOM son”,
”    // that it is saved nicely (might be nice to debounce this).n”,
”    setTimeout(function () { fig.push_to_output() }, 1000);n”,
“}n”,
“n”,
“mpl.figure.prototype._init_toolbar = function() {n”,
”    var fig = this;n”,
“n”,
”    var nav_element = $(‘<div/>’);n”,
”    nav_element.attr(‘style’, ‘width: 100%’);n”,
”    this.root.append(nav_element);n”,
“n”,
”    // Define a callback function for later on.n”,
”    function toolbar_event(event) {n”,
”        return fig.toolbar_button_onclick(event[‘data’]);n”,
”    }n”,
”    function toolbar_mouse_event(event) {n”,
”        return fig.toolbar_button_onmouseover(event[‘data’]);n”,
”    }n”,
“n”,
”    for(var toolbar_ind in mpl.toolbar_items){n”,
”        var name = mpl.toolbar_items[toolbar_ind][0];n”,
”        var tooltip = mpl.toolbar_items[toolbar_ind][1];n”,
”        var image = mpl.toolbar_items[toolbar_ind][2];n”,
”        var method_name = mpl.toolbar_items[toolbar_ind][3];n”,
“n”,
”        if (!name) { continue; };n”,
“n”,
”        var button = $(‘<button class=”btn btn-default” href=”#” title=”’ + name + ‘”><i class=”fa ‘ + image + ‘ fa-lg”></i></button>’);n”,
”        button.click(method_name, toolbar_event);n”,
”        button.mouseover(tooltip, toolbar_mouse_event);n”,
”        nav_element.append(button);n”,
”    }n”,
“n”,
”    // Add the status bar.n”,
”    var status_bar = $(‘<span class=”mpl-message” style=”text-align:right; float: right;”/>’);n”,
”    nav_element.append(status_bar);n”,
”    this.message = status_bar[0];n”,
“n”,
”    // Add the close button to the window.n”,
”    var buttongrp = $(‘<div class=”btn-group inline pull-right”></div>’);n”,
”    var button = $(‘<button class=”btn btn-mini btn-primary” href=”#” title=”Stop Interaction”><i class=”fa fa-power-off icon-remove icon-large”></i></button>’);n”,
”    button.click(function (evt) { fig.handle_close(fig, {}); } );n”,
”    button.mouseover(‘Stop Interaction’, toolbar_mouse_event);n”,
”    buttongrp.append(button);n”,
”    var titlebar = this.root.find($(‘.ui-dialog-titlebar’));n”,
”    titlebar.prepend(buttongrp);n”,
“}n”,
“n”,
“mpl.figure.prototype._root_extra_style = function(el){n”,
”    var fig = thisn”,
”    el.on(“remove”, function(){n”,
“tfig.close_ws(fig, {});n”,
”    });n”,
“}n”,
“n”,
“mpl.figure.prototype._canvas_extra_style = function(el){n”,
”    // this is important to make the div ‘focusablen”,
”    el.attr(‘tabindex’, 0)n”,
”    // reach out to IPython and tell the keyboard manager to turn it’s selfn”,
”    // off when our div gets focusn”,
“n”,
”    // location in version 3n”,
”    if (IPython.notebook.keyboard_manager) {n”,
”        IPython.notebook.keyboard_manager.register_events(el);n”,
”    }n”,
”    else {n”,
”        // location in version 2n”,
”        IPython.keyboard_manager.register_events(el);n”,
”    }n”,
“n”,
“}n”,
“n”,
“mpl.figure.prototype._key_event_extra = function(event, name) {n”,
”    var manager = IPython.notebook.keyboard_manager;n”,
”    if (!manager)n”,
”        manager = IPython.keyboard_manager;n”,
“n”,
”    // Check for shift+entern”,
”    if (event.shiftKey && event.which == 13) {n”,
”        this.canvas_div.blur();n”,
”        event.shiftKey = false;n”,
”        // Send a “J” for go to next celln”,
”        event.which = 74;n”,
”        event.keyCode = 74;n”,
”        manager.command_mode();n”,
”        manager.handle_keydown(event);n”,
”    }n”,
“}n”,
“n”,
“mpl.figure.prototype.handle_save = function(fig, msg) {n”,
”    fig.ondownload(fig, null);n”,
“}n”,
“n”,
“n”,
“mpl.find_output_cell = function(html_output) {n”,
”    // Return the cell and output element which can be found *uniquely in the notebook.n”,
”    // Note - this is a bit hacky, but it is done because the “notebook_saving.Notebook”n”,
”    // IPython event is triggered only after the cells have been serialised, which forn”,
”    // our purposes (turning an active figure into a static one), is too late.n”,
”    var cells = IPython.notebook.get_cells();n”,
”    var ncells = cells.length;n”,
”    for (var i=0; i<ncells; i++) {n”,
”        var cell = cells[i];n”,
”        if (cell.cell_type === ‘code’){n”,
”            for (var j=0; j<cell.output_area.outputs.length; j++) {n”,
”                var data = cell.output_area.outputs[j];n”,
”                if (data.data) {n”,
”                    // IPython >= 3 moved mimebundle to data attribute of outputn”,
”                    data = data.data;n”,
”                }n”,
”                if (data[‘text/html’] == html_output) {n”,
”                    return [cell, data, j];n”,
”                }n”,
”            }n”,
”        }n”,
”    }n”,
“}n”,
“n”,
“// Register the function which deals with the matplotlib target/channel.n”,
“// The kernel may be null if the page has been refreshed.n”,
“if (IPython.notebook.kernel != null) {n”,
”    IPython.notebook.kernel.comm_manager.register_target(‘matplotlib’, mpl.mpl_figure_comm);n”,
“}n”





],
“text/plain”: [


“<IPython.core.display.Javascript object>”




]





},
“metadata”: {},
“output_type”: “display_data”





},
{



	“data”: {

	
	“text/html”: [

	“<img src=”data:image/png;base64,” width=”864”>”





],
“text/plain”: [


“<IPython.core.display.HTML object>”




]





},
“metadata”: {},
“output_type”: “display_data”




}




],
“source”: [


“cutouts = processed.Spike_Explorer.get_spike_cutouts_at_sensor(611)n”,
“plt.figure(figsize=(12,8))n”,
“_ = plt.plot(np.transpose(cutouts*1e-3), color=’k’, alpha=0.2)n”,
“plt.xlabel(‘Samples’)n”,
“plt.ylabel(‘Voltage (µV)’)n”,
“plt.title(‘Spike Cutout Overlay’)n”,
“plt.show()”




]




},
{


“cell_type”: “markdown”,
“metadata”: {


“pycharm”: {}




},
“source”: [


“<a href=’#Top’>Back to index</a>”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“### Network Explorer / STA Explorer<a id=’networkExplorer’></a>n”,
“n”,
“The Network_Explorer (this tool was called the STA_Explorer in earlier versions) contains datasets with spike-triggered averages. They represent the averaged activation on all sensors on the chip relative to the spiking activity of a single sensor/neuron and can be very useful to detect axonal propagation of spiking activity across the chip. n”,
“n”,
“The results of either the Spike_Explorer or the Spike_Sorter can serve as input to the Network_Explorer.n”,
“n”,
“The STA data is a block of data with dimensions samples x sensors_Y x sensors_X and can be visualized as a stack of 2-dimensional frames of a movie. “




]




},
{


“cell_type”: “code”,
“execution_count”: 29,
“metadata”: {},
“outputs”: [



	{

	
	“data”: {

	
	“application/javascript”: [

	“/* Put everything inside the global mpl namespace /n”,
“window.mpl = {};n”,
“n”,
“n”,
“mpl.get_websocket_type = function() {n”,
”    if (typeof(WebSocket) !== ‘undefined’) {n”,
”        return WebSocket;n”,
”    } else if (typeof(MozWebSocket) !== ‘undefined’) {n”,
”        return MozWebSocket;n”,
”    } else {n”,
”        alert(‘Your browser does not have WebSocket support. ‘ +n”,
”              ‘Please try Chrome, Safari or Firefox ≥ 6. ‘ +n”,
”              ‘Firefox 4 and 5 are also supported but you ‘ +n”,
”              ‘have to enable WebSockets in about:config.’);n”,
”    };n”,
“}n”,
“n”,
“mpl.figure = function(figure_id, websocket, ondownload, parent_element) {n”,
”    this.id = figure_id;n”,
“n”,
”    this.ws = websocket;n”,
“n”,
”    this.supports_binary = (this.ws.binaryType != undefined);n”,
“n”,
”    if (!this.supports_binary) {n”,
”        var warnings = document.getElementById(“mpl-warnings”);n”,
”        if (warnings) {n”,
”            warnings.style.display = ‘block’;n”,
”            warnings.textContent = (n”,
”                “This browser does not support binary websocket messages. ” +n”,
”                    “Performance may be slow.”);n”,
”        }n”,
”    }n”,
“n”,
”    this.imageObj = new Image();n”,
“n”,
”    this.context = undefined;n”,
”    this.message = undefined;n”,
”    this.canvas = undefined;n”,
”    this.rubberband_canvas = undefined;n”,
”    this.rubberband_context = undefined;n”,
”    this.format_dropdown = undefined;n”,
“n”,
”    this.image_mode = ‘full’;n”,
“n”,
”    this.root = $(‘<div/>’);n”,
”    this._root_extra_style(this.root)n”,
”    this.root.attr(‘style’, ‘display: inline-block’);n”,
“n”,
”    $(parent_element).append(this.root);n”,
“n”,
”    this._init_header(this);n”,
”    this._init_canvas(this);n”,
”    this._init_toolbar(this);n”,
“n”,
”    var fig = this;n”,
“n”,
”    this.waiting = false;n”,
“n”,
”    this.ws.onopen =  function () {n”,
”            fig.send_message(“supports_binary”, {value: fig.supports_binary});n”,
”            fig.send_message(“send_image_mode”, {});n”,
”            if (mpl.ratio != 1) {n”,
”                fig.send_message(“set_dpi_ratio”, {‘dpi_ratio’: mpl.ratio});n”,
”            }n”,
”            fig.send_message(“refresh”, {});n”,
”        }n”,
“n”,
”    this.imageObj.onload = function() {n”,
”            if (fig.image_mode == ‘full’) {n”,
”                // Full images could contain transparency (where diff imagesn”,
”                // almost always do), so we need to clear the canvas so thatn”,
”                // there is no ghosting.n”,
”                fig.context.clearRect(0, 0, fig.canvas.width, fig.canvas.height);n”,
”            }n”,
”            fig.context.drawImage(fig.imageObj, 0, 0);n”,
”        };n”,
“n”,
”    this.imageObj.onunload = function() {n”,
”        fig.ws.close();n”,
”    }n”,
“n”,
”    this.ws.onmessage = this._make_on_message_function(this);n”,
“n”,
”    this.ondownload = ondownload;n”,
“}n”,
“n”,
“mpl.figure.prototype._init_header = function() {n”,
”    var titlebar = $(n”,
”        ‘<div class=”ui-dialog-titlebar ui-widget-header ui-corner-all ‘ +n”,
”        ‘ui-helper-clearfix”/>’);n”,
”    var titletext = $(n”,
”        ‘<div class=”ui-dialog-title” style=”width: 100%; ‘ +n”,
”        ‘text-align: center; padding: 3px;”/>’);n”,
”    titlebar.append(titletext)n”,
”    this.root.append(titlebar);n”,
”    this.header = titletext[0];n”,
“}n”,
“n”,
“n”,
“n”,
“mpl.figure.prototype._canvas_extra_style = function(canvas_div) {n”,
“n”,
“}n”,
“n”,
“n”,
“mpl.figure.prototype._root_extra_style = function(canvas_div) {n”,
“n”,
“}n”,
“n”,
“mpl.figure.prototype._init_canvas = function() {n”,
”    var fig = this;n”,
“n”,
”    var canvas_div = $(‘<div/>’);n”,
“n”,
”    canvas_div.attr(‘style’, ‘position: relative; clear: both; outline: 0’);n”,
“n”,
”    function canvas_keyboard_event(event) {n”,
”        return fig.key_event(event, event[‘data’]);n”,
”    }n”,
“n”,
”    canvas_div.keydown(‘key_press’, canvas_keyboard_event);n”,
”    canvas_div.keyup(‘key_release’, canvas_keyboard_event);n”,
”    this.canvas_div = canvas_divn”,
”    this._canvas_extra_style(canvas_div)n”,
”    this.root.append(canvas_div);n”,
“n”,
”    var canvas = $(‘<canvas/>’);n”,
”    canvas.addClass(‘mpl-canvas’);n”,
”    canvas.attr(‘style’, “left: 0; top: 0; z-index: 0; outline: 0”)n”,
“n”,
”    this.canvas = canvas[0];n”,
”    this.context = canvas[0].getContext(“2d”);n”,
“n”,
”    var backingStore = this.context.backingStorePixelRatio ||n”,
“tthis.context.webkitBackingStorePixelRatio ||n”,
“tthis.context.mozBackingStorePixelRatio ||n”,
“tthis.context.msBackingStorePixelRatio ||n”,
“tthis.context.oBackingStorePixelRatio ||n”,
“tthis.context.backingStorePixelRatio || 1;n”,
“n”,
”    mpl.ratio = (window.devicePixelRatio || 1) / backingStore;n”,
“n”,
”    var rubberband = $(‘<canvas/>’);n”,
”    rubberband.attr(‘style’, “position: absolute; left: 0; top: 0; z-index: 1;”)n”,
“n”,
”    var pass_mouse_events = true;n”,
“n”,
”    canvas_div.resizable({n”,
”        start: function(event, ui) {n”,
”            pass_mouse_events = false;n”,
”        },n”,
”        resize: function(event, ui) {n”,
”            fig.request_resize(ui.size.width, ui.size.height);n”,
”        },n”,
”        stop: function(event, ui) {n”,
”            pass_mouse_events = true;n”,
”            fig.request_resize(ui.size.width, ui.size.height);n”,
”        },n”,
”    });n”,
“n”,
”    function mouse_event_fn(event) {n”,
”        if (pass_mouse_events)n”,
”            return fig.mouse_event(event, event[‘data’]);n”,
”    }n”,
“n”,
”    rubberband.mousedown(‘button_press’, mouse_event_fn);n”,
”    rubberband.mouseup(‘button_release’, mouse_event_fn);n”,
”    // Throttle sequential mouse events to 1 every 20ms.n”,
”    rubberband.mousemove(‘motion_notify’, mouse_event_fn);n”,
“n”,
”    rubberband.mouseenter(‘figure_enter’, mouse_event_fn);n”,
”    rubberband.mouseleave(‘figure_leave’, mouse_event_fn);n”,
“n”,
”    canvas_div.on(“wheel”, function (event) {n”,
”        event = event.originalEvent;n”,
”        event[‘data’] = ‘scroll’n”,
”        if (event.deltaY < 0) {n”,
”            event.step = 1;n”,
”        } else {n”,
”            event.step = -1;n”,
”        }n”,
”        mouse_event_fn(event);n”,
”    });n”,
“n”,
”    canvas_div.append(canvas);n”,
”    canvas_div.append(rubberband);n”,
“n”,
”    this.rubberband = rubberband;n”,
”    this.rubberband_canvas = rubberband[0];n”,
”    this.rubberband_context = rubberband[0].getContext(“2d”);n”,
”    this.rubberband_context.strokeStyle = “#000000”;n”,
“n”,
”    this._resize_canvas = function(width, height) {n”,
”        // Keep the size of the canvas, canvas container, and rubber bandn”,
”        // canvas in synch.n”,
”        canvas_div.css(‘width’, width)n”,
”        canvas_div.css(‘height’, height)n”,
“n”,
”        canvas.attr(‘width’, width * mpl.ratio);n”,
”        canvas.attr(‘height’, height * mpl.ratio);n”,
”        canvas.attr(‘style’, ‘width: ‘ + width + ‘px; height: ‘ + height + ‘px;’);n”,
“n”,
”        rubberband.attr(‘width’, width);n”,
”        rubberband.attr(‘height’, height);n”,
”    }n”,
“n”,
”    // Set the figure to an initial 600x600px, this will subsequently be updatedn”,
”    // upon first draw.n”,
”    this._resize_canvas(600, 600);n”,
“n”,
”    // Disable right mouse context menu.n”,
”    $(this.rubberband_canvas).bind(“contextmenu”,function(e){n”,
”        return false;n”,
”    });n”,
“n”,
”    function set_focus () {n”,
”        canvas.focus();n”,
”        canvas_div.focus();n”,
”    }n”,
“n”,
”    window.setTimeout(set_focus, 100);n”,
“}n”,
“n”,
“mpl.figure.prototype._init_toolbar = function() {n”,
”    var fig = this;n”,
“n”,
”    var nav_element = $(‘<div/>’);n”,
”    nav_element.attr(‘style’, ‘width: 100%’);n”,
”    this.root.append(nav_element);n”,
“n”,
”    // Define a callback function for later on.n”,
”    function toolbar_event(event) {n”,
”        return fig.toolbar_button_onclick(event[‘data’]);n”,
”    }n”,
”    function toolbar_mouse_event(event) {n”,
”        return fig.toolbar_button_onmouseover(event[‘data’]);n”,
”    }n”,
“n”,
”    for(var toolbar_ind in mpl.toolbar_items) {n”,
”        var name = mpl.toolbar_items[toolbar_ind][0];n”,
”        var tooltip = mpl.toolbar_items[toolbar_ind][1];n”,
”        var image = mpl.toolbar_items[toolbar_ind][2];n”,
”        var method_name = mpl.toolbar_items[toolbar_ind][3];n”,
“n”,
”        if (!name) {n”,
”            // put a spacer in here.n”,
”            continue;n”,
”        }n”,
”        var button = $(‘<button/>’);n”,
”        button.addClass(‘ui-button ui-widget ui-state-default ui-corner-all ‘ +n”,
”                        ‘ui-button-icon-only’);n”,
”        button.attr(‘role’, ‘button’);n”,
”        button.attr(‘aria-disabled’, ‘false’);n”,
”        button.click(method_name, toolbar_event);n”,
”        button.mouseover(tooltip, toolbar_mouse_event);n”,
“n”,
”        var icon_img = $(‘<span/>’);n”,
”        icon_img.addClass(‘ui-button-icon-primary ui-icon’);n”,
”        icon_img.addClass(image);n”,
”        icon_img.addClass(‘ui-corner-all’);n”,
“n”,
”        var tooltip_span = $(‘<span/>’);n”,
”        tooltip_span.addClass(‘ui-button-text’);n”,
”        tooltip_span.html(tooltip);n”,
“n”,
”        button.append(icon_img);n”,
”        button.append(tooltip_span);n”,
“n”,
”        nav_element.append(button);n”,
”    }n”,
“n”,
”    var fmt_picker_span = $(‘<span/>’);n”,
“n”,
”    var fmt_picker = $(‘<select/>’);n”,
”    fmt_picker.addClass(‘mpl-toolbar-option ui-widget ui-widget-content’);n”,
”    fmt_picker_span.append(fmt_picker);n”,
”    nav_element.append(fmt_picker_span);n”,
”    this.format_dropdown = fmt_picker[0];n”,
“n”,
”    for (var ind in mpl.extensions) {n”,
”        var fmt = mpl.extensions[ind];n”,
”        var option = $(n”,
”            ‘<option/>’, {selected: fmt === mpl.default_extension}).html(fmt);n”,
”        fmt_picker.append(option);n”,
”    }n”,
“n”,
”    // Add hover states to the ui-buttonsn”,
”    $( “.ui-button” ).hover(n”,
”        function() { $(this).addClass(“ui-state-hover”);},n”,
”        function() { $(this).removeClass(“ui-state-hover”);}n”,
”    );n”,
“n”,
”    var status_bar = $(‘<span class=”mpl-message”/>’);n”,
”    nav_element.append(status_bar);n”,
”    this.message = status_bar[0];n”,
“}n”,
“n”,
“mpl.figure.prototype.request_resize = function(x_pixels, y_pixels) {n”,
”    // Request matplotlib to resize the figure. Matplotlib will then trigger a resize in the client,n”,
”    // which will in turn request a refresh of the image.n”,
”    this.send_message(‘resize’, {‘width’: x_pixels, ‘height’: y_pixels});n”,
“}n”,
“n”,
“mpl.figure.prototype.send_message = function(type, properties) {n”,
”    properties[‘type’] = type;n”,
”    properties[‘figure_id’] = this.id;n”,
”    this.ws.send(JSON.stringify(properties));n”,
“}n”,
“n”,
“mpl.figure.prototype.send_draw_message = function() {n”,
”    if (!this.waiting) {n”,
”        this.waiting = true;n”,
”        this.ws.send(JSON.stringify({type: “draw”, figure_id: this.id}));n”,
”    }n”,
“}n”,
“n”,
“n”,
“mpl.figure.prototype.handle_save = function(fig, msg) {n”,
”    var format_dropdown = fig.format_dropdown;n”,
”    var format = format_dropdown.options[format_dropdown.selectedIndex].value;n”,
”    fig.ondownload(fig, format);n”,
“}n”,
“n”,
“n”,
“mpl.figure.prototype.handle_resize = function(fig, msg) {n”,
”    var size = msg[‘size’];n”,
”    if (size[0] != fig.canvas.width || size[1] != fig.canvas.height) {n”,
”        fig._resize_canvas(size[0], size[1]);n”,
”        fig.send_message(“refresh”, {});n”,
”    };n”,
“}n”,
“n”,
“mpl.figure.prototype.handle_rubberband = function(fig, msg) {n”,
”    var x0 = msg[‘x0’] / mpl.ratio;n”,
”    var y0 = (fig.canvas.height - msg[‘y0’]) / mpl.ratio;n”,
”    var x1 = msg[‘x1’] / mpl.ratio;n”,
”    var y1 = (fig.canvas.height - msg[‘y1’]) / mpl.ratio;n”,
”    x0 = Math.floor(x0) + 0.5;n”,
”    y0 = Math.floor(y0) + 0.5;n”,
”    x1 = Math.floor(x1) + 0.5;n”,
”    y1 = Math.floor(y1) + 0.5;n”,
”    var min_x = Math.min(x0, x1);n”,
”    var min_y = Math.min(y0, y1);n”,
”    var width = Math.abs(x1 - x0);n”,
”    var height = Math.abs(y1 - y0);n”,
“n”,
”    fig.rubberband_context.clearRect(n”,
”        0, 0, fig.canvas.width / mpl.ratio, fig.canvas.height / mpl.ratio);n”,
“n”,
”    fig.rubberband_context.strokeRect(min_x, min_y, width, height);n”,
“}n”,
“n”,
“mpl.figure.prototype.handle_figure_label = function(fig, msg) {n”,
”    // Updates the figure title.n”,
”    fig.header.textContent = msg[‘label’];n”,
“}n”,
“n”,
“mpl.figure.prototype.handle_cursor = function(fig, msg) {n”,
”    var cursor = msg[‘cursor’];n”,
”    switch(cursor)n”,
”    {n”,
”    case 0:n”,
”        cursor = ‘pointer’;n”,
”        break;n”,
”    case 1:n”,
”        cursor = ‘default’;n”,
”        break;n”,
”    case 2:n”,
”        cursor = ‘crosshair’;n”,
”        break;n”,
”    case 3:n”,
”        cursor = ‘move’;n”,
”        break;n”,
”    }n”,
”    fig.rubberband_canvas.style.cursor = cursor;n”,
“}n”,
“n”,
“mpl.figure.prototype.handle_message = function(fig, msg) {n”,
”    fig.message.textContent = msg[‘message’];n”,
“}n”,
“n”,
“mpl.figure.prototype.handle_draw = function(fig, msg) {n”,
”    // Request the server to send over a new figure.n”,
”    fig.send_draw_message();n”,
“}n”,
“n”,
“mpl.figure.prototype.handle_image_mode = function(fig, msg) {n”,
”    fig.image_mode = msg[‘mode’];n”,
“}n”,
“n”,
“mpl.figure.prototype.updated_canvas_event = function() {n”,
”    // Called whenever the canvas gets updated.n”,
”    this.send_message(“ack”, {});n”,
“}n”,
“n”,
“// A function to construct a web socket function for onmessage handling.n”,
“// Called in the figure constructor.n”,
“mpl.figure.prototype._make_on_message_function = function(fig) {n”,
”    return function socket_on_message(evt) {n”,
”        if (evt.data instanceof Blob) {n”,
”            / FIXME: We get “Resource interpreted as Image butn”,
”             * transferred with MIME type text/plain:” errors onn”,
”             * Chrome.  But how to set the MIME type?  It doesn’t seemn”,
”             * to be part of the websocket stream /n”,
”            evt.data.type = “image/png”;n”,
“n”,
”            / Free the memory for the previous frames /n”,
”            if (fig.imageObj.src) {n”,
”                (window.URL || window.webkitURL).revokeObjectURL(n”,
”                    fig.imageObj.src);n”,
”            }n”,
“n”,
”            fig.imageObj.src = (window.URL || window.webkitURL).createObjectURL(n”,
”                evt.data);n”,
”            fig.updated_canvas_event();n”,
”            fig.waiting = false;n”,
”            return;n”,
”        }n”,
”        else if (typeof evt.data === ‘string’ && evt.data.slice(0, 21) == “data:image/png;base64”) {n”,
”            fig.imageObj.src = evt.data;n”,
”            fig.updated_canvas_event();n”,
”            fig.waiting = false;n”,
”            return;n”,
”        }n”,
“n”,
”        var msg = JSON.parse(evt.data);n”,
”        var msg_type = msg[‘type’];n”,
“n”,
”        // Call the  “handle_{type}” callback, which takesn”,
”        // the figure and JSON message as its only arguments.n”,
”        try {n”,
”            var callback = fig[“handle_” + msg_type];n”,
”        } catch (e) {n”,
”            console.log(“No handler for the ‘” + msg_type + “’ message type: “, msg);n”,
”            return;n”,
”        }n”,
“n”,
”        if (callback) {n”,
”            try {n”,
”                // console.log(“Handling ‘” + msg_type + “’ message: “, msg);n”,
”                callback(fig, msg);n”,
”            } catch (e) {n”,
”                console.log(“Exception inside the ‘handler_” + msg_type + “’ callback:”, e, e.stack, msg);n”,
”            }n”,
”        }n”,
”    };n”,
“}n”,
“n”,
“// from http://stackoverflow.com/questions/1114465/getting-mouse-location-in-canvasn”,
“mpl.findpos = function(e) {n”,
”    //this section is from http://www.quirksmode.org/js/events_properties.htmln”,
”    var targ;n”,
”    if (!e)n”,
”        e = window.event;n”,
”    if (e.target)n”,
”        targ = e.target;n”,
”    else if (e.srcElement)n”,
”        targ = e.srcElement;n”,
”    if (targ.nodeType == 3) // defeat Safari bugn”,
”        targ = targ.parentNode;n”,
“n”,
”    // jQuery normalizes the pageX and pageYn”,
”    // pageX,Y are the mouse positions relative to the documentn”,
”    // offset() returns the position of the element relative to the documentn”,
”    var x = e.pageX - $(targ).offset().left;n”,
”    var y = e.pageY - $(targ).offset().top;n”,
“n”,
”    return {“x”: x, “y”: y};n”,
“};n”,
“n”,
“/n”,
” * return a copy of an object with only non-object keysn”,
” * we need this to avoid circular referencesn”,
” * http://stackoverflow.com/a/24161582/3208463n”,
” /n”,
“function simpleKeys (original) {n”,
”  return Object.keys(original).reduce(function (obj, key) {n”,
”    if (typeof original[key] !== ‘object’)n”,
”        obj[key] = original[key]n”,
”    return obj;n”,
”  }, {});n”,
“}n”,
“n”,
“mpl.figure.prototype.mouse_event = function(event, name) {n”,
”    var canvas_pos = mpl.findpos(event)n”,
“n”,
”    if (name === ‘button_press’)n”,
”    {n”,
”        this.canvas.focus();n”,
”        this.canvas_div.focus();n”,
”    }n”,
“n”,
”    var x = canvas_pos.x * mpl.ratio;n”,
”    var y = canvas_pos.y * mpl.ratio;n”,
“n”,
”    this.send_message(name, {x: x, y: y, button: event.button,n”,
”                             step: event.step,n”,
”                             guiEvent: simpleKeys(event)});n”,
“n”,
”    / This prevents the web browser from automatically changing ton”,
”     * the text insertion cursor when the button is pressed.  We wantn”,
”     * to control all of the cursor setting manually through then”,
”     * ‘cursor’ event from matplotlib /n”,
”    event.preventDefault();n”,
”    return false;n”,
“}n”,
“n”,
“mpl.figure.prototype._key_event_extra = function(event, name) {n”,
”    // Handle any extra behaviour associated with a key eventn”,
“}n”,
“n”,
“mpl.figure.prototype.key_event = function(event, name) {n”,
“n”,
”    // Prevent repeat eventsn”,
”    if (name == ‘key_press’)n”,
”    {n”,
”        if (event.which === this._key)n”,
”            return;n”,
”        elsen”,
”            this._key = event.which;n”,
”    }n”,
”    if (name == ‘key_release’)n”,
”        this._key = null;n”,
“n”,
”    var value = ‘’;n”,
”    if (event.ctrlKey && event.which != 17)n”,
”        value += “ctrl+”;n”,
”    if (event.altKey && event.which != 18)n”,
”        value += “alt+”;n”,
”    if (event.shiftKey && event.which != 16)n”,
”        value += “shift+”;n”,
“n”,
”    value += ‘k’;n”,
”    value += event.which.toString();n”,
“n”,
”    this._key_event_extra(event, name);n”,
“n”,
”    this.send_message(name, {key: value,n”,
”                             guiEvent: simpleKeys(event)});n”,
”    return false;n”,
“}n”,
“n”,
“mpl.figure.prototype.toolbar_button_onclick = function(name) {n”,
”    if (name == ‘download’) {n”,
”        this.handle_save(this, null);n”,
”    } else {n”,
”        this.send_message(“toolbar_button”, {name: name});n”,
”    }n”,
“};n”,
“n”,
“mpl.figure.prototype.toolbar_button_onmouseover = function(tooltip) {n”,
”    this.message.textContent = tooltip;n”,
“};n”,
“mpl.toolbar_items = [[“Home”, “Reset original view”, “fa fa-home icon-home”, “home”], [“Back”, “Back to previous view”, “fa fa-arrow-left icon-arrow-left”, “back”], [“Forward”, “Forward to next view”, “fa fa-arrow-right icon-arrow-right”, “forward”], [“”, “”, “”, “”], [“Pan”, “Pan axes with left mouse, zoom with right”, “fa fa-arrows icon-move”, “pan”], [“Zoom”, “Zoom to rectangle”, “fa fa-square-o icon-check-empty”, “zoom”], [“”, “”, “”, “”], [“Download”, “Download plot”, “fa fa-floppy-o icon-save”, “download”]];n”,
“n”,
“mpl.extensions = [“eps”, “jpeg”, “pdf”, “png”, “ps”, “raw”, “svg”, “tif”];n”,
“n”,
“mpl.default_extension = “png”;var comm_websocket_adapter = function(comm) {n”,
”    // Create a “websocket”-like object which calls the given IPython commn”,
”    // object with the appropriate methods. Currently this is a non binaryn”,
”    // socket, so there is still some room for performance tuning.n”,
”    var ws = {};n”,
“n”,
”    ws.close = function() {n”,
”        comm.close()n”,
”    };n”,
”    ws.send = function(m) {n”,
”        //console.log(‘sending’, m);n”,
”        comm.send(m);n”,
”    };n”,
”    // Register the callback with on_msg.n”,
”    comm.on_msg(function(msg) {n”,
”        //console.log(‘receiving’, msg[‘content’][‘data’], msg);n”,
”        // Pass the mpl event to the overridden (by mpl) onmessage function.n”,
”        ws.onmessage(msg[‘content’][‘data’])n”,
”    });n”,
”    return ws;n”,
“}n”,
“n”,
“mpl.mpl_figure_comm = function(comm, msg) {n”,
”    // This is the function which gets called when the mpl processn”,
”    // starts-up an IPython Comm through the “matplotlib” channel.n”,
“n”,
”    var id = msg.content.data.id;n”,
”    // Get hold of the div created by the display call when the Commn”,
”    // socket was opened in Python.n”,
”    var element = $(“#” + id);n”,
”    var ws_proxy = comm_websocket_adapter(comm)n”,
“n”,
”    function ondownload(figure, format) {n”,
”        window.open(figure.imageObj.src);n”,
”    }n”,
“n”,
”    var fig = new mpl.figure(id, ws_proxy,n”,
”                           ondownload,n”,
”                           element.get(0));n”,
“n”,
”    // Call onopen now - mpl needs it, as it is assuming we’ve passed it a realn”,
”    // web socket which is closed, not our websocket->open comm proxy.n”,
”    ws_proxy.onopen();n”,
“n”,
”    fig.parent_element = element.get(0);n”,
”    fig.cell_info = mpl.find_output_cell(“<div id=’” + id + “’></div>”);n”,
”    if (!fig.cell_info) {n”,
”        console.error(“Failed to find cell for figure”, id, fig);n”,
”        return;n”,
”    }n”,
“n”,
”    var output_index = fig.cell_info[2]n”,
”    var cell = fig.cell_info[0];n”,
“n”,
“};n”,
“n”,
“mpl.figure.prototype.handle_close = function(fig, msg) {n”,
”    var width = fig.canvas.width/mpl.ration”,
”    fig.root.unbind(‘remove’)n”,
“n”,
”    // Update the output cell to use the data from the current canvas.n”,
”    fig.push_to_output();n”,
”    var dataURL = fig.canvas.toDataURL();n”,
”    // Re-enable the keyboard manager in IPython - without this line, in FF,n”,
”    // the notebook keyboard shortcuts fail.n”,
”    IPython.keyboard_manager.enable()n”,
”    $(fig.parent_element).html(‘<img src=”’ + dataURL + ‘” width=”’ + width + ‘”>’);n”,
”    fig.close_ws(fig, msg);n”,
“}n”,
“n”,
“mpl.figure.prototype.close_ws = function(fig, msg){n”,
”    fig.send_message(‘closing’, msg);n”,
”    // fig.ws.close()n”,
“}n”,
“n”,
“mpl.figure.prototype.push_to_output = function(remove_interactive) {n”,
”    // Turn the data on the canvas into data in the output cell.n”,
”    var width = this.canvas.width/mpl.ration”,
”    var dataURL = this.canvas.toDataURL();n”,
”    this.cell_info[1][‘text/html’] = ‘<img src=”’ + dataURL + ‘” width=”’ + width + ‘”>’;n”,
“}n”,
“n”,
“mpl.figure.prototype.updated_canvas_event = function() {n”,
”    // Tell IPython that the notebook contents must change.n”,
”    IPython.notebook.set_dirty(true);n”,
”    this.send_message(“ack”, {});n”,
”    var fig = this;n”,
”    // Wait a second, then push the new image to the DOM son”,
”    // that it is saved nicely (might be nice to debounce this).n”,
”    setTimeout(function () { fig.push_to_output() }, 1000);n”,
“}n”,
“n”,
“mpl.figure.prototype._init_toolbar = function() {n”,
”    var fig = this;n”,
“n”,
”    var nav_element = $(‘<div/>’);n”,
”    nav_element.attr(‘style’, ‘width: 100%’);n”,
”    this.root.append(nav_element);n”,
“n”,
”    // Define a callback function for later on.n”,
”    function toolbar_event(event) {n”,
”        return fig.toolbar_button_onclick(event[‘data’]);n”,
”    }n”,
”    function toolbar_mouse_event(event) {n”,
”        return fig.toolbar_button_onmouseover(event[‘data’]);n”,
”    }n”,
“n”,
”    for(var toolbar_ind in mpl.toolbar_items){n”,
”        var name = mpl.toolbar_items[toolbar_ind][0];n”,
”        var tooltip = mpl.toolbar_items[toolbar_ind][1];n”,
”        var image = mpl.toolbar_items[toolbar_ind][2];n”,
”        var method_name = mpl.toolbar_items[toolbar_ind][3];n”,
“n”,
”        if (!name) { continue; };n”,
“n”,
”        var button = $(‘<button class=”btn btn-default” href=”#” title=”’ + name + ‘”><i class=”fa ‘ + image + ‘ fa-lg”></i></button>’);n”,
”        button.click(method_name, toolbar_event);n”,
”        button.mouseover(tooltip, toolbar_mouse_event);n”,
”        nav_element.append(button);n”,
”    }n”,
“n”,
”    // Add the status bar.n”,
”    var status_bar = $(‘<span class=”mpl-message” style=”text-align:right; float: right;”/>’);n”,
”    nav_element.append(status_bar);n”,
”    this.message = status_bar[0];n”,
“n”,
”    // Add the close button to the window.n”,
”    var buttongrp = $(‘<div class=”btn-group inline pull-right”></div>’);n”,
”    var button = $(‘<button class=”btn btn-mini btn-primary” href=”#” title=”Stop Interaction”><i class=”fa fa-power-off icon-remove icon-large”></i></button>’);n”,
”    button.click(function (evt) { fig.handle_close(fig, {}); } );n”,
”    button.mouseover(‘Stop Interaction’, toolbar_mouse_event);n”,
”    buttongrp.append(button);n”,
”    var titlebar = this.root.find($(‘.ui-dialog-titlebar’));n”,
”    titlebar.prepend(buttongrp);n”,
“}n”,
“n”,
“mpl.figure.prototype._root_extra_style = function(el){n”,
”    var fig = thisn”,
”    el.on(“remove”, function(){n”,
“tfig.close_ws(fig, {});n”,
”    });n”,
“}n”,
“n”,
“mpl.figure.prototype._canvas_extra_style = function(el){n”,
”    // this is important to make the div ‘focusablen”,
”    el.attr(‘tabindex’, 0)n”,
”    // reach out to IPython and tell the keyboard manager to turn it’s selfn”,
”    // off when our div gets focusn”,
“n”,
”    // location in version 3n”,
”    if (IPython.notebook.keyboard_manager) {n”,
”        IPython.notebook.keyboard_manager.register_events(el);n”,
”    }n”,
”    else {n”,
”        // location in version 2n”,
”        IPython.keyboard_manager.register_events(el);n”,
”    }n”,
“n”,
“}n”,
“n”,
“mpl.figure.prototype._key_event_extra = function(event, name) {n”,
”    var manager = IPython.notebook.keyboard_manager;n”,
”    if (!manager)n”,
”        manager = IPython.keyboard_manager;n”,
“n”,
”    // Check for shift+entern”,
”    if (event.shiftKey && event.which == 13) {n”,
”        this.canvas_div.blur();n”,
”        event.shiftKey = false;n”,
”        // Send a “J” for go to next celln”,
”        event.which = 74;n”,
”        event.keyCode = 74;n”,
”        manager.command_mode();n”,
”        manager.handle_keydown(event);n”,
”    }n”,
“}n”,
“n”,
“mpl.figure.prototype.handle_save = function(fig, msg) {n”,
”    fig.ondownload(fig, null);n”,
“}n”,
“n”,
“n”,
“mpl.find_output_cell = function(html_output) {n”,
”    // Return the cell and output element which can be found *uniquely in the notebook.n”,
”    // Note - this is a bit hacky, but it is done because the “notebook_saving.Notebook”n”,
”    // IPython event is triggered only after the cells have been serialised, which forn”,
”    // our purposes (turning an active figure into a static one), is too late.n”,
”    var cells = IPython.notebook.get_cells();n”,
”    var ncells = cells.length;n”,
”    for (var i=0; i<ncells; i++) {n”,
”        var cell = cells[i];n”,
”        if (cell.cell_type === ‘code’){n”,
”            for (var j=0; j<cell.output_area.outputs.length; j++) {n”,
”                var data = cell.output_area.outputs[j];n”,
”                if (data.data) {n”,
”                    // IPython >= 3 moved mimebundle to data attribute of outputn”,
”                    data = data.data;n”,
”                }n”,
”                if (data[‘text/html’] == html_output) {n”,
”                    return [cell, data, j];n”,
”                }n”,
”            }n”,
”        }n”,
”    }n”,
“}n”,
“n”,
“// Register the function which deals with the matplotlib target/channel.n”,
“// The kernel may be null if the page has been refreshed.n”,
“if (IPython.notebook.kernel != null) {n”,
”    IPython.notebook.kernel.comm_manager.register_target(‘matplotlib’, mpl.mpl_figure_comm);n”,
“}n”





],
“text/plain”: [


“<IPython.core.display.Javascript object>”




]





},
“metadata”: {},
“output_type”: “display_data”





},
{



	“data”: {

	
	“text/html”: [

	“<img src=”data:image/png;base64,” width=”432”>”





],
“text/plain”: [


“<IPython.core.display.HTML object>”




]





},
“metadata”: {},
“output_type”: “display_data”




},
{



	“data”: {

	
	“application/vnd.jupyter.widget-view+json”: {

	“model_id”: “38439d1047814efab300a1a31c8ec201”,
“version_major”: 2,
“version_minor”: 0





},
“text/plain”: [


“interactive(children=(IntSlider(value=0, description=’Frame’, max=79), Output()), _dom_classes=(‘widget-intera…”




]





},
“metadata”: {},
“output_type”: “display_data”




}




],
“source”: [


“%matplotlib notebookn”,
“n”,
“sta = processed.Network_Explorer.get_sta_entity_by_sourceID(14)n”,
“n”,
“images = sta.datan”,
“num_of_images = images.shape[0]-1n”,
“n”,
“fig = plt.figure(figsize=(6,6))n”,
“ax = fig.add_subplot(1,1,1)n”,
“plt.title(‘STA Unit 14’)n”,
“plt.box(False)n”,
“fig.show()n”,
“n”,
“def updateFrame(Frame):n”,
”    ax.imshow(np.transpose(images[Frame,::]), cmap=”gray”, vmin=np.amin(images), vmax=np.amax(images))n”,
”              n”,
“_ = interact(updateFrame, Frame=widgets.IntSlider(min=0,max=num_of_images,step=1,value=0))”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“Network_Explorer data sources in files created by CMOS-MEA-Tools Version 2.4 and newer may contain axon tracking results in the processed.Network_Explorer.NeuralNetwork property. The extracted axon paths for individual units can be visualized like this:”




]




},
{


“cell_type”: “code”,
“execution_count”: 30,
“metadata”: {},
“outputs”: [



	{

	
	“data”: {

	
	“application/javascript”: [

	“/* Put everything inside the global mpl namespace /n”,
“window.mpl = {};n”,
“n”,
“n”,
“mpl.get_websocket_type = function() {n”,
”    if (typeof(WebSocket) !== ‘undefined’) {n”,
”        return WebSocket;n”,
”    } else if (typeof(MozWebSocket) !== ‘undefined’) {n”,
”        return MozWebSocket;n”,
”    } else {n”,
”        alert(‘Your browser does not have WebSocket support. ‘ +n”,
”              ‘Please try Chrome, Safari or Firefox ≥ 6. ‘ +n”,
”              ‘Firefox 4 and 5 are also supported but you ‘ +n”,
”              ‘have to enable WebSockets in about:config.’);n”,
”    };n”,
“}n”,
“n”,
“mpl.figure = function(figure_id, websocket, ondownload, parent_element) {n”,
”    this.id = figure_id;n”,
“n”,
”    this.ws = websocket;n”,
“n”,
”    this.supports_binary = (this.ws.binaryType != undefined);n”,
“n”,
”    if (!this.supports_binary) {n”,
”        var warnings = document.getElementById(“mpl-warnings”);n”,
”        if (warnings) {n”,
”            warnings.style.display = ‘block’;n”,
”            warnings.textContent = (n”,
”                “This browser does not support binary websocket messages. ” +n”,
”                    “Performance may be slow.”);n”,
”        }n”,
”    }n”,
“n”,
”    this.imageObj = new Image();n”,
“n”,
”    this.context = undefined;n”,
”    this.message = undefined;n”,
”    this.canvas = undefined;n”,
”    this.rubberband_canvas = undefined;n”,
”    this.rubberband_context = undefined;n”,
”    this.format_dropdown = undefined;n”,
“n”,
”    this.image_mode = ‘full’;n”,
“n”,
”    this.root = $(‘<div/>’);n”,
”    this._root_extra_style(this.root)n”,
”    this.root.attr(‘style’, ‘display: inline-block’);n”,
“n”,
”    $(parent_element).append(this.root);n”,
“n”,
”    this._init_header(this);n”,
”    this._init_canvas(this);n”,
”    this._init_toolbar(this);n”,
“n”,
”    var fig = this;n”,
“n”,
”    this.waiting = false;n”,
“n”,
”    this.ws.onopen =  function () {n”,
”            fig.send_message(“supports_binary”, {value: fig.supports_binary});n”,
”            fig.send_message(“send_image_mode”, {});n”,
”            if (mpl.ratio != 1) {n”,
”                fig.send_message(“set_dpi_ratio”, {‘dpi_ratio’: mpl.ratio});n”,
”            }n”,
”            fig.send_message(“refresh”, {});n”,
”        }n”,
“n”,
”    this.imageObj.onload = function() {n”,
”            if (fig.image_mode == ‘full’) {n”,
”                // Full images could contain transparency (where diff imagesn”,
”                // almost always do), so we need to clear the canvas so thatn”,
”                // there is no ghosting.n”,
”                fig.context.clearRect(0, 0, fig.canvas.width, fig.canvas.height);n”,
”            }n”,
”            fig.context.drawImage(fig.imageObj, 0, 0);n”,
”        };n”,
“n”,
”    this.imageObj.onunload = function() {n”,
”        fig.ws.close();n”,
”    }n”,
“n”,
”    this.ws.onmessage = this._make_on_message_function(this);n”,
“n”,
”    this.ondownload = ondownload;n”,
“}n”,
“n”,
“mpl.figure.prototype._init_header = function() {n”,
”    var titlebar = $(n”,
”        ‘<div class=”ui-dialog-titlebar ui-widget-header ui-corner-all ‘ +n”,
”        ‘ui-helper-clearfix”/>’);n”,
”    var titletext = $(n”,
”        ‘<div class=”ui-dialog-title” style=”width: 100%; ‘ +n”,
”        ‘text-align: center; padding: 3px;”/>’);n”,
”    titlebar.append(titletext)n”,
”    this.root.append(titlebar);n”,
”    this.header = titletext[0];n”,
“}n”,
“n”,
“n”,
“n”,
“mpl.figure.prototype._canvas_extra_style = function(canvas_div) {n”,
“n”,
“}n”,
“n”,
“n”,
“mpl.figure.prototype._root_extra_style = function(canvas_div) {n”,
“n”,
“}n”,
“n”,
“mpl.figure.prototype._init_canvas = function() {n”,
”    var fig = this;n”,
“n”,
”    var canvas_div = $(‘<div/>’);n”,
“n”,
”    canvas_div.attr(‘style’, ‘position: relative; clear: both; outline: 0’);n”,
“n”,
”    function canvas_keyboard_event(event) {n”,
”        return fig.key_event(event, event[‘data’]);n”,
”    }n”,
“n”,
”    canvas_div.keydown(‘key_press’, canvas_keyboard_event);n”,
”    canvas_div.keyup(‘key_release’, canvas_keyboard_event);n”,
”    this.canvas_div = canvas_divn”,
”    this._canvas_extra_style(canvas_div)n”,
”    this.root.append(canvas_div);n”,
“n”,
”    var canvas = $(‘<canvas/>’);n”,
”    canvas.addClass(‘mpl-canvas’);n”,
”    canvas.attr(‘style’, “left: 0; top: 0; z-index: 0; outline: 0”)n”,
“n”,
”    this.canvas = canvas[0];n”,
”    this.context = canvas[0].getContext(“2d”);n”,
“n”,
”    var backingStore = this.context.backingStorePixelRatio ||n”,
“tthis.context.webkitBackingStorePixelRatio ||n”,
“tthis.context.mozBackingStorePixelRatio ||n”,
“tthis.context.msBackingStorePixelRatio ||n”,
“tthis.context.oBackingStorePixelRatio ||n”,
“tthis.context.backingStorePixelRatio || 1;n”,
“n”,
”    mpl.ratio = (window.devicePixelRatio || 1) / backingStore;n”,
“n”,
”    var rubberband = $(‘<canvas/>’);n”,
”    rubberband.attr(‘style’, “position: absolute; left: 0; top: 0; z-index: 1;”)n”,
“n”,
”    var pass_mouse_events = true;n”,
“n”,
”    canvas_div.resizable({n”,
”        start: function(event, ui) {n”,
”            pass_mouse_events = false;n”,
”        },n”,
”        resize: function(event, ui) {n”,
”            fig.request_resize(ui.size.width, ui.size.height);n”,
”        },n”,
”        stop: function(event, ui) {n”,
”            pass_mouse_events = true;n”,
”            fig.request_resize(ui.size.width, ui.size.height);n”,
”        },n”,
”    });n”,
“n”,
”    function mouse_event_fn(event) {n”,
”        if (pass_mouse_events)n”,
”            return fig.mouse_event(event, event[‘data’]);n”,
”    }n”,
“n”,
”    rubberband.mousedown(‘button_press’, mouse_event_fn);n”,
”    rubberband.mouseup(‘button_release’, mouse_event_fn);n”,
”    // Throttle sequential mouse events to 1 every 20ms.n”,
”    rubberband.mousemove(‘motion_notify’, mouse_event_fn);n”,
“n”,
”    rubberband.mouseenter(‘figure_enter’, mouse_event_fn);n”,
”    rubberband.mouseleave(‘figure_leave’, mouse_event_fn);n”,
“n”,
”    canvas_div.on(“wheel”, function (event) {n”,
”        event = event.originalEvent;n”,
”        event[‘data’] = ‘scroll’n”,
”        if (event.deltaY < 0) {n”,
”            event.step = 1;n”,
”        } else {n”,
”            event.step = -1;n”,
”        }n”,
”        mouse_event_fn(event);n”,
”    });n”,
“n”,
”    canvas_div.append(canvas);n”,
”    canvas_div.append(rubberband);n”,
“n”,
”    this.rubberband = rubberband;n”,
”    this.rubberband_canvas = rubberband[0];n”,
”    this.rubberband_context = rubberband[0].getContext(“2d”);n”,
”    this.rubberband_context.strokeStyle = “#000000”;n”,
“n”,
”    this._resize_canvas = function(width, height) {n”,
”        // Keep the size of the canvas, canvas container, and rubber bandn”,
”        // canvas in synch.n”,
”        canvas_div.css(‘width’, width)n”,
”        canvas_div.css(‘height’, height)n”,
“n”,
”        canvas.attr(‘width’, width * mpl.ratio);n”,
”        canvas.attr(‘height’, height * mpl.ratio);n”,
”        canvas.attr(‘style’, ‘width: ‘ + width + ‘px; height: ‘ + height + ‘px;’);n”,
“n”,
”        rubberband.attr(‘width’, width);n”,
”        rubberband.attr(‘height’, height);n”,
”    }n”,
“n”,
”    // Set the figure to an initial 600x600px, this will subsequently be updatedn”,
”    // upon first draw.n”,
”    this._resize_canvas(600, 600);n”,
“n”,
”    // Disable right mouse context menu.n”,
”    $(this.rubberband_canvas).bind(“contextmenu”,function(e){n”,
”        return false;n”,
”    });n”,
“n”,
”    function set_focus () {n”,
”        canvas.focus();n”,
”        canvas_div.focus();n”,
”    }n”,
“n”,
”    window.setTimeout(set_focus, 100);n”,
“}n”,
“n”,
“mpl.figure.prototype._init_toolbar = function() {n”,
”    var fig = this;n”,
“n”,
”    var nav_element = $(‘<div/>’);n”,
”    nav_element.attr(‘style’, ‘width: 100%’);n”,
”    this.root.append(nav_element);n”,
“n”,
”    // Define a callback function for later on.n”,
”    function toolbar_event(event) {n”,
”        return fig.toolbar_button_onclick(event[‘data’]);n”,
”    }n”,
”    function toolbar_mouse_event(event) {n”,
”        return fig.toolbar_button_onmouseover(event[‘data’]);n”,
”    }n”,
“n”,
”    for(var toolbar_ind in mpl.toolbar_items) {n”,
”        var name = mpl.toolbar_items[toolbar_ind][0];n”,
”        var tooltip = mpl.toolbar_items[toolbar_ind][1];n”,
”        var image = mpl.toolbar_items[toolbar_ind][2];n”,
”        var method_name = mpl.toolbar_items[toolbar_ind][3];n”,
“n”,
”        if (!name) {n”,
”            // put a spacer in here.n”,
”            continue;n”,
”        }n”,
”        var button = $(‘<button/>’);n”,
”        button.addClass(‘ui-button ui-widget ui-state-default ui-corner-all ‘ +n”,
”                        ‘ui-button-icon-only’);n”,
”        button.attr(‘role’, ‘button’);n”,
”        button.attr(‘aria-disabled’, ‘false’);n”,
”        button.click(method_name, toolbar_event);n”,
”        button.mouseover(tooltip, toolbar_mouse_event);n”,
“n”,
”        var icon_img = $(‘<span/>’);n”,
”        icon_img.addClass(‘ui-button-icon-primary ui-icon’);n”,
”        icon_img.addClass(image);n”,
”        icon_img.addClass(‘ui-corner-all’);n”,
“n”,
”        var tooltip_span = $(‘<span/>’);n”,
”        tooltip_span.addClass(‘ui-button-text’);n”,
”        tooltip_span.html(tooltip);n”,
“n”,
”        button.append(icon_img);n”,
”        button.append(tooltip_span);n”,
“n”,
”        nav_element.append(button);n”,
”    }n”,
“n”,
”    var fmt_picker_span = $(‘<span/>’);n”,
“n”,
”    var fmt_picker = $(‘<select/>’);n”,
”    fmt_picker.addClass(‘mpl-toolbar-option ui-widget ui-widget-content’);n”,
”    fmt_picker_span.append(fmt_picker);n”,
”    nav_element.append(fmt_picker_span);n”,
”    this.format_dropdown = fmt_picker[0];n”,
“n”,
”    for (var ind in mpl.extensions) {n”,
”        var fmt = mpl.extensions[ind];n”,
”        var option = $(n”,
”            ‘<option/>’, {selected: fmt === mpl.default_extension}).html(fmt);n”,
”        fmt_picker.append(option);n”,
”    }n”,
“n”,
”    // Add hover states to the ui-buttonsn”,
”    $( “.ui-button” ).hover(n”,
”        function() { $(this).addClass(“ui-state-hover”);},n”,
”        function() { $(this).removeClass(“ui-state-hover”);}n”,
”    );n”,
“n”,
”    var status_bar = $(‘<span class=”mpl-message”/>’);n”,
”    nav_element.append(status_bar);n”,
”    this.message = status_bar[0];n”,
“}n”,
“n”,
“mpl.figure.prototype.request_resize = function(x_pixels, y_pixels) {n”,
”    // Request matplotlib to resize the figure. Matplotlib will then trigger a resize in the client,n”,
”    // which will in turn request a refresh of the image.n”,
”    this.send_message(‘resize’, {‘width’: x_pixels, ‘height’: y_pixels});n”,
“}n”,
“n”,
“mpl.figure.prototype.send_message = function(type, properties) {n”,
”    properties[‘type’] = type;n”,
”    properties[‘figure_id’] = this.id;n”,
”    this.ws.send(JSON.stringify(properties));n”,
“}n”,
“n”,
“mpl.figure.prototype.send_draw_message = function() {n”,
”    if (!this.waiting) {n”,
”        this.waiting = true;n”,
”        this.ws.send(JSON.stringify({type: “draw”, figure_id: this.id}));n”,
”    }n”,
“}n”,
“n”,
“n”,
“mpl.figure.prototype.handle_save = function(fig, msg) {n”,
”    var format_dropdown = fig.format_dropdown;n”,
”    var format = format_dropdown.options[format_dropdown.selectedIndex].value;n”,
”    fig.ondownload(fig, format);n”,
“}n”,
“n”,
“n”,
“mpl.figure.prototype.handle_resize = function(fig, msg) {n”,
”    var size = msg[‘size’];n”,
”    if (size[0] != fig.canvas.width || size[1] != fig.canvas.height) {n”,
”        fig._resize_canvas(size[0], size[1]);n”,
”        fig.send_message(“refresh”, {});n”,
”    };n”,
“}n”,
“n”,
“mpl.figure.prototype.handle_rubberband = function(fig, msg) {n”,
”    var x0 = msg[‘x0’] / mpl.ratio;n”,
”    var y0 = (fig.canvas.height - msg[‘y0’]) / mpl.ratio;n”,
”    var x1 = msg[‘x1’] / mpl.ratio;n”,
”    var y1 = (fig.canvas.height - msg[‘y1’]) / mpl.ratio;n”,
”    x0 = Math.floor(x0) + 0.5;n”,
”    y0 = Math.floor(y0) + 0.5;n”,
”    x1 = Math.floor(x1) + 0.5;n”,
”    y1 = Math.floor(y1) + 0.5;n”,
”    var min_x = Math.min(x0, x1);n”,
”    var min_y = Math.min(y0, y1);n”,
”    var width = Math.abs(x1 - x0);n”,
”    var height = Math.abs(y1 - y0);n”,
“n”,
”    fig.rubberband_context.clearRect(n”,
”        0, 0, fig.canvas.width / mpl.ratio, fig.canvas.height / mpl.ratio);n”,
“n”,
”    fig.rubberband_context.strokeRect(min_x, min_y, width, height);n”,
“}n”,
“n”,
“mpl.figure.prototype.handle_figure_label = function(fig, msg) {n”,
”    // Updates the figure title.n”,
”    fig.header.textContent = msg[‘label’];n”,
“}n”,
“n”,
“mpl.figure.prototype.handle_cursor = function(fig, msg) {n”,
”    var cursor = msg[‘cursor’];n”,
”    switch(cursor)n”,
”    {n”,
”    case 0:n”,
”        cursor = ‘pointer’;n”,
”        break;n”,
”    case 1:n”,
”        cursor = ‘default’;n”,
”        break;n”,
”    case 2:n”,
”        cursor = ‘crosshair’;n”,
”        break;n”,
”    case 3:n”,
”        cursor = ‘move’;n”,
”        break;n”,
”    }n”,
”    fig.rubberband_canvas.style.cursor = cursor;n”,
“}n”,
“n”,
“mpl.figure.prototype.handle_message = function(fig, msg) {n”,
”    fig.message.textContent = msg[‘message’];n”,
“}n”,
“n”,
“mpl.figure.prototype.handle_draw = function(fig, msg) {n”,
”    // Request the server to send over a new figure.n”,
”    fig.send_draw_message();n”,
“}n”,
“n”,
“mpl.figure.prototype.handle_image_mode = function(fig, msg) {n”,
”    fig.image_mode = msg[‘mode’];n”,
“}n”,
“n”,
“mpl.figure.prototype.updated_canvas_event = function() {n”,
”    // Called whenever the canvas gets updated.n”,
”    this.send_message(“ack”, {});n”,
“}n”,
“n”,
“// A function to construct a web socket function for onmessage handling.n”,
“// Called in the figure constructor.n”,
“mpl.figure.prototype._make_on_message_function = function(fig) {n”,
”    return function socket_on_message(evt) {n”,
”        if (evt.data instanceof Blob) {n”,
”            / FIXME: We get “Resource interpreted as Image butn”,
”             * transferred with MIME type text/plain:” errors onn”,
”             * Chrome.  But how to set the MIME type?  It doesn’t seemn”,
”             * to be part of the websocket stream /n”,
”            evt.data.type = “image/png”;n”,
“n”,
”            / Free the memory for the previous frames /n”,
”            if (fig.imageObj.src) {n”,
”                (window.URL || window.webkitURL).revokeObjectURL(n”,
”                    fig.imageObj.src);n”,
”            }n”,
“n”,
”            fig.imageObj.src = (window.URL || window.webkitURL).createObjectURL(n”,
”                evt.data);n”,
”            fig.updated_canvas_event();n”,
”            fig.waiting = false;n”,
”            return;n”,
”        }n”,
”        else if (typeof evt.data === ‘string’ && evt.data.slice(0, 21) == “data:image/png;base64”) {n”,
”            fig.imageObj.src = evt.data;n”,
”            fig.updated_canvas_event();n”,
”            fig.waiting = false;n”,
”            return;n”,
”        }n”,
“n”,
”        var msg = JSON.parse(evt.data);n”,
”        var msg_type = msg[‘type’];n”,
“n”,
”        // Call the  “handle_{type}” callback, which takesn”,
”        // the figure and JSON message as its only arguments.n”,
”        try {n”,
”            var callback = fig[“handle_” + msg_type];n”,
”        } catch (e) {n”,
”            console.log(“No handler for the ‘” + msg_type + “’ message type: “, msg);n”,
”            return;n”,
”        }n”,
“n”,
”        if (callback) {n”,
”            try {n”,
”                // console.log(“Handling ‘” + msg_type + “’ message: “, msg);n”,
”                callback(fig, msg);n”,
”            } catch (e) {n”,
”                console.log(“Exception inside the ‘handler_” + msg_type + “’ callback:”, e, e.stack, msg);n”,
”            }n”,
”        }n”,
”    };n”,
“}n”,
“n”,
“// from http://stackoverflow.com/questions/1114465/getting-mouse-location-in-canvasn”,
“mpl.findpos = function(e) {n”,
”    //this section is from http://www.quirksmode.org/js/events_properties.htmln”,
”    var targ;n”,
”    if (!e)n”,
”        e = window.event;n”,
”    if (e.target)n”,
”        targ = e.target;n”,
”    else if (e.srcElement)n”,
”        targ = e.srcElement;n”,
”    if (targ.nodeType == 3) // defeat Safari bugn”,
”        targ = targ.parentNode;n”,
“n”,
”    // jQuery normalizes the pageX and pageYn”,
”    // pageX,Y are the mouse positions relative to the documentn”,
”    // offset() returns the position of the element relative to the documentn”,
”    var x = e.pageX - $(targ).offset().left;n”,
”    var y = e.pageY - $(targ).offset().top;n”,
“n”,
”    return {“x”: x, “y”: y};n”,
“};n”,
“n”,
“/n”,
” * return a copy of an object with only non-object keysn”,
” * we need this to avoid circular referencesn”,
” * http://stackoverflow.com/a/24161582/3208463n”,
” /n”,
“function simpleKeys (original) {n”,
”  return Object.keys(original).reduce(function (obj, key) {n”,
”    if (typeof original[key] !== ‘object’)n”,
”        obj[key] = original[key]n”,
”    return obj;n”,
”  }, {});n”,
“}n”,
“n”,
“mpl.figure.prototype.mouse_event = function(event, name) {n”,
”    var canvas_pos = mpl.findpos(event)n”,
“n”,
”    if (name === ‘button_press’)n”,
”    {n”,
”        this.canvas.focus();n”,
”        this.canvas_div.focus();n”,
”    }n”,
“n”,
”    var x = canvas_pos.x * mpl.ratio;n”,
”    var y = canvas_pos.y * mpl.ratio;n”,
“n”,
”    this.send_message(name, {x: x, y: y, button: event.button,n”,
”                             step: event.step,n”,
”                             guiEvent: simpleKeys(event)});n”,
“n”,
”    / This prevents the web browser from automatically changing ton”,
”     * the text insertion cursor when the button is pressed.  We wantn”,
”     * to control all of the cursor setting manually through then”,
”     * ‘cursor’ event from matplotlib /n”,
”    event.preventDefault();n”,
”    return false;n”,
“}n”,
“n”,
“mpl.figure.prototype._key_event_extra = function(event, name) {n”,
”    // Handle any extra behaviour associated with a key eventn”,
“}n”,
“n”,
“mpl.figure.prototype.key_event = function(event, name) {n”,
“n”,
”    // Prevent repeat eventsn”,
”    if (name == ‘key_press’)n”,
”    {n”,
”        if (event.which === this._key)n”,
”            return;n”,
”        elsen”,
”            this._key = event.which;n”,
”    }n”,
”    if (name == ‘key_release’)n”,
”        this._key = null;n”,
“n”,
”    var value = ‘’;n”,
”    if (event.ctrlKey && event.which != 17)n”,
”        value += “ctrl+”;n”,
”    if (event.altKey && event.which != 18)n”,
”        value += “alt+”;n”,
”    if (event.shiftKey && event.which != 16)n”,
”        value += “shift+”;n”,
“n”,
”    value += ‘k’;n”,
”    value += event.which.toString();n”,
“n”,
”    this._key_event_extra(event, name);n”,
“n”,
”    this.send_message(name, {key: value,n”,
”                             guiEvent: simpleKeys(event)});n”,
”    return false;n”,
“}n”,
“n”,
“mpl.figure.prototype.toolbar_button_onclick = function(name) {n”,
”    if (name == ‘download’) {n”,
”        this.handle_save(this, null);n”,
”    } else {n”,
”        this.send_message(“toolbar_button”, {name: name});n”,
”    }n”,
“};n”,
“n”,
“mpl.figure.prototype.toolbar_button_onmouseover = function(tooltip) {n”,
”    this.message.textContent = tooltip;n”,
“};n”,
“mpl.toolbar_items = [[“Home”, “Reset original view”, “fa fa-home icon-home”, “home”], [“Back”, “Back to previous view”, “fa fa-arrow-left icon-arrow-left”, “back”], [“Forward”, “Forward to next view”, “fa fa-arrow-right icon-arrow-right”, “forward”], [“”, “”, “”, “”], [“Pan”, “Pan axes with left mouse, zoom with right”, “fa fa-arrows icon-move”, “pan”], [“Zoom”, “Zoom to rectangle”, “fa fa-square-o icon-check-empty”, “zoom”], [“”, “”, “”, “”], [“Download”, “Download plot”, “fa fa-floppy-o icon-save”, “download”]];n”,
“n”,
“mpl.extensions = [“eps”, “jpeg”, “pdf”, “png”, “ps”, “raw”, “svg”, “tif”];n”,
“n”,
“mpl.default_extension = “png”;var comm_websocket_adapter = function(comm) {n”,
”    // Create a “websocket”-like object which calls the given IPython commn”,
”    // object with the appropriate methods. Currently this is a non binaryn”,
”    // socket, so there is still some room for performance tuning.n”,
”    var ws = {};n”,
“n”,
”    ws.close = function() {n”,
”        comm.close()n”,
”    };n”,
”    ws.send = function(m) {n”,
”        //console.log(‘sending’, m);n”,
”        comm.send(m);n”,
”    };n”,
”    // Register the callback with on_msg.n”,
”    comm.on_msg(function(msg) {n”,
”        //console.log(‘receiving’, msg[‘content’][‘data’], msg);n”,
”        // Pass the mpl event to the overridden (by mpl) onmessage function.n”,
”        ws.onmessage(msg[‘content’][‘data’])n”,
”    });n”,
”    return ws;n”,
“}n”,
“n”,
“mpl.mpl_figure_comm = function(comm, msg) {n”,
”    // This is the function which gets called when the mpl processn”,
”    // starts-up an IPython Comm through the “matplotlib” channel.n”,
“n”,
”    var id = msg.content.data.id;n”,
”    // Get hold of the div created by the display call when the Commn”,
”    // socket was opened in Python.n”,
”    var element = $(“#” + id);n”,
”    var ws_proxy = comm_websocket_adapter(comm)n”,
“n”,
”    function ondownload(figure, format) {n”,
”        window.open(figure.imageObj.src);n”,
”    }n”,
“n”,
”    var fig = new mpl.figure(id, ws_proxy,n”,
”                           ondownload,n”,
”                           element.get(0));n”,
“n”,
”    // Call onopen now - mpl needs it, as it is assuming we’ve passed it a realn”,
”    // web socket which is closed, not our websocket->open comm proxy.n”,
”    ws_proxy.onopen();n”,
“n”,
”    fig.parent_element = element.get(0);n”,
”    fig.cell_info = mpl.find_output_cell(“<div id=’” + id + “’></div>”);n”,
”    if (!fig.cell_info) {n”,
”        console.error(“Failed to find cell for figure”, id, fig);n”,
”        return;n”,
”    }n”,
“n”,
”    var output_index = fig.cell_info[2]n”,
”    var cell = fig.cell_info[0];n”,
“n”,
“};n”,
“n”,
“mpl.figure.prototype.handle_close = function(fig, msg) {n”,
”    var width = fig.canvas.width/mpl.ration”,
”    fig.root.unbind(‘remove’)n”,
“n”,
”    // Update the output cell to use the data from the current canvas.n”,
”    fig.push_to_output();n”,
”    var dataURL = fig.canvas.toDataURL();n”,
”    // Re-enable the keyboard manager in IPython - without this line, in FF,n”,
”    // the notebook keyboard shortcuts fail.n”,
”    IPython.keyboard_manager.enable()n”,
”    $(fig.parent_element).html(‘<img src=”’ + dataURL + ‘” width=”’ + width + ‘”>’);n”,
”    fig.close_ws(fig, msg);n”,
“}n”,
“n”,
“mpl.figure.prototype.close_ws = function(fig, msg){n”,
”    fig.send_message(‘closing’, msg);n”,
”    // fig.ws.close()n”,
“}n”,
“n”,
“mpl.figure.prototype.push_to_output = function(remove_interactive) {n”,
”    // Turn the data on the canvas into data in the output cell.n”,
”    var width = this.canvas.width/mpl.ration”,
”    var dataURL = this.canvas.toDataURL();n”,
”    this.cell_info[1][‘text/html’] = ‘<img src=”’ + dataURL + ‘” width=”’ + width + ‘”>’;n”,
“}n”,
“n”,
“mpl.figure.prototype.updated_canvas_event = function() {n”,
”    // Tell IPython that the notebook contents must change.n”,
”    IPython.notebook.set_dirty(true);n”,
”    this.send_message(“ack”, {});n”,
”    var fig = this;n”,
”    // Wait a second, then push the new image to the DOM son”,
”    // that it is saved nicely (might be nice to debounce this).n”,
”    setTimeout(function () { fig.push_to_output() }, 1000);n”,
“}n”,
“n”,
“mpl.figure.prototype._init_toolbar = function() {n”,
”    var fig = this;n”,
“n”,
”    var nav_element = $(‘<div/>’);n”,
”    nav_element.attr(‘style’, ‘width: 100%’);n”,
”    this.root.append(nav_element);n”,
“n”,
”    // Define a callback function for later on.n”,
”    function toolbar_event(event) {n”,
”        return fig.toolbar_button_onclick(event[‘data’]);n”,
”    }n”,
”    function toolbar_mouse_event(event) {n”,
”        return fig.toolbar_button_onmouseover(event[‘data’]);n”,
”    }n”,
“n”,
”    for(var toolbar_ind in mpl.toolbar_items){n”,
”        var name = mpl.toolbar_items[toolbar_ind][0];n”,
”        var tooltip = mpl.toolbar_items[toolbar_ind][1];n”,
”        var image = mpl.toolbar_items[toolbar_ind][2];n”,
”        var method_name = mpl.toolbar_items[toolbar_ind][3];n”,
“n”,
”        if (!name) { continue; };n”,
“n”,
”        var button = $(‘<button class=”btn btn-default” href=”#” title=”’ + name + ‘”><i class=”fa ‘ + image + ‘ fa-lg”></i></button>’);n”,
”        button.click(method_name, toolbar_event);n”,
”        button.mouseover(tooltip, toolbar_mouse_event);n”,
”        nav_element.append(button);n”,
”    }n”,
“n”,
”    // Add the status bar.n”,
”    var status_bar = $(‘<span class=”mpl-message” style=”text-align:right; float: right;”/>’);n”,
”    nav_element.append(status_bar);n”,
”    this.message = status_bar[0];n”,
“n”,
”    // Add the close button to the window.n”,
”    var buttongrp = $(‘<div class=”btn-group inline pull-right”></div>’);n”,
”    var button = $(‘<button class=”btn btn-mini btn-primary” href=”#” title=”Stop Interaction”><i class=”fa fa-power-off icon-remove icon-large”></i></button>’);n”,
”    button.click(function (evt) { fig.handle_close(fig, {}); } );n”,
”    button.mouseover(‘Stop Interaction’, toolbar_mouse_event);n”,
”    buttongrp.append(button);n”,
”    var titlebar = this.root.find($(‘.ui-dialog-titlebar’));n”,
”    titlebar.prepend(buttongrp);n”,
“}n”,
“n”,
“mpl.figure.prototype._root_extra_style = function(el){n”,
”    var fig = thisn”,
”    el.on(“remove”, function(){n”,
“tfig.close_ws(fig, {});n”,
”    });n”,
“}n”,
“n”,
“mpl.figure.prototype._canvas_extra_style = function(el){n”,
”    // this is important to make the div ‘focusablen”,
”    el.attr(‘tabindex’, 0)n”,
”    // reach out to IPython and tell the keyboard manager to turn it’s selfn”,
”    // off when our div gets focusn”,
“n”,
”    // location in version 3n”,
”    if (IPython.notebook.keyboard_manager) {n”,
”        IPython.notebook.keyboard_manager.register_events(el);n”,
”    }n”,
”    else {n”,
”        // location in version 2n”,
”        IPython.keyboard_manager.register_events(el);n”,
”    }n”,
“n”,
“}n”,
“n”,
“mpl.figure.prototype._key_event_extra = function(event, name) {n”,
”    var manager = IPython.notebook.keyboard_manager;n”,
”    if (!manager)n”,
”        manager = IPython.keyboard_manager;n”,
“n”,
”    // Check for shift+entern”,
”    if (event.shiftKey && event.which == 13) {n”,
”        this.canvas_div.blur();n”,
”        event.shiftKey = false;n”,
”        // Send a “J” for go to next celln”,
”        event.which = 74;n”,
”        event.keyCode = 74;n”,
”        manager.command_mode();n”,
”        manager.handle_keydown(event);n”,
”    }n”,
“}n”,
“n”,
“mpl.figure.prototype.handle_save = function(fig, msg) {n”,
”    fig.ondownload(fig, null);n”,
“}n”,
“n”,
“n”,
“mpl.find_output_cell = function(html_output) {n”,
”    // Return the cell and output element which can be found *uniquely in the notebook.n”,
”    // Note - this is a bit hacky, but it is done because the “notebook_saving.Notebook”n”,
”    // IPython event is triggered only after the cells have been serialised, which forn”,
”    // our purposes (turning an active figure into a static one), is too late.n”,
”    var cells = IPython.notebook.get_cells();n”,
”    var ncells = cells.length;n”,
”    for (var i=0; i<ncells; i++) {n”,
”        var cell = cells[i];n”,
”        if (cell.cell_type === ‘code’){n”,
”            for (var j=0; j<cell.output_area.outputs.length; j++) {n”,
”                var data = cell.output_area.outputs[j];n”,
”                if (data.data) {n”,
”                    // IPython >= 3 moved mimebundle to data attribute of outputn”,
”                    data = data.data;n”,
”                }n”,
”                if (data[‘text/html’] == html_output) {n”,
”                    return [cell, data, j];n”,
”                }n”,
”            }n”,
”        }n”,
”    }n”,
“}n”,
“n”,
“// Register the function which deals with the matplotlib target/channel.n”,
“// The kernel may be null if the page has been refreshed.n”,
“if (IPython.notebook.kernel != null) {n”,
”    IPython.notebook.kernel.comm_manager.register_target(‘matplotlib’, mpl.mpl_figure_comm);n”,
“}n”





],
“text/plain”: [


“<IPython.core.display.Javascript object>”




]





},
“metadata”: {},
“output_type”: “display_data”





},
{



	“data”: {

	
	“text/html”: [

	“<img src=”data:image/png;base64,” width=”432”>”





],
“text/plain”: [


“<IPython.core.display.HTML object>”




]





},
“metadata”: {},
“output_type”: “display_data”




},
{



	“data”: {

	
	“application/vnd.jupyter.widget-view+json”: {

	“model_id”: “cd31ecab59334d92980f6c65b7cbc9ee”,
“version_major”: 2,
“version_minor”: 0





},
“text/plain”: [


“interactive(children=(IntSlider(value=0, description=’Frame’, max=79), Output()), _dom_classes=(‘widget-intera…”




]





},
“metadata”: {},
“output_type”: “display_data”




}




],
“source”: [


“%matplotlib notebookn”,
“n”,
“import matplotlib.lines as mlinesn”,
“n”,
“sta = processed.Network_Explorer.get_sta_entity_by_sourceID(14)n”,
“n”,
“images = sta.datan”,
“num_of_images = images.shape[0]-1n”,
“n”,
“fig = plt.figure(figsize=(6,6))n”,
“ax = fig.add_subplot(1,1,1)n”,
“plt.title(‘STA Unit 14’)n”,
“plt.box(False)n”,
“fig.show()n”,
“n”,
“def updateFrame(Frame):n”,
”    last_sensor = (sta.sensor_coordinates[1], sta.sensor_coordinates[0])n”,
”    ax.imshow(np.transpose(images[Frame,::]), cmap=”gray”, vmin=np.amin(images), vmax=np.amax(images))n”,
”    ax.add_artist(plt.Circle(last_sensor, 2))n”,
”    for step in sta.axon:n”,
”        ax.add_line(mlines.Line2D([last_sensor[0]-1, step[0]-1], [last_sensor[1]-1, step[1]-1]))n”,
”        last_sensor = stepn”,
”              n”,
“_ = interact(updateFrame, Frame=widgets.IntSlider(min=0,max=num_of_images,step=1,value=0))”




]




},
{


“cell_type”: “markdown”,
“metadata”: {


“pycharm”: {}




},
“source”: [


“<a href=’#Top’>Back to index</a>”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“### Spike Sorter<a id=’spikeSorter’></a>n”,
“n”,
“The Spike_Sorter data source contains neuronal units as the result of the CMOS-MEA-Tools spike sorting. Each unit is represented by its own group in the data source, while quality measures and other meta data for all units are contained in the Spike_Sorter.Units data set. “




]




},
{


“cell_type”: “code”,
“execution_count”: 31,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“——————————————————————————-n”,
“Parent Group: <class ‘McsPyDataTools.McsPy.McsCMOSMEA.SpikeSorter’ object at 0x246dcd71080>n”,
“——————————————————————————-n”,
“n”,
“n”,
“|        Mcs Type         |        HDF5 name        |       McsPy name        |\n",
"===============================================================================\n",
"Groups:\n",
"|       SingleUnit        |         Unit 1          |         Unit_1          |\n",
"|       SingleUnit        |         Unit 10         |         Unit_10         |\n",
"|       SingleUnit        |         Unit 11         |         Unit_11         |\n",
"|       SingleUnit        |         Unit 12         |         Unit_12         |\n",
"|       SingleUnit        |         Unit 13         |         Unit_13         |\n",
"|       SingleUnit        |         Unit 14         |         Unit_14         |\n",
"|       SingleUnit        |         Unit 15         |         Unit_15         |\n",
"|       SingleUnit        |         Unit 16         |         Unit_16         |\n",
"|       SingleUnit        |         Unit 17         |         Unit_17         |\n",
"|       SingleUnit        |         Unit 18         |         Unit_18         |\n",
"|       SingleUnit        |         Unit 19         |         Unit_19         |\n",
"|       SingleUnit        |         Unit 2          |         Unit_2          |\n",
"|       SingleUnit        |         Unit 20         |         Unit_20         |\n",
"|       SingleUnit        |         Unit 21         |         Unit_21         |\n",
"|       SingleUnit        |         Unit 22         |         Unit_22         |\n",
"|       SingleUnit        |         Unit 23         |         Unit_23         |\n",
"|       SingleUnit        |         Unit 24         |         Unit_24         |\n",
"|       SingleUnit        |         Unit 25         |         Unit_25         |\n",
"|       SingleUnit        |         Unit 26         |         Unit_26         |\n",
"|       SingleUnit        |         Unit 27         |         Unit_27         |\n",
"|       SingleUnit        |         Unit 28         |         Unit_28         |\n",
"|       SingleUnit        |         Unit 29         |         Unit_29         |\n",
"|       SingleUnit        |         Unit 3          |         Unit_3          |\n",
"|       SingleUnit        |         Unit 30         |         Unit_30         |\n",
"|       SingleUnit        |         Unit 31         |         Unit_31         |\n",
"|       SingleUnit        |         Unit 32         |         Unit_32         |\n",
"|       SingleUnit        |         Unit 33         |         Unit_33         |\n",
"|       SingleUnit        |         Unit 34         |         Unit_34         |\n",
"|       SingleUnit        |         Unit 35         |         Unit_35         |\n",
"|       SingleUnit        |         Unit 36         |         Unit_36         |\n",
"|       SingleUnit        |         Unit 37         |         Unit_37         |\n",
"|       SingleUnit        |         Unit 38         |         Unit_38         |\n",
"|       SingleUnit        |         Unit 39         |         Unit_39         |\n",
"|       SingleUnit        |         Unit 4          |         Unit_4          |\n",
"|       SingleUnit        |         Unit 40         |         Unit_40         |\n",
"|       SingleUnit        |         Unit 41         |         Unit_41         |\n",
"|       SingleUnit        |         Unit 42         |         Unit_42         |\n",
"|       SingleUnit        |         Unit 43         |         Unit_43         |\n",
"|       SingleUnit        |         Unit 44         |         Unit_44         |\n",
"|       SingleUnit        |         Unit 45         |         Unit_45         |\n",
"|       SingleUnit        |         Unit 46         |         Unit_46         |\n",
"|       SingleUnit        |         Unit 47         |         Unit_47         |\n",
"|       SingleUnit        |         Unit 48         |         Unit_48         |\n",
"|       SingleUnit        |         Unit 49         |         Unit_49         |\n",
"|       SingleUnit        |         Unit 5          |         Unit_5          |\n",
"|       SingleUnit        |         Unit 50         |         Unit_50         |\n",
"|       SingleUnit        |         Unit 51         |         Unit_51         |\n",
"|       SingleUnit        |         Unit 52         |         Unit_52         |\n",
"|       SingleUnit        |         Unit 53         |         Unit_53         |\n",
"|       SingleUnit        |         Unit 54         |         Unit_54         |\n",
"|       SingleUnit        |         Unit 55         |         Unit_55         |\n",
"|       SingleUnit        |         Unit 56         |         Unit_56         |\n",
"|       SingleUnit        |         Unit 57         |         Unit_57         |\n",
"|       SingleUnit        |         Unit 58         |         Unit_58         |\n",
"|       SingleUnit        |         Unit 59         |         Unit_59         |\n",
"|       SingleUnit        |         Unit 6          |         Unit_6          |\n",
"|       SingleUnit        |         Unit 60         |         Unit_60         |\n",
"|       SingleUnit        |         Unit 61         |         Unit_61         |\n",
"|       SingleUnit        |         Unit 62         |         Unit_62         |\n",
"|       SingleUnit        |         Unit 63         |         Unit_63         |\n",
"|       SingleUnit        |         Unit 64         |         Unit_64         |\n",
"|       SingleUnit        |         Unit 65         |         Unit_65         |\n",
"|       SingleUnit        |         Unit 66         |         Unit_66         |\n",
"|       SingleUnit        |         Unit 67         |         Unit_67         |\n",
"|       SingleUnit        |         Unit 68         |         Unit_68         |\n",
"|       SingleUnit        |         Unit 69         |         Unit_69         |\n",
"|       SingleUnit        |         Unit 7          |         Unit_7          |\n",
"|       SingleUnit        |         Unit 70         |         Unit_70         |\n",
"|       SingleUnit        |         Unit 71         |         Unit_71         |\n",
"|       SingleUnit        |         Unit 72         |         Unit_72         |\n",
"|       SingleUnit        |         Unit 73         |         Unit_73         |\n",
"|       SingleUnit        |         Unit 74         |         Unit_74         |\n",
"|       SingleUnit        |         Unit 75         |         Unit_75         |\n",
"|       SingleUnit        |         Unit 76         |         Unit_76         |\n",
"|       SingleUnit        |         Unit 77         |         Unit_77         |\n",
"|       SingleUnit        |         Unit 78         |         Unit_78         |\n",
"|       SingleUnit        |         Unit 79         |         Unit_79         |\n",
"|       SingleUnit        |         Unit 8          |         Unit_8          |\n",
"|       SingleUnit        |         Unit 80         |         Unit_80         |\n",
"|       SingleUnit        |         Unit 81         |         Unit_81         |\n",
"|       SingleUnit        |         Unit 82         |         Unit_82         |\n",
"|       SingleUnit        |         Unit 83         |         Unit_83         |\n",
"|       SingleUnit        |         Unit 84         |         Unit_84         |\n",
"|       SingleUnit        |         Unit 85         |         Unit_85         |\n",
"|       SingleUnit        |         Unit 86         |         Unit_86         |\n",
"|       SingleUnit        |         Unit 87         |         Unit_87         |\n",
"|       SingleUnit        |         Unit 88         |         Unit_88         |\n",
"|       SingleUnit        |         Unit 89         |         Unit_89         |\n",
"|       SingleUnit        |         Unit 9          |         Unit_9          |\n",
"|       SingleUnit        |         Unit 90         |         Unit_90         |\n",
"-------------------------------------------------------------------------------\n",
"Datasets:\n",
"|    Projection Matrix    |    Projection Matrix    |    Projection_Matrix    |\n",
"|  SettingsPeakDetection  |  SettingsPeakDetection  |  SettingsPeakDetection  |\n",
"| SettingsPostProcessing  | SettingsPostProcessing  | SettingsPostProcessing  |\n",
"|  SettingsRoiDetection   |  SettingsRoiDetection   |  SettingsRoiDetection   |\n",
"| SettingsSorterComputing | SettingsSorterComputing | SettingsSorterComputing |\n",
"|  SettingsSorterGeneral  |  SettingsSorterGeneral  |  SettingsSorterGeneral  |\n",
"|   SettingsSpikeSorter   |   SettingsSpikeSorter   |   SettingsSpikeSorter   |\n",
"|          Units          |          Units          |          Units          |n”,
“n”




]





}




],
“source”: [


“print(processed.Spike_Sorter)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“For ease of use, some convenience functions are available to access units and quality measures:”




]




},
{


“cell_type”: “code”,
“execution_count”: 38,
“metadata”: {},
“outputs”: [



	{

	
	“data”: {

	
	“text/plain”: [

	“[‘SDScore’,n”,
” ‘AmplitudeSD’,n”,
” ‘RSTD’,n”,
” ‘Separability’,n”,
” ‘IsoINN’,n”,
” ‘IsoIBg’,n”,
” ‘NoiseStd’,n”,
” ‘SNR’,n”,
” ‘Skewness’,n”,
” ‘Kurtosis’,n”,
” ‘IcaConverged’,n”,
” ‘IcaIterations’]”





]





},
“execution_count”: 38,
“metadata”: {},
“output_type”: “execute_result”





}




],
“source”: [


“processed.Spike_Sorter.get_units_by_id() # lists all units, ordered by unit idn”,
“processed.Spike_Sorter.get_units_by_measure(‘Kurtosis’) # lists all units ordered by the given quality measuren”,
“processed.Spike_Sorter.get_unit_measures() # lists all quality measures”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“Each unit contains 5 data sets:n”,
“- Peaks: Contains all peaks detected in the Source signal, including peaks below the spike detection threshold. This is necessary for the automatic spike threshold estimation in the CMOS-MEA-Tools Spike Sorter. For peaks larger than the spike detection threshold, their ‘IncludePeak’ flag is set to 1.n”,
“- RoiSTAs: Contains the spike triggered averages for the subset of sensors comprising the “ROI” of the unit. The spike-triggered average is computed by taking the timestamp of all Peaks where ‘IncludePeak’ is set, extracting a signal cutout for all sensors in the unit ROI around each timestamp and averaging these cutouts over all timestamps. The STA dimensions are channels x samples.n”,
“- Source: Contains the dimensionless source signal for the unit in ICA space.n”,
“- Unit_Info: Contains the meta data for the unit, including its quality measuresn”,
“- Unmixing: Contains a channels x embedding matrix that represents the projection from raw channel data to ICA space. Creating embedding many sample-shifted copies of the raw data for all channels in the unit ROI and then multiplying this with the Unmixing matrix will create the Source signal.”




]




},
{


“cell_type”: “code”,
“execution_count”: 4,
“metadata”: {},
“outputs”: [



	{

	
	“data”: {

	
	“text/plain”: [

	“7.64561711669349”





]





},
“execution_count”: 4,
“metadata”: {},
“output_type”: “execute_result”





}




],
“source”: [


“unit = processed.Spike_Sorter.get_unit(14) # get unit by unit idn”,
“unit.get_measure(‘Separability’)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {


“pycharm”: {}




},
“source”: [


“<a href=’#Top’>Back to index</a>”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“#### Sourcen”,
“n”,
“The source signal has no associated units but can be drawn like any other sampled signal.”




]




},
{


“cell_type”: “code”,
“execution_count”: 13,
“metadata”: {},
“outputs”: [



	{

	
	“data”: {

	“image/png”: “n”,
“text/plain”: [


“<Figure size 1008x432 with 1 Axes>”




]





},
“metadata”: {


“needs_background”: “light”




},
“output_type”: “display_data”





}




],
“source”: [


“plt.figure(figsize=(14, 6))n”,
“plt.plot(unit.Source, ‘k’)n”,
“plt.ylabel(‘No Unit’)n”,
“plt.xlabel(‘Time in timesteps’)n”,
“_ = plt.title(‘Source Signal’)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {


“pycharm”: {}




},
“source”: [


“<a href=’#Top’>Back to index</a>”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“#### Peaksn”,
“n”,
“We can easily visualize the detected peaks in the source signal as a cutout overlay”




]




},
{


“cell_type”: “code”,
“execution_count”: 7,
“metadata”: {},
“outputs”: [



	{

	
	“data”: {

	“image/png”: “n”,
“text/plain”: [


“<Figure size 576x432 with 1 Axes>”




]





},
“metadata”: {


“needs_background”: “light”




},
“output_type”: “display_data”





}




],
“source”: [


“cutouts = unit.get_peaks_cutouts()n”,
“plt.figure(figsize=(8,6))n”,
“_ = plt.plot(np.transpose(cutouts*1e-3), color=’k’, alpha=0.2)n”,
“plt.xlabel(‘Samples’)n”,
“plt.ylabel(‘No Unit’)n”,
“plt.title(‘Spike Cutout Overlay’)n”,
“plt.show()”




]




},
{


“cell_type”: “markdown”,
“metadata”: {


“pycharm”: {}




},
“source”: [


“<a href=’#Top’>Back to index</a>”




]




}





],
“metadata”: {



	“kernelspec”: {

	“display_name”: “Python 3”,
“language”: “python”,
“name”: “python3”





},
“language_info”: {



	“codemirror_mode”: {

	“name”: “ipython”,
“version”: 3





},
“file_extension”: “.py”,
“mimetype”: “text/x-python”,
“name”: “python”,
“nbconvert_exporter”: “python”,
“pygments_lexer”: “ipython3”,
“version”: “3.7.0”




}




},
“nbformat”: 4,
“nbformat_minor”: 1





}



          

      

      

    

  

    
      
          
            
  


	{

	
	“cells”: [

	
	{

	“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“# McsPyDataTools Tutorial for data analysis: Spike Detection and Sortingn”,
“n”,
“This tutorial gives an introduction into data analysis with the McsPyDataTools toolbox using simple algorithms for spike detection and spike sorting. Its purpose isn’t to develop production grade algorithms for spike detection and sorting, but to provide a gentle start into the analysis of neuronal data files with the McsPyDataTools.”




]





},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“The dataset we are using in this tutorial stems from a recording with the [MCS Multiwell-MEA system](https://www.multiwell-mea.com) using a 24-well MEA plate. Due to file size constraints, only data from a single well (12 channels) is included in this data set.”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“First, let’s import the necessary modules:”




]




},
{


“cell_type”: “code”,
“execution_count”: 1,
“metadata”: {},
“outputs”: [],
“source”: [


“from IPython.core.interactiveshell import InteractiveShelln”,
“InteractiveShell.ast_node_interactivity = ‘all’n”,
“n”,
“import osn”,
“import numpy as npn”,
“from sklearn.mixture import GaussianMixturen”,
“from sklearn.decomposition import PCAn”,
“from sklearn.preprocessing import StandardScalern”,
“n”,
“# MCS PyData toolsn”,
“import McsPyn”,
“import McsPy.McsDatan”,
“from McsPy import ureg, Q_n”,
“n”,
“# VISUALIZATION TOOLSn”,
“import matplotlib.pyplot as pltn”,
“%matplotlib inlinen”,
“n”,
“# SUPRESS WARNINGSn”,
“import warningsn”,
“warnings.filterwarnings(‘ignore’)n”,
“n”,
“# autoreload modulesn”,
“%load_ext autoreloadn”,
“%autoreload 2”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“Then, we need to define where the test data is located. This needs to be adjusted to your local setup! The McsPyDataTools toolbox includes a set of small test files in its tests/TestData folder. An archive with larger test files can be downloaded from the [Multi Channel DataManager](https://www.multichannelsystems.com/software/multi-channel-datamanager) page.”




]




},
{


“cell_type”: “code”,
“execution_count”: 2,
“metadata”: {},
“outputs”: [],
“source”: [


“test_data_folder = r’..\McsPyDataTools\McsPy\tests\TestData’ # adjust this to your local environmentn”,
“file_path = os.path.join(test_data_folder, ‘MultiUnitData.h5’)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“The data set contains 3 analog streams and 3 event streams. The following table gives a short overview over the purpose of these streams:n”,
“n”,
“| Stream       | Content                         |\n",
"|——————|-------------------------------------|n”,
“| Analog Stream 0  | Electrode Data                      |\n",
"| Analog Stream 1  | Analog In Data                      |\n",
"| Analog Stream 2  | Digital In/Out Data                 |\n",
"| Event Stream 0   | Digital In/Out Events, Stimulation Events  |\n",
"| Event Stream 1   | Experiment Timing Events            |\n",
"| Event Stream 2   | Treatment Timing Events             |n”,
“n”,
“For the purposes of this tutorial, only Analog Stream 0 is relevant because it holds the recorded neuronal data. The other streams, especially the event streams, become important as soon as you are working with stimulation and need the stimulation timestamps (Event Stream 0) or if you are analyzing Multiwell-MEA data recorded from experiments with multiple phases, e.g. if recorded a dilution series for a compound. In this case, Event Stream 1 and 2 will give you the timestamps of each phase in the experiment. However, because only a single phase was recorded here and no stimulation was used, Analog Stream 0 will suffice.”




]




},
{


“cell_type”: “code”,
“execution_count”: 3,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“Recording_0 <HDF5 group “/Data/Recording_0” (2 members)>n”,
“Stream_0 <HDF5 group “/Data/Recording_0/AnalogStream/Stream_0” (3 members)>n”,
“ChannelData <HDF5 dataset “ChannelData”: shape (12, 13245000), type “<i4”>n”,
“ChannelDataTimeStamps <HDF5 dataset “ChannelDataTimeStamps”: shape (1, 3), type “<i8”>n”,
“InfoChannel <HDF5 dataset “InfoChannel”: shape (12,), type “|V108”>n”,
“Stream_1 <HDF5 group “/Data/Recording_0/AnalogStream/Stream_1” (3 members)>n”,
“ChannelData <HDF5 dataset “ChannelData”: shape (8, 13245000), type “<i4”>n”,
“ChannelDataTimeStamps <HDF5 dataset “ChannelDataTimeStamps”: shape (1, 3), type “<i8”>n”,
“InfoChannel <HDF5 dataset “InfoChannel”: shape (8,), type “|V108”>n”,
“Stream_2 <HDF5 group “/Data/Recording_0/AnalogStream/Stream_2” (3 members)>n”,
“ChannelData <HDF5 dataset “ChannelData”: shape (2, 13245000), type “<i4”>n”,
“ChannelDataTimeStamps <HDF5 dataset “ChannelDataTimeStamps”: shape (1, 3), type “<i8”>n”,
“InfoChannel <HDF5 dataset “InfoChannel”: shape (2,), type “|V108”>n”




]





}




],
“source”: [


“file = McsPy.McsData.RawData(file_path)n”,
“electrode_stream = file.recordings[0].analog_streams[0];”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“## Visualizationn”,
“n”,
“Let’s define a plot function to plot a single channel.”




]




},
{


“cell_type”: “code”,
“execution_count”: 4,
“metadata”: {},
“outputs”: [],
“source”: [


“def plot_analog_stream_channel(analog_stream, channel_idx, from_in_s=0, to_in_s=None, show=True):n”,
”    “””n”,
”    Plots data from a single AnalogStream channeln”,
”    n”,
”    :param analog_stream: A AnalogStream objectn”,
”    :param channel_idx: A scalar channel index (0 <= channel_idx < # channels in the AnalogStream)n”,
”    :param from_in_s: The start timestamp of the plot (0 <= from_in_s < to_in_s). Default: 0n”,
”    :param to_in_s: The end timestamp of the plot (from_in_s < to_in_s <= duration). Default: None (= recording duration)n”,
”    :param show: If True (default), the plot is directly created. For further plotting, use show=Falsen”,
”    “””n”,
”    # extract basic informationn”,
”    ids = [c.channel_id for c in analog_stream.channel_infos.values()]n”,
”    channel_id = ids[channel_idx]n”,
”    channel_info = analog_stream.channel_infos[channel_id]n”,
”    sampling_frequency = channel_info.sampling_frequency.magnituden”,
”   n”,
”    # get start and end indexn”,
”    from_idx = max(0, int(from_in_s * sampling_frequency))n”,
”    if to_in_s is None:n”,
”        to_idx = analog_stream.channel_data.shape[1]n”,
”    else:n”,
”        to_idx = min(analog_stream.channel_data.shape[1], int(to_in_s * sampling_frequency))n”,
”        n”,
”    # get the timestamps for each samplen”,
”    time = analog_stream.get_channel_sample_timestamps(channel_id, from_idx, to_idx)n”,
“n”,
”    # scale time to seconds:n”,
”    scale_factor_for_second = Q_(1,time[1]).to(ureg.s).magnituden”,
”    time_in_sec = time[0] * scale_factor_for_secondn”,
”    n”,
”    # get the signaln”,
”    signal = analog_stream.get_channel_in_range(channel_id, from_idx, to_idx)n”,
“n”,
”    # scale signal to µV:n”,
”    scale_factor_for_uV = Q_(1,signal[1]).to(ureg.uV).magnituden”,
”    signal_in_uV = signal[0] * scale_factor_for_uVn”,
“n”,
”    # construct the plotn”,
”    _ = plt.figure(figsize=(20,6))n”,
”    _ = plt.plot(time_in_sec, signal_in_uV)n”,
”    _ = plt.xlabel(‘Time (%s)’ % ureg.s)n”,
”    _ = plt.ylabel(‘Voltage (%s)’ % ureg.uV)n”,
”    _ = plt.title(‘Channel %s’ % channel_info.info[‘Label’])n”,
”    if show:n”,
”        plt.show()”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“Then, we can have a look at different channels (feel free to play around with the channel index and the time range):”




]




},
{


“cell_type”: “code”,
“execution_count”: 5,
“metadata”: {},
“outputs”: [



	{

	
	“data”: {

	“image/png”: “n”,
“text/plain”: [


“<Figure size 1440x432 with 1 Axes>”




]





},
“metadata”: {


“needs_background”: “light”




},
“output_type”: “display_data”





}




],
“source”: [


“plot_analog_stream_channel(electrode_stream, 0, from_in_s=0, to_in_s=500)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“For the purposes of this tutorial, we are going to work with the channel with index 9 and ID 171. In the MEA well, this channel was at position '43'. We chose this channel because it exhibits nice multi-unit activity which is perfect for a tutorial on spike sorting. Looking at a short time segment for this channel, we can clearly see spikes of vastly different amplitudes which most likely stem from different neurons.”




]




},
{


“cell_type”: “code”,
“execution_count”: 6,
“metadata”: {},
“outputs”: [



	{

	
	“data”: {

	“image/png”: “”,
“text/plain”: [


“<Figure size 1440x432 with 1 Axes>”




]





},
“metadata”: {


“needs_background”: “light”




},
“output_type”: “display_data”





}




],
“source”: [


“plot_analog_stream_channel(electrode_stream, 9, from_in_s=155, to_in_s=200)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“Depending on the bandwidth of the recording, it can be necessary to perform a bandpass filtering in order to remove low-frequency fluctuations. A bandpass filter with cutoffs [100, 3500] Hz had been applied during the recording of this dataset, so no further filtering is necessary here.”




]




},
{


“cell_type”: “code”,
“execution_count”: 7,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“Bandwidth: 100 - 3500 Hzn”




]





}




],
“source”: [


“channel_id = 171n”,
“info = electrode_stream.channel_infos[channel_id].infon”,
“print(“Bandwidth: %s - %s Hz” % (info[‘HighPassFilterCutOffFrequency’], info[‘LowPassFilterCutOffFrequency’]))n”,
“n”,
“signal = electrode_stream.get_channel_in_range(channel_id, 0, electrode_stream.channel_data.shape[1])[0]”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“## Spike Detectionn”,
“n”,
“Our first task is going to be to detect spikes on the data channel and extract cutouts of the spike waveforms. n”,
“n”,
“Usually, the easiest way to get these spike waveforms would be to perform the spike detection in the MCS software, export them together with the recorded raw data to HDF5 and then simply access them with the McsPy tools. These spike waveforms would be stored as a SegmentStream (see the basic toolbox tutorial for more information on interacting with ``SegmentStream``s).n”,
“n”,
“However, for tutorial purposes, let’s say we want to redo the spike detection in Python. We use a very simple threshold-based spike detection here.”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“First, we need to determine a suitable threshold for spike detection. A reasonable way to do this is to estimate the noise level of the channel, and then use a multiple of the noise level as the threshold (a multiplication factor of 5 tends to work quite well). While we could estimate the noise level from the standard deviation of the signal, this has the drawback that the spikes in the signal can have a strong influence on the standard deviation and lead to an unnecessarily high threshold. The MAD estimator is more robust against outlier and might therefore be more appropriate:”




]




},
{


“cell_type”: “code”,
“execution_count”: 8,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“Noise Estimate by Standard Deviation: 8.89075e-06 Vn”,
“Noise Estimate by MAD Estimator     : 5.83227e-06 Vn”




]





}




],
“source”: [


“noise_std = np.std(signal)n”,
“noise_mad = np.median(np.absolute(signal)) / 0.6745n”,
“print(‘Noise Estimate by Standard Deviation: {0:g} V’.format(noise_std))n”,
“print(‘Noise Estimate by MAD Estimator     : {0:g} V’.format(noise_mad))”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“As you can see, the difference between the two is about 3 µV, so we’ll stick with the MAD estimator. We are using a negative threshold here, so we are just looking at the negative peak of each spike.”




]




},
{


“cell_type”: “code”,
“execution_count”: 9,
“metadata”: {},
“outputs”: [],
“source”: [


“spike_threshold = -5 * noise_mad # roughly -30 µV”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“Let’s plot the same data section as above together with the spike threshold. We are detecting some very small spikes with this threshold, so depending on your aim you may want to increase the multiplication factor.”




]




},
{


“cell_type”: “code”,
“execution_count”: 10,
“metadata”: {


“scrolled”: false




},
“outputs”: [



	{

	
	“data”: {

	“image/png”: “n”,
“text/plain”: [


“<Figure size 1440x432 with 1 Axes>”




]





},
“metadata”: {


“needs_background”: “light”




},
“output_type”: “display_data”





}




],
“source”: [


“plot_analog_stream_channel(electrode_stream, 9, from_in_s=155, to_in_s=200, show=False)n”,
“_ = plt.plot([155, 200], [spike_threshold*1e6, spike_threshold*1e6]) # converts the threshold to µV for plottingn”,
“plt.show()”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“Our spike detector needs to take into account that a spike typically comprises multiple samples, so we can’t simply take each sample that exceeds the threshold as an individual spike detection. Instead, we’ll define a dead time, meaning that whenever we detect a spike, the next few samples within the dead time won’t trigger a spike detection by themselves. n”,
“n”,
“In order to reduce the detection jitter, we additionally search for each spike the minimum in the signal for a short period of time after the threshold crossing. This will be the timestamp for each spike. We’ll define some helper functions to achieve this:”




]




},
{


“cell_type”: “code”,
“execution_count”: 11,
“metadata”: {},
“outputs”: [],
“source”: [


“def detect_threshold_crossings(signal, fs, threshold, dead_time):n”,
”    “””n”,
”    Detect threshold crossings in a signal with dead time and return them as an arrayn”,
”    n”,
”    The signal transitions from a sample above the threshold to a sample below the threshold for a detection andn”,
”    the last detection has to be more than dead_time apart from the current one.n”,
”    n”,
”    :param signal: The signal as a 1-dimensional numpy arrayn”,
”    :param fs: The sampling frequency in Hzn”,
”    :param threshold: The threshold for the signaln”,
”    :param dead_time: The dead time in seconds. n”,
”    “””n”,
”    dead_time_idx = dead_time * fsn”,
”    threshold_crossings = np.diff((signal <= threshold).astype(int) > 0).nonzero()[0]n”,
”    distance_sufficient = np.insert(np.diff(threshold_crossings) >= dead_time_idx, 0, True)n”,
”    while not np.all(distance_sufficient):n”,
”        # repeatedly remove all threshold crossings that violate the dead_timen”,
”        threshold_crossings = threshold_crossings[distance_sufficient]n”,
”        distance_sufficient = np.insert(np.diff(threshold_crossings) >= dead_time_idx, 0, True)n”,
”    return threshold_crossingsn”,
“n”,
“def get_next_minimum(signal, index, max_samples_to_search):n”,
”    “””n”,
”    Returns the index of the next minimum in the signal after an indexn”,
”    n”,
”    :param signal: The signal as a 1-dimensional numpy arrayn”,
”    :param index: The scalar index n”,
”    :param max_samples_to_search: The number of samples to search for a minimum after the indexn”,
”    “””n”,
”    search_end_idx = min(index + max_samples_to_search, signal.shape[0])n”,
”    min_idx = np.argmin(signal[index:search_end_idx])n”,
”    return index + min_idxn”,
“n”,
“def align_to_minimum(signal, fs, threshold_crossings, search_range):n”,
”    “””n”,
”    Returns the index of the next negative spike peak for all threshold crossingsn”,
”    n”,
”    :param signal: The signal as a 1-dimensional numpy arrayn”,
”    :param fs: The sampling frequency in Hzn”,
”    :param threshold_crossings: The array of indices where the signal crossed the detection thresholdn”,
”    :param search_range: The maximum duration in seconds to search for the minimum after each crossingn”,
”    “””n”,
”    search_end = int(search_range*fs)n”,
”    aligned_spikes = [get_next_minimum(signal, t, search_end) for t in threshold_crossings]n”,
”    return np.array(aligned_spikes)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“Now, let’s perform the spike detection using our detector with dead time. Then, we align the spikes to their negative peaks.”




]




},
{


“cell_type”: “code”,
“execution_count”: 12,
“metadata”: {},
“outputs”: [],
“source”: [


“fs = int(electrode_stream.channel_infos[channel_id].sampling_frequency.magnitude)n”,
“crossings = detect_threshold_crossings(signal, fs, spike_threshold, 0.003) # dead time of 3 msn”,
“spks = align_to_minimum(signal, fs, crossings, 0.002) # search range 2 ms”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“To double check, let’s plot the signal together with the detected spikes:”




]




},
{


“cell_type”: “code”,
“execution_count”: 13,
“metadata”: {},
“outputs”: [



	{

	
	“data”: {

	“image/png”: “”,
“text/plain”: [


“<Figure size 1440x432 with 1 Axes>”




]





},
“metadata”: {


“needs_background”: “light”




},
“output_type”: “display_data”





}




],
“source”: [


“timestamps = spks / fsn”,
“range_in_s = (155, 200)n”,
“spikes_in_range = timestamps[(timestamps >= range_in_s[0]) & (timestamps <= range_in_s[1])]n”,
“n”,
“plot_analog_stream_channel(electrode_stream, 9, from_in_s=range_in_s[0], to_in_s=range_in_s[1], show=False)n”,
“_ = plt.plot(spikes_in_range, [spike_threshold*1e6]*spikes_in_range.shape[0], ‘ro’, ms=2)n”,
“plt.show()”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“## Spike Waveformsn”,
“n”,
“Having found the spike timestamps, we may now extract the spike waveforms. For this, we simply cut out a portion of the signal around each spike. Spikes too close to the start or end of the signal that a full cutout is not possible are ignored.”




]




},
{


“cell_type”: “code”,
“execution_count”: 14,
“metadata”: {},
“outputs”: [],
“source”: [


“def extract_waveforms(signal, fs, spikes_idx, pre, post):n”,
”    “””n”,
”    Extract spike waveforms as signal cutouts around each spike index as a spikes x samples numpy arrayn”,
”    n”,
”    :param signal: The signal as a 1-dimensional numpy arrayn”,
”    :param fs: The sampling frequency in Hzn”,
”    :param spikes_idx: The sample index of all spikes as a 1-dim numpy arrayn”,
”    :param pre: The duration of the cutout before the spike in secondsn”,
”    :param post: The duration of the cutout after the spike in secondsn”,
”    “””n”,
”    cutouts = []n”,
”    pre_idx = int(pre * fs)n”,
”    post_idx = int(post * fs)n”,
”    for index in spikes_idx:n”,
”        if index-pre_idx >= 0 and index+post_idx <= signal.shape[0]:n”,
”            cutout = signal[(index-pre_idx):(index+post_idx)]n”,
”            cutouts.append(cutout)n”,
”    return np.stack(cutouts)”




]




},
{


“cell_type”: “code”,
“execution_count”: 15,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“Cutout array shape: (2579, 75)n”




]





}




],
“source”: [


“pre = 0.001 # 1 msn”,
“post= 0.002 # 2 msn”,
“cutouts = extract_waveforms(signal, fs, spks, pre, post)n”,
“print(“Cutout array shape: ” + str(cutouts.shape)) # number of spikes x number of samples”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“Let’s plot an overlay of the extracted cutouts:”




]




},
{


“cell_type”: “code”,
“execution_count”: 16,
“metadata”: {},
“outputs”: [],
“source”: [


“def plot_waveforms(cutouts, fs, pre, post, n=100, color=’k’, show=True):n”,
”    “””n”,
”    Plot an overlay of spike cutoutsn”,
”    n”,
”    :param cutouts: A spikes x samples array of cutoutsn”,
”    :param fs: The sampling frequency in Hzn”,
”    :param pre: The duration of the cutout before the spike in secondsn”,
”    :param post: The duration of the cutout after the spike in secondsn”,
”    :param n: The number of cutouts to plot, or None to plot all. Default: 100n”,
”    :param color: The line color as a pyplot line/marker style. Default: ‘k’=blackn”,
”    :param show: Set this to False to disable showing the plot. Default: Truen”,
”    “””n”,
”    if n is None:n”,
”        n = cutouts.shape[0]n”,
”    n = min(n, cutouts.shape[0])n”,
”    time_in_us = np.arange(-pre*1000, post*1000, 1e3/fs)n”,
”    if show:n”,
”        _ = plt.figure(figsize=(12,6))n”,
”    n”,
”    for i in range(n):n”,
”        _ = plt.plot(time_in_us, cutouts[i,]*1e6, color, linewidth=1, alpha=0.3)n”,
”        _ = plt.xlabel(‘Time (%s)’ % ureg.ms)n”,
”        _ = plt.ylabel(‘Voltage (%s)’ % ureg.uV)n”,
”        _ = plt.title(‘Cutouts’)n”,
”    n”,
”    if show:n”,
”        plt.show()”




]




},
{


“cell_type”: “code”,
“execution_count”: 17,
“metadata”: {},
“outputs”: [



	{

	
	“data”: {

	“image/png”: “n”,
“text/plain”: [


“<Figure size 864x432 with 1 Axes>”




]





},
“metadata”: {


“needs_background”: “light”




},
“output_type”: “display_data”





}




],
“source”: [


“plot_waveforms(cutouts, fs, pre, post, n=250)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“From this waveform overlay it seems clear that the spikes we are seeing stem from (at least) two different neurons. In order to determine, which spikes stem from the same neuron, we need to analyze these cutouts further. “




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“## Feature Extractionn”,
“n”,
“We would expect that we should be able to distinguish the spikes from different neurons based on the shape of the spike waveform. So we now need a way to find a good representation of the waveform shape. “Good” means in this case that the result should be well separable, i.e. that similar waveforms are represented close to each other and far away from dissimilar waveforms. In addition, the representation should have as few dimensions as possible because the clustering step tends to work better if there aren’t too many dimensions involved.n”,
“n”,
“This is commonly called the Feature Extraction step.”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“We could try to manually design some features that seem useful. For example, we could take the minimum and maximum amplitude and try to work with those:”




]




},
{


“cell_type”: “code”,
“execution_count”: 18,
“metadata”: {},
“outputs”: [



	{

	
	“data”: {

	“image/png”: “n”,
“text/plain”: [


“<Figure size 576x576 with 1 Axes>”




]





},
“metadata”: {


“needs_background”: “light”




},
“output_type”: “display_data”





}




],
“source”: [


“min_amplitude = np.amin(cutouts, axis=1)n”,
“max_amplitude = np.amax(cutouts, axis=1)n”,
“n”,
“_ = plt.figure(figsize=(8,8))n”,
“_ = plt.plot(min_amplitude*1e6, max_amplitude*1e6,’.’)n”,
“_ = plt.xlabel(‘Min. Amplitude (%s)’ % ureg.uV)n”,
“_ = plt.ylabel(‘Max. Amplitude (%s)’ % ureg.uV)n”,
“_ = plt.title(‘Min/Max Spike Amplitudes’)n”,
“n”,
“plt.show()”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“We can directly see some distinct clusters in this plot which might represent spikes from different neuronal sources, but a lot of spikes are closely bunched together in the lower right corner. Taking only the minimum and maximum amplitude might be a bit too simplistic, because for example judging from the cutout overlay plot, the maximum can happen before or after time point 0 and with similar values. Using the amplitude alone won’t differentiate between these different shapes. n”,
“n”,
“More sophisticated feature design could remedy this, but there are also more general feature extraction methods available that require less manual interaction. A widespread method for this is principal component analysis ([PCA](https://scikit-learn.org/stable/modules/generated/sklearn.decomposition.PCA.html)). It finds a linear transformation of the data into principal component space, thereby decorrelating the data. Because each principle component (PC) explains as much variance in the data as possible (while being orthogonal to all previous principal components), we can use the explained variance as a measure of the  “importance” of each PC. This will help us decide, how many dimensions (= PCs) we need to keep.”




]




},
{


“cell_type”: “code”,
“execution_count”: 19,
“metadata”: {},
“outputs”: [



	{

	
	“data”: {

	
	“text/plain”: [

	“PCA(copy=True, iterated_power=’auto’, n_components=None, random_state=None,n”,
”    svd_solver=’auto’, tol=0.0, whiten=False)”





]





},
“execution_count”: 19,
“metadata”: {},
“output_type”: “execute_result”





},
{


“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“[4.95861981e-01 1.86792909e-01 1.07960458e-01 4.92467665e-02n”,
” 3.92615578e-02 2.43178104e-02 1.54772580e-02 1.42838769e-02n”,
” 1.32672412e-02 9.07951432e-03 6.22540386e-03 5.76332370e-03n”,
” 5.09706162e-03 4.57872079e-03 3.37948805e-03 2.88224864e-03n”,
” 2.35134998e-03 2.00488981e-03 1.77034798e-03 1.47102577e-03n”,
” 1.18203490e-03 1.06396539e-03 9.34307355e-04 7.84827463e-04n”,
” 7.03255677e-04 6.52196920e-04 5.41354290e-04 4.90419984e-04n”,
” 4.14199911e-04 3.63004816e-04 3.04959856e-04 2.61099008e-04n”,
” 2.01444988e-04 1.66950952e-04 1.47071914e-04 1.26653755e-04n”,
” 1.01048377e-04 8.93055456e-05 7.27223316e-05 6.06567333e-05n”,
” 4.77039212e-05 3.97085398e-05 3.42875628e-05 2.63952644e-05n”,
” 2.20130932e-05 1.76933484e-05 1.45767003e-05 1.18268421e-05n”,
” 9.58967283e-06 7.92411460e-06 6.38193314e-06 4.95505369e-06n”,
” 4.30927163e-06 3.46774565e-06 2.74747862e-06 2.31670474e-06n”,
” 1.79492225e-06 1.49837614e-06 1.21960289e-06 9.88322222e-07n”,
” 8.03217275e-07 6.44498157e-07 5.51653989e-07 3.94522000e-07n”,
” 3.29783060e-07 2.69825823e-07 2.18465142e-07 1.66291769e-07n”,
” 1.33458366e-07 1.05186644e-07 8.99273536e-08 6.69644259e-08n”,
” 6.31986343e-08 3.59873090e-08 1.45556845e-08]n”




]




}




],
“source”: [


“scaler = StandardScaler()n”,
“scaled_cutouts = scaler.fit_transform(cutouts)n”,
“n”,
“pca = PCA()n”,
“pca.fit(scaled_cutouts)n”,
“print(pca.explained_variance_ratio_)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“Thus, the first 2 PCs together explain 49.6 % + 18.7 % = 67.3 % of the variance in the data. This might be enough, so we will now project our cutouts on the first 2 PCs, giving us only 2 coefficients for each spike: The weight of the 1st and the 2nd PC. These coefficients are dimensionless.”




]




},
{


“cell_type”: “code”,
“execution_count”: 20,
“metadata”: {},
“outputs”: [



	{

	
	“data”: {

	“image/png”: “n”,
“text/plain”: [


“<Figure size 576x576 with 1 Axes>”




]





},
“metadata”: {


“needs_background”: “light”




},
“output_type”: “display_data”





}




],
“source”: [


“pca.n_components = 2n”,
“transformed = pca.fit_transform(scaled_cutouts)n”,
“n”,
“_ = plt.figure(figsize=(8,8))n”,
“_ = plt.plot(transformed[:,0], transformed[:,1],’.’)n”,
“_ = plt.xlabel(‘Principal Component 1’)n”,
“_ = plt.ylabel(‘Principal Component 2’)n”,
“_ = plt.title(‘PC1 vs PC2’)n”,
“n”,
“plt.show()”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“Here we can see 4 quite well defined clusters in the dataset. Out of curiosity, we can also test what happens if we take the first 3 PCs instead of 2 (although this makes the visualization a bit more tricky):”




]




},
{


“cell_type”: “code”,
“execution_count”: 21,
“metadata”: {},
“outputs”: [



	{

	
	“data”: {

	“image/png”: “n”,
“text/plain”: [


“<Figure size 1080x360 with 3 Axes>”




]





},
“metadata”: {


“needs_background”: “light”




},
“output_type”: “display_data”





}




],
“source”: [


“pca.n_components = 3n”,
“transformed_3d = pca.fit_transform(scaled_cutouts)n”,
“n”,
“_ = plt.figure(figsize=(15,5))n”,
“_ = plt.subplot(1, 3, 1)n”,
“_ = plt.plot(transformed_3d[:,0], transformed_3d[:,1],’.’)n”,
“_ = plt.xlabel(‘Principal Component 1’)n”,
“_ = plt.ylabel(‘Principal Component 2’)n”,
“_ = plt.title(‘PC1 vs PC2’)n”,
“_ = plt.subplot(1, 3, 2)n”,
“_ = plt.plot(transformed_3d[:,0], transformed_3d[:,2],’.’)n”,
“_ = plt.xlabel(‘Principal Component 1’)n”,
“_ = plt.ylabel(‘Principal Component 3’)n”,
“_ = plt.title(‘PC1 vs PC3’)n”,
“_ = plt.subplot(1, 3, 3)n”,
“_ = plt.plot(transformed_3d[:,1], transformed_3d[:,2],’.’)n”,
“_ = plt.xlabel(‘Principal Component 2’)n”,
“_ = plt.ylabel(‘Principal Component 3’)n”,
“_ = plt.title(‘PC2 vs PC3’)n”,
“plt.show()”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“## Clusteringn”,
“n”,
“Now to the final step: Finding clusters in the feature space and assigning each spike to its closest cluster. There are [many, many](https://scikit-learn.org/stable/modules/clustering.html) clustering algorithms out there, but we will use a very simple one: A Gaussian Mixture Model ([GMM](https://scikit-learn.org/stable/modules/generated/sklearn.mixture.GaussianMixture.html#sklearn.mixture.GaussianMixture)). Of course, GMMs have their drawbacks (number of clusters must be specified, many parameters to fit, don’t scale very well), but for our case they might be sufficient.n”,
“n”,
“Judging from our plot, 4 clusters might be sufficient as a description of the data. The initialization of a GMM can have a lot of influence on the output, so it is possible that you need to fit the GMM multiple times in order to find a good fit.”




]




},
{


“cell_type”: “code”,
“execution_count”: 23,
“metadata”: {},
“outputs”: [



	{

	
	“data”: {

	“image/png”: “”,
“text/plain”: [


“<Figure size 576x576 with 1 Axes>”




]





},
“metadata”: {


“needs_background”: “light”




},
“output_type”: “display_data”





}




],
“source”: [


“n_components = 4n”,
“gmm = GaussianMixture(n_components=n_components, n_init=10)n”,
“labels = gmm.fit_predict(transformed)n”,
“n”,
“_ = plt.figure(figsize=(8,8))n”,
“for i in range(n_components):n”,
”    idx = labels == in”,
”    _ = plt.plot(transformed[idx,0], transformed[idx,1],’.’)n”,
”    _ = plt.title(‘Cluster assignments by a GMM’)n”,
”    _ = plt.xlabel(‘Principal Component 1’)n”,
”    _ = plt.ylabel(‘Principal Component 2’)n”,
”    _ = plt.axis(‘tight’)n”,
“plt.show()”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“Once we’ve found a sensible clustering, we can now go back and check the waveforms in the different clusters”




]




},
{


“cell_type”: “code”,
“execution_count”: 24,
“metadata”: {},
“outputs”: [



	{

	
	“data”: {

	“image/png”: “n”,
“text/plain”: [


“<Figure size 576x576 with 1 Axes>”




]





},
“metadata”: {


“needs_background”: “light”




},
“output_type”: “display_data”





}




],
“source”: [


“_ = plt.figure(figsize=(8,8))n”,
“for i in range(n_components):n”,
”    idx = labels == in”,
”    color = plt.rcParams[‘axes.prop_cycle’].by_key()[‘color’][i]n”,
”    plot_waveforms(cutouts[idx,:], fs, pre, post, n=100, color=color, show=False)n”,
“plt.show()”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“This concludes this short tutorial on neuronal data analysis with the McsPyDataTools package.”




]




}





],
“metadata”: {



	“kernelspec”: {

	“display_name”: “Python 3”,
“language”: “python”,
“name”: “python3”





},
“language_info”: {



	“codemirror_mode”: {

	“name”: “ipython”,
“version”: 3





},
“file_extension”: “.py”,
“mimetype”: “text/x-python”,
“name”: “python”,
“nbconvert_exporter”: “python”,
“pygments_lexer”: “ipython3”,
“version”: “3.7.0”




}




},
“nbformat”: 4,
“nbformat_minor”: 2





}



          

      

      

    

  

    
      
          
            
  


	{

	
	“cells”: [

	
	{

	“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“# McsPyDataTools Tutorial for files from MCS Headstages with IMU<a id=’Top’></a>n”,
“n”,
“This tutorial shows the handling of IMU data collected from an MCS Headstage wearing an Inertial Measurement Unitn”,
“n”,
“- <a href=’#Gyrosocope Data’>Gyroscope Data</a>n”,
“- <a href=’#Accelerometer Data’>Accelerometer Data</a>n”,
“- <a href=’#6DoF-Estimation’>Combined 6-DoF Data</a>n”,
“n”,
“Load module and the data file:”




]





},
{


“cell_type”: “code”,
“execution_count”: 7,
“metadata”: {},
“outputs”: [],
“source”: [


“# These are the imports of the McsData modulen”,
“import McsPy.McsDatan”,
“import McsPy.functions_info as fin”,
“from McsPy import ureg, Q_n”,
“n”,
“# matplotlib.pyplot will be used in these examples to generate the plots visualizing the datan”,
“import matplotlib.pyplot as pltn”,
“from matplotlib.figure import Figuren”,
“from matplotlib.widgets import Slidern”,
“# These adjustments only need to be made so that the plot gets displayed inside the notebookn”,
“%matplotlib inlinen”,
“# %config InlineBackend.figure_formats = {‘png’, ‘retina’}n”,
“n”,
“import osn”,
“n”,
“# numpy is numpy …n”,
“import numpy as np”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“Then, we need to define where the test data is located. This needs to be adjusted to your local setup! The McsPyDataTools toolbox includes a set of small test files in its tests/TestData folder. An archive with larger test files can be downloaded from the [Multi Channel DataManager](https://www.multichannelsystems.com/software/multi-channel-datamanager) page”




]




},
{


“cell_type”: “code”,
“execution_count”: null,
“metadata”: {},
“outputs”: [],
“source”: [


“data_folder = r’..\McsPyDataTools\McsPy\tests\TestData’ # adjust this to your local environmentn”,
“fi.print_dir_file_info(data_folder)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“Check what’s inside the file:”




]




},
{


“cell_type”: “code”,
“execution_count”: 9,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“n”,
“..\McsPyDataTools\McsPy\tests\TestData\2017-10-11T13-39-47McsRecording_X981_AccGyro.h5n”,
“n”,
“Date                 Program                     Versionn”,
“——————-  ————————–  ————n”,
“2017-10-11 13:39:47  Multi Channel Experimenter  2.6.90.17257n”,
“n”,
“Type    Stream                                         # chn”,
“——  ——————————————-  ——n”,
“Analog  Data Acquisition (1) Quality Sideband Data1       1n”,
“Analog  Data Acquisition (1) Electrode Raw Data1         32n”,
“Analog  Data Acquisition (1) Analog Data1                 1n”,
“Analog  Data Acquisition (1) Digital Data1                1n”,
“Analog  Data Acquisition (1) Gyroscope Data1              3n”,
“Analog  Data Acquisition (1) Accelerometer Data1          3n”




]





}




],
“source”: [


“acc_gyro_raw_data_file_path = os.path.join(data_folder, “2017-10-11T13-39-47McsRecording_X981_AccGyro.h5”)n”,
“fi.print_file_info(acc_gyro_raw_data_file_path)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“Load the file in silent mode:”




]




},
{


“cell_type”: “code”,
“execution_count”: 10,
“metadata”: {},
“outputs”: [],
“source”: [


“McsPy.McsData.VERBOSE = Falsen”,
“raw_data = McsPy.McsData.RawData(acc_gyro_raw_data_file_path)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“## Gyroscope Data<a id=’Gyroscope Data’></a>”




]




},
{


“cell_type”: “code”,
“execution_count”: 11,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“Channel IDs: dict_keys([148, 149, 150])n”




]





}




],
“source”: [


“gyro_channel = raw_data.recordings[0].analog_streams[4]n”,
“print(‘Channel IDs: %s’ % gyro_channel.channel_infos.keys())”




]




},
{


“cell_type”: “code”,
“execution_count”: 12,
“metadata”: {},
“outputs”: [



	{

	
	“data”: {

	
	“text/plain”: [

	“(16400, 3)”





]





},
“execution_count”: 12,
“metadata”: {},
“output_type”: “execute_result”





}




],
“source”: [


“gyro = np.transpose(gyro_channel.channel_data)n”,
“gyro.shape”




]




},
{


“cell_type”: “code”,
“execution_count”: 13,
“metadata”: {},
“outputs”: [



	{

	
	“data”: {

	“image/png”: “”,
“text/plain”: [


“<Figure size 864x432 with 1 Axes>”




]





},
“metadata”: {


“needs_background”: “light”




},
“output_type”: “display_data”





}




],
“source”: [


“plt.figure(figsize=(12,6))n”,
“plt.plot(gyro)n”,
“#plt.title(‘Signal for Wireless (Simulation) / Raw ADC-Values (%s)’ % analog_stream_0.label)n”,
“plt.xlabel(‘Sample Index’)n”,
“plt.ylabel(‘Gyroscope Value’)n”,
“plt.grid()n”,
“n”,
“plt.show()”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“Remove invalid data parts:”




]




},
{


“cell_type”: “code”,
“execution_count”: 14,
“metadata”: {},
“outputs”: [



	{

	
	“data”: {

	
	“text/plain”: [

	“(10000, 3)”





]





},
“execution_count”: 14,
“metadata”: {},
“output_type”: “execute_result”





}




],
“source”: [


“gyro = gyro[0:10000,0:3]n”,
“gyro.shape”




]




},
{


“cell_type”: “code”,
“execution_count”: 15,
“metadata”: {},
“outputs”: [



	{

	
	“data”: {

	“image/png”: “”,
“text/plain”: [


“<Figure size 1440x864 with 1 Axes>”




]





},
“metadata”: {


“needs_background”: “light”




},
“output_type”: “display_data”





}




],
“source”: [


“time = gyro_channel.get_channel_sample_timestamps(148,0,10000)n”,
“gyro_x = gyro_channel.get_channel_in_range(148,0,10000)n”,
“gyro_y = gyro_channel.get_channel_in_range(149,0,10000)n”,
“gyro_z = gyro_channel.get_channel_in_range(150,0,10000)n”,
“plt.figure(figsize=(20,12))n”,
“plt.plot(time[0], gyro_x[0])n”,
“plt.plot(time[0], gyro_y[0])n”,
“plt.plot(time[0], gyro_z[0])n”,
“plt.xlabel(‘Time (%s)’ % time[1])n”,
“plt.ylabel(‘Angular Speed (%s)’ % gyro_x[1])n”,
“plt.title(‘Gyroscope Data’)n”,
“plt.show()”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“## Accelerometer Data<a id=’Accelerometer Data’></a>”




]




},
{


“cell_type”: “code”,
“execution_count”: 16,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“Channel IDs: dict_keys([160, 161, 162])n”




]





}




],
“source”: [


“acc_channel = raw_data.recordings[0].analog_streams[5]n”,
“print(‘Channel IDs: %s’ % acc_channel.channel_infos.keys())”




]




},
{


“cell_type”: “code”,
“execution_count”: 17,
“metadata”: {},
“outputs”: [



	{

	
	“data”: {

	
	“text/plain”: [

	“(16400, 3)”





]





},
“execution_count”: 17,
“metadata”: {},
“output_type”: “execute_result”





}




],
“source”: [


“acc = np.transpose(acc_channel.channel_data)n”,
“acc.shape”




]




},
{


“cell_type”: “code”,
“execution_count”: 18,
“metadata”: {},
“outputs”: [



	{

	
	“data”: {

	“image/png”: “n”,
“text/plain”: [


“<Figure size 864x432 with 1 Axes>”




]





},
“metadata”: {


“needs_background”: “light”




},
“output_type”: “display_data”





}




],
“source”: [


“plt.figure(figsize=(12,6))n”,
“plt.plot(acc)n”,
“#plt.title(‘Signal for Wireless (Simulation) / Raw ADC-Values (%s)’ % analog_stream_0.label)n”,
“plt.xlabel(‘Sample Index’)n”,
“plt.ylabel(‘Accelerometer Value’)n”,
“plt.grid()n”,
“n”,
“plt.show()”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“Remove invalid data parts:”




]




},
{


“cell_type”: “code”,
“execution_count”: 19,
“metadata”: {},
“outputs”: [



	{

	
	“data”: {

	
	“text/plain”: [

	“(10000, 3)”





]





},
“execution_count”: 19,
“metadata”: {},
“output_type”: “execute_result”





}




],
“source”: [


“acc = acc[0:10000,0:3]n”,
“acc.shape”




]




},
{


“cell_type”: “code”,
“execution_count”: 20,
“metadata”: {},
“outputs”: [



	{

	
	“data”: {

	“image/png”: “”,
“text/plain”: [


“<Figure size 1440x864 with 1 Axes>”




]





},
“metadata”: {


“needs_background”: “light”




},
“output_type”: “display_data”





}




],
“source”: [


“time = acc_channel.get_channel_sample_timestamps(160,0,10000)n”,
“acc_x = acc_channel.get_channel_in_range(160,0,10000)n”,
“acc_y = acc_channel.get_channel_in_range(161,0,10000)n”,
“acc_z = acc_channel.get_channel_in_range(162,0,10000)n”,
“plt.figure(figsize=(20,12))n”,
“plt.plot(time[0], acc_x[0])n”,
“plt.plot(time[0], acc_y[0])n”,
“plt.plot(time[0], acc_z[0])n”,
“plt.xlabel(‘Time (%s)’ % time[1])n”,
“plt.ylabel(‘Acceleration (%s)’ % acc_x[1])n”,
“plt.title(‘Accelerometer Data’)n”,
“plt.show()”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“## Combined 6-DoF Data<a id=’6DoF-Estimation’></a>”




]




},
{


“cell_type”: “code”,
“execution_count”: 22,
“metadata”: {},
“outputs”: [],
“source”: [


“import skinematics as skinn”,
“from skinematics.imus import IMU_Basen”,
“n”,
“from scipy import constants # for “g”n”,
“n”,
“from mpl_toolkits.mplot3d import Axes3Dn”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“Load data and separate values from unit:”




]




},
{


“cell_type”: “code”,
“execution_count”: 23,
“metadata”: {},
“outputs”: [],
“source”: [


“time, time_unit = gyro_channel.get_channel_sample_timestamps(148,0,10000)n”,
“gyro_x, gyro_x_unit = gyro_channel.get_channel_in_range(148,0,10000)n”,
“gyro_y, gyro_y_unit = gyro_channel.get_channel_in_range(149,0,10000)n”,
“gyro_z, gyro_z_unit = gyro_channel.get_channel_in_range(150,0,10000)n”,
“n”,
“time, time_unit = acc_channel.get_channel_sample_timestamps(160,0,10000)n”,
“acc_x, acc_x_unit = acc_channel.get_channel_in_range(160,0,10000)n”,
“acc_y, acc_y_unit = acc_channel.get_channel_in_range(161,0,10000)n”,
“acc_z, acc_z_unit = acc_channel.get_channel_in_range(162,0,10000)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“Define a new class for our data - derived from IMU_Base class in scikit-kinematics:”




]




},
{


“cell_type”: “code”,
“execution_count”: 24,
“metadata”: {},
“outputs”: [



	{

	
	“data”: {

	“image/png”: “n”,
“text/plain”: [


“<Figure size 432x288 with 3 Axes>”




]





},
“metadata”: {


“needs_background”: “light”




},
“output_type”: “display_data”





}




],
“source”: [


“class McsIMU(IMU_Base):n”,
”    “””Concrete class based on abstract base class IMU_Base “””    n”,
”    n”,
”    def get_data(self, in_file, in_data):n”,
”        ‘’’Get the sampling rate, as well as the recorded data,n”,
”        and assign them to the corresponding attributes of “self”.n”,
”        n”,
”        Parametersn”,
”        ———-n”,
”        in_file : stringn”,
”                Filename of the data-filen”,
”        in_data : n”,
”                Sampling rate (has to be provided!!)n”,
”        n”,
”        Assignsn”,
”        ——-n”,
”        - rate : raten”,
”        - acc : accelerationn”,
”        - omega : angular_velocityn”,
”        ‘’’n”,
”        n”,
”        # The sampling rate has to be provided externallyn”,
”        rate = in_data[‘rate’]n”,
”            n”,
”        # Get the data, and label themn”,
”        data.columns = [‘acc_x’, ‘acc_y’, ‘acc_z’, ‘gyr_x’, ‘gyr_y’, ‘gyr_z’, ‘mag_x’, ‘mag_y’, ‘mag_z’, ‘taccgyr’, ‘tmag’]n”,
”            n”,
”        # Set the conversion factors by hand, and apply themn”,
”        #conversions = {}n”,
”        #conversions[‘time’] = 1/1000000n”,
”        #conversions[‘acc’] = 9.81n”,
”        #conversions[‘gyr’] = np.pi/180   n”,
”        #data[:,:3] = conversions[‘acc’]n”,
”        #data[:,3:6] *= conversions[‘gyr’]n”,
”        #data[:,6] *= conversions[‘time’]n”,
”            n”,
”        returnValues = [rate]n”,
”        n”,
”        # Extract the columns that you want, by namen”,
”        #paramList=[‘acc’, ‘gyr’, ‘mag’]n”,
”        #for param in paramList:n”,
”        #    Expression = param + ‘’n”,
”        #    returnValues.append(data_interp.filter(regex=Expression).values)n”,
”        returnValues.append(in_data[‘acc’])n”,
”        returnValues.append(in_data[‘gyro’])n”,
”        self._set_info(*returnValues)n”,
“n”,
“# Set the conversion factors by hand, and apply themn”,
“conversions = {}n”,
“conversions[‘time’] = 1/1000000n”,
“conversions[‘acc’] = constants.gn”,
“conversions[‘gyr’] = np.pi/180n”,
“n”,
“acc = np.column_stack((acc_x, acc_y, acc_z)) * conversions[‘acc’]n”,
“gyro = np.column_stack((gyro_x, gyro_y, gyro_z)) * conversions[‘gyr’]n”,
“time_second = time * conversions[‘time’]n”,
“n”,
“acc_sub = acc[::5,:].copy()n”,
“gyro_sub = gyro[::5,:].copy()n”,
“n”,
“initial_orientation = np.array([[1,0,0],n”,
”                                [0,1,0],n”,
”                                [0,0,1]])n”,
“in_data = {“rate” : 2000, “acc” : acc, “omega” : gyro, “mag”: None}n”,
“in_data_subsampled = {“rate” : 400, “acc” : acc_sub, “omega” : gyro_sub, “mag”: None}n”,
“#mcs_imu = McsIMU(in_file = None, R_init = initial_orientation, in_data = in_data)n”,
“mcs_imu = McsIMU(in_file = None, R_init = initial_orientation, in_data = in_data_subsampled)n”,
“# mcs_imu.get_data(None, {‘rate’: 2000, ‘acc’: acc, ‘gyro’: gyro})n”,
“n”,
“def show_result(imu_data):n”,
”        fig, axs = plt.subplots(3,1)n”,
”        axs[0].plot(imu_data.omega)n”,
”        axs[0].set_ylabel(‘Omega’)n”,
”        axs[0].set_title(imu_data.q_type)n”,
”        axs[1].plot(imu_data.acc)n”,
”        axs[1].set_ylabel(‘Acc’)n”,
”        axs[2].plot(imu_data.quat[:,1:])n”,
”        axs[2].set_ylabel(‘Quat’)n”,
”        plt.show()n”,
“n”,
“show_result(mcs_imu)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“<a href=’#Top’>Back to index</a>”




]




},
{


“cell_type”: “code”,
“execution_count”: 25,
“metadata”: {},
“outputs”: [



	{

	
	“data”: {

	“image/png”: “n”,
“text/plain”: [


“<Figure size 432x288 with 1 Axes>”




]





},
“metadata”: {


“needs_background”: “light”




},
“output_type”: “display_data”





}




],
“source”: [


“mcs_imu.q_type = ‘analytical’n”,
“mcs_imu.calc_position()n”,
“pos_data = mcs_imu.posn”,
“n”,
“fig = plt.figure()n”,
“ax = fig.gca(projection=’3d’)n”,
“ax.plot(pos_data[:,0], pos_data[:,1], pos_data[:,2], label=’estimated position’)n”,
“ax.legend()n”,
“n”,
“plt.show()”




]




}





],
“metadata”: {



	“kernelspec”: {

	“display_name”: “Python 3”,
“language”: “python”,
“name”: “python3”





},
“language_info”: {



	“codemirror_mode”: {

	“name”: “ipython”,
“version”: 3





},
“file_extension”: “.py”,
“mimetype”: “text/x-python”,
“name”: “python”,
“nbconvert_exporter”: “python”,
“pygments_lexer”: “ipython3”,
“version”: “3.7.0”




}




},
“nbformat”: 4,
“nbformat_minor”: 2





}



          

      

      

    

  

    
      
          
            
  


	{

	
	“cells”: [

	
	{

	“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“McsPyDataTools Tutorial<a id=’Top’></a>n”,
“=======================n”,
“n”,
“This tutorial gives an overview over the file structure of MCS HDF5 files and the usage of the McsPyDataTools toolbox to interact with these files.n”,
“n”,
“- <a href=’#D and I’>Downloading and installing</a>n”,
“—————————————————n”,
“- <a href=’#Mcs-HDF5’>Structure of the Mcs-HDF5 file</a>n”,
“——————————————————–n”,
“- <a href=’#McsData Module’>McsData Classes and Inheritance</a>n”,
“——————————————————————————————-n”,
” - ### <a href=’#RD’>RawData</a> n”,
” - ### <a href=’#R’>Recording</a> n”,
” - ### <a href=’#S’>Stream</a>n”,
” - ### <a href=’#I’>Info</a> n”,
”  n”,
“- <a href=’#Accessing your Data with McsData’>Accessing your Data with McsData</a>n”,
“———————————————————————————-n”,
” - ### <a href=’#Req’>Requirements</a>n”,
” - ### <a href=’#AS’>AnalogStream</a>n”,
” - ### <a href=’#FS’>FrameStream</a>n”,
” - ### <a href=’#ES’>EventStream</a>n”,
” - ### <a href=’#SS’>SegmentStream</a>n”,
”  - #### <a href=’#SC’>Subtype: Cutouts</a>n”,
”  - #### <a href=’#SA’>Subtype: Averages</a>n”,
” - ### <a href=’#TS’>TimestampStream</a>n”,
” - ### <a href=’#I2’>Info</a>n”,
“n”,
“n”,
“Downloading and installing<a id=’D and I’></a>n”,
“———————————————-n”,
“n”,
“Open a console or terminal andn”,
“n”,
“n”,
“### - With pip or setuptoolsn”,
“n”,
“type:n”,
“n”,
”    pip install McsPyDataToolsn”,
”    n”,
“Or if you have setuptools installed type:n”,
“n”,
”    easy_install McsPyDataToolsn”,
”    n”,
“n”,
“If this doesn’t yield the expected result, download the most current .zip file from the [Multi Channel DataManager](https://www.multichannelsystems.com/software/multi-channel-datamanager) page.n”,
“n”,
“From here there are 4 possible ways to get the module working (replace {VERSION} with the most current version of the toolbox, e.g. 0.4.0):n”,
“n”,
“n”,
“### - Manually(while packed)n”,
” n”,
“Go to your Downloads folder and run:n”,
”    n”,
”    pip install McsPyDataTools-{VERSION}.zip   n”,
”    n”,
“Or if you have setuptools installed:n”,
“n”,
”    easy_install McsPyDataTools-{VERSION}.zip   n”,
”    n”,
“n”,
“If the methods above fail, unpack the .zip file.n”,
“n”,
“### - Manually (when unpacked) In”,
“n”,
“Go to the folder you unpacked the module to and run:n”,
”    n”,
”    pip install McsPyDataTools-{VERSION}n”,
”    n”,
“Or if you have setuptools installed:n”,
“n”,
”    easy_install McsPyDataTools-{VERSION}n”,
”    n”,
”    n”,
“### - Manually (when unpacked) IIn”,
“n”,
“Go to the folder you unpacked the module to, go to the McsPyDataTools_{VERSION} folder and run the setup.py file from inside the foldern”,
“n”,
”    python setup.py installn”,
”    n”,
“If either of the above worked there will be an McsPyDataTools-{VERSION}-py3.6.eggn”,
“in the site_package folder as well as an McsPyDataTools.py and a PlotExperimentData.py script in the Scripts folder of your Python installation.n”,
”    n”,
”    n”,
“### - Manually (when unpacked) IIIn”,
“n”,
“If the other ways fail or you are still unable to import the module into a python script, you can manually place the McsData.py and McsCMOS.py scripts from the McsPyDataTools folder in the \site-packages folder of your Python installation.n”,
“n”,
“Note that the folder containing your Python installation might be hidden.n”,
“n”,
“This last option will only make the classes available needed to analyze HDF5 files. Any other scripts, like the DataStreamInfo.py or the McsDataTools.py script, which should get installed to the /Scripts folder of your python installation, are best copied into a seperate folder.n”,
“n”,
“### Datan”,
“n”,
“This notebook relies on some files which hold the data for the examples. These files are quite large and can be found in the subfolder TestData of this archive. A larger set of test data can be downloaded from https://www.multichannelsystems.com/software/multi-channel-datamanagern”,
“n”,
“<a href=’#Top’>Back to index</a>n”,
“n”,
“Structure of the Mcs-HDF5 file<a id=’Mcs-HDF5’></a>n”,
“—————————————————n”,
“n”,
“With the included DataStreamInfo.py script, a first look can be taken at the contents of the HDF5 file.n”,
“n”,
“The information about the data within the file can be viewed by calling the DataStreamInfo.py script from the console and handing over the exact file-path with the argument for directory and filepath: -fn”,
“n”,
”    X:...\python DataStreamInfo.py -f “X:\Data\Experiment_231\2014-07-09T10-17-35W8 Standard all 500 Hz.h5” n”,
”    n”,
“If the desired file is in the same folder as DataStreamInfo.py, you might want to consider copying this script to your datafolder, –f + “Filename” can be used:n”,
“n”,
”    X:...\python DataStreamInfo.py –f “2014-07-09T10-17-35W8 Standard all 500 Hz.h5”n”,
”    n”,
“A table like this will appear:n”,
“n”,
”    2014-07-09T10-17-35W8 Standard all 500 Hz.h5n”,
“n”,
”    Date                 Program                     Versionn”,
”    ——————-  ————————–  ———n”,
”    2014-07-09 10:17:35  Multi Channel Experimenter  0.9.8.2n”,
”    n”,
”    Type       Stream                                   # chn”,
”    ———  —————————————  ——n”,
”    Analog     Filter (1) Filter Data                   8n”,
”    Analog     Data Acquisition (1) Electrode Raw Data  8n”,
”    Analog     Data Acquisition (1) Digital Data        1n”,
”    Event      Digital Events 1n”,
”    Segment    Spike Detector (1) Spike Datan”,
”    TimeStamp  Spike Detector (1) Spike Timestampsn”,
”    n”,
“It holds information about the Date of the recording, the Program which was used as well as its Version. Also included is a list of Streams and additional information concerning these. Streams can be seen as containers of information of a certain type.n”,
“n”,
“<a href=’#Top’>Back to index</a>n”,
“n”,
“McsData Classes and Inheritance <a id=’McsData Module’></a>n”,
“—————————————————————————————n”,
“n”,
“This is a graphical representation of the classes and their content which may be found in an HDF5 file produced by MCS software.n”,
“n”,
“<img src=”./Hierarchy_short.png”>n”,
“n”,
“Additional information about the member methods of each class can be found in McsData.py or the module description file.n”,
“n”,
“We also highly recommend the use of the HDF Groups HDFView software to help visualize and understand the structure of HDF5 files. This can make accessing the data MUCH easier.n”,
“n”,
“<a href=’#Top’>Back to index</a>n”,
“n”,
“### RawData  <a id=’RD’></a>n”,
“n”,
“As the docstrings of the class already imply, this class is designed to hold the information of a complete MCS raw data file. n”,
“n”,
“Upon initialization with the path to your raw datan”,
“n”,
“`python\n",
"    rawdata = RawData('path to your raw data')\n",
"`n”,
“n”,
“member methods of this class will check if the provided file meets the version requirements to be further processed. This is necessary, as not only the way how MCS software handles the HDF5 formatted files may change but the file format itself can undergo changes.n”,
“n”,
“`python\n",
"    self.__validate_mcs_hdf5_version()\n",
"`n”,
“n”,
“Afterwards all information about the data stored in the file is retrieved.n”,
“n”,
“`python\n",
"    self.__get_session_info()\n",
"`n”,
“n”,
“When needed all recordings from the raw data file are read byn”,
“n”,
“`python\n",
"    self.__read_recordings()\n",
"`n”,
“n”,
“This generates a dictionary with the number of the recordings as keys, Recording\_**0**, Recording\_**1**, etc. and the values as members of the Recording class with the corresponding data. This will be important when we discuss the possibility of iterating over all datasets within one group.n”,
“n”,
“<a href=’#Top’>Back to index</a>n”,
“n”,
“### Recording  <a id=’R’></a>n”,
“n”,
“The Recording class can be seen as a container for all the data gathered in one recording.n”,
“n”,
“`python\n",
"    class RawData(object):\n",
"    \n",
"        ...\n",
"        \n",
"        self.__recordings[int(recording_name[1])] = Recording(value)\n",
"`n”,
“n”,
“Upon initialization the values extracted by the RawData class get assigned to it.n”,
“n”,
“`python\n",
"    class Recording(object):\n",
"    \n",
"        ...\n",
"        \n",
"        self.__recording_grp = recording_grp  # recording_grp = value\n",
"`n”,
“Later on these can be further decomposed by the member methods of this class into the different subtypes/children of the Stream class.n”,
“n”,
“`python\n",
"    self.__read_analog_streams()\n",
"    self.__read_frame_streams()\n",
"    self.__read_event_streams()\n",
"    self.__read_segment_streams()\n",
"    self.__read_timestamp_streams()\n",
"`     n”,
”    n”,
“The data of the streams gets assigned in a similar fashion as seen before with the recordingsn”,
“n”,
“`python\n",
"    class Recording(object):\n",
"\n",
"        ...\n",
"        \n",
"        if 'AnalogStream' in self.__recording_grp:\n",
"            \n",
"            ...\n",
"        \n",
"            self.__analog_streams[int(stream_name[1])] = AnalogStream(value)\n",
"        \n",
"    \n",
"    \n",
"    class AnalogStream(Stream):\n",
"    \n",
"        ...\n",
"        \n",
"        Stream.__init__(self, stream_grp, \"AnalogStreamInfoVersion\")  # stream_grp = value\n",
"`n”,
“n”,
“Due to this internal structure of classes and subclasses, being only created when addressed, only small portions of the data ever get loaded at any time, speeding up the access and the computation of those values.n”,
“n”,
“<a href=’#Top’>Back to index</a>n”,
“n”,
“### Stream <a id=’S’></a>n”,
“n”,
“The Stream class is the base class from which all stream types inherit. All describing metadata of the stream is read here.n”,
“n”,
“Currently the following types exist:n”,
” - AnalogStreamn”,
” - FrameStreamn”,
” - EventStreamn”,
” - SegmentStreamn”,
” - TimeStampStreamn”,
” n”,
“These streams can be further split up into single entities of the corresponding type. So FrameStream can contain several FrameEntities. These Entities finally hold the data which, once addressed, can be viewed, manipulated and/or visualized.n”,
“n”,
“Additional information about the classes can be found in the html documentation.n”,
“n”,
“<a href=’#Top’>Back to index</a>”




]





},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“### Info <a id=’I’></a>n”,
“n”,
“In addition to the Stream classes, there is the Info class.n”,
“This is the parent class of all Info child classes that exist for the different Stream types. Info that gets stored can be timerange of ticks, units of readings, experiment specific information about dilutions, sensor id, filtersettings, etc..n”,
“n”,
“<a href=’#Top’>Back to index</a>”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“## Accessing your Data with McsData<a id=’Accessing your Data with McsData’></a>n”,
“n”,
“Now that the mechanism of reading data from an HDF5 file with the classes included in the McsData module is clear we can walk through some quick and easy examples of how to access and visualize your data.”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“### Requirements <a id=’Req’></a>n”,
“n”,
“First some modules need to be imported.”




]




},
{


“cell_type”: “code”,
“execution_count”: 1,
“metadata”: {},
“outputs”: [],
“source”: [


“# These are the imports of the McsData modulen”,
“import sys, importlib, osn”,
“import McsPy.McsDatan”,
“import McsPy.McsCMOSn”,
“from McsPy import ureg, Q_n”,
“n”,
“# matplotlib.pyplot will be used in these examples to generate the plots visualizing the datan”,
“import matplotlib.pyplot as pltn”,
“from matplotlib.figure import Figuren”,
“from matplotlib.widgets import Slidern”,
“# These adjustments only need to be made so that the plot gets displayed inside the notebookn”,
“%matplotlib inlinen”,
“# %config InlineBackend.figure_formats = {‘png’, ‘retina’}n”,
“n”,
“# numpy is numpy …n”,
“import numpy as npn”,
“n”,
“# bokeh adds more interactivity to the plots within notebooks. Adds toolbar at the top-right corner of the plot.n”,
“# Allows zooming, panning and saving of the plotn”,
“import bokeh.ion”,
“import bokeh.plottingn”,
“from bokeh.palettes import Spectral11”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“Sometimes running Python applications in the background can interfere with the functionalities of this notebook. To make sure that all plots are created correctly you are best advised to exit any other Python related processes.”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“Then, we need to define where the test data is located. This needs to be adjusted to your local setup! The McsPyDataTools toolbox includes a set of small test files in its tests/TestData folder. An archive with larger test files can be downloaded from the [Multi Channel DataManager](https://www.multichannelsystems.com/software/multi-channel-datamanager) page.”




]




},
{


“cell_type”: “code”,
“execution_count”: 2,
“metadata”: {},
“outputs”: [],
“source”: [


“test_data_folder = r’..\McsPyDataTools\McsPy\tests\TestData’ # adjust this!”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“<a href=’#Top’>Back to index</a>”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“### AnalogStream<a id=’AS’></a>n”,
“n”,
“Next we need to access the raw data by initializing an instance of the RawData class from the McsData module by handing over the path to the file.”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“To check if we got access to the file we can look at its contents by printing the info that got extracted when the RawData object was initialized. This is just for demonstrational purposes and does not need to be made every time data is accessed.”




]




},
{


“cell_type”: “code”,
“execution_count”: 3,
“metadata”: {},
“outputs”: [],
“source”: [


“channel_raw_data = McsPy.McsData.RawData(os.path.join(test_data_folder, ‘2014-07-09T10-17-35W8 Standard all 500 Hz.h5’))”




]




},
{


“cell_type”: “code”,
“execution_count”: 4,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“n”,
“2014-07-09 10:17:35.172096n”,
“Mittwoch, 9. Juli 2014n”,
“635404978551720981n”,
“700b3ec2-d406-4943-bcef-79d73f0ac4d3n”,
“Linear8n”,
“n”,
“Linear8n”,
“Multi Channel Experimentern”,
“0.9.8.2n”




]





}




],
“source”: [


“print(channel_raw_data.comment)n”,
“print(channel_raw_data.date)n”,
“print(channel_raw_data.clr_date)n”,
“print(channel_raw_data.date_in_clr_ticks)n”,
“print(channel_raw_data.file_guid)n”,
“print(channel_raw_data.mea_name)n”,
“print(channel_raw_data.mea_sn)n”,
“print(channel_raw_data.mea_layout)n”,
“print(channel_raw_data.program_name)n”,
“print(channel_raw_data.program_version)”




]




},
{


“cell_type”: “code”,
“execution_count”: 5,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“Recording_0 <HDF5 group “/Data/Recording_0” (4 members)>n”,
“{0: <McsPy.McsData.Recording object at 0x0000016BFB38DAC8>}n”




]





}




],
“source”: [


“print(channel_raw_data.recordings)”




]




},
{


“cell_type”: “code”,
“execution_count”: 6,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“Stream_0 <HDF5 group “/Data/Recording_0/AnalogStream/Stream_0” (3 members)>n”,
“ChannelData <HDF5 dataset “ChannelData”: shape (8, 9850), type “<i4”>n”,
“ChannelDataTimeStamps <HDF5 dataset “ChannelDataTimeStamps”: shape (1, 3), type “<i8”>n”,
“InfoChannel <HDF5 dataset “InfoChannel”: shape (8,), type “|V100”>n”,
“Stream_1 <HDF5 group “/Data/Recording_0/AnalogStream/Stream_1” (3 members)>n”,
“ChannelData <HDF5 dataset “ChannelData”: shape (8, 9800), type “<i4”>n”,
“ChannelDataTimeStamps <HDF5 dataset “ChannelDataTimeStamps”: shape (1, 3), type “<i8”>n”,
“InfoChannel <HDF5 dataset “InfoChannel”: shape (8,), type “|V100”>n”,
“Stream_2 <HDF5 group “/Data/Recording_0/AnalogStream/Stream_2” (3 members)>n”,
“ChannelData <HDF5 dataset “ChannelData”: shape (1, 9800), type “<i4”>n”,
“ChannelDataTimeStamps <HDF5 dataset “ChannelDataTimeStamps”: shape (1, 3), type “<i8”>n”,
“InfoChannel <HDF5 dataset “InfoChannel”: shape (1,), type “|V100”>n”,
“{0: <McsPy.McsData.AnalogStream object at 0x0000016BFB38DF28>, 1: <McsPy.McsData.AnalogStream object at 0x0000016BFB38DF98>, 2: <McsPy.McsData.AnalogStream object at 0x0000016BFB39F048>}n”




]





}




],
“source”: [


“print(channel_raw_data.recordings[0].analog_streams)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“Additionally, the indices or IDs of the included data structures can be addressed by calling .keys() on the HDF5 groups. This is due to the fact that inside of McsData, upon initialization of the different data structure types, dictionaries are created with IDs as keys and values of the data as values.n”,
“n”,
“This will become more important later in this tutorial when the procedure of iterating over all data of one stream is displayed.”




]




},
{


“cell_type”: “code”,
“execution_count”: 7,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“dict_keys([0])n”




]





}




],
“source”: [


“print(channel_raw_data.recordings.keys())”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“So we see that there is one Recording within the raw data with index 0,”




]




},
{


“cell_type”: “code”,
“execution_count”: 8,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“dict_keys([0, 1, 2])n”




]





}




],
“source”: [


“print(channel_raw_data.recordings[0].analog_streams.keys())”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“and it includes 3 AnalogStreams at index 0,1 and 2n”,
“n”,
”    (u’Stream_0’, <HDF5 group “/Data/Recording_0/AnalogStream/Stream_0” (3 members)>)n”,
”    (u’Stream_1’, <HDF5 group “/Data/Recording_0/AnalogStream/Stream_1” (3 members)>)n”,
”    (u’Stream_2’, <HDF5 group “/Data/Recording_0/AnalogStream/Stream_2” (3 members)>)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“From looking at the file with DataStreamInfo.py we know what these streams are.n”,
“n”,
”    Type       Stream                                   # chn”,
”    ———  —————————————  ——n”,
”    Analog     Filter (1) Filter Data                   8      <—– Index: 0n”,
”    Analog     Data Acquisition (1) Electrode Raw Data  8n”,
”    Analog     Data Acquisition (1) Digital Data        1n”,
“n”,
“n”,
“So the first of the three streams is addressed like:n”




]




},
{


“cell_type”: “code”,
“execution_count”: 9,
“metadata”: {},
“outputs”: [],
“source”: [


“analog_stream_0 = channel_raw_data.recordings[0].analog_streams[0]”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“The data of the stream can be found under .channel_data. It is only now that the actual values from the data get accessed. Before this step, we only navigated through pointers of sorts containing information leading to the data. This behavior makes working with HDF5 so efficient.”




]




},
{


“cell_type”: “code”,
“execution_count”: 10,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“<HDF5 dataset “ChannelData”: shape (8, 9850), type “<i4”>n”




]





}




],
“source”: [


“analog_stream_0_data = analog_stream_0.channel_datan”,
“n”,
“print(analog_stream_0_data)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“By rearranging the dimensions of the data-array with the numpy function transpose() its dimensions are more suitable for plotting. “




]




},
{


“cell_type”: “code”,
“execution_count”: 11,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“Old shape: (8, 9850)n”,
“New shape: (9850, 8)n”,
“n”,
“[[-2 -1  0 … -5  0  2]n”,
” [ 3 -1 -4 …  2  5 -2]n”,
” [-2  5  2 … -1 -4  0]n”,
” …n”,
” [ 7  0 -2 …  0  4  6]n”,
” [-5 -2 -2 …  0 -3 -8]n”,
” [ 0  3  7 …  0  8  2]]n”




]





}




],
“source”: [


“np_analog_stream_0_data = np.transpose(analog_stream_0_data)n”,
“n”,
“print(“Old shape:”, analog_stream_0_data.shape)n”,
“print(“New shape:”, np_analog_stream_0_data.shape)n”,
“print()n”,
“print(np_analog_stream_0_data)”




]




},
{


“cell_type”: “code”,
“execution_count”: 12,
“metadata”: {},
“outputs”: [



	{

	
	“data”: {

	“image/png”: “n”,
“text/plain”: [


“<Figure size 432x288 with 1 Axes>”




]





},
“metadata”: {


“needs_background”: “light”




},
“output_type”: “display_data”





}




],
“source”: [


“plt.plot(np_analog_stream_0_data)n”,
“n”,
“plt.show()”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“A refined plots with added axis lables and title might look like this”




]




},
{


“cell_type”: “code”,
“execution_count”: 13,
“metadata”: {},
“outputs”: [



	{

	
	“data”: {

	“image/png”: “n”,
“text/plain”: [


“<Figure size 864x432 with 1 Axes>”




]





},
“metadata”: {


“needs_background”: “light”




},
“output_type”: “display_data”





}




],
“source”: [


“plt.figure(figsize=(12,6))n”,
“plt.plot(np_analog_stream_0_data)n”,
“plt.title(‘Signal for Wireless (Simulation) / Raw ADC-Values (%s)’ % analog_stream_0.label)n”,
“plt.xlabel(‘Sample Index’)n”,
“plt.ylabel(‘ADC Value’)n”,
“plt.grid()n”,
“n”,
“plt.show()”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“If you want to look at certain portions of the data this can be achieved by specifying a range when accessing it.n”,
“n”,
“To specify a range it helps to know the shape of your data. “




]




},
{


“cell_type”: “code”,
“execution_count”: 14,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“(9850, 8)n”




]





}




],
“source”: [


“np_analog_stream_0_data = np.transpose(channel_raw_data.recordings[0].analog_streams[0].channel_data)n”,
“n”,
“print(np_analog_stream_0_data.shape)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“So it seems that this data-array has 9850 rows and 8 columns. n”,
“n”,
“Let’s look at rows 4400 to 4800 in columns 4 to 7. Notice that in the HDF5 file rows and colums are swapped. As python doesn’t include the last item in range we have to add 1 to both ranges.”




]




},
{


“cell_type”: “code”,
“execution_count”: 15,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“[[ 0  5 -2  5]n”,
” [ 0  0  1  1]n”,
” [-6 -2  0 -2]n”,
” …n”,
” [-2  0 -9  0]n”,
” [ 0 -1  5  4]n”,
” [-5  5 -2 -4]]n”




]





}




],
“source”: [


“np_data_range = np_analog_stream_0_data[4500:4801, 4:8]  n”,
“n”,
“print(np_data_range)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“And then just plot!”




]




},
{


“cell_type”: “code”,
“execution_count”: 16,
“metadata”: {},
“outputs”: [



	{

	
	“data”: {

	
	“text/html”: [

	“n”,
”    <div class=”bk-root”>n”,
”        <a href=”https://bokeh.org” target=”_blank” class=”bk-logo bk-logo-small bk-logo-notebook”></a>n”,
”        <span id=”1001”>Loading BokehJS …</span>n”,
”    </div>”





]





},
“metadata”: {},
“output_type”: “display_data”





},
{



	“data”: {

	
	“application/javascript”: [

	“n”,
“(function(root) {n”,
”  function now() {n”,
”    return new Date();n”,
”  }n”,
“n”,
”  var force = true;n”,
“n”,
”  if (typeof root._bokeh_onload_callbacks === “undefined” || force === true) {n”,
”    root._bokeh_onload_callbacks = [];n”,
”    root._bokeh_is_loading = undefined;n”,
”  }n”,
“n”,
”  var JS_MIME_TYPE = ‘application/javascript’;n”,
”  var HTML_MIME_TYPE = ‘text/html’;n”,
”  var EXEC_MIME_TYPE = ‘application/vnd.bokehjs_exec.v0+json’;n”,
”  var CLASS_NAME = ‘output_bokeh rendered_html’;n”,
“n”,
”  /n”,
”   * Render data to the DOM noden”,
”   */n”,
”  function render(props, node) {n”,
”    var script = document.createElement(“script”);n”,
”    node.appendChild(script);n”,
”  }n”,
“n”,
”  /n”,
”   * Handle when an output is cleared or removedn”,
”   /n”,
”  function handleClearOutput(event, handle) {n”,
”    var cell = handle.cell;n”,
“n”,
”    var id = cell.output_area._bokeh_element_id;n”,
”    var server_id = cell.output_area._bokeh_server_id;n”,
”    // Clean up Bokeh referencesn”,
”    if (id != null && id in Bokeh.index) {n”,
”      Bokeh.index[id].model.document.clear();n”,
”      delete Bokeh.index[id];n”,
”    }n”,
“n”,
”    if (server_id !== undefined) {n”,
”      // Clean up Bokeh referencesn”,
”      var cmd = “from bokeh.io.state import curstate; print(curstate().uuid_to_server[’” + server_id + “’].get_sessions()[0].document.roots[0]._id)”;n”,
”      cell.notebook.kernel.execute(cmd, {n”,
”        iopub: {n”,
”          output: function(msg) {n”,
”            var id = msg.content.text.trim();n”,
”            if (id in Bokeh.index) {n”,
”              Bokeh.index[id].model.document.clear();n”,
”              delete Bokeh.index[id];n”,
”            }n”,
”          }n”,
”        }n”,
”      });n”,
”      // Destroy server and sessionn”,
”      var cmd = “import bokeh.io.notebook as ion; ion.destroy_server(’” + server_id + “’)”;n”,
”      cell.notebook.kernel.execute(cmd);n”,
”    }n”,
”  }n”,
“n”,
”  /*n”,
”   * Handle when a new output is addedn”,
”   /n”,
”  function handleAddOutput(event, handle) {n”,
”    var output_area = handle.output_area;n”,
”    var output = handle.output;n”,
“n”,
”    // limit handleAddOutput to display_data with EXEC_MIME_TYPE content onlyn”,
”    if ((output.output_type != “display_data”) || (!output.data.hasOwnProperty(EXEC_MIME_TYPE))) {n”,
”      returnn”,
”    }n”,
“n”,
”    var toinsert = output_area.element.find(“.” + CLASS_NAME.split(’ ‘)[0]);n”,
“n”,
”    if (output.metadata[EXEC_MIME_TYPE][“id”] !== undefined) {n”,
”      toinsert[toinsert.length - 1].firstChild.textContent = output.data[JS_MIME_TYPE];n”,
”      // store reference to embed id on output_arean”,
”      output_area._bokeh_element_id = output.metadata[EXEC_MIME_TYPE][“id”];n”,
”    }n”,
”    if (output.metadata[EXEC_MIME_TYPE][“server_id”] !== undefined) {n”,
”      var bk_div = document.createElement(“div”);n”,
”      bk_div.innerHTML = output.data[HTML_MIME_TYPE];n”,
”      var script_attrs = bk_div.children[0].attributes;n”,
”      for (var i = 0; i < script_attrs.length; i++) {n”,
”        toinsert[toinsert.length - 1].firstChild.setAttribute(script_attrs[i].name, script_attrs[i].value);n”,
”      }n”,
”      // store reference to server id on output_arean”,
”      output_area._bokeh_server_id = output.metadata[EXEC_MIME_TYPE][“server_id”];n”,
”    }n”,
”  }n”,
“n”,
”  function register_renderer(events, OutputArea) {n”,
“n”,
”    function append_mime(data, metadata, element) {n”,
”      // create a DOM node to render ton”,
”      var toinsert = this.create_output_subarea(n”,
”        metadata,n”,
”        CLASS_NAME,n”,
”        EXEC_MIME_TYPEn”,
”      );n”,
”      this.keyboard_manager.register_events(toinsert);n”,
”      // Render to noden”,
”      var props = {data: data, metadata: metadata[EXEC_MIME_TYPE]};n”,
”      render(props, toinsert[toinsert.length - 1]);n”,
”      element.append(toinsert);n”,
”      return toinsertn”,
”    }n”,
“n”,
”    / Handle when an output is cleared or removed /n”,
”    events.on(‘clear_output.CodeCell’, handleClearOutput);n”,
”    events.on(‘delete.Cell’, handleClearOutput);n”,
“n”,
”    / Handle when a new output is added /n”,
”    events.on(‘output_added.OutputArea’, handleAddOutput);n”,
“n”,
”    /*n”,
”     * Register the mime type and append_mime function with output_arean”,
”     /n”,
”    OutputArea.prototype.register_mime_type(EXEC_MIME_TYPE, append_mime, {n”,
”      / Is output safe? /n”,
”      safe: true,n”,
”      / Index of renderer in output_area.display_order */n”,
”      index: 0n”,
”    });n”,
”  }n”,
“n”,
”  // register the mime type if in Jupyter Notebook environment and previously unregisteredn”,
”  if (root.Jupyter !== undefined) {n”,
”    var events = require(‘base/js/events’);n”,
”    var OutputArea = require(‘notebook/js/outputarea’).OutputArea;n”,
“n”,
”    if (OutputArea.prototype.mime_types().indexOf(EXEC_MIME_TYPE) == -1) {n”,
”      register_renderer(events, OutputArea);n”,
”    }n”,
”  }n”,
“n”,
”  n”,
”  if (typeof (root._bokeh_timeout) === “undefined” || force === true) {n”,
”    root._bokeh_timeout = Date.now() + 5000;n”,
”    root._bokeh_failed_load = false;n”,
”  }n”,
“n”,
”  var NB_LOAD_WARNING = {‘data’: {‘text/html’:n”,
”     “<div style=’background-color: #fdd’>\n”+n”,
”     “<p>\n”+n”,
”     “BokehJS does not appear to have successfully loaded. If loading BokehJS from CDN, this \n”+n”,
”     “may be due to a slow or bad network connection. Possible fixes:\n”+n”,
”     “</p>\n”+n”,
”     “<ul>\n”+n”,
”     “<li>re-rerun output_notebook() to attempt to load from CDN again, or</li>\n”+n”,
”     “<li>use INLINE resources instead, as so:</li>\n”+n”,
”     “</ul>\n”+n”,
”     “<code>\n”+n”,
”     “from bokeh.resources import INLINE\n”+n”,
”     “output_notebook(resources=INLINE)\n”+n”,
”     “</code>\n”+n”,
”     “</div>”}};n”,
“n”,
”  function display_loaded() {n”,
”    var el = document.getElementById(“1001”);n”,
”    if (el != null) {n”,
”      el.textContent = “BokehJS is loading…”;n”,
”    }n”,
”    if (root.Bokeh !== undefined) {n”,
”      if (el != null) {n”,
”        el.textContent = “BokehJS ” + root.Bokeh.version + ” successfully loaded.”;n”,
”      }n”,
”    } else if (Date.now() < root._bokeh_timeout) {n”,
”      setTimeout(display_loaded, 100)n”,
”    }n”,
”  }n”,
“n”,
“n”,
”  function run_callbacks() {n”,
”    try {n”,
”      root._bokeh_onload_callbacks.forEach(function(callback) {n”,
”        if (callback != null)n”,
”          callback();n”,
”      });n”,
”    } finally {n”,
”      delete root._bokeh_onload_callbacksn”,
”    }n”,
”    console.debug(“Bokeh: all callbacks have finished”);n”,
”  }n”,
“n”,
”  function load_libs(css_urls, js_urls, callback) {n”,
”    if (css_urls == null) css_urls = [];n”,
”    if (js_urls == null) js_urls = [];n”,
“n”,
”    root._bokeh_onload_callbacks.push(callback);n”,
”    if (root._bokeh_is_loading > 0) {n”,
”      console.debug(“Bokeh: BokehJS is being loaded, scheduling callback at”, now());n”,
”      return null;n”,
”    }n”,
”    if (js_urls == null || js_urls.length === 0) {n”,
”      run_callbacks();n”,
”      return null;n”,
”    }n”,
”    console.debug(“Bokeh: BokehJS not loaded, scheduling load and callback at”, now());n”,
”    root._bokeh_is_loading = css_urls.length + js_urls.length;n”,
“n”,
”    function on_load() {n”,
”      root._bokeh_is_loading–;n”,
”      if (root._bokeh_is_loading === 0) {n”,
”        console.debug(“Bokeh: all BokehJS libraries/stylesheets loaded”);n”,
”        run_callbacks()n”,
”      }n”,
”    }n”,
“n”,
”    function on_error() {n”,
”      console.error(“failed to load ” + url);n”,
”    }n”,
“n”,
”    for (var i = 0; i < css_urls.length; i++) {n”,
”      var url = css_urls[i];n”,
”      const element = document.createElement(“link”);n”,
”      element.onload = on_load;n”,
”      element.onerror = on_error;n”,
”      element.rel = “stylesheet”;n”,
”      element.type = “text/css”;n”,
”      element.href = url;n”,
”      console.debug(“Bokeh: injecting link tag for BokehJS stylesheet: “, url);n”,
”      document.body.appendChild(element);n”,
”    }n”,
“n”,
”    for (var i = 0; i < js_urls.length; i++) {n”,
”      var url = js_urls[i];n”,
”      var element = document.createElement(‘script’);n”,
”      element.onload = on_load;n”,
”      element.onerror = on_error;n”,
”      element.async = false;n”,
”      element.src = url;n”,
”      console.debug(“Bokeh: injecting script tag for BokehJS library: “, url);n”,
”      document.head.appendChild(element);n”,
”    }n”,
”  };var element = document.getElementById(“1001”);n”,
”  if (element == null) {n”,
”    console.error(“Bokeh: ERROR: autoload.js configured with elementid ‘1001’ but no matching script tag was found. “)n”,
”    return false;n”,
”  }n”,
“n”,
”  function inject_raw_css(css) {n”,
”    const element = document.createElement(“style”);n”,
”    element.appendChild(document.createTextNode(css));n”,
”    document.body.appendChild(element);n”,
”  }n”,
“n”,
”  n”,
”  var js_urls = [”https://cdn.pydata.org/bokeh/release/bokeh-1.4.0.min.js”, “https://cdn.pydata.org/bokeh/release/bokeh-widgets-1.4.0.min.js”, “https://cdn.pydata.org/bokeh/release/bokeh-tables-1.4.0.min.js”, “https://cdn.pydata.org/bokeh/release/bokeh-gl-1.4.0.min.js”];n”,
”  var css_urls = [];n”,
”  n”,
“n”,
”  var inline_js = [n”,
”    function(Bokeh) {n”,
”      Bokeh.set_log_level(“info”);n”,
”    },n”,
”    function(Bokeh) {n”,
”    n”,
”    n”,
”    }n”,
”  ];n”,
“n”,
”  function run_inline_js() {n”,
”    n”,
”    if (root.Bokeh !== undefined || force === true) {n”,
”      n”,
”    for (var i = 0; i < inline_js.length; i++) {n”,
”      inline_js[i].call(root, root.Bokeh);n”,
”    }n”,
”    if (force === true) {n”,
”        display_loaded();n”,
”      }} else if (Date.now() < root._bokeh_timeout) {n”,
”      setTimeout(run_inline_js, 100);n”,
”    } else if (!root._bokeh_failed_load) {n”,
”      console.log(“Bokeh: BokehJS failed to load within specified timeout.”);n”,
”      root._bokeh_failed_load = true;n”,
”    } else if (force !== true) {n”,
”      var cell = $(document.getElementById(“1001”)).parents(‘.cell’).data().cell;n”,
”      cell.output_area.append_execute_result(NB_LOAD_WARNING)n”,
”    }n”,
“n”,
”  }n”,
“n”,
”  if (root._bokeh_is_loading === 0) {n”,
”    console.debug(“Bokeh: BokehJS loaded, going straight to plotting”);n”,
”    run_inline_js();n”,
”  } else {n”,
”    load_libs(css_urls, js_urls, function() {n”,
”      console.debug(“Bokeh: BokehJS plotting callback run at”, now());n”,
”      run_inline_js();n”,
”    });n”,
”  }n”,
“}(window));”





],
“application/vnd.bokehjs_load.v0+json”: “n(function(root) {n  function now() {n    return new Date();n  }nn  var force = true;nn  if (typeof root._bokeh_onload_callbacks === “undefined” || force === true) {n    root._bokeh_onload_callbacks = [];n    root._bokeh_is_loading = undefined;n  }nn  nn  n  if (typeof (root._bokeh_timeout) === “undefined” || force === true) {n    root._bokeh_timeout = Date.now() + 5000;n    root._bokeh_failed_load = false;n  }nn  var NB_LOAD_WARNING = {‘data’: {‘text/html’:n     “<div style=’background-color: #fdd’>\n”+n     “<p>\n”+n     “BokehJS does not appear to have successfully loaded. If loading BokehJS from CDN, this \n”+n     “may be due to a slow or bad network connection. Possible fixes:\n”+n     “</p>\n”+n     “<ul>\n”+n     “<li>re-rerun output_notebook() to attempt to load from CDN again, or</li>\n”+n     “<li>use INLINE resources instead, as so:</li>\n”+n     “</ul>\n”+n     “<code>\n”+n     “from bokeh.resources import INLINE\n”+n     “output_notebook(resources=INLINE)\n”+n     “</code>\n”+n     “</div>”}};nn  function display_loaded() {n    var el = document.getElementById(“1001”);n    if (el != null) {n      el.textContent = “BokehJS is loading…”;n    }n    if (root.Bokeh !== undefined) {n      if (el != null) {n        el.textContent = “BokehJS ” + root.Bokeh.version + ” successfully loaded.”;n      }n    } else if (Date.now() < root._bokeh_timeout) {n      setTimeout(display_loaded, 100)n    }n  }nnn  function run_callbacks() {n    try {n      root._bokeh_onload_callbacks.forEach(function(callback) {n        if (callback != null)n          callback();n      });n    } finally {n      delete root._bokeh_onload_callbacksn    }n    console.debug(“Bokeh: all callbacks have finished”);n  }nn  function load_libs(css_urls, js_urls, callback) {n    if (css_urls == null) css_urls = [];n    if (js_urls == null) js_urls = [];nn    root._bokeh_onload_callbacks.push(callback);n    if (root._bokeh_is_loading > 0) {n      console.debug(“Bokeh: BokehJS is being loaded, scheduling callback at”, now());n      return null;n    }n    if (js_urls == null || js_urls.length === 0) {n      run_callbacks();n      return null;n    }n    console.debug(“Bokeh: BokehJS not loaded, scheduling load and callback at”, now());n    root._bokeh_is_loading = css_urls.length + js_urls.length;nn    function on_load() {n      root._bokeh_is_loading–;n      if (root._bokeh_is_loading === 0) {n        console.debug(“Bokeh: all BokehJS libraries/stylesheets loaded”);n        run_callbacks()n      }n    }nn    function on_error() {n      console.error(“failed to load ” + url);n    }nn    for (var i = 0; i < css_urls.length; i++) {n      var url = css_urls[i];n      const element = document.createElement(“link”);n      element.onload = on_load;n      element.onerror = on_error;n      element.rel = “stylesheet”;n      element.type = “text/css”;n      element.href = url;n      console.debug(“Bokeh: injecting link tag for BokehJS stylesheet: “, url);n      document.body.appendChild(element);n    }nn    for (var i = 0; i < js_urls.length; i++) {n      var url = js_urls[i];n      var element = document.createElement(‘script’);n      element.onload = on_load;n      element.onerror = on_error;n      element.async = false;n      element.src = url;n      console.debug(“Bokeh: injecting script tag for BokehJS library: “, url);n      document.head.appendChild(element);n    }n  };var element = document.getElementById(“1001”);n  if (element == null) {n    console.error(“Bokeh: ERROR: autoload.js configured with elementid ‘1001’ but no matching script tag was found. “)n    return false;n  }nn  function inject_raw_css(css) {n    const element = document.createElement(“style”);n    element.appendChild(document.createTextNode(css));n    document.body.appendChild(element);n  }nn  n  var js_urls = [”https://cdn.pydata.org/bokeh/release/bokeh-1.4.0.min.js”, “https://cdn.pydata.org/bokeh/release/bokeh-widgets-1.4.0.min.js”, “https://cdn.pydata.org/bokeh/release/bokeh-tables-1.4.0.min.js”, “https://cdn.pydata.org/bokeh/release/bokeh-gl-1.4.0.min.js”];n  var css_urls = [];n  nn  var inline_js = [n    function(Bokeh) {n      Bokeh.set_log_level(“info”);n    },n    function(Bokeh) {n    n    n    }n  ];nn  function run_inline_js() {n    n    if (root.Bokeh !== undefined || force === true) {n      n    for (var i = 0; i < inline_js.length; i++) {n      inline_js[i].call(root, root.Bokeh);n    }n    if (force === true) {n        display_loaded();n      }} else if (Date.now() < root._bokeh_timeout) {n      setTimeout(run_inline_js, 100);n    } else if (!root._bokeh_failed_load) {n      console.log(“Bokeh: BokehJS failed to load within specified timeout.”);n      root._bokeh_failed_load = true;n    } else if (force !== true) {n      var cell = $(document.getElementById(“1001”)).parents(‘.cell’).data().cell;n      cell.output_area.append_execute_result(NB_LOAD_WARNING)n    }nn  }nn  if (root._bokeh_is_loading === 0) {n    console.debug(“Bokeh: BokehJS loaded, going straight to plotting”);n    run_inline_js();n  } else {n    load_libs(css_urls, js_urls, function() {n      console.debug(“Bokeh: BokehJS plotting callback run at”, now());n      run_inline_js();n    });n  }n}(window));”





},
“metadata”: {},
“output_type”: “display_data”




},
{



	“data”: {

	
	“text/html”: [

	“n”,
“n”,
“n”,
“n”,
“n”,
“n”,
”  <div class=”bk-root” id=”3bb4a58c-b58b-4e15-9c71-197b1f478516” data-root-id=”1002”></div>n”





]





},
“metadata”: {},
“output_type”: “display_data”




},
{



	“data”: {

	
	“application/javascript”: [

	“(function(root) {n”,
”  function embed_document(root) {n”,
”    n”,
”  var docs_json = {“98501173-a6a2-45b5-a60c-4549c2d69afc”:{“roots”:{“references”:[{“attributes”:{“below”:[{“id”:”1013”,”type”:”LinearAxis”}],”center”:[{“id”:”1017”,”type”:”Grid”},{“id”:”1022”,”type”:”Grid”}],”left”:[{“id”:”1018”,”type”:”LinearAxis”}],”plot_height”:400,”plot_width”:900,”renderers”:[{“id”:”1039”,”type”:”GlyphRenderer”}],”title”:{“id”:”1003”,”type”:”Title”},”toolbar”:{“id”:”1029”,”type”:”Toolbar”},”x_range”:{“id”:”1005”,”type”:”DataRange1d”},”x_scale”:{“id”:”1009”,”type”:”LinearScale”},”y_range”:{“id”:”1007”,”type”:”DataRange1d”},”y_scale”:{“id”:”1011”,”type”:”LinearScale”}},”id”:”1002”,”subtype”:”Figure”,”type”:”Plot”},{“attributes”:{“data_source”:{“id”:”1036”,”type”:”ColumnDataSource”},”glyph”:{“id”:”1037”,”type”:”MultiLine”},”hover_glyph”:null,”muted_glyph”:null,”nonselection_glyph”:{“id”:”1038”,”type”:”MultiLine”},”selection_glyph”:null,”view”:{“id”:”1040”,”type”:”CDSView”}},”id”:”1039”,”type”:”GlyphRenderer”},{“attributes”:{},”id”:”1027”,”type”:”ResetTool”},{“attributes”:{},”id”:”1009”,”type”:”LinearScale”},{“attributes”:{“source”:{“id”:”1036”,”type”:”ColumnDataSource”}},”id”:”1040”,”type”:”CDSView”},{“attributes”:{“active_drag”:”auto”,”active_inspect”:”auto”,”active_multi”:null,”active_scroll”:”auto”,”active_tap”:”auto”,”tools”:[{“id”:”1023”,”type”:”PanTool”},{“id”:”1024”,”type”:”WheelZoomTool”},{“id”:”1025”,”type”:”BoxZoomTool”},{“id”:”1026”,”type”:”SaveTool”},{“id”:”1027”,”type”:”ResetTool”},{“id”:”1028”,”type”:”HelpTool”}]},”id”:”1029”,”type”:”Toolbar”},{“attributes”:{},”id”:”1026”,”type”:”SaveTool”},{“attributes”:{},”id”:”1048”,”type”:”Selection”},{“attributes”:{“ticker”:{“id”:”1014”,”type”:”BasicTicker”}},”id”:”1017”,”type”:”Grid”},{“attributes”:{},”id”:”1011”,”type”:”LinearScale”},{“attributes”:{},”id”:”1045”,”type”:”BasicTickFormatter”},{“attributes”:{“callback”:null,”data”:{“line_color”:[“#5e4fa2”,”#3288bd”,”#66c2a5”,”#abdda4”],”xs”:[[0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64,65,66,67,68,69,70,71,72,73,74,75,76,77,78,79,80,81,82,83,84,85,86,87,88,89,90,91,92,93,94,95,96,97,98,99,100,101,102,103,104,105,106,107,108,109,110,111,112,113,114,115,116,117,118,119,120,121,122,123,124,125,126,127,128,129,130,131,132,133,134,135,136,137,138,139,140,141,142,143,144,145,146,147,148,149,150,151,152,153,154,155,156,157,158,159,160,161,162,163,164,165,166,167,168,169,170,171,172,173,174,175,176,177,178,179,180,181,182,183,184,185,186,187,188,189,190,191,192,193,194,195,196,197,198,199,200,201,202,203,204,205,206,207,208,209,210,211,212,213,214,215,216,217,218,219,220,221,222,223,224,225,226,227,228,229,230,231,232,233,234,235,236,237,238,239,240,241,242,243,244,245,246,247,248,249,250,251,252,253,254,255,256,257,258,259,260,261,262,263,264,265,266,267,268,269,270,271,272,273,274,275,276,277,278,279,280,281,282,283,284,285,286,287,288,289,290,291,292,293,294,295,296,297,298,299,300],[0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64,65,66,67,68,69,70,71,72,73,74,75,76,77,78,79,80,81,82,83,84,85,86,87,88,89,90,91,92,93,94,95,96,97,98,99,100,101,102,103,104,105,106,107,108,109,110,111,112,113,114,115,116,117,118,119,120,121,122,123,124,125,126,127,128,129,130,131,132,133,134,135,136,137,138,139,140,141,142,143,144,145,146,147,148,149,150,151,152,153,154,155,156,157,158,159,160,161,162,163,164,165,166,167,168,169,170,171,172,173,174,175,176,177,178,179,180,181,182,183,184,185,186,187,188,189,190,191,192,193,194,195,196,197,198,199,200,201,202,203,204,205,206,207,208,209,210,211,212,213,214,215,216,217,218,219,220,221,222,223,224,225,226,227,228,229,230,231,232,233,234,235,236,237,238,239,240,241,242,243,244,245,246,247,248,249,250,251,252,253,254,255,256,257,258,259,260,261,262,263,264,265,266,267,268,269,270,271,272,273,274,275,276,277,278,279,280,281,282,283,284,285,286,287,288,289,290,291,292,293,294,295,296,297,298,299,300],[0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64,65,66,67,68,69,70,71,72,73,74,75,76,77,78,79,80,81,82,83,84,85,86,87,88,89,90,91,92,93,94,95,96,97,98,99,100,101,102,103,104,105,106,107,108,109,110,111,112,113,114,115,116,117,118,119,120,121,122,123,124,125,126,127,128,129,130,131,132,133,134,135,136,137,138,139,140,141,142,143,144,145,146,147,148,149,150,151,152,153,154,155,156,157,158,159,160,161,162,163,164,165,166,167,168,169,170,171,172,173,174,175,176,177,178,179,180,181,182,183,184,185,186,187,188,189,190,191,192,193,194,195,196,197,198,199,200,201,202,203,204,205,206,207,208,209,210,211,212,213,214,215,216,217,218,219,220,221,222,223,224,225,226,227,228,229,230,231,232,233,234,235,236,237,238,239,240,241,242,243,244,245,246,247,248,249,250,251,252,253,254,255,256,257,258,259,260,261,262,263,264,265,266,267,268,269,270,271,272,273,274,275,276,277,278,279,280,281,282,283,284,285,286,287,288,289,290,291,292,293,294,295,296,297,298,299,300],[0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64,65,66,67,68,69,70,71,72,73,74,75,76,77,78,79,80,81,82,83,84,85,86,87,88,89,90,91,92,93,94,95,96,97,98,99,100,101,102,103,104,105,106,107,108,109,110,111,112,113,114,115,116,117,118,119,120,121,122,123,124,125,126,127,128,129,130,131,132,133,134,135,136,137,138,139,140,141,142,143,144,145,146,147,148,149,150,151,152,153,154,155,156,157,158,159,160,161,162,163,164,165,166,167,168,169,170,171,172,173,174,175,176,177,178,179,180,181,182,183,184,185,186,187,188,189,190,191,192,193,194,195,196,197,198,199,200,201,202,203,204,205,206,207,208,209,210,211,212,213,214,215,216,217,218,219,220,221,222,223,224,225,226,227,228,229,230,231,232,233,234,235,236,237,238,239,240,241,242,243,244,245,246,247,248,249,250,251,252,253,254,255,256,257,258,259,260,261,262,263,264,265,266,267,268,269,270,271,272,273,274,275,276,277,278,279,280,281,282,283,284,285,286,287,288,289,290,291,292,293,294,295,296,297,298,299,300]],”ys”:[{“__ndarray__”:””,”dtype”:”int32”,”shape”:[301]},{“__ndarray__”:””,”dtype”:”int32”,”shape”:[301]},{“__ndarray__”:””,”dtype”:”int32”,”shape”:[301]},{“__ndarray__”:”BQAAAAEAAAD+/////f///wcAAAD3////CwAAAPr/////////BQAAAP/////9////AQAAAAMAAAD6////AQAAAAIAAAD7////CAAAAPf///8DAAAAAQAAAP7///8GAAAA+/////7///8HAAAAAAAAAP3///8AAAAAAQAAAAIAAAD+////+f///wYAAAAFAAAA+P///wUAAAD7////BAAAAP////8BAAAA/v////////8HAAAA+f////r///8IAAAA/v///wcAAAD6////+f///woAAAD8/////f///wYAAAD9/////////wMAAAAAAAAA/P///wQAAAD9////AwAAAP7///8DAAAAAAAAAPr/////////BQAAAAIAAAD8////AgAAAAAAAAADAAAA/P///wIAAAD/////AAAAAAEAAAD9////AQAAAAAAAAD/////AQAAAAAAAAABAAAA+/////////8DAAAAAAAAAAEAAAD+////AgAAAPr///8CAAAABwAAAPj/////////BwAAAPr///8DAAAA/////wAAAAABAAAA+f///wgAAAD+////AAAAAP///////////P///wgAAAACAAAA/P///wQAAAD5////BQAAAP3///8IAAAA+P///wAAAAAEAAAA/f///wEAAAAAAAAAAQAAAP3///8BAAAABQAAAPj/////////BQAAAAAAAAAAAAAAAAAAABAAAADx/////v///wIAAAD8////CQAAAPH///8dAAAAbv7//879//9vAwAANQIAAAoAAABt////bv///57///+/////4////+H////7////+f///wkAAADw////9v///xIAAAD+//////////////8CAAAAAwAAAAcAAAD3////BQAAAAEAAAAIAAAACwAAAO3///8IAAAA9v///wgAAAD9////6v///wYAAAAaAAAABwAAAPz/////////AAAAAAAAAAAAAAAA/f///wQAAAD9////BQAAAP7///8AAAAABAAAAP3///8AAAAA+f///wYAAAACAAAAAQAAAP3///8AAAAA/////wQAAAD8/////////wIAAAD8////BgAAAAAAAAD9////AAAAAAIAAAADAAAA+f///wUAAAD//////v///wcAAAD5////BAAAAAAAAAAAAAAAAAAAAPr///8LAAAA/f///wEAAAD6/////P///wYAAAAHAAAA9P///wYAAAAAAAAA/f///wQAAAABAAAA+f///wQAAAAEAAAA/f////z///8CAAAAAAAAAP7////9////BQAAAAAAAAACAAAAAAAAAPb///8KAAAA/P///wAAAAAAAAAABAAAAPn///8BAAAACQAAAPn///8DAAAA//////v///8IAAAA+////wMAAAAAAAAA/v///wAAAAD8////CQAAAPv////+////BAAAAAIAAAD+/////P///wIAAAACAAAAAAAAAP7///8AAAAAAAAAAP7///8GAAAA//////z///8AAAAA/////wcAAAD4////BwAAAAEAAAD4////BQAAAP////8BAAAA/v///wAAAAAEAAAA/P///w==”,”dtype”:”int32”,”shape”:[301]}]},”selected”:{“id”:”1048”,”type”:”Selection”},”selection_policy”:{“id”:”1047”,”type”:”UnionRenderers”}},”id”:”1036”,”type”:”ColumnDataSource”},{“attributes”:{“line_alpha”:{“value”:0.8},”line_color”:{“field”:”line_color”},”xs”:{“field”:”xs”},”ys”:{“field”:”ys”}},”id”:”1037”,”type”:”MultiLine”},{“attributes”:{“bottom_units”:”screen”,”fill_alpha”:{“value”:0.5},”fill_color”:{“value”:”lightgrey”},”left_units”:”screen”,”level”:”overlay”,”line_alpha”:{“value”:1.0},”line_color”:{“value”:”black”},”line_dash”:[4,4],”line_width”:{“value”:2},”render_mode”:”css”,”right_units”:”screen”,”top_units”:”screen”},”id”:”1046”,”type”:”BoxAnnotation”},{“attributes”:{},”id”:”1024”,”type”:”WheelZoomTool”},{“attributes”:{},”id”:”1043”,”type”:”BasicTickFormatter”},{“attributes”:{“dimension”:1,”minor_grid_line_alpha”:0.1,”minor_grid_line_color”:”navy”,”ticker”:{“id”:”1019”,”type”:”BasicTicker”}},”id”:”1022”,”type”:”Grid”},{“attributes”:{“line_alpha”:{“value”:0.1},”line_color”:{“value”:”#1f77b4”},”xs”:{“field”:”xs”},”ys”:{“field”:”ys”}},”id”:”1038”,”type”:”MultiLine”},{“attributes”:{},”id”:”1019”,”type”:”BasicTicker”},{“attributes”:{“callback”:null},”id”:”1007”,”type”:”DataRange1d”},{“attributes”:{},”id”:”1028”,”type”:”HelpTool”},{“attributes”:{“axis_label”:”ADC Value”,”formatter”:{“id”:”1043”,”type”:”BasicTickFormatter”},”ticker”:{“id”:”1019”,”type”:”BasicTicker”}},”id”:”1018”,”type”:”LinearAxis”},{“attributes”:{“axis_label”:”Sample Index”,”formatter”:{“id”:”1045”,”type”:”BasicTickFormatter”},”ticker”:{“id”:”1014”,”type”:”BasicTicker”}},”id”:”1013”,”type”:”LinearAxis”},{“attributes”:{“text”:”Signal for Wireless (Simulation) / Raw ADC-Values (Filter (1) Filter Data)”},”id”:”1003”,”type”:”Title”},{“attributes”:{},”id”:”1014”,”type”:”BasicTicker”},{“attributes”:{“callback”:null},”id”:”1005”,”type”:”DataRange1d”},{“attributes”:{},”id”:”1047”,”type”:”UnionRenderers”},{“attributes”:{“overlay”:{“id”:”1046”,”type”:”BoxAnnotation”}},”id”:”1025”,”type”:”BoxZoomTool”},{“attributes”:{},”id”:”1023”,”type”:”PanTool”}],”root_ids”:[“1002”]},”title”:”Bokeh Application”,”version”:”1.4.0”}};n”,
”  var render_items = [{“docid”:”98501173-a6a2-45b5-a60c-4549c2d69afc”,”roots”:{“1002”:”3bb4a58c-b58b-4e15-9c71-197b1f478516”}}];n”,
”  root.Bokeh.embed.embed_items_notebook(docs_json, render_items);n”,
“n”,
”  }n”,
”  if (root.Bokeh !== undefined) {n”,
”    embed_document(root);n”,
”  } else {n”,
”    var attempts = 0;n”,
”    var timer = setInterval(function(root) {n”,
”      if (root.Bokeh !== undefined) {n”,
”        clearInterval(timer);n”,
”        embed_document(root);n”,
”      } else {n”,
”        attempts++;n”,
”        if (attempts > 100) {n”,
”          clearInterval(timer);n”,
”          console.log(“Bokeh: ERROR: Unable to run BokehJS code because BokehJS library is missing”);n”,
”        }n”,
”      }n”,
”    }, 10, root)n”,
”  }n”,
“})(window);”





],
“application/vnd.bokehjs_exec.v0+json”: “”





},
“metadata”: {



	“application/vnd.bokehjs_exec.v0+json”: {

	“id”: “1002”





}




},
“output_type”: “display_data”




}




],
“source”: [


“bokeh.io.output_notebook()  # see comment for bokeh module in “Requirements” sectionn”,
“bfig = bokeh.plotting.figure(plot_width=900, plot_height=400, title=’Signal for Wireless (Simulation) / Raw ADC-Values (%s)’ % analog_stream_0.label)n”,
“bfig.multi_line(n”,
”    xs = [list(range(np_data_range.shape[0]))] * np_data_range.shape[1],n”,
”    ys = [np_data_range[:, col] for col in range(np_data_range.shape[1])],n”,
”    line_color = Spectral11[0:np_data_range.shape[1]],n”,
”    alpha = 0.8n”,
“)n”,
“#bfig.line(list(range(np_data_range.shape[0])),np_data_range[:,0], alpha=0.5)n”,
“bfig.xaxis.axis_label = ‘Sample Index’n”,
“bfig.yaxis.axis_label = ‘ADC Value’n”,
“bfig.ygrid.minor_grid_line_color = ‘navy’n”,
“bfig.ygrid.minor_grid_line_alpha = 0.1n”,
“bokeh.plotting.show(bfig)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“Of course other plot types can be used if desired. “




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“n”,
“#### Draw channel with spectogram:n”,
“n”,
“With the values from the second AnalogStream, n”,
“n”,
”    Type       Stream                                   # chn”,
”    ———  —————————————  ——n”,
”    Analog     Filter (1) Filter Data                   8n”,
”    Analog     Data Acquisition (1) Electrode Raw Data  8      <——   n”,
”    Analog     Data Acquisition (1) Digital Data        1n”,
”    Event      Digital Events 1n”,
”    Segment    Spike Detector (1) Spike Datan”,
”    TimeStamp  Spike Detector (1) Spike Timestampsn”,
“n”,
“With .get_channel_in_range(channel_id, index_start, index_end) and .get_channel_sample_timestamps(channel_id, index_start, index_end) we can define a range of data and timestamps, from index_start to index_end for a specific channel with channel_id that we want to analyze/plot.n”,
“n”,
“However, .get_channel_sample_timestamps(channel_id, index_start, index_end) rather than grabbing an existing data set, calculates timestamps from the Tick value from the InfoChannel structure of the Stream and the provided range. Also using the functions above the data internally is rearranged so no need to use any additional numpy functions here. n”,
“n”,
“The channel_IDs can be acquired by calling .keys() on the channel_infos of the respective stream.”




]




},
{


“cell_type”: “code”,
“execution_count”: 17,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“dict_keys([0, 1, 2, 3, 4, 5, 6, 7])n”




]





}




],
“source”: [


“channel_ids = channel_raw_data.recordings[0].analog_streams[1].channel_infos.keys()n”,
“n”,
“print(channel_ids)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“So there are 8 channels within the stream. We take the key at index [0]. Sure this example looks a bit like overkill, but when iterating over multiple channels, this can be a way to go.”




]




},
{


“cell_type”: “code”,
“execution_count”: 18,
“metadata”: {},
“outputs”: [],
“source”: [


“channel_id = list(channel_raw_data.recordings[0].analog_streams[1].channel_infos.keys())[0]”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“Additional information can be accessed through .info on .channel_infos[id]”




]




},
{


“cell_type”: “code”,
“execution_count”: 19,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“{‘ChannelID’: 0, ‘RowIndex’: 0, ‘GroupID’: 0, ‘Label’: ‘E1’, ‘RawDataType’: ‘Int’, ‘Unit’: ‘V’, ‘Exponent’: -9, ‘ADZero’: 0, ‘Tick’: 2000, ‘ConversionFactor’: 381470, ‘HighPassFilterType’: ‘’, ‘HighPassFilterCutOffFrequency’: ‘-1’, ‘HighPassFilterOrder’: -1, ‘LowPassFilterType’: ‘’, ‘LowPassFilterCutOffFrequency’: ‘-1’, ‘LowPassFilterOrder’: -1}n”




]





}




],
“source”: [


“print(channel_raw_data.recordings[0].analog_streams[1].channel_infos[0].info)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“Back to the plot. Grab the stream and the corresponding timestamps”




]




},
{


“cell_type”: “code”,
“execution_count”: 20,
“metadata”: {},
“outputs”: [],
“source”: [


“stream = channel_raw_data.recordings[0].analog_streams[1]n”,
“time = stream.get_channel_sample_timestamps(channel_id, 0, 10000)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“Next we recalculate the values saved in the time variable to seconds with the included ureg function from the McsData module and extract the data of the desired channel with its ID and a range(0 to 10000)”




]




},
{


“cell_type”: “code”,
“execution_count”: 21,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“Signal:  (array([-0.00343323,  0.00228882, -0.00419617, …,  0.00991822,n”,
”        0.00724793,  0.00686646]), <Unit(‘volt’)>)n”




]





}




],
“source”: [


“# scale time to seconds:n”,
“scale_factor_for_second = Q_(1,time[1]).to(ureg.s).magnituden”,
“time_in_sec = time[0] * scale_factor_for_secondn”,
“n”,
“signal = stream.get_channel_in_range(channel_id, 0, 10000)n”,
“print(“Signal: “,signal)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“To plot the spectogram of the data we also need to get the sampling frequency. For more information about metainformation of streams and data see the chapter <a href=’#I2’>Info</a>.”




]




},
{


“cell_type”: “code”,
“execution_count”: 22,
“metadata”: {},
“outputs”: [],
“source”: [


“sampling_frequency = stream.channel_infos[channel_id].sampling_frequency.magnitude “




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“And then plot!”




]




},
{


“cell_type”: “code”,
“execution_count”: 23,
“metadata”: {},
“outputs”: [



	{

	
	“data”: {

	“image/png”: “”,
“text/plain”: [


“<Figure size 1440x864 with 2 Axes>”




]





},
“metadata”: {


“needs_background”: “light”




},
“output_type”: “display_data”





}




],
“source”: [


“plt.figure(figsize=(20,12))n”,
“n”,
“# Plot time domainn”,
“axtp = plt.subplot(211)n”,
“plt.plot(time_in_sec, signal[0])n”,
“plt.xlabel(‘Time (%s)’ % ureg.s)n”,
“plt.ylabel(‘Voltage (%s)’ % signal[1])n”,
“plt.title(‘Sampled signal (%s)’ % stream.label)n”,
“n”,
“# Plot frequency domainn”,
“plt.subplot(212)n”,
“plt.specgram(signal[0], NFFT=512, noverlap = 128, Fs = sampling_frequency, cmap = plt.cm.gist_heat, scale_by_freq = False)n”,
“plt.xlabel(‘Time (%s)’ % ureg.s)n”,
“plt.ylabel(‘Frequency (Hz)’)n”,
“plt.show()n”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“n”,
“#### Compare multiple streams:n”,
“n”,
“To compare multiple streams they can also be plotted in one figure. n”




]




},
{


“cell_type”: “code”,
“execution_count”: 24,
“metadata”: {},
“outputs”: [



	{

	
	“data”: {

	
	“text/html”: [

	“n”,
”    <div class=”bk-root”>n”,
”        <a href=”https://bokeh.org” target=”_blank” class=”bk-logo bk-logo-small bk-logo-notebook”></a>n”,
”        <span id=”1097”>Loading BokehJS …</span>n”,
”    </div>”





]





},
“metadata”: {},
“output_type”: “display_data”





},
{



	“data”: {

	
	“application/javascript”: [

	“n”,
“(function(root) {n”,
”  function now() {n”,
”    return new Date();n”,
”  }n”,
“n”,
”  var force = true;n”,
“n”,
”  if (typeof root._bokeh_onload_callbacks === “undefined” || force === true) {n”,
”    root._bokeh_onload_callbacks = [];n”,
”    root._bokeh_is_loading = undefined;n”,
”  }n”,
“n”,
”  var JS_MIME_TYPE = ‘application/javascript’;n”,
”  var HTML_MIME_TYPE = ‘text/html’;n”,
”  var EXEC_MIME_TYPE = ‘application/vnd.bokehjs_exec.v0+json’;n”,
”  var CLASS_NAME = ‘output_bokeh rendered_html’;n”,
“n”,
”  /n”,
”   * Render data to the DOM noden”,
”   */n”,
”  function render(props, node) {n”,
”    var script = document.createElement(“script”);n”,
”    node.appendChild(script);n”,
”  }n”,
“n”,
”  /n”,
”   * Handle when an output is cleared or removedn”,
”   /n”,
”  function handleClearOutput(event, handle) {n”,
”    var cell = handle.cell;n”,
“n”,
”    var id = cell.output_area._bokeh_element_id;n”,
”    var server_id = cell.output_area._bokeh_server_id;n”,
”    // Clean up Bokeh referencesn”,
”    if (id != null && id in Bokeh.index) {n”,
”      Bokeh.index[id].model.document.clear();n”,
”      delete Bokeh.index[id];n”,
”    }n”,
“n”,
”    if (server_id !== undefined) {n”,
”      // Clean up Bokeh referencesn”,
”      var cmd = “from bokeh.io.state import curstate; print(curstate().uuid_to_server[’” + server_id + “’].get_sessions()[0].document.roots[0]._id)”;n”,
”      cell.notebook.kernel.execute(cmd, {n”,
”        iopub: {n”,
”          output: function(msg) {n”,
”            var id = msg.content.text.trim();n”,
”            if (id in Bokeh.index) {n”,
”              Bokeh.index[id].model.document.clear();n”,
”              delete Bokeh.index[id];n”,
”            }n”,
”          }n”,
”        }n”,
”      });n”,
”      // Destroy server and sessionn”,
”      var cmd = “import bokeh.io.notebook as ion; ion.destroy_server(’” + server_id + “’)”;n”,
”      cell.notebook.kernel.execute(cmd);n”,
”    }n”,
”  }n”,
“n”,
”  /*n”,
”   * Handle when a new output is addedn”,
”   /n”,
”  function handleAddOutput(event, handle) {n”,
”    var output_area = handle.output_area;n”,
”    var output = handle.output;n”,
“n”,
”    // limit handleAddOutput to display_data with EXEC_MIME_TYPE content onlyn”,
”    if ((output.output_type != “display_data”) || (!output.data.hasOwnProperty(EXEC_MIME_TYPE))) {n”,
”      returnn”,
”    }n”,
“n”,
”    var toinsert = output_area.element.find(“.” + CLASS_NAME.split(’ ‘)[0]);n”,
“n”,
”    if (output.metadata[EXEC_MIME_TYPE][“id”] !== undefined) {n”,
”      toinsert[toinsert.length - 1].firstChild.textContent = output.data[JS_MIME_TYPE];n”,
”      // store reference to embed id on output_arean”,
”      output_area._bokeh_element_id = output.metadata[EXEC_MIME_TYPE][“id”];n”,
”    }n”,
”    if (output.metadata[EXEC_MIME_TYPE][“server_id”] !== undefined) {n”,
”      var bk_div = document.createElement(“div”);n”,
”      bk_div.innerHTML = output.data[HTML_MIME_TYPE];n”,
”      var script_attrs = bk_div.children[0].attributes;n”,
”      for (var i = 0; i < script_attrs.length; i++) {n”,
”        toinsert[toinsert.length - 1].firstChild.setAttribute(script_attrs[i].name, script_attrs[i].value);n”,
”      }n”,
”      // store reference to server id on output_arean”,
”      output_area._bokeh_server_id = output.metadata[EXEC_MIME_TYPE][“server_id”];n”,
”    }n”,
”  }n”,
“n”,
”  function register_renderer(events, OutputArea) {n”,
“n”,
”    function append_mime(data, metadata, element) {n”,
”      // create a DOM node to render ton”,
”      var toinsert = this.create_output_subarea(n”,
”        metadata,n”,
”        CLASS_NAME,n”,
”        EXEC_MIME_TYPEn”,
”      );n”,
”      this.keyboard_manager.register_events(toinsert);n”,
”      // Render to noden”,
”      var props = {data: data, metadata: metadata[EXEC_MIME_TYPE]};n”,
”      render(props, toinsert[toinsert.length - 1]);n”,
”      element.append(toinsert);n”,
”      return toinsertn”,
”    }n”,
“n”,
”    / Handle when an output is cleared or removed /n”,
”    events.on(‘clear_output.CodeCell’, handleClearOutput);n”,
”    events.on(‘delete.Cell’, handleClearOutput);n”,
“n”,
”    / Handle when a new output is added /n”,
”    events.on(‘output_added.OutputArea’, handleAddOutput);n”,
“n”,
”    /*n”,
”     * Register the mime type and append_mime function with output_arean”,
”     /n”,
”    OutputArea.prototype.register_mime_type(EXEC_MIME_TYPE, append_mime, {n”,
”      / Is output safe? /n”,
”      safe: true,n”,
”      / Index of renderer in output_area.display_order */n”,
”      index: 0n”,
”    });n”,
”  }n”,
“n”,
”  // register the mime type if in Jupyter Notebook environment and previously unregisteredn”,
”  if (root.Jupyter !== undefined) {n”,
”    var events = require(‘base/js/events’);n”,
”    var OutputArea = require(‘notebook/js/outputarea’).OutputArea;n”,
“n”,
”    if (OutputArea.prototype.mime_types().indexOf(EXEC_MIME_TYPE) == -1) {n”,
”      register_renderer(events, OutputArea);n”,
”    }n”,
”  }n”,
“n”,
”  n”,
”  if (typeof (root._bokeh_timeout) === “undefined” || force === true) {n”,
”    root._bokeh_timeout = Date.now() + 5000;n”,
”    root._bokeh_failed_load = false;n”,
”  }n”,
“n”,
”  var NB_LOAD_WARNING = {‘data’: {‘text/html’:n”,
”     “<div style=’background-color: #fdd’>\n”+n”,
”     “<p>\n”+n”,
”     “BokehJS does not appear to have successfully loaded. If loading BokehJS from CDN, this \n”+n”,
”     “may be due to a slow or bad network connection. Possible fixes:\n”+n”,
”     “</p>\n”+n”,
”     “<ul>\n”+n”,
”     “<li>re-rerun output_notebook() to attempt to load from CDN again, or</li>\n”+n”,
”     “<li>use INLINE resources instead, as so:</li>\n”+n”,
”     “</ul>\n”+n”,
”     “<code>\n”+n”,
”     “from bokeh.resources import INLINE\n”+n”,
”     “output_notebook(resources=INLINE)\n”+n”,
”     “</code>\n”+n”,
”     “</div>”}};n”,
“n”,
”  function display_loaded() {n”,
”    var el = document.getElementById(“1097”);n”,
”    if (el != null) {n”,
”      el.textContent = “BokehJS is loading…”;n”,
”    }n”,
”    if (root.Bokeh !== undefined) {n”,
”      if (el != null) {n”,
”        el.textContent = “BokehJS ” + root.Bokeh.version + ” successfully loaded.”;n”,
”      }n”,
”    } else if (Date.now() < root._bokeh_timeout) {n”,
”      setTimeout(display_loaded, 100)n”,
”    }n”,
”  }n”,
“n”,
“n”,
”  function run_callbacks() {n”,
”    try {n”,
”      root._bokeh_onload_callbacks.forEach(function(callback) {n”,
”        if (callback != null)n”,
”          callback();n”,
”      });n”,
”    } finally {n”,
”      delete root._bokeh_onload_callbacksn”,
”    }n”,
”    console.debug(“Bokeh: all callbacks have finished”);n”,
”  }n”,
“n”,
”  function load_libs(css_urls, js_urls, callback) {n”,
”    if (css_urls == null) css_urls = [];n”,
”    if (js_urls == null) js_urls = [];n”,
“n”,
”    root._bokeh_onload_callbacks.push(callback);n”,
”    if (root._bokeh_is_loading > 0) {n”,
”      console.debug(“Bokeh: BokehJS is being loaded, scheduling callback at”, now());n”,
”      return null;n”,
”    }n”,
”    if (js_urls == null || js_urls.length === 0) {n”,
”      run_callbacks();n”,
”      return null;n”,
”    }n”,
”    console.debug(“Bokeh: BokehJS not loaded, scheduling load and callback at”, now());n”,
”    root._bokeh_is_loading = css_urls.length + js_urls.length;n”,
“n”,
”    function on_load() {n”,
”      root._bokeh_is_loading–;n”,
”      if (root._bokeh_is_loading === 0) {n”,
”        console.debug(“Bokeh: all BokehJS libraries/stylesheets loaded”);n”,
”        run_callbacks()n”,
”      }n”,
”    }n”,
“n”,
”    function on_error() {n”,
”      console.error(“failed to load ” + url);n”,
”    }n”,
“n”,
”    for (var i = 0; i < css_urls.length; i++) {n”,
”      var url = css_urls[i];n”,
”      const element = document.createElement(“link”);n”,
”      element.onload = on_load;n”,
”      element.onerror = on_error;n”,
”      element.rel = “stylesheet”;n”,
”      element.type = “text/css”;n”,
”      element.href = url;n”,
”      console.debug(“Bokeh: injecting link tag for BokehJS stylesheet: “, url);n”,
”      document.body.appendChild(element);n”,
”    }n”,
“n”,
”    for (var i = 0; i < js_urls.length; i++) {n”,
”      var url = js_urls[i];n”,
”      var element = document.createElement(‘script’);n”,
”      element.onload = on_load;n”,
”      element.onerror = on_error;n”,
”      element.async = false;n”,
”      element.src = url;n”,
”      console.debug(“Bokeh: injecting script tag for BokehJS library: “, url);n”,
”      document.head.appendChild(element);n”,
”    }n”,
”  };var element = document.getElementById(“1097”);n”,
”  if (element == null) {n”,
”    console.error(“Bokeh: ERROR: autoload.js configured with elementid ‘1097’ but no matching script tag was found. “)n”,
”    return false;n”,
”  }n”,
“n”,
”  function inject_raw_css(css) {n”,
”    const element = document.createElement(“style”);n”,
”    element.appendChild(document.createTextNode(css));n”,
”    document.body.appendChild(element);n”,
”  }n”,
“n”,
”  n”,
”  var js_urls = [”https://cdn.pydata.org/bokeh/release/bokeh-1.4.0.min.js”, “https://cdn.pydata.org/bokeh/release/bokeh-widgets-1.4.0.min.js”, “https://cdn.pydata.org/bokeh/release/bokeh-tables-1.4.0.min.js”, “https://cdn.pydata.org/bokeh/release/bokeh-gl-1.4.0.min.js”];n”,
”  var css_urls = [];n”,
”  n”,
“n”,
”  var inline_js = [n”,
”    function(Bokeh) {n”,
”      Bokeh.set_log_level(“info”);n”,
”    },n”,
”    function(Bokeh) {n”,
”    n”,
”    n”,
”    }n”,
”  ];n”,
“n”,
”  function run_inline_js() {n”,
”    n”,
”    if (root.Bokeh !== undefined || force === true) {n”,
”      n”,
”    for (var i = 0; i < inline_js.length; i++) {n”,
”      inline_js[i].call(root, root.Bokeh);n”,
”    }n”,
”    if (force === true) {n”,
”        display_loaded();n”,
”      }} else if (Date.now() < root._bokeh_timeout) {n”,
”      setTimeout(run_inline_js, 100);n”,
”    } else if (!root._bokeh_failed_load) {n”,
”      console.log(“Bokeh: BokehJS failed to load within specified timeout.”);n”,
”      root._bokeh_failed_load = true;n”,
”    } else if (force !== true) {n”,
”      var cell = $(document.getElementById(“1097”)).parents(‘.cell’).data().cell;n”,
”      cell.output_area.append_execute_result(NB_LOAD_WARNING)n”,
”    }n”,
“n”,
”  }n”,
“n”,
”  if (root._bokeh_is_loading === 0) {n”,
”    console.debug(“Bokeh: BokehJS loaded, going straight to plotting”);n”,
”    run_inline_js();n”,
”  } else {n”,
”    load_libs(css_urls, js_urls, function() {n”,
”      console.debug(“Bokeh: BokehJS plotting callback run at”, now());n”,
”      run_inline_js();n”,
”    });n”,
”  }n”,
“}(window));”





],
“application/vnd.bokehjs_load.v0+json”: “n(function(root) {n  function now() {n    return new Date();n  }nn  var force = true;nn  if (typeof root._bokeh_onload_callbacks === “undefined” || force === true) {n    root._bokeh_onload_callbacks = [];n    root._bokeh_is_loading = undefined;n  }nn  nn  n  if (typeof (root._bokeh_timeout) === “undefined” || force === true) {n    root._bokeh_timeout = Date.now() + 5000;n    root._bokeh_failed_load = false;n  }nn  var NB_LOAD_WARNING = {‘data’: {‘text/html’:n     “<div style=’background-color: #fdd’>\n”+n     “<p>\n”+n     “BokehJS does not appear to have successfully loaded. If loading BokehJS from CDN, this \n”+n     “may be due to a slow or bad network connection. Possible fixes:\n”+n     “</p>\n”+n     “<ul>\n”+n     “<li>re-rerun output_notebook() to attempt to load from CDN again, or</li>\n”+n     “<li>use INLINE resources instead, as so:</li>\n”+n     “</ul>\n”+n     “<code>\n”+n     “from bokeh.resources import INLINE\n”+n     “output_notebook(resources=INLINE)\n”+n     “</code>\n”+n     “</div>”}};nn  function display_loaded() {n    var el = document.getElementById(“1097”);n    if (el != null) {n      el.textContent = “BokehJS is loading…”;n    }n    if (root.Bokeh !== undefined) {n      if (el != null) {n        el.textContent = “BokehJS ” + root.Bokeh.version + ” successfully loaded.”;n      }n    } else if (Date.now() < root._bokeh_timeout) {n      setTimeout(display_loaded, 100)n    }n  }nnn  function run_callbacks() {n    try {n      root._bokeh_onload_callbacks.forEach(function(callback) {n        if (callback != null)n          callback();n      });n    } finally {n      delete root._bokeh_onload_callbacksn    }n    console.debug(“Bokeh: all callbacks have finished”);n  }nn  function load_libs(css_urls, js_urls, callback) {n    if (css_urls == null) css_urls = [];n    if (js_urls == null) js_urls = [];nn    root._bokeh_onload_callbacks.push(callback);n    if (root._bokeh_is_loading > 0) {n      console.debug(“Bokeh: BokehJS is being loaded, scheduling callback at”, now());n      return null;n    }n    if (js_urls == null || js_urls.length === 0) {n      run_callbacks();n      return null;n    }n    console.debug(“Bokeh: BokehJS not loaded, scheduling load and callback at”, now());n    root._bokeh_is_loading = css_urls.length + js_urls.length;nn    function on_load() {n      root._bokeh_is_loading–;n      if (root._bokeh_is_loading === 0) {n        console.debug(“Bokeh: all BokehJS libraries/stylesheets loaded”);n        run_callbacks()n      }n    }nn    function on_error() {n      console.error(“failed to load ” + url);n    }nn    for (var i = 0; i < css_urls.length; i++) {n      var url = css_urls[i];n      const element = document.createElement(“link”);n      element.onload = on_load;n      element.onerror = on_error;n      element.rel = “stylesheet”;n      element.type = “text/css”;n      element.href = url;n      console.debug(“Bokeh: injecting link tag for BokehJS stylesheet: “, url);n      document.body.appendChild(element);n    }nn    for (var i = 0; i < js_urls.length; i++) {n      var url = js_urls[i];n      var element = document.createElement(‘script’);n      element.onload = on_load;n      element.onerror = on_error;n      element.async = false;n      element.src = url;n      console.debug(“Bokeh: injecting script tag for BokehJS library: “, url);n      document.head.appendChild(element);n    }n  };var element = document.getElementById(“1097”);n  if (element == null) {n    console.error(“Bokeh: ERROR: autoload.js configured with elementid ‘1097’ but no matching script tag was found. “)n    return false;n  }nn  function inject_raw_css(css) {n    const element = document.createElement(“style”);n    element.appendChild(document.createTextNode(css));n    document.body.appendChild(element);n  }nn  n  var js_urls = [”https://cdn.pydata.org/bokeh/release/bokeh-1.4.0.min.js”, “https://cdn.pydata.org/bokeh/release/bokeh-widgets-1.4.0.min.js”, “https://cdn.pydata.org/bokeh/release/bokeh-tables-1.4.0.min.js”, “https://cdn.pydata.org/bokeh/release/bokeh-gl-1.4.0.min.js”];n  var css_urls = [];n  nn  var inline_js = [n    function(Bokeh) {n      Bokeh.set_log_level(“info”);n    },n    function(Bokeh) {n    n    n    }n  ];nn  function run_inline_js() {n    n    if (root.Bokeh !== undefined || force === true) {n      n    for (var i = 0; i < inline_js.length; i++) {n      inline_js[i].call(root, root.Bokeh);n    }n    if (force === true) {n        display_loaded();n      }} else if (Date.now() < root._bokeh_timeout) {n      setTimeout(run_inline_js, 100);n    } else if (!root._bokeh_failed_load) {n      console.log(“Bokeh: BokehJS failed to load within specified timeout.”);n      root._bokeh_failed_load = true;n    } else if (force !== true) {n      var cell = $(document.getElementById(“1097”)).parents(‘.cell’).data().cell;n      cell.output_area.append_execute_result(NB_LOAD_WARNING)n    }nn  }nn  if (root._bokeh_is_loading === 0) {n    console.debug(“Bokeh: BokehJS loaded, going straight to plotting”);n    run_inline_js();n  } else {n    load_libs(css_urls, js_urls, function() {n      console.debug(“Bokeh: BokehJS plotting callback run at”, now());n      run_inline_js();n    });n  }n}(window));”





},
“metadata”: {},
“output_type”: “display_data”




},
{



	“data”: {

	
	“text/html”: [

	“n”,
“n”,
“n”,
“n”,
“n”,
“n”,
”  <div class=”bk-root” id=”e3e98465-db3d-400a-943f-d21e6916c9e5” data-root-id=”1098”></div>n”





]





},
“metadata”: {},
“output_type”: “display_data”




},
{



	“data”: {

	
	“application/javascript”: [

	“(function(root) {n”,
”  function embed_document(root) {n”,
”    n”,
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”  var render_items = [{“docid”:”ab0455ad-e672-4804-93c6-1175501f9f29”,”roots”:{“1098”:”e3e98465-db3d-400a-943f-d21e6916c9e5”}}];n”,
”  root.Bokeh.embed.embed_items_notebook(docs_json, render_items);n”,
“n”,
”  }n”,
”  if (root.Bokeh !== undefined) {n”,
”    embed_document(root);n”,
”  } else {n”,
”    var attempts = 0;n”,
”    var timer = setInterval(function(root) {n”,
”      if (root.Bokeh !== undefined) {n”,
”        clearInterval(timer);n”,
”        embed_document(root);n”,
”      } else {n”,
”        attempts++;n”,
”        if (attempts > 100) {n”,
”          clearInterval(timer);n”,
”          console.log(“Bokeh: ERROR: Unable to run BokehJS code because BokehJS library is missing”);n”,
”        }n”,
”      }n”,
”    }, 10, root)n”,
”  }n”,
“})(window);”





],
“application/vnd.bokehjs_exec.v0+json”: “”





},
“metadata”: {



	“application/vnd.bokehjs_exec.v0+json”: {

	“id”: “1098”





}




},
“output_type”: “display_data”




}




],
“source”: [


“bokeh.io.output_notebook()n”,
“n”,
“# Assigning datan”,
“stream1 = channel_raw_data.recordings[0].analog_streams[0]n”,
“stream2 = channel_raw_data.recordings[0].analog_streams[1]n”,
“channel_id = list(channel_raw_data.recordings[0].analog_streams[1].channel_infos.keys())[0]n”,
“n”,
“# Defining rangen”,
“time1 = stream1.get_channel_sample_timestamps(channel_id,0,3000)n”,
“signal1 = stream1.get_channel_in_range(channel_id,0,3000)n”,
“time2 = stream2.get_channel_sample_timestamps(channel_id,0,3000)n”,
“signal2 = stream2.get_channel_in_range(channel_id,0,3000)n”,
“n”,
“# Bokeh-Plotn”,
“bfig = bokeh.plotting.figure(plot_width=900, plot_height=400, title=’Sampled signal overlay '%s' and '%s'’ % (stream1.label, stream2.label))n”,
“bfig.multi_line(n”,
”    xs = [time1[0], time2[0]],n”,
”    ys = [signal1[0], signal2[0]],n”,
”    line_color = Spectral11[0:2],n”,
”    alpha = 0.8n”,
“)n”,
“bfig.xaxis.axis_label = ‘Time (%s)’ % time1[1]n”,
“bfig.yaxis.axis_label = ‘Voltage (%s)’ % signal1[1]n”,
“bfig.ygrid.minor_grid_line_color = ‘navy’n”,
“bfig.ygrid.minor_grid_line_alpha = 0.1n”,
“bokeh.plotting.show(bfig)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“n”,
“#### Heatmap of activity:n”,
“n”,
“Heatmaps are another way of displaying raw data like it’s stored in AnalogStream_1. n”,
“n”,
“In this example all data from all channels are accessed by calling .channel_data[:, 0:10000].”




]




},
{


“cell_type”: “code”,
“execution_count”: 25,
“metadata”: {},
“outputs”: [



	{

	
	“data”: {

	“image/png”: “n”,
“text/plain”: [


“<Figure size 1440x864 with 1 Axes>”




]





},
“metadata”: {


“needs_background”: “light”




},
“output_type”: “display_data”





}




],
“source”: [


“data = channel_raw_data.recordings[0].analog_streams[1].channel_data[:, 0:10000]n”,
“aspect_ratio = 1000n”,
“n”,
“plt.figure(figsize=(20,12))n”,
“plt.set_cmap(“jet”)n”,
“plt.imshow(data, interpolation=’nearest’, aspect=aspect_ratio)n”,
“plt.xlabel(‘Sample Index’)n”,
“plt.ylabel(‘Channel Number’)n”,
“plt.title(‘Heatmap of sampled wireless Signal’)n”,
“plt.show()”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


” <a href=’#Top’>Back to index</a>”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“### FrameStream<a id=’FS’></a>n”,
“n”,
“FrameStreams are a representation of the signals recorded by the chip of a CMOS-MEA system. n”,
“n”,
“The following examples demonstrate how to access all or just some of the data in respect to sensor position on the CMOS chip or timeframe of interest.n”,
“n”,
“We start of by setting the raw_data to an HDF5 file containing some FrameStream data.n”




]




},
{


“cell_type”: “code”,
“execution_count”: 26,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“Recording_0 <HDF5 group “/Data/Recording_0” (1 members)>n”,
“Stream_0 <HDF5 group “/Data/Recording_0/FrameStream/Stream_0” (2 members)>n”,
“FrameDataEntity_0 <HDF5 group “/Data/Recording_0/FrameStream/Stream_0/FrameDataEntity_0” (3 members)>n”,
“InfoFrame <HDF5 dataset “InfoFrame”: shape (1,), type “|V128”>n”,
“<McsPy.McsData.FrameStream object at 0x0000016BFE5EC6D8>n”




]





}




],
“source”: [


“frame_raw_data = McsPy.McsData.RawData(os.path.join(test_data_folder, ‘CMOSTestRec.h5’))n”,
“n”,
“print(frame_raw_data.recordings[0].frame_streams[0])”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“We can see that we have one Stream with data included in our FrameStream and inside of that we have one FrameDataEntity which holds Data:n”,
“n”,
”    ‘Stream_0’n”,
”    ->’FrameDataEntity_0’n”,
”    n”,
“For FrameStreams the ID instead of the index has to be used when accessing the data of an entity. Just like in the example for AnalogStreams we can look at the IDs by calling .keys() on all entities.”




]




},
{


“cell_type”: “code”,
“execution_count”: 27,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“dict_keys([1])n”




]





}




],
“source”: [


“print(frame_raw_data.recordings[0].frame_streams[0].frame_entity.keys())”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“With info.info additional info can be accessed of the desired entity (frame_entity[1]).”




]




},
{


“cell_type”: “code”,
“execution_count”: 28,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“{‘FrameID’: 1, ‘FrameDataID’: 0, ‘GroupID’: 1, ‘Label’: ‘ROI 1’, ‘RawDataType’: ‘Short’, ‘Unit’: ‘V’, ‘Exponent’: -9, ‘ADZero’: 0, ‘Tick’: 50, ‘HighPassFilterType’: ‘’, ‘HighPassFilterCutOffFrequency’: ‘-1’, ‘HighPassFilterOrder’: -1, ‘LowPassFilterType’: ‘’, ‘LowPassFilterCutOffFrequency’: ‘-1’, ‘LowPassFilterOrder’: -1, ‘SensorSpacing’: 1, ‘FrameLeft’: 1, ‘FrameTop’: 1, ‘FrameRight’: 65, ‘FrameBottom’: 65, ‘ReferenceFrameLeft’: 1, ‘ReferenceFrameTop’: 1, ‘ReferenceFrameRight’: 65, ‘ReferenceFrameBottom’: 65}n”




]





}




],
“source”: [


“print(frame_raw_data.recordings[0].frame_streams[0].frame_entity[1].info.info)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“Keys of the dictionary can be used to access the values like this:”




]




},
{


“cell_type”: “code”,
“execution_count”: 29,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“Vn”




]





}




],
“source”: [


“print(frame_raw_data.recordings[0].frame_streams[0].frame_entity[1].info.info[‘Unit’])”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“Of course the values aren’t in Volt but the unit has to be adjusted with the ‘Exponent’. Here, the value of -9 indicates that the values are given in µV.”




]




},
{


“cell_type”: “code”,
“execution_count”: 30,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“-9n”




]





}




],
“source”: [


“print(frame_raw_data.recordings[0].frame_streams[0].frame_entity[1].info.info[‘Exponent’])”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“The following code shows how the data and specific parts of it can be accessed by using .data and handing over a range of rows, columns, and frames.n”,
“n”,
“All rows and all columns of the first frame are: n”,
”    n”,
”    .data[:,:,0]”




]




},
{


“cell_type”: “code”,
“execution_count”: 31,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“<HDF5 dataset “FrameData”: shape (65, 65, 2000), type “<i2”>n”,
“n”,
“Each “frame” contains:  65 * 65 = 4225  data points.n”,
“Each point represents the value of one sensor of the CMOS chip at a given timepoint.n”,
“This FrameStream consists of 2000 frames.n”,
“n”,
“Array of the data contained in the first frame of the stream.n”,
” [[-12   0  22 …  11  11   9]n”,
” [ 16 -14  20 …  21   2  12]n”,
” [ -4  26  27 …  35  -8 -11]n”,
” …n”,
” [-10  12   2 …   3   2   8]n”,
” [ -6   7 -10 …   0  -9  -6]n”,
” [  0   0   0 …   0   0   0]]n”




]





}




],
“source”: [


“frame_data = frame_raw_data.recordings[0].frame_streams[0].frame_entity[1].datan”,
“n”,
“first_frame = frame_data[:,:,0]n”,
“n”,
“sensor_calc = str(len(first_frame))+” * “+str(len(first_frame[0]))+” = “+str(len(first_frame)*len(first_frame[0]))n”,
“n”,
“print(frame_data)n”,
“print()n”,
“print(“Each "frame" contains: “,sensor_calc,” data points.”)n”,
“print(“Each point represents the value of one sensor of the CMOS chip at a given timepoint.”)n”,
“print(“This FrameStream consists of”, frame_data.shape[2], “frames.”)n”,
“print()n”,
“print(“Array of the data contained in the first frame of the stream.\n”,first_frame)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“In order to plot a single frame (the first 65\*65 frame, index 0) we need to extract the data and multiply it by the conversion factors to adjust the values for each sensor.”




]




},
{


“cell_type”: “code”,
“execution_count”: 32,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“[[1 1 1 … 1 1 1]n”,
” [1 1 1 … 1 1 1]n”,
” [1 1 1 … 1 1 1]n”,
” …n”,
” [1 1 1 … 1 1 1]n”,
” [1 1 1 … 1 1 1]n”,
” [1 1 1 … 1 1 1]]n”




]





}




],
“source”: [


“conv_fact = np.array(frame_raw_data.recordings[0].frame_streams[0].frame_entity[1].info.conversion_factors)n”,
“n”,
“print(conv_fact)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“Thanks to numpy’s internals it is able to multiply two arrays of the same dimension like R would.”




]




},
{


“cell_type”: “code”,
“execution_count”: 33,
“metadata”: {},
“outputs”: [



	{

	
	“data”: {

	
	“text/plain”: [

	“<matplotlib.image.AxesImage at 0x16bff0096a0>”





]





},
“execution_count”: 33,
“metadata”: {},
“output_type”: “execute_result”





},
{



	“data”: {

	“image/png”: “”,
“text/plain”: [


“<Figure size 432x288 with 1 Axes>”




]





},
“metadata”: {


“needs_background”: “light”




},
“output_type”: “display_data”




}




],
“source”: [


“f_data = np.array(frame_raw_data.recordings[0].frame_streams[0].frame_entity[1].data[:,:,0])*conv_factn”,
“plt.set_cmap(“Greys”) # change colors used by plotn”,
“plt.imshow(f_data, interpolation=’none’,vmin=-350000, vmax=350000)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“#### Example of subplotted frames with defined frame interval:”




]




},
{


“cell_type”: “code”,
“execution_count”: 34,
“metadata”: {},
“outputs”: [



	{

	
	“data”: {

	“image/png”: “n”,
“text/plain”: [


“<Figure size 1296x432 with 10 Axes>”




]





},
“metadata”: {


“needs_background”: “light”




},
“output_type”: “display_data”





}




],
“source”: [


“fig, ((ax1, ax2, ax3, ax4, ax5), ( ax6, ax7, ax8, ax9, ax10)) = plt.subplots(2, 5, sharex=’col’, sharey=’row’)n”,
“fig.set_size_inches(18,6)n”,
“ax_list = [ax1, ax2, ax3, ax4, ax5, ax6, ax7, ax8, ax9, ax10]n”,
“n”,
“for i in range(10,20):n”,
”    current_frame = np.transpose(frame_raw_data.recordings[0].frame_streams[0].frame_entity[1].data[:,:,i*1])*conv_factn”,
”    ax_list[i-10].imshow(current_frame, interpolation=’none’, vmin=-350000, vmax=350000)n”,
”    ax_list[i-10].set_axis_off()n”,
”    ax_list[i-10].set_title(“Frame: “+str(i*1))n”,
”    n”,
“plt.show()”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“#### Example of an interactive plot of a FrameStream within a certain time frame:n”,
“n”,
“With the slider the time point that gets plotted can be defined. This value is handed over to the make_plot function. The interactive ipywidgets slider only works with jupyter notebooks but similar functionalities can be created with  matplotlib.widgets or by using graphical modules for python like Tkinter in regular python scripts/apps.n”,
“n”,
“Plot may “flicker”, a known ipywidgets.interact problem.”




]




},
{


“cell_type”: “code”,
“execution_count”: 35,
“metadata”: {},
“outputs”: [



	{

	
	“data”: {

	
	“text/plain”: [

	“<Figure size 576x576 with 0 Axes>”





]





},
“metadata”: {},
“output_type”: “display_data”





},
{



	“data”: {

	
	“application/vnd.jupyter.widget-view+json”: {

	“model_id”: “4a1ae3ff845f404da820f86475dde20e”,
“version_major”: 2,
“version_minor”: 0





},
“text/plain”: [


“interactive(children=(IntSlider(value=0, description=’Frame’, max=1999), Output()), _dom_classes=(‘widget-inte…”




]





},
“metadata”: {},
“output_type”: “display_data”




},
{



	“data”: {

	
	“text/plain”: [

	“<function __main__.make_plot(Frame=0)>”





]





},
“execution_count”: 35,
“metadata”: {},
“output_type”: “execute_result”




}




],
“source”: [


“%matplotlib inlinen”,
“import numpy as npn”,
“import matplotlib.pyplot as pltn”,
“from ipywidgets import interact, HTMLn”,
“n”,
“fig = plt.figure(figsize=(8,8))n”,
“plt.set_cmap(“Greys”)  # change colors used by plotn”,
“n”,
“def make_plot(Frame=0):n”,
”    n”,
”    ffig = plt.figure(figsize=(8,8))n”,
”    ax = plt.gca()n”,
”    ax.set_title(“Frame: “+str(Frame))n”,
”    current_frame = np.transpose(frame_data[:,:,Frame])*conv_factn”,
”    plt.imshow(current_frame, interpolation=’none’, vmin=-350000, vmax=350000)n”,
”    plt.colorbar()n”,
”    #plt.axis(‘off’)n”,
”    return HTML()  # said to slightly reduces flickeringn”,
”    n”,
”   n”,
“plt.show()n”,
”       n”,
“interact(make_plot, Frame=(0, frame_data.shape[2] - 1, 1))”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“Viewing the data from a single/multiple sensor/s is also possible.n”,
“n”,
“The information needed to specify an area on the CMOS chip are the x/y-coordinates of the desired sensors and the indices of the frames which will be viewed. n”,
“n”,
“In this case x-coords = 40 to 64 and y_coords = 10 to 34 which get defined when defining the range_data variable, n”,
“n”,
”    range_data = frame_data[30:40,5:15,:]n”,
“n”,
“and with timestamp indices 0 to 54 which are defined interactively by the slider.”




]




},
{


“cell_type”: “code”,
“execution_count”: 36,
“metadata”: {},
“outputs”: [



	{

	
	“data”: {

	
	“text/plain”: [

	“<Figure size 720x720 with 0 Axes>”





]





},
“metadata”: {},
“output_type”: “display_data”





},
{



	“data”: {

	
	“application/vnd.jupyter.widget-view+json”: {

	“model_id”: “15d524f7d77e40089a4e1d514f886106”,
“version_major”: 2,
“version_minor”: 0





},
“text/plain”: [


“interactive(children=(IntSlider(value=0, description=’Frame’, max=54), Output()), _dom_classes=(‘widget-intera…”




]





},
“metadata”: {},
“output_type”: “display_data”




},
{



	“data”: {

	
	“text/plain”: [

	“<function __main__.make_plot(Frame=0)>”





]





},
“execution_count”: 36,
“metadata”: {},
“output_type”: “execute_result”




}




],
“source”: [


“fig = plt.figure(figsize=(10,10))n”,
“n”,
“range_data = frame_data[40:64,10:34,:]n”,
“n”,
“def make_plot(Frame=0):n”,
”    fig = plt.figure(figsize=(5,5))n”,
”    current_frame = np.array(range_data[:,:,Frame])*conv_fact[40:64,10:34]n”,
”    plt.imshow(current_frame, interpolation=’none’, vmin=-350000, vmax=350000)n”,
”    ax = plt.gca()n”,
”    plt.axis(‘off’)  # don’t display plot axisn”,
”    ax.set_title(“Frame: “+str(Frame))n”,
”    return HTML()  # slightly reduces flickeringn”,
“n”,
“plt.show()n”,
”        n”,
“interact(make_plot, Frame=(0, 54, 1))”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“Another way of accessing the data of a single sensor is by using the .get_sensor_signal() function of the frame_entity. n”,
“n”,
“To do so, one has to provide the x/y-coordinates of the sensor that will get analyzed, as well as the range of indices that will be viewed as arguments to the .get_sensor_signal(sensor_x, sensor_y, idx_start, edx_end) function.n”,
“n”,
“Additionally to guarantee a correct plot according to the time the data was gathered, the timestamp has to be added by calling .get_frame_timestamps() with the arguments idx_start, idx_end with the same values as the above call for the data.n”




]




},
{


“cell_type”: “code”,
“execution_count”: 37,
“metadata”: {},
“outputs”: [



	{

	
	“data”: {

	“image/png”: “n”,
“text/plain”: [


“<Figure size 1080x360 with 1 Axes>”




]





},
“metadata”: {


“needs_background”: “light”




},
“output_type”: “display_data”





},
{



	“data”: {

	“image/png”: “n”,
“text/plain”: [


“<Figure size 1080x360 with 1 Axes>”




]





},
“metadata”: {


“needs_background”: “light”




},
“output_type”: “display_data”




}




],
“source”: [


“# Single sensor:n”,
“sensor_data = frame_raw_data.recordings[0].frame_streams[0].frame_entity[1].get_sensor_signal(42,7,0,550)n”,
“sensor_timestamps = frame_raw_data.recordings[0].frame_streams[0].frame_entity[1].get_frame_timestamps(0,550)n”,
“n”,
“fig = plt.figure(figsize=(15,5))n”,
“plt.plot(sensor_timestamps[0], sensor_data[0], label=”Single sensor”)n”,
“plt.legend(bbox_to_anchor=(1.05, 1), loc=2, borderaxespad=0.)n”,
“plt.xlabel(‘Time in ms’)n”,
“plt.ylabel(‘Voltage in (%s)’ % sensor_data[1])n”,
“plt.title(‘Single sensor data’)n”,
“plt.show()n”,
“n”,
“# Multiple single sensors:n”,
“sensor_data1 = (frame_raw_data.recordings[0].frame_streams[0].frame_entity[1].get_sensor_signal(40,20,0,550),”Data1”)n”,
“sensor_data2 = (frame_raw_data.recordings[0].frame_streams[0].frame_entity[1].get_sensor_signal(50,20,0,550),”Data2”)n”,
“sensor_data3 = (frame_raw_data.recordings[0].frame_streams[0].frame_entity[1].get_sensor_signal(60,20,0,550),”Data3”)n”,
“n”,
“sensor_list = [sensor_data1 ,sensor_data2, sensor_data3]n”,
“n”,
“n”,
“fig = plt.figure(figsize=(15,5))n”,
“n”,
“for sensor in range(3):n”,
”    plt.plot(sensor_timestamps[0], sensor_list[sensor][0][0],label = sensor_list[sensor][1])n”,
“n”,
“plt.legend(bbox_to_anchor=(1.05, 1), loc=2, borderaxespad=0.)n”,
“plt.xlabel(‘Time in ms’)n”,
“plt.ylabel(‘Voltage in (%s)’ % sensor_data1[0][1])n”,
“plt.title(‘Multiple sensor data’)n”,
“plt.show()”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“These plots can also be designed to be interactive:”




]




},
{


“cell_type”: “code”,
“execution_count”: 40,
“metadata”: {},
“outputs”: [



	{

	
	“data”: {

	
	“text/plain”: [

	“<Figure size 1080x360 with 0 Axes>”





]





},
“metadata”: {},
“output_type”: “display_data”





},
{



	“data”: {

	
	“application/vnd.jupyter.widget-view+json”: {

	“model_id”: “ba91405bbaf54488a315fbb068494432”,
“version_major”: 2,
“version_minor”: 0





},
“text/plain”: [


“interactive(children=(IntSlider(value=0, description=’Frame’, max=550), Output()), _dom_classes=(‘widget-inter…”




]





},
“metadata”: {},
“output_type”: “display_data”




},
{



	“data”: {

	
	“text/plain”: [

	“<function __main__.single_plot(Frame=0)>”





]





},
“execution_count”: 40,
“metadata”: {},
“output_type”: “execute_result”




}




],
“source”: [


“# Single sensor:n”,
“fig = plt.figure(figsize=(15,5))n”,
“n”,
“def single_plot(Frame=0):n”,
”    fig = plt.figure(figsize=(15,5))n”,
”    sensor_data = frame_raw_data.recordings[0].frame_streams[0].frame_entity[1].get_sensor_signal(50,20,Frame,Frame+450)n”,
”    n”,
”    plt.plot(sensor_data[0], label=”Single sensor”)n”,
”    plt.legend(bbox_to_anchor=(1.05, 1), loc=2, borderaxespad=0.)n”,
”    plt.xlabel(‘Timewindow’)n”,
”    plt.ylabel(‘Voltage in (%s)’ % sensor_data[1])n”,
”    plt.title(‘Single sensor data, Frame: ‘+str(Frame))n”,
”    return HTML()  # slightly reduces flickeringn”,
“n”,
“plt.show()n”,
“n”,
“interact(single_plot, Frame=(0, 550, 1))n”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“If you happen to have one of our CMOS-MEA systems, feel free to check out our example client written in Python for the CMOS-MEA-Control software, to visualize your experiments in realtime from any PC in your network.”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“<a href=’#Top’>Back to index</a>”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“### EventStream<a id=’ES’></a>n”,
“n”,
“EventStreams can contain wide array of events predefined by the user and stored in this stream. From the beginning/end or the duration of a treatment to periodically recurring stimuli this can be everything.”




]




},
{


“cell_type”: “code”,
“execution_count”: 41,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“Recording_0 <HDF5 group “/Data/Recording_0” (4 members)>n”,
“Stream_0 <HDF5 group “/Data/Recording_0/EventStream/Stream_0” (2 members)>n”,
“EventEntity_0 <HDF5 dataset “EventEntity_0”: shape (2, 12), type “<i8”>n”,
“InfoEvent <HDF5 dataset “InfoEvent”: shape (1,), type “|V44”>n”,
“EventEntity_0 contains: 12 eventsn”,
“n”,
“All events:  (array([[  216000,  1916000,  3616000,  5316000,  7016000,  8716000,n”,
”        10416000, 12116000, 13814000, 15514000, 17214000, 18914000],n”,
”       [       0,        0,        0,        0,        0,        0,n”,
”               0,        0,        0,        0,        0,        0]],n”,
”      dtype=int64), <Unit(‘microsecond’)>)n”,
“n”,
“[  216000  1916000  3616000  5316000  7016000  8716000 10416000 12116000n”,
” 13814000 15514000 17214000 18914000]n”,
“n”,
“[  216000  1916000  3616000  5316000  7016000  8716000 10416000 12116000n”,
” 13814000 15514000 17214000 18914000]n”,
“n”,
“[0 0 0 0 0 0 0 0 0 0 0 0]n”




]





}




],
“source”: [


“test_raw_data_file_path = os.path.join(test_data_folder, “2014-07-09T10-17-35W8 Standard all 500 Hz.h5”)n”,
“n”,
“event_raw_data = McsPy.McsData.RawData(test_raw_data_file_path)n”,
“n”,
“event_entity = event_raw_data.recordings[0].event_streams[0].event_entity[0]n”,
“n”,
“print(“EventEntity_0 contains: %s events” % event_entity.count)n”,
“all_events = event_entity.get_events()n”,
“print()n”,
“print(“All events: “,all_events)n”,
“print()n”,
“print(all_events[0][0])n”,
“print()n”,
“all_event_timestamps = event_entity.get_event_timestamps()n”,
“print(all_event_timestamps[0])n”,
“print()n”,
“all_event_durations = event_entity.get_event_durations()n”,
“print(all_event_durations[0])”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“More info with .info.info”




]




},
{


“cell_type”: “code”,
“execution_count”: 42,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“{‘EventID’: 0, ‘GroupID’: 0, ‘Label’: ‘’, ‘RawDataType’: ‘Int’, ‘RawDataBytes’: 4, ‘SourceChannelIDs’: ‘8’, ‘SourceChannelLabels’: ‘1                                         \r\n’}n”




]





}




],
“source”: [


“print(event_entity.info.info)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“Visualization of this information is best combined with other data types to highlight the occurrence of events.n”,
“n”,
“Depending on the data these plots don’t necessarily overlap.n”,
“n”,
“First we get the data we want to plot. In this case the data from the AnalogStreams and the data from the TimestampStream is extracted.”




]




},
{


“cell_type”: “code”,
“execution_count”: 43,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“Stream_0 <HDF5 group “/Data/Recording_0/AnalogStream/Stream_0” (3 members)>n”,
“ChannelData <HDF5 dataset “ChannelData”: shape (8, 9850), type “<i4”>n”,
“ChannelDataTimeStamps <HDF5 dataset “ChannelDataTimeStamps”: shape (1, 3), type “<i8”>n”,
“InfoChannel <HDF5 dataset “InfoChannel”: shape (8,), type “|V100”>n”,
“Stream_1 <HDF5 group “/Data/Recording_0/AnalogStream/Stream_1” (3 members)>n”,
“ChannelData <HDF5 dataset “ChannelData”: shape (8, 9800), type “<i4”>n”,
“ChannelDataTimeStamps <HDF5 dataset “ChannelDataTimeStamps”: shape (1, 3), type “<i8”>n”,
“InfoChannel <HDF5 dataset “InfoChannel”: shape (8,), type “|V100”>n”,
“Stream_2 <HDF5 group “/Data/Recording_0/AnalogStream/Stream_2” (3 members)>n”,
“ChannelData <HDF5 dataset “ChannelData”: shape (1, 9800), type “<i4”>n”,
“ChannelDataTimeStamps <HDF5 dataset “ChannelDataTimeStamps”: shape (1, 3), type “<i8”>n”,
“InfoChannel <HDF5 dataset “InfoChannel”: shape (1,), type “|V100”>n”,
“Stream_0 <HDF5 group “/Data/Recording_0/TimeStampStream/Stream_0” (9 members)>n”,
“InfoTimeStamp <HDF5 dataset “InfoTimeStamp”: shape (8,), type “|V44”>n”,
“TimeStampEntity_0 <HDF5 dataset “TimeStampEntity_0”: shape (1, 26), type “<i8”>n”,
“TimeStampEntity_1 <HDF5 dataset “TimeStampEntity_1”: shape (1, 23), type “<i8”>n”,
“TimeStampEntity_2 <HDF5 dataset “TimeStampEntity_2”: shape (1, 30), type “<i8”>n”,
“TimeStampEntity_3 <HDF5 dataset “TimeStampEntity_3”: shape (1, 33), type “<i8”>n”,
“TimeStampEntity_4 <HDF5 dataset “TimeStampEntity_4”: shape (1, 29), type “<i8”>n”,
“TimeStampEntity_5 <HDF5 dataset “TimeStampEntity_5”: shape (1, 28), type “<i8”>n”,
“TimeStampEntity_6 <HDF5 dataset “TimeStampEntity_6”: shape (1, 29), type “<i8”>n”,
“TimeStampEntity_7 <HDF5 dataset “TimeStampEntity_7”: shape (1, 26), type “<i8”>n”




]





}




],
“source”: [


“stream1 = event_raw_data.recordings[0].analog_streams[0]n”,
“stream2 = event_raw_data.recordings[0].analog_streams[1]n”,
“channel_id = list(event_raw_data.recordings[0].analog_streams[1].channel_infos.keys())[0]n”,
“timestamps = event_raw_data.recordings[0].timestamp_streams[0].timestamp_entity[0].get_timestamps()[0]n”,
“n”,
“time1 = stream1.get_channel_sample_timestamps(channel_id,0,3000)n”,
“signal1 = stream1.get_channel_in_range(channel_id,0,3000)n”,
“time2 = stream2.get_channel_sample_timestamps(channel_id,0,3000)n”,
“signal2 = stream2.get_channel_in_range(channel_id,0,3000)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“Next we plot the AnalogStreams according to the Timestamps.n”,
“n”,
“Then we add some vertical lines representing the Events.n”,
“n”,
“Finally we define some plot properties and we are done.”




]




},
{


“cell_type”: “code”,
“execution_count”: 44,
“metadata”: {},
“outputs”: [



	{

	
	“data”: {

	“image/png”: “n”,
“text/plain”: [


“<Figure size 1440x864 with 1 Axes>”




]





},
“metadata”: {


“needs_background”: “light”




},
“output_type”: “display_data”





}




],
“source”: [


“plt.figure(figsize=(20,12))n”,
“plt.plot(time1[0], signal1[0])n”,
“plt.plot(time2[0], signal2[0])n”,
“max_time = max(time1[0][-1],time2[0][-1])n”,
“n”,
“for event in all_events[0][0]:n”,
”    if event < max_time:n”,
”        plt.axvline(event, color=’r’) n”,
”        n”,
“plt.xlabel(‘Time (%s)’ % time1[1])n”,
“plt.ylabel(‘Voltage (%s)’ % signal1[1])n”,
“plt.title(‘Sampled signal overlay '%s' and '%s'’ % (stream1.label, stream2.label))n”,
“plt.show()”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“<a href=’#Top’>Back to index</a>”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“### SegmentStream<a id=’SS’></a>n”,
“n”,
“SegmentStreams are further split up into two subtypes:n”,
“n”,
“- Cutouts: As the name already implies these bits of data are predefined cutouts of a certain dimension from the signal received by the electrodes.n”,
“- Averages: Are averages of those cutouts, for all cutouts at certain time pointsn”,
“n”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“`python\n",
"    python DataStreamInfo.py --f AnalogSegmentTimestamp.h5\n",
"`”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“#### Subtype: Cutouts<a id=’SC’></a>n”,
“n”,
”    Date                 Program    Versionn”,
”    ——————-  ———  ———n”,
”    2014-07-25 11:30:56  MC_Rack    4.5.12.0n”,
“n”,
”    Type       Stream    # chn”,
”    ———  ——–  ——n”,
”    Analog               60n”,
”    Segmentn”,
”    TimeStampn”,
“n”,
“For SegmentStreams you can extract a single entity by addressing its index.n”,
“n”,
“So the first SegmentEntity at index 0 would be:”




]




},
{


“cell_type”: “code”,
“execution_count”: 45,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“Recording_0 <HDF5 group “/Data/Recording_0” (4 members)>n”,
“Stream_0 <HDF5 group “/Data/Recording_0/SegmentStream/Stream_0” (18 members)>n”,
“InfoSegment <HDF5 dataset “InfoSegment”: shape (8,), type “|V48”>n”,
“SegmentData_0 <HDF5 dataset “SegmentData_0”: shape (2, 26), type “<i4”>n”,
“SegmentData_1 <HDF5 dataset “SegmentData_1”: shape (2, 23), type “<i4”>n”,
“SegmentData_2 <HDF5 dataset “SegmentData_2”: shape (2, 30), type “<i4”>n”,
“SegmentData_3 <HDF5 dataset “SegmentData_3”: shape (2, 33), type “<i4”>n”,
“SegmentData_4 <HDF5 dataset “SegmentData_4”: shape (2, 29), type “<i4”>n”,
“SegmentData_5 <HDF5 dataset “SegmentData_5”: shape (2, 28), type “<i4”>n”,
“SegmentData_6 <HDF5 dataset “SegmentData_6”: shape (2, 29), type “<i4”>n”,
“SegmentData_7 <HDF5 dataset “SegmentData_7”: shape (2, 26), type “<i4”>n”,
“SegmentData_ts_0 <HDF5 dataset “SegmentData_ts_0”: shape (1, 26), type “<i8”>n”,
“SegmentData_ts_1 <HDF5 dataset “SegmentData_ts_1”: shape (1, 23), type “<i8”>n”,
“SegmentData_ts_2 <HDF5 dataset “SegmentData_ts_2”: shape (1, 30), type “<i8”>n”,
“SegmentData_ts_3 <HDF5 dataset “SegmentData_ts_3”: shape (1, 33), type “<i8”>n”,
“SegmentData_ts_4 <HDF5 dataset “SegmentData_ts_4”: shape (1, 29), type “<i8”>n”,
“SegmentData_ts_5 <HDF5 dataset “SegmentData_ts_5”: shape (1, 28), type “<i8”>n”,
“SegmentData_ts_6 <HDF5 dataset “SegmentData_ts_6”: shape (1, 29), type “<i8”>n”,
“SegmentData_ts_7 <HDF5 dataset “SegmentData_ts_7”: shape (1, 26), type “<i8”>n”,
“SourceInfoChannel <HDF5 dataset “SourceInfoChannel”: shape (8,), type “|V96”>n”,
“n”,
“Segment entity 0 contains: 26 segmentsn”




]





}




],
“source”: [


“segment_raw_data = McsPy.McsData.RawData(os.path.join(test_data_folder, ‘2014-07-09T10-17-35W8 Standard all 500 Hz.h5’))n”,
“n”,
“first_segment_entity = segment_raw_data.recordings[0].segment_streams[0].segment_entity[0]n”,
“n”,
“print()n”,
“print(“Segment entity 0 contains: %s segments” % first_segment_entity.segment_sample_count)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“Again a full list of of entities to iterate over can be generated with .keys”




]




},
{


“cell_type”: “code”,
“execution_count”: 46,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“dict_keys([7, 6, 5, 4, 3, 2, 1, 0])n”




]





}




],
“source”: [


“segment_stream_keys = segment_raw_data.recordings[0].segment_streams[0].segment_entity.keys()n”,
“n”,
“print(segment_stream_keys)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“The data of one of these entities can either be accessed by .data, but several steps have to be applied for the data to make sense when plotted.”




]




},
{


“cell_type”: “code”,
“execution_count”: 47,
“metadata”: {},
“outputs”: [],
“source”: [


“data = segment_raw_data.recordings[0].segment_streams[0].segment_entity[0].data”




]




},
{


“cell_type”: “code”,
“execution_count”: 48,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“52n”




]





}




],
“source”: [


“data = np.reshape(data, -1, ‘F’)n”,
“print(len(data))”




]




},
{


“cell_type”: “code”,
“execution_count”: 49,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“0.00038147n”




]





}




],
“source”: [


“scale = segment_raw_data.recordings[0].segment_streams[0].segment_entity[0].info.source_channel_of_segment[0].adc_step.magnituden”,
“print(scale)”




]




},
{


“cell_type”: “code”,
“execution_count”: 50,
“metadata”: {},
“outputs”: [



	{

	
	“data”: {

	
	“text/html”: [

	“n”,
”    <div class=”bk-root”>n”,
”        <a href=”https://bokeh.org” target=”_blank” class=”bk-logo bk-logo-small bk-logo-notebook”></a>n”,
”        <span id=”1201”>Loading BokehJS …</span>n”,
”    </div>”





]





},
“metadata”: {},
“output_type”: “display_data”





},
{



	“data”: {

	
	“application/javascript”: [

	“n”,
“(function(root) {n”,
”  function now() {n”,
”    return new Date();n”,
”  }n”,
“n”,
”  var force = true;n”,
“n”,
”  if (typeof root._bokeh_onload_callbacks === “undefined” || force === true) {n”,
”    root._bokeh_onload_callbacks = [];n”,
”    root._bokeh_is_loading = undefined;n”,
”  }n”,
“n”,
”  var JS_MIME_TYPE = ‘application/javascript’;n”,
”  var HTML_MIME_TYPE = ‘text/html’;n”,
”  var EXEC_MIME_TYPE = ‘application/vnd.bokehjs_exec.v0+json’;n”,
”  var CLASS_NAME = ‘output_bokeh rendered_html’;n”,
“n”,
”  /n”,
”   * Render data to the DOM noden”,
”   */n”,
”  function render(props, node) {n”,
”    var script = document.createElement(“script”);n”,
”    node.appendChild(script);n”,
”  }n”,
“n”,
”  /n”,
”   * Handle when an output is cleared or removedn”,
”   /n”,
”  function handleClearOutput(event, handle) {n”,
”    var cell = handle.cell;n”,
“n”,
”    var id = cell.output_area._bokeh_element_id;n”,
”    var server_id = cell.output_area._bokeh_server_id;n”,
”    // Clean up Bokeh referencesn”,
”    if (id != null && id in Bokeh.index) {n”,
”      Bokeh.index[id].model.document.clear();n”,
”      delete Bokeh.index[id];n”,
”    }n”,
“n”,
”    if (server_id !== undefined) {n”,
”      // Clean up Bokeh referencesn”,
”      var cmd = “from bokeh.io.state import curstate; print(curstate().uuid_to_server[’” + server_id + “’].get_sessions()[0].document.roots[0]._id)”;n”,
”      cell.notebook.kernel.execute(cmd, {n”,
”        iopub: {n”,
”          output: function(msg) {n”,
”            var id = msg.content.text.trim();n”,
”            if (id in Bokeh.index) {n”,
”              Bokeh.index[id].model.document.clear();n”,
”              delete Bokeh.index[id];n”,
”            }n”,
”          }n”,
”        }n”,
”      });n”,
”      // Destroy server and sessionn”,
”      var cmd = “import bokeh.io.notebook as ion; ion.destroy_server(’” + server_id + “’)”;n”,
”      cell.notebook.kernel.execute(cmd);n”,
”    }n”,
”  }n”,
“n”,
”  /*n”,
”   * Handle when a new output is addedn”,
”   /n”,
”  function handleAddOutput(event, handle) {n”,
”    var output_area = handle.output_area;n”,
”    var output = handle.output;n”,
“n”,
”    // limit handleAddOutput to display_data with EXEC_MIME_TYPE content onlyn”,
”    if ((output.output_type != “display_data”) || (!output.data.hasOwnProperty(EXEC_MIME_TYPE))) {n”,
”      returnn”,
”    }n”,
“n”,
”    var toinsert = output_area.element.find(“.” + CLASS_NAME.split(’ ‘)[0]);n”,
“n”,
”    if (output.metadata[EXEC_MIME_TYPE][“id”] !== undefined) {n”,
”      toinsert[toinsert.length - 1].firstChild.textContent = output.data[JS_MIME_TYPE];n”,
”      // store reference to embed id on output_arean”,
”      output_area._bokeh_element_id = output.metadata[EXEC_MIME_TYPE][“id”];n”,
”    }n”,
”    if (output.metadata[EXEC_MIME_TYPE][“server_id”] !== undefined) {n”,
”      var bk_div = document.createElement(“div”);n”,
”      bk_div.innerHTML = output.data[HTML_MIME_TYPE];n”,
”      var script_attrs = bk_div.children[0].attributes;n”,
”      for (var i = 0; i < script_attrs.length; i++) {n”,
”        toinsert[toinsert.length - 1].firstChild.setAttribute(script_attrs[i].name, script_attrs[i].value);n”,
”      }n”,
”      // store reference to server id on output_arean”,
”      output_area._bokeh_server_id = output.metadata[EXEC_MIME_TYPE][“server_id”];n”,
”    }n”,
”  }n”,
“n”,
”  function register_renderer(events, OutputArea) {n”,
“n”,
”    function append_mime(data, metadata, element) {n”,
”      // create a DOM node to render ton”,
”      var toinsert = this.create_output_subarea(n”,
”        metadata,n”,
”        CLASS_NAME,n”,
”        EXEC_MIME_TYPEn”,
”      );n”,
”      this.keyboard_manager.register_events(toinsert);n”,
”      // Render to noden”,
”      var props = {data: data, metadata: metadata[EXEC_MIME_TYPE]};n”,
”      render(props, toinsert[toinsert.length - 1]);n”,
”      element.append(toinsert);n”,
”      return toinsertn”,
”    }n”,
“n”,
”    / Handle when an output is cleared or removed /n”,
”    events.on(‘clear_output.CodeCell’, handleClearOutput);n”,
”    events.on(‘delete.Cell’, handleClearOutput);n”,
“n”,
”    / Handle when a new output is added /n”,
”    events.on(‘output_added.OutputArea’, handleAddOutput);n”,
“n”,
”    /*n”,
”     * Register the mime type and append_mime function with output_arean”,
”     /n”,
”    OutputArea.prototype.register_mime_type(EXEC_MIME_TYPE, append_mime, {n”,
”      / Is output safe? /n”,
”      safe: true,n”,
”      / Index of renderer in output_area.display_order */n”,
”      index: 0n”,
”    });n”,
”  }n”,
“n”,
”  // register the mime type if in Jupyter Notebook environment and previously unregisteredn”,
”  if (root.Jupyter !== undefined) {n”,
”    var events = require(‘base/js/events’);n”,
”    var OutputArea = require(‘notebook/js/outputarea’).OutputArea;n”,
“n”,
”    if (OutputArea.prototype.mime_types().indexOf(EXEC_MIME_TYPE) == -1) {n”,
”      register_renderer(events, OutputArea);n”,
”    }n”,
”  }n”,
“n”,
”  n”,
”  if (typeof (root._bokeh_timeout) === “undefined” || force === true) {n”,
”    root._bokeh_timeout = Date.now() + 5000;n”,
”    root._bokeh_failed_load = false;n”,
”  }n”,
“n”,
”  var NB_LOAD_WARNING = {‘data’: {‘text/html’:n”,
”     “<div style=’background-color: #fdd’>\n”+n”,
”     “<p>\n”+n”,
”     “BokehJS does not appear to have successfully loaded. If loading BokehJS from CDN, this \n”+n”,
”     “may be due to a slow or bad network connection. Possible fixes:\n”+n”,
”     “</p>\n”+n”,
”     “<ul>\n”+n”,
”     “<li>re-rerun output_notebook() to attempt to load from CDN again, or</li>\n”+n”,
”     “<li>use INLINE resources instead, as so:</li>\n”+n”,
”     “</ul>\n”+n”,
”     “<code>\n”+n”,
”     “from bokeh.resources import INLINE\n”+n”,
”     “output_notebook(resources=INLINE)\n”+n”,
”     “</code>\n”+n”,
”     “</div>”}};n”,
“n”,
”  function display_loaded() {n”,
”    var el = document.getElementById(“1201”);n”,
”    if (el != null) {n”,
”      el.textContent = “BokehJS is loading…”;n”,
”    }n”,
”    if (root.Bokeh !== undefined) {n”,
”      if (el != null) {n”,
”        el.textContent = “BokehJS ” + root.Bokeh.version + ” successfully loaded.”;n”,
”      }n”,
”    } else if (Date.now() < root._bokeh_timeout) {n”,
”      setTimeout(display_loaded, 100)n”,
”    }n”,
”  }n”,
“n”,
“n”,
”  function run_callbacks() {n”,
”    try {n”,
”      root._bokeh_onload_callbacks.forEach(function(callback) {n”,
”        if (callback != null)n”,
”          callback();n”,
”      });n”,
”    } finally {n”,
”      delete root._bokeh_onload_callbacksn”,
”    }n”,
”    console.debug(“Bokeh: all callbacks have finished”);n”,
”  }n”,
“n”,
”  function load_libs(css_urls, js_urls, callback) {n”,
”    if (css_urls == null) css_urls = [];n”,
”    if (js_urls == null) js_urls = [];n”,
“n”,
”    root._bokeh_onload_callbacks.push(callback);n”,
”    if (root._bokeh_is_loading > 0) {n”,
”      console.debug(“Bokeh: BokehJS is being loaded, scheduling callback at”, now());n”,
”      return null;n”,
”    }n”,
”    if (js_urls == null || js_urls.length === 0) {n”,
”      run_callbacks();n”,
”      return null;n”,
”    }n”,
”    console.debug(“Bokeh: BokehJS not loaded, scheduling load and callback at”, now());n”,
”    root._bokeh_is_loading = css_urls.length + js_urls.length;n”,
“n”,
”    function on_load() {n”,
”      root._bokeh_is_loading–;n”,
”      if (root._bokeh_is_loading === 0) {n”,
”        console.debug(“Bokeh: all BokehJS libraries/stylesheets loaded”);n”,
”        run_callbacks()n”,
”      }n”,
”    }n”,
“n”,
”    function on_error() {n”,
”      console.error(“failed to load ” + url);n”,
”    }n”,
“n”,
”    for (var i = 0; i < css_urls.length; i++) {n”,
”      var url = css_urls[i];n”,
”      const element = document.createElement(“link”);n”,
”      element.onload = on_load;n”,
”      element.onerror = on_error;n”,
”      element.rel = “stylesheet”;n”,
”      element.type = “text/css”;n”,
”      element.href = url;n”,
”      console.debug(“Bokeh: injecting link tag for BokehJS stylesheet: “, url);n”,
”      document.body.appendChild(element);n”,
”    }n”,
“n”,
”    for (var i = 0; i < js_urls.length; i++) {n”,
”      var url = js_urls[i];n”,
”      var element = document.createElement(‘script’);n”,
”      element.onload = on_load;n”,
”      element.onerror = on_error;n”,
”      element.async = false;n”,
”      element.src = url;n”,
”      console.debug(“Bokeh: injecting script tag for BokehJS library: “, url);n”,
”      document.head.appendChild(element);n”,
”    }n”,
”  };var element = document.getElementById(“1201”);n”,
”  if (element == null) {n”,
”    console.error(“Bokeh: ERROR: autoload.js configured with elementid ‘1201’ but no matching script tag was found. “)n”,
”    return false;n”,
”  }n”,
“n”,
”  function inject_raw_css(css) {n”,
”    const element = document.createElement(“style”);n”,
”    element.appendChild(document.createTextNode(css));n”,
”    document.body.appendChild(element);n”,
”  }n”,
“n”,
”  n”,
”  var js_urls = [”https://cdn.pydata.org/bokeh/release/bokeh-1.4.0.min.js”, “https://cdn.pydata.org/bokeh/release/bokeh-widgets-1.4.0.min.js”, “https://cdn.pydata.org/bokeh/release/bokeh-tables-1.4.0.min.js”, “https://cdn.pydata.org/bokeh/release/bokeh-gl-1.4.0.min.js”];n”,
”  var css_urls = [];n”,
”  n”,
“n”,
”  var inline_js = [n”,
”    function(Bokeh) {n”,
”      Bokeh.set_log_level(“info”);n”,
”    },n”,
”    function(Bokeh) {n”,
”    n”,
”    n”,
”    }n”,
”  ];n”,
“n”,
”  function run_inline_js() {n”,
”    n”,
”    if (root.Bokeh !== undefined || force === true) {n”,
”      n”,
”    for (var i = 0; i < inline_js.length; i++) {n”,
”      inline_js[i].call(root, root.Bokeh);n”,
”    }n”,
”    if (force === true) {n”,
”        display_loaded();n”,
”      }} else if (Date.now() < root._bokeh_timeout) {n”,
”      setTimeout(run_inline_js, 100);n”,
”    } else if (!root._bokeh_failed_load) {n”,
”      console.log(“Bokeh: BokehJS failed to load within specified timeout.”);n”,
”      root._bokeh_failed_load = true;n”,
”    } else if (force !== true) {n”,
”      var cell = $(document.getElementById(“1201”)).parents(‘.cell’).data().cell;n”,
”      cell.output_area.append_execute_result(NB_LOAD_WARNING)n”,
”    }n”,
“n”,
”  }n”,
“n”,
”  if (root._bokeh_is_loading === 0) {n”,
”    console.debug(“Bokeh: BokehJS loaded, going straight to plotting”);n”,
”    run_inline_js();n”,
”  } else {n”,
”    load_libs(css_urls, js_urls, function() {n”,
”      console.debug(“Bokeh: BokehJS plotting callback run at”, now());n”,
”      run_inline_js();n”,
”    });n”,
”  }n”,
“}(window));”





],
“application/vnd.bokehjs_load.v0+json”: “n(function(root) {n  function now() {n    return new Date();n  }nn  var force = true;nn  if (typeof root._bokeh_onload_callbacks === “undefined” || force === true) {n    root._bokeh_onload_callbacks = [];n    root._bokeh_is_loading = undefined;n  }nn  nn  n  if (typeof (root._bokeh_timeout) === “undefined” || force === true) {n    root._bokeh_timeout = Date.now() + 5000;n    root._bokeh_failed_load = false;n  }nn  var NB_LOAD_WARNING = {‘data’: {‘text/html’:n     “<div style=’background-color: #fdd’>\n”+n     “<p>\n”+n     “BokehJS does not appear to have successfully loaded. If loading BokehJS from CDN, this \n”+n     “may be due to a slow or bad network connection. Possible fixes:\n”+n     “</p>\n”+n     “<ul>\n”+n     “<li>re-rerun output_notebook() to attempt to load from CDN again, or</li>\n”+n     “<li>use INLINE resources instead, as so:</li>\n”+n     “</ul>\n”+n     “<code>\n”+n     “from bokeh.resources import INLINE\n”+n     “output_notebook(resources=INLINE)\n”+n     “</code>\n”+n     “</div>”}};nn  function display_loaded() {n    var el = document.getElementById(“1201”);n    if (el != null) {n      el.textContent = “BokehJS is loading…”;n    }n    if (root.Bokeh !== undefined) {n      if (el != null) {n        el.textContent = “BokehJS ” + root.Bokeh.version + ” successfully loaded.”;n      }n    } else if (Date.now() < root._bokeh_timeout) {n      setTimeout(display_loaded, 100)n    }n  }nnn  function run_callbacks() {n    try {n      root._bokeh_onload_callbacks.forEach(function(callback) {n        if (callback != null)n          callback();n      });n    } finally {n      delete root._bokeh_onload_callbacksn    }n    console.debug(“Bokeh: all callbacks have finished”);n  }nn  function load_libs(css_urls, js_urls, callback) {n    if (css_urls == null) css_urls = [];n    if (js_urls == null) js_urls = [];nn    root._bokeh_onload_callbacks.push(callback);n    if (root._bokeh_is_loading > 0) {n      console.debug(“Bokeh: BokehJS is being loaded, scheduling callback at”, now());n      return null;n    }n    if (js_urls == null || js_urls.length === 0) {n      run_callbacks();n      return null;n    }n    console.debug(“Bokeh: BokehJS not loaded, scheduling load and callback at”, now());n    root._bokeh_is_loading = css_urls.length + js_urls.length;nn    function on_load() {n      root._bokeh_is_loading–;n      if (root._bokeh_is_loading === 0) {n        console.debug(“Bokeh: all BokehJS libraries/stylesheets loaded”);n        run_callbacks()n      }n    }nn    function on_error() {n      console.error(“failed to load ” + url);n    }nn    for (var i = 0; i < css_urls.length; i++) {n      var url = css_urls[i];n      const element = document.createElement(“link”);n      element.onload = on_load;n      element.onerror = on_error;n      element.rel = “stylesheet”;n      element.type = “text/css”;n      element.href = url;n      console.debug(“Bokeh: injecting link tag for BokehJS stylesheet: “, url);n      document.body.appendChild(element);n    }nn    for (var i = 0; i < js_urls.length; i++) {n      var url = js_urls[i];n      var element = document.createElement(‘script’);n      element.onload = on_load;n      element.onerror = on_error;n      element.async = false;n      element.src = url;n      console.debug(“Bokeh: injecting script tag for BokehJS library: “, url);n      document.head.appendChild(element);n    }n  };var element = document.getElementById(“1201”);n  if (element == null) {n    console.error(“Bokeh: ERROR: autoload.js configured with elementid ‘1201’ but no matching script tag was found. “)n    return false;n  }nn  function inject_raw_css(css) {n    const element = document.createElement(“style”);n    element.appendChild(document.createTextNode(css));n    document.body.appendChild(element);n  }nn  n  var js_urls = [”https://cdn.pydata.org/bokeh/release/bokeh-1.4.0.min.js”, “https://cdn.pydata.org/bokeh/release/bokeh-widgets-1.4.0.min.js”, “https://cdn.pydata.org/bokeh/release/bokeh-tables-1.4.0.min.js”, “https://cdn.pydata.org/bokeh/release/bokeh-gl-1.4.0.min.js”];n  var css_urls = [];n  nn  var inline_js = [n    function(Bokeh) {n      Bokeh.set_log_level(“info”);n    },n    function(Bokeh) {n    n    n    }n  ];nn  function run_inline_js() {n    n    if (root.Bokeh !== undefined || force === true) {n      n    for (var i = 0; i < inline_js.length; i++) {n      inline_js[i].call(root, root.Bokeh);n    }n    if (force === true) {n        display_loaded();n      }} else if (Date.now() < root._bokeh_timeout) {n      setTimeout(run_inline_js, 100);n    } else if (!root._bokeh_failed_load) {n      console.log(“Bokeh: BokehJS failed to load within specified timeout.”);n      root._bokeh_failed_load = true;n    } else if (force !== true) {n      var cell = $(document.getElementById(“1201”)).parents(‘.cell’).data().cell;n      cell.output_area.append_execute_result(NB_LOAD_WARNING)n    }nn  }nn  if (root._bokeh_is_loading === 0) {n    console.debug(“Bokeh: BokehJS loaded, going straight to plotting”);n    run_inline_js();n  } else {n    load_libs(css_urls, js_urls, function() {n      console.debug(“Bokeh: BokehJS plotting callback run at”, now());n      run_inline_js();n    });n  }n}(window));”





},
“metadata”: {},
“output_type”: “display_data”




},
{



	“data”: {

	
	“text/html”: [

	“n”,
“n”,
“n”,
“n”,
“n”,
“n”,
”  <div class=”bk-root” id=”1bed027a-6195-4f4d-905b-1a2aa56394a6” data-root-id=”1202”></div>n”





]





},
“metadata”: {},
“output_type”: “display_data”




},
{



	“data”: {

	
	“application/javascript”: [

	“(function(root) {n”,
”  function embed_document(root) {n”,
”    n”,
”  var docs_json = {“a69132f7-59ac-4d79-9bec-e985e3215d4a”:{“roots”:{“references”:[{“attributes”:{“below”:[{“id”:”1211”,”type”:”LinearAxis”}],”center”:[{“id”:”1215”,”type”:”Grid”},{“id”:”1220”,”type”:”Grid”}],”left”:[{“id”:”1216”,”type”:”LinearAxis”}],”plot_height”:400,”plot_width”:900,”renderers”:[{“id”:”1237”,”type”:”GlyphRenderer”}],”title”:{“id”:”1255”,”type”:”Title”},”toolbar”:{“id”:”1227”,”type”:”Toolbar”},”x_range”:{“id”:”1203”,”type”:”DataRange1d”},”x_scale”:{“id”:”1207”,”type”:”LinearScale”},”y_range”:{“id”:”1205”,”type”:”DataRange1d”},”y_scale”:{“id”:”1209”,”type”:”LinearScale”}},”id”:”1202”,”subtype”:”Figure”,”type”:”Plot”},{“attributes”:{},”id”:”1225”,”type”:”ResetTool”},{“attributes”:{“ticker”:{“id”:”1212”,”type”:”BasicTicker”}},”id”:”1215”,”type”:”Grid”},{“attributes”:{},”id”:”1222”,”type”:”WheelZoomTool”},{“attributes”:{“formatter”:{“id”:”1258”,”type”:”BasicTickFormatter”},”ticker”:{“id”:”1217”,”type”:”BasicTicker”}},”id”:”1216”,”type”:”LinearAxis”},{“attributes”:{},”id”:”1263”,”type”:”Selection”},{“attributes”:{“callback”:null,”data”:{“x”:[0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,51],”y”:{“__ndarray__”:””,”dtype”:”float64”,”shape”:[52]}},”selected”:{“id”:”1263”,”type”:”Selection”},”selection_policy”:{“id”:”1262”,”type”:”UnionRenderers”}},”id”:”1234”,”type”:”ColumnDataSource”},{“attributes”:{“callback”:null},”id”:”1203”,”type”:”DataRange1d”},{“attributes”:{},”id”:”1260”,”type”:”BasicTickFormatter”},{“attributes”:{“formatter”:{“id”:”1260”,”type”:”BasicTickFormatter”},”ticker”:{“id”:”1212”,”type”:”BasicTicker”}},”id”:”1211”,”type”:”LinearAxis”},{“attributes”:{“line_alpha”:0.1,”line_color”:”#1f77b4”,”x”:{“field”:”x”},”y”:{“field”:”y”}},”id”:”1236”,”type”:”Line”},{“attributes”:{“bottom_units”:”screen”,”fill_alpha”:{“value”:0.5},”fill_color”:{“value”:”lightgrey”},”left_units”:”screen”,”level”:”overlay”,”line_alpha”:{“value”:1.0},”line_color”:{“value”:”black”},”line_dash”:[4,4],”line_width”:{“value”:2},”render_mode”:”css”,”right_units”:”screen”,”top_units”:”screen”},”id”:”1261”,”type”:”BoxAnnotation”},{“attributes”:{},”id”:”1224”,”type”:”SaveTool”},{“attributes”:{},”id”:”1226”,”type”:”HelpTool”},{“attributes”:{“data_source”:{“id”:”1234”,”type”:”ColumnDataSource”},”glyph”:{“id”:”1235”,”type”:”Line”},”hover_glyph”:null,”muted_glyph”:null,”nonselection_glyph”:{“id”:”1236”,”type”:”Line”},”selection_glyph”:null,”view”:{“id”:”1238”,”type”:”CDSView”}},”id”:”1237”,”type”:”GlyphRenderer”},{“attributes”:{},”id”:”1217”,”type”:”BasicTicker”},{“attributes”:{“dimension”:1,”minor_grid_line_alpha”:0.1,”minor_grid_line_color”:”navy”,”ticker”:{“id”:”1217”,”type”:”BasicTicker”}},”id”:”1220”,”type”:”Grid”},{“attributes”:{},”id”:”1262”,”type”:”UnionRenderers”},{“attributes”:{“active_drag”:”auto”,”active_inspect”:”auto”,”active_multi”:null,”active_scroll”:”auto”,”active_tap”:”auto”,”tools”:[{“id”:”1221”,”type”:”PanTool”},{“id”:”1222”,”type”:”WheelZoomTool”},{“id”:”1223”,”type”:”BoxZoomTool”},{“id”:”1224”,”type”:”SaveTool”},{“id”:”1225”,”type”:”ResetTool”},{“id”:”1226”,”type”:”HelpTool”}]},”id”:”1227”,”type”:”Toolbar”},{“attributes”:{},”id”:”1207”,”type”:”LinearScale”},{“attributes”:{“source”:{“id”:”1234”,”type”:”ColumnDataSource”}},”id”:”1238”,”type”:”CDSView”},{“attributes”:{},”id”:”1212”,”type”:”BasicTicker”},{“attributes”:{“overlay”:{“id”:”1261”,”type”:”BoxAnnotation”}},”id”:”1223”,”type”:”BoxZoomTool”},{“attributes”:{“callback”:null},”id”:”1205”,”type”:”DataRange1d”},{“attributes”:{},”id”:”1209”,”type”:”LinearScale”},{“attributes”:{“line_alpha”:0.8,”line_color”:”#1f77b4”,”x”:{“field”:”x”},”y”:{“field”:”y”}},”id”:”1235”,”type”:”Line”},{“attributes”:{},”id”:”1221”,”type”:”PanTool”},{“attributes”:{“text”:””},”id”:”1255”,”type”:”Title”},{“attributes”:{},”id”:”1258”,”type”:”BasicTickFormatter”}],”root_ids”:[“1202”]},”title”:”Bokeh Application”,”version”:”1.4.0”}};n”,
”  var render_items = [{“docid”:”a69132f7-59ac-4d79-9bec-e985e3215d4a”,”roots”:{“1202”:”1bed027a-6195-4f4d-905b-1a2aa56394a6”}}];n”,
”  root.Bokeh.embed.embed_items_notebook(docs_json, render_items);n”,
“n”,
”  }n”,
”  if (root.Bokeh !== undefined) {n”,
”    embed_document(root);n”,
”  } else {n”,
”    var attempts = 0;n”,
”    var timer = setInterval(function(root) {n”,
”      if (root.Bokeh !== undefined) {n”,
”        clearInterval(timer);n”,
”        embed_document(root);n”,
”      } else {n”,
”        attempts++;n”,
”        if (attempts > 100) {n”,
”          clearInterval(timer);n”,
”          console.log(“Bokeh: ERROR: Unable to run BokehJS code because BokehJS library is missing”);n”,
”        }n”,
”      }n”,
”    }, 10, root)n”,
”  }n”,
“})(window);”





],
“application/vnd.bokehjs_exec.v0+json”: “”





},
“metadata”: {



	“application/vnd.bokehjs_exec.v0+json”: {

	“id”: “1202”





}




},
“output_type”: “display_data”




}




],
“source”: [


“data = data * scalen”,
“bokeh.io.output_notebook()  # see comment for bokeh module in “Requirements” sectionn”,
“bfig = bokeh.plotting.figure(plot_width=900, plot_height=400)n”,
“bfig.line(list(range(len(data))),data, alpha=0.8)n”,
“bfig.ygrid.minor_grid_line_color = ‘navy’n”,
“bfig.ygrid.minor_grid_line_alpha = 0.1n”,
“bokeh.plotting.show(bfig)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“.data_ts yields the corresponding timestamps of the segment entity but to be used together similar reformating has to be done.”




]




},
{


“cell_type”: “code”,
“execution_count”: 51,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“[-0.09765632 -0.28266927 -0.0495911  -0.05989079 -0.01106263 -0.00648499n”,
” -0.03776553 -0.33645654 -0.04348758 -0.05645756 -0.00915528 -0.00610352n”,
” -0.01182557 -0.00076294 -0.00801087 -0.0038147  -0.03395083 -0.3089907n”,
” -0.03623965 -0.06179814 -0.28305074  0.01716615 -0.02403261 -0.05836491n”,
” -0.01373292  0.00152588 -0.21858231 -0.12359628 -0.00839234 -0.05836491n”,
” -0.11138924 -0.26206989 -0.05264286 -0.05950932 -0.00839234  0.00267029n”,
” -0.05378727 -0.33035302 -0.05378727 -0.05455021 -0.00915528  0.00267029n”,
” -0.03547671 -0.33226037 -0.04920963 -0.05416874 -0.02593996 -0.30212424n”,
” -0.03242495 -0.0648499  -0.00839234  0.01106263]n”,
“voltn”




]





},
{



	“data”: {

	
	“text/html”: [

	“n”,
”    <div class=”bk-root”>n”,
”        <a href=”https://bokeh.org” target=”_blank” class=”bk-logo bk-logo-small bk-logo-notebook”></a>n”,
”        <span id=”1318”>Loading BokehJS …</span>n”,
”    </div>”





]





},
“metadata”: {},
“output_type”: “display_data”




},
{



	“data”: {

	
	“application/javascript”: [

	“n”,
“(function(root) {n”,
”  function now() {n”,
”    return new Date();n”,
”  }n”,
“n”,
”  var force = true;n”,
“n”,
”  if (typeof root._bokeh_onload_callbacks === “undefined” || force === true) {n”,
”    root._bokeh_onload_callbacks = [];n”,
”    root._bokeh_is_loading = undefined;n”,
”  }n”,
“n”,
”  var JS_MIME_TYPE = ‘application/javascript’;n”,
”  var HTML_MIME_TYPE = ‘text/html’;n”,
”  var EXEC_MIME_TYPE = ‘application/vnd.bokehjs_exec.v0+json’;n”,
”  var CLASS_NAME = ‘output_bokeh rendered_html’;n”,
“n”,
”  /n”,
”   * Render data to the DOM noden”,
”   */n”,
”  function render(props, node) {n”,
”    var script = document.createElement(“script”);n”,
”    node.appendChild(script);n”,
”  }n”,
“n”,
”  /n”,
”   * Handle when an output is cleared or removedn”,
”   /n”,
”  function handleClearOutput(event, handle) {n”,
”    var cell = handle.cell;n”,
“n”,
”    var id = cell.output_area._bokeh_element_id;n”,
”    var server_id = cell.output_area._bokeh_server_id;n”,
”    // Clean up Bokeh referencesn”,
”    if (id != null && id in Bokeh.index) {n”,
”      Bokeh.index[id].model.document.clear();n”,
”      delete Bokeh.index[id];n”,
”    }n”,
“n”,
”    if (server_id !== undefined) {n”,
”      // Clean up Bokeh referencesn”,
”      var cmd = “from bokeh.io.state import curstate; print(curstate().uuid_to_server[’” + server_id + “’].get_sessions()[0].document.roots[0]._id)”;n”,
”      cell.notebook.kernel.execute(cmd, {n”,
”        iopub: {n”,
”          output: function(msg) {n”,
”            var id = msg.content.text.trim();n”,
”            if (id in Bokeh.index) {n”,
”              Bokeh.index[id].model.document.clear();n”,
”              delete Bokeh.index[id];n”,
”            }n”,
”          }n”,
”        }n”,
”      });n”,
”      // Destroy server and sessionn”,
”      var cmd = “import bokeh.io.notebook as ion; ion.destroy_server(’” + server_id + “’)”;n”,
”      cell.notebook.kernel.execute(cmd);n”,
”    }n”,
”  }n”,
“n”,
”  /*n”,
”   * Handle when a new output is addedn”,
”   /n”,
”  function handleAddOutput(event, handle) {n”,
”    var output_area = handle.output_area;n”,
”    var output = handle.output;n”,
“n”,
”    // limit handleAddOutput to display_data with EXEC_MIME_TYPE content onlyn”,
”    if ((output.output_type != “display_data”) || (!output.data.hasOwnProperty(EXEC_MIME_TYPE))) {n”,
”      returnn”,
”    }n”,
“n”,
”    var toinsert = output_area.element.find(“.” + CLASS_NAME.split(’ ‘)[0]);n”,
“n”,
”    if (output.metadata[EXEC_MIME_TYPE][“id”] !== undefined) {n”,
”      toinsert[toinsert.length - 1].firstChild.textContent = output.data[JS_MIME_TYPE];n”,
”      // store reference to embed id on output_arean”,
”      output_area._bokeh_element_id = output.metadata[EXEC_MIME_TYPE][“id”];n”,
”    }n”,
”    if (output.metadata[EXEC_MIME_TYPE][“server_id”] !== undefined) {n”,
”      var bk_div = document.createElement(“div”);n”,
”      bk_div.innerHTML = output.data[HTML_MIME_TYPE];n”,
”      var script_attrs = bk_div.children[0].attributes;n”,
”      for (var i = 0; i < script_attrs.length; i++) {n”,
”        toinsert[toinsert.length - 1].firstChild.setAttribute(script_attrs[i].name, script_attrs[i].value);n”,
”      }n”,
”      // store reference to server id on output_arean”,
”      output_area._bokeh_server_id = output.metadata[EXEC_MIME_TYPE][“server_id”];n”,
”    }n”,
”  }n”,
“n”,
”  function register_renderer(events, OutputArea) {n”,
“n”,
”    function append_mime(data, metadata, element) {n”,
”      // create a DOM node to render ton”,
”      var toinsert = this.create_output_subarea(n”,
”        metadata,n”,
”        CLASS_NAME,n”,
”        EXEC_MIME_TYPEn”,
”      );n”,
”      this.keyboard_manager.register_events(toinsert);n”,
”      // Render to noden”,
”      var props = {data: data, metadata: metadata[EXEC_MIME_TYPE]};n”,
”      render(props, toinsert[toinsert.length - 1]);n”,
”      element.append(toinsert);n”,
”      return toinsertn”,
”    }n”,
“n”,
”    / Handle when an output is cleared or removed /n”,
”    events.on(‘clear_output.CodeCell’, handleClearOutput);n”,
”    events.on(‘delete.Cell’, handleClearOutput);n”,
“n”,
”    / Handle when a new output is added /n”,
”    events.on(‘output_added.OutputArea’, handleAddOutput);n”,
“n”,
”    /*n”,
”     * Register the mime type and append_mime function with output_arean”,
”     /n”,
”    OutputArea.prototype.register_mime_type(EXEC_MIME_TYPE, append_mime, {n”,
”      / Is output safe? /n”,
”      safe: true,n”,
”      / Index of renderer in output_area.display_order */n”,
”      index: 0n”,
”    });n”,
”  }n”,
“n”,
”  // register the mime type if in Jupyter Notebook environment and previously unregisteredn”,
”  if (root.Jupyter !== undefined) {n”,
”    var events = require(‘base/js/events’);n”,
”    var OutputArea = require(‘notebook/js/outputarea’).OutputArea;n”,
“n”,
”    if (OutputArea.prototype.mime_types().indexOf(EXEC_MIME_TYPE) == -1) {n”,
”      register_renderer(events, OutputArea);n”,
”    }n”,
”  }n”,
“n”,
”  n”,
”  if (typeof (root._bokeh_timeout) === “undefined” || force === true) {n”,
”    root._bokeh_timeout = Date.now() + 5000;n”,
”    root._bokeh_failed_load = false;n”,
”  }n”,
“n”,
”  var NB_LOAD_WARNING = {‘data’: {‘text/html’:n”,
”     “<div style=’background-color: #fdd’>\n”+n”,
”     “<p>\n”+n”,
”     “BokehJS does not appear to have successfully loaded. If loading BokehJS from CDN, this \n”+n”,
”     “may be due to a slow or bad network connection. Possible fixes:\n”+n”,
”     “</p>\n”+n”,
”     “<ul>\n”+n”,
”     “<li>re-rerun output_notebook() to attempt to load from CDN again, or</li>\n”+n”,
”     “<li>use INLINE resources instead, as so:</li>\n”+n”,
”     “</ul>\n”+n”,
”     “<code>\n”+n”,
”     “from bokeh.resources import INLINE\n”+n”,
”     “output_notebook(resources=INLINE)\n”+n”,
”     “</code>\n”+n”,
”     “</div>”}};n”,
“n”,
”  function display_loaded() {n”,
”    var el = document.getElementById(“1318”);n”,
”    if (el != null) {n”,
”      el.textContent = “BokehJS is loading…”;n”,
”    }n”,
”    if (root.Bokeh !== undefined) {n”,
”      if (el != null) {n”,
”        el.textContent = “BokehJS ” + root.Bokeh.version + ” successfully loaded.”;n”,
”      }n”,
”    } else if (Date.now() < root._bokeh_timeout) {n”,
”      setTimeout(display_loaded, 100)n”,
”    }n”,
”  }n”,
“n”,
“n”,
”  function run_callbacks() {n”,
”    try {n”,
”      root._bokeh_onload_callbacks.forEach(function(callback) {n”,
”        if (callback != null)n”,
”          callback();n”,
”      });n”,
”    } finally {n”,
”      delete root._bokeh_onload_callbacksn”,
”    }n”,
”    console.debug(“Bokeh: all callbacks have finished”);n”,
”  }n”,
“n”,
”  function load_libs(css_urls, js_urls, callback) {n”,
”    if (css_urls == null) css_urls = [];n”,
”    if (js_urls == null) js_urls = [];n”,
“n”,
”    root._bokeh_onload_callbacks.push(callback);n”,
”    if (root._bokeh_is_loading > 0) {n”,
”      console.debug(“Bokeh: BokehJS is being loaded, scheduling callback at”, now());n”,
”      return null;n”,
”    }n”,
”    if (js_urls == null || js_urls.length === 0) {n”,
”      run_callbacks();n”,
”      return null;n”,
”    }n”,
”    console.debug(“Bokeh: BokehJS not loaded, scheduling load and callback at”, now());n”,
”    root._bokeh_is_loading = css_urls.length + js_urls.length;n”,
“n”,
”    function on_load() {n”,
”      root._bokeh_is_loading–;n”,
”      if (root._bokeh_is_loading === 0) {n”,
”        console.debug(“Bokeh: all BokehJS libraries/stylesheets loaded”);n”,
”        run_callbacks()n”,
”      }n”,
”    }n”,
“n”,
”    function on_error() {n”,
”      console.error(“failed to load ” + url);n”,
”    }n”,
“n”,
”    for (var i = 0; i < css_urls.length; i++) {n”,
”      var url = css_urls[i];n”,
”      const element = document.createElement(“link”);n”,
”      element.onload = on_load;n”,
”      element.onerror = on_error;n”,
”      element.rel = “stylesheet”;n”,
”      element.type = “text/css”;n”,
”      element.href = url;n”,
”      console.debug(“Bokeh: injecting link tag for BokehJS stylesheet: “, url);n”,
”      document.body.appendChild(element);n”,
”    }n”,
“n”,
”    for (var i = 0; i < js_urls.length; i++) {n”,
”      var url = js_urls[i];n”,
”      var element = document.createElement(‘script’);n”,
”      element.onload = on_load;n”,
”      element.onerror = on_error;n”,
”      element.async = false;n”,
”      element.src = url;n”,
”      console.debug(“Bokeh: injecting script tag for BokehJS library: “, url);n”,
”      document.head.appendChild(element);n”,
”    }n”,
”  };var element = document.getElementById(“1318”);n”,
”  if (element == null) {n”,
”    console.error(“Bokeh: ERROR: autoload.js configured with elementid ‘1318’ but no matching script tag was found. “)n”,
”    return false;n”,
”  }n”,
“n”,
”  function inject_raw_css(css) {n”,
”    const element = document.createElement(“style”);n”,
”    element.appendChild(document.createTextNode(css));n”,
”    document.body.appendChild(element);n”,
”  }n”,
“n”,
”  n”,
”  var js_urls = [”https://cdn.pydata.org/bokeh/release/bokeh-1.4.0.min.js”, “https://cdn.pydata.org/bokeh/release/bokeh-widgets-1.4.0.min.js”, “https://cdn.pydata.org/bokeh/release/bokeh-tables-1.4.0.min.js”, “https://cdn.pydata.org/bokeh/release/bokeh-gl-1.4.0.min.js”];n”,
”  var css_urls = [];n”,
”  n”,
“n”,
”  var inline_js = [n”,
”    function(Bokeh) {n”,
”      Bokeh.set_log_level(“info”);n”,
”    },n”,
”    function(Bokeh) {n”,
”    n”,
”    n”,
”    }n”,
”  ];n”,
“n”,
”  function run_inline_js() {n”,
”    n”,
”    if (root.Bokeh !== undefined || force === true) {n”,
”      n”,
”    for (var i = 0; i < inline_js.length; i++) {n”,
”      inline_js[i].call(root, root.Bokeh);n”,
”    }n”,
”    if (force === true) {n”,
”        display_loaded();n”,
”      }} else if (Date.now() < root._bokeh_timeout) {n”,
”      setTimeout(run_inline_js, 100);n”,
”    } else if (!root._bokeh_failed_load) {n”,
”      console.log(“Bokeh: BokehJS failed to load within specified timeout.”);n”,
”      root._bokeh_failed_load = true;n”,
”    } else if (force !== true) {n”,
”      var cell = $(document.getElementById(“1318”)).parents(‘.cell’).data().cell;n”,
”      cell.output_area.append_execute_result(NB_LOAD_WARNING)n”,
”    }n”,
“n”,
”  }n”,
“n”,
”  if (root._bokeh_is_loading === 0) {n”,
”    console.debug(“Bokeh: BokehJS loaded, going straight to plotting”);n”,
”    run_inline_js();n”,
”  } else {n”,
”    load_libs(css_urls, js_urls, function() {n”,
”      console.debug(“Bokeh: BokehJS plotting callback run at”, now());n”,
”      run_inline_js();n”,
”    });n”,
”  }n”,
“}(window));”





],
“application/vnd.bokehjs_load.v0+json”: “n(function(root) {n  function now() {n    return new Date();n  }nn  var force = true;nn  if (typeof root._bokeh_onload_callbacks === “undefined” || force === true) {n    root._bokeh_onload_callbacks = [];n    root._bokeh_is_loading = undefined;n  }nn  nn  n  if (typeof (root._bokeh_timeout) === “undefined” || force === true) {n    root._bokeh_timeout = Date.now() + 5000;n    root._bokeh_failed_load = false;n  }nn  var NB_LOAD_WARNING = {‘data’: {‘text/html’:n     “<div style=’background-color: #fdd’>\n”+n     “<p>\n”+n     “BokehJS does not appear to have successfully loaded. If loading BokehJS from CDN, this \n”+n     “may be due to a slow or bad network connection. Possible fixes:\n”+n     “</p>\n”+n     “<ul>\n”+n     “<li>re-rerun output_notebook() to attempt to load from CDN again, or</li>\n”+n     “<li>use INLINE resources instead, as so:</li>\n”+n     “</ul>\n”+n     “<code>\n”+n     “from bokeh.resources import INLINE\n”+n     “output_notebook(resources=INLINE)\n”+n     “</code>\n”+n     “</div>”}};nn  function display_loaded() {n    var el = document.getElementById(“1318”);n    if (el != null) {n      el.textContent = “BokehJS is loading…”;n    }n    if (root.Bokeh !== undefined) {n      if (el != null) {n        el.textContent = “BokehJS ” + root.Bokeh.version + ” successfully loaded.”;n      }n    } else if (Date.now() < root._bokeh_timeout) {n      setTimeout(display_loaded, 100)n    }n  }nnn  function run_callbacks() {n    try {n      root._bokeh_onload_callbacks.forEach(function(callback) {n        if (callback != null)n          callback();n      });n    } finally {n      delete root._bokeh_onload_callbacksn    }n    console.debug(“Bokeh: all callbacks have finished”);n  }nn  function load_libs(css_urls, js_urls, callback) {n    if (css_urls == null) css_urls = [];n    if (js_urls == null) js_urls = [];nn    root._bokeh_onload_callbacks.push(callback);n    if (root._bokeh_is_loading > 0) {n      console.debug(“Bokeh: BokehJS is being loaded, scheduling callback at”, now());n      return null;n    }n    if (js_urls == null || js_urls.length === 0) {n      run_callbacks();n      return null;n    }n    console.debug(“Bokeh: BokehJS not loaded, scheduling load and callback at”, now());n    root._bokeh_is_loading = css_urls.length + js_urls.length;nn    function on_load() {n      root._bokeh_is_loading–;n      if (root._bokeh_is_loading === 0) {n        console.debug(“Bokeh: all BokehJS libraries/stylesheets loaded”);n        run_callbacks()n      }n    }nn    function on_error() {n      console.error(“failed to load ” + url);n    }nn    for (var i = 0; i < css_urls.length; i++) {n      var url = css_urls[i];n      const element = document.createElement(“link”);n      element.onload = on_load;n      element.onerror = on_error;n      element.rel = “stylesheet”;n      element.type = “text/css”;n      element.href = url;n      console.debug(“Bokeh: injecting link tag for BokehJS stylesheet: “, url);n      document.body.appendChild(element);n    }nn    for (var i = 0; i < js_urls.length; i++) {n      var url = js_urls[i];n      var element = document.createElement(‘script’);n      element.onload = on_load;n      element.onerror = on_error;n      element.async = false;n      element.src = url;n      console.debug(“Bokeh: injecting script tag for BokehJS library: “, url);n      document.head.appendChild(element);n    }n  };var element = document.getElementById(“1318”);n  if (element == null) {n    console.error(“Bokeh: ERROR: autoload.js configured with elementid ‘1318’ but no matching script tag was found. “)n    return false;n  }nn  function inject_raw_css(css) {n    const element = document.createElement(“style”);n    element.appendChild(document.createTextNode(css));n    document.body.appendChild(element);n  }nn  n  var js_urls = [”https://cdn.pydata.org/bokeh/release/bokeh-1.4.0.min.js”, “https://cdn.pydata.org/bokeh/release/bokeh-widgets-1.4.0.min.js”, “https://cdn.pydata.org/bokeh/release/bokeh-tables-1.4.0.min.js”, “https://cdn.pydata.org/bokeh/release/bokeh-gl-1.4.0.min.js”];n  var css_urls = [];n  nn  var inline_js = [n    function(Bokeh) {n      Bokeh.set_log_level(“info”);n    },n    function(Bokeh) {n    n    n    }n  ];nn  function run_inline_js() {n    n    if (root.Bokeh !== undefined || force === true) {n      n    for (var i = 0; i < inline_js.length; i++) {n      inline_js[i].call(root, root.Bokeh);n    }n    if (force === true) {n        display_loaded();n      }} else if (Date.now() < root._bokeh_timeout) {n      setTimeout(run_inline_js, 100);n    } else if (!root._bokeh_failed_load) {n      console.log(“Bokeh: BokehJS failed to load within specified timeout.”);n      root._bokeh_failed_load = true;n    } else if (force !== true) {n      var cell = $(document.getElementById(“1318”)).parents(‘.cell’).data().cell;n      cell.output_area.append_execute_result(NB_LOAD_WARNING)n    }nn  }nn  if (root._bokeh_is_loading === 0) {n    console.debug(“Bokeh: BokehJS loaded, going straight to plotting”);n    run_inline_js();n  } else {n    load_libs(css_urls, js_urls, function() {n      console.debug(“Bokeh: BokehJS plotting callback run at”, now());n      run_inline_js();n    });n  }n}(window));”





},
“metadata”: {},
“output_type”: “display_data”




},
{



	“data”: {

	
	“text/html”: [

	“n”,
“n”,
“n”,
“n”,
“n”,
“n”,
”  <div class=”bk-root” id=”d30bd158-7d4b-4f60-b181-dc283cdae9ac” data-root-id=”1319”></div>n”





]





},
“metadata”: {},
“output_type”: “display_data”




},
{



	“data”: {

	
	“application/javascript”: [

	“(function(root) {n”,
”  function embed_document(root) {n”,
”    n”,
”  var docs_json = {“8b1ffd05-78a0-4eb6-bad3-39c2f8489134”:{“roots”:{“references”:[{“attributes”:{“below”:[{“id”:”1328”,”type”:”LinearAxis”}],”center”:[{“id”:”1332”,”type”:”Grid”},{“id”:”1337”,”type”:”Grid”}],”left”:[{“id”:”1333”,”type”:”LinearAxis”}],”plot_height”:400,”plot_width”:900,”renderers”:[{“id”:”1354”,”type”:”GlyphRenderer”}],”title”:{“id”:”1381”,”type”:”Title”},”toolbar”:{“id”:”1344”,”type”:”Toolbar”},”x_range”:{“id”:”1320”,”type”:”DataRange1d”},”x_scale”:{“id”:”1324”,”type”:”LinearScale”},”y_range”:{“id”:”1322”,”type”:”DataRange1d”},”y_scale”:{“id”:”1326”,”type”:”LinearScale”}},”id”:”1319”,”subtype”:”Figure”,”type”:”Plot”},{“attributes”:{“line_alpha”:0.8,”line_color”:”#1f77b4”,”x”:{“field”:”x”},”y”:{“field”:”y”}},”id”:”1352”,”type”:”Line”},{“attributes”:{“active_drag”:”auto”,”active_inspect”:”auto”,”active_multi”:null,”active_scroll”:”auto”,”active_tap”:”auto”,”tools”:[{“id”:”1338”,”type”:”PanTool”},{“id”:”1339”,”type”:”WheelZoomTool”},{“id”:”1340”,”type”:”BoxZoomTool”},{“id”:”1341”,”type”:”SaveTool”},{“id”:”1342”,”type”:”ResetTool”},{“id”:”1343”,”type”:”HelpTool”}]},”id”:”1344”,”type”:”Toolbar”},{“attributes”:{“callback”:null,”data”:{“x”:[0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,51],”y”:{“__ndarray__”:””,”dtype”:”float64”,”shape”:[52]}},”selected”:{“id”:”1389”,”type”:”Selection”},”selection_policy”:{“id”:”1388”,”type”:”UnionRenderers”}},”id”:”1351”,”type”:”ColumnDataSource”},{“attributes”:{“dimension”:1,”minor_grid_line_alpha”:0.1,”minor_grid_line_color”:”navy”,”ticker”:{“id”:”1334”,”type”:”BasicTicker”}},”id”:”1337”,”type”:”Grid”},{“attributes”:{},”id”:”1341”,”type”:”SaveTool”},{“attributes”:{“data_source”:{“id”:”1351”,”type”:”ColumnDataSource”},”glyph”:{“id”:”1352”,”type”:”Line”},”hover_glyph”:null,”muted_glyph”:null,”nonselection_glyph”:{“id”:”1353”,”type”:”Line”},”selection_glyph”:null,”view”:{“id”:”1355”,”type”:”CDSView”}},”id”:”1354”,”type”:”GlyphRenderer”},{“attributes”:{},”id”:”1324”,”type”:”LinearScale”},{“attributes”:{},”id”:”1386”,”type”:”BasicTickFormatter”},{“attributes”:{“ticker”:{“id”:”1329”,”type”:”BasicTicker”}},”id”:”1332”,”type”:”Grid”},{“attributes”:{},”id”:”1342”,”type”:”ResetTool”},{“attributes”:{},”id”:”1338”,”type”:”PanTool”},{“attributes”:{},”id”:”1389”,”type”:”Selection”},{“attributes”:{“callback”:null},”id”:”1322”,”type”:”DataRange1d”},{“attributes”:{“overlay”:{“id”:”1387”,”type”:”BoxAnnotation”}},”id”:”1340”,”type”:”BoxZoomTool”},{“attributes”:{“line_alpha”:0.1,”line_color”:”#1f77b4”,”x”:{“field”:”x”},”y”:{“field”:”y”}},”id”:”1353”,”type”:”Line”},{“attributes”:{},”id”:”1326”,”type”:”LinearScale”},{“attributes”:{“axis_label”:”Sample Index”,”formatter”:{“id”:”1386”,”type”:”BasicTickFormatter”},”ticker”:{“id”:”1329”,”type”:”BasicTicker”}},”id”:”1328”,”type”:”LinearAxis”},{“attributes”:{“bottom_units”:”screen”,”fill_alpha”:{“value”:0.5},”fill_color”:{“value”:”lightgrey”},”left_units”:”screen”,”level”:”overlay”,”line_alpha”:{“value”:1.0},”line_color”:{“value”:”black”},”line_dash”:[4,4],”line_width”:{“value”:2},”render_mode”:”css”,”right_units”:”screen”,”top_units”:”screen”},”id”:”1387”,”type”:”BoxAnnotation”},{“attributes”:{},”id”:”1343”,”type”:”HelpTool”},{“attributes”:{},”id”:”1339”,”type”:”WheelZoomTool”},{“attributes”:{“axis_label”:”Voltage (volt)”,”formatter”:{“id”:”1384”,”type”:”BasicTickFormatter”},”ticker”:{“id”:”1334”,”type”:”BasicTicker”}},”id”:”1333”,”type”:”LinearAxis”},{“attributes”:{},”id”:”1329”,”type”:”BasicTicker”},{“attributes”:{},”id”:”1384”,”type”:”BasicTickFormatter”},{“attributes”:{},”id”:”1334”,”type”:”BasicTicker”},{“attributes”:{},”id”:”1388”,”type”:”UnionRenderers”},{“attributes”:{“text”:””},”id”:”1381”,”type”:”Title”},{“attributes”:{“callback”:null},”id”:”1320”,”type”:”DataRange1d”},{“attributes”:{“source”:{“id”:”1351”,”type”:”ColumnDataSource”}},”id”:”1355”,”type”:”CDSView”}],”root_ids”:[“1319”]},”title”:”Bokeh Application”,”version”:”1.4.0”}};n”,
”  var render_items = [{“docid”:”8b1ffd05-78a0-4eb6-bad3-39c2f8489134”,”roots”:{“1319”:”d30bd158-7d4b-4f60-b181-dc283cdae9ac”}}];n”,
”  root.Bokeh.embed.embed_items_notebook(docs_json, render_items);n”,
“n”,
”  }n”,
”  if (root.Bokeh !== undefined) {n”,
”    embed_document(root);n”,
”  } else {n”,
”    var attempts = 0;n”,
”    var timer = setInterval(function(root) {n”,
”      if (root.Bokeh !== undefined) {n”,
”        clearInterval(timer);n”,
”        embed_document(root);n”,
”      } else {n”,
”        attempts++;n”,
”        if (attempts > 100) {n”,
”          clearInterval(timer);n”,
”          console.log(“Bokeh: ERROR: Unable to run BokehJS code because BokehJS library is missing”);n”,
”        }n”,
”      }n”,
”    }, 10, root)n”,
”  }n”,
“})(window);”





],
“application/vnd.bokehjs_exec.v0+json”: “”





},
“metadata”: {



	“application/vnd.bokehjs_exec.v0+json”: {

	“id”: “1319”





}




},
“output_type”: “display_data”




}




],
“source”: [


“signal = first_segment_entity.get_segment_in_range(segment_id = 0, flat = True)n”,
“n”,
“print(signal[0])n”,
“print(signal[1])n”,
“n”,
“bokeh.io.output_notebook()  # see comment for bokeh module in “Requirements” sectionn”,
“bfig = bokeh.plotting.figure(plot_width=900, plot_height=400)n”,
“bfig.line(list(range(len(data))),data, alpha=0.8)n”,
“bfig.xaxis.axis_label = ‘Sample Index’n”,
“bfig.yaxis.axis_label = ‘Voltage (%s)’ % signal1[1]n”,
“bfig.ygrid.minor_grid_line_color = ‘navy’n”,
“bfig.ygrid.minor_grid_line_alpha = 0.1n”,
“bokeh.plotting.show(bfig)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“As you can see the above steps are rather complicated. Therefore custom functions have been already implemented in McsPy to make your life easier: n”,
“n”,
“get_segment_in_range() n”,
“n”,
“andn”,
“n”,
“get_segment_sample_timestamps()n”,
“n”,
“n”,
“With this built-in function one can select ranges of these segments included in the SegmentEntities. n”,
“n”,
“If you want to plot the included data to quickly visualize it you need two things:n”,
“n”,
“1. the signal itselfn”,
“2. the corresponding timestampn”,
“n”,
“For this we can use get_segment_in_range() and get_segment_sample_timestamps(). Arguments that can be passed are:n”,
“n”,
“- segment_id: Id of the SegmentData within the Entity that will be analyzedn”,
“- flat: False will leave data dimensions unchanged, True will convert data into a one-dimensional vector of the sequentially ordered segmentsn”,
“- idx_start: Index of the first segment that should be returned. If left unspecified will be first possible index.n”,
“- idx_end: Index of the last segment that should be returned If left unspecified will be last possible index.n”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“The parameter flat needs to be set to True, so the data is flattened into a one-dimensional array and matplotlib’s plot function can handle it.n”,
“n”,
“Overlaying data from all segments might look like this:”




]




},
{


“cell_type”: “code”,
“execution_count”: 75,
“metadata”: {},
“outputs”: [



	{

	
	“data”: {

	
	“text/html”: [

	“n”,
”    <div class=”bk-root”>n”,
”        <a href=”https://bokeh.org” target=”_blank” class=”bk-logo bk-logo-small bk-logo-notebook”></a>n”,
”        <span id=”5285”>Loading BokehJS …</span>n”,
”    </div>”





]





},
“metadata”: {},
“output_type”: “display_data”





},
{



	“data”: {

	
	“application/javascript”: [

	“n”,
“(function(root) {n”,
”  function now() {n”,
”    return new Date();n”,
”  }n”,
“n”,
”  var force = true;n”,
“n”,
”  if (typeof root._bokeh_onload_callbacks === “undefined” || force === true) {n”,
”    root._bokeh_onload_callbacks = [];n”,
”    root._bokeh_is_loading = undefined;n”,
”  }n”,
“n”,
”  var JS_MIME_TYPE = ‘application/javascript’;n”,
”  var HTML_MIME_TYPE = ‘text/html’;n”,
”  var EXEC_MIME_TYPE = ‘application/vnd.bokehjs_exec.v0+json’;n”,
”  var CLASS_NAME = ‘output_bokeh rendered_html’;n”,
“n”,
”  /n”,
”   * Render data to the DOM noden”,
”   */n”,
”  function render(props, node) {n”,
”    var script = document.createElement(“script”);n”,
”    node.appendChild(script);n”,
”  }n”,
“n”,
”  /n”,
”   * Handle when an output is cleared or removedn”,
”   /n”,
”  function handleClearOutput(event, handle) {n”,
”    var cell = handle.cell;n”,
“n”,
”    var id = cell.output_area._bokeh_element_id;n”,
”    var server_id = cell.output_area._bokeh_server_id;n”,
”    // Clean up Bokeh referencesn”,
”    if (id != null && id in Bokeh.index) {n”,
”      Bokeh.index[id].model.document.clear();n”,
”      delete Bokeh.index[id];n”,
”    }n”,
“n”,
”    if (server_id !== undefined) {n”,
”      // Clean up Bokeh referencesn”,
”      var cmd = “from bokeh.io.state import curstate; print(curstate().uuid_to_server[’” + server_id + “’].get_sessions()[0].document.roots[0]._id)”;n”,
”      cell.notebook.kernel.execute(cmd, {n”,
”        iopub: {n”,
”          output: function(msg) {n”,
”            var id = msg.content.text.trim();n”,
”            if (id in Bokeh.index) {n”,
”              Bokeh.index[id].model.document.clear();n”,
”              delete Bokeh.index[id];n”,
”            }n”,
”          }n”,
”        }n”,
”      });n”,
”      // Destroy server and sessionn”,
”      var cmd = “import bokeh.io.notebook as ion; ion.destroy_server(’” + server_id + “’)”;n”,
”      cell.notebook.kernel.execute(cmd);n”,
”    }n”,
”  }n”,
“n”,
”  /*n”,
”   * Handle when a new output is addedn”,
”   /n”,
”  function handleAddOutput(event, handle) {n”,
”    var output_area = handle.output_area;n”,
”    var output = handle.output;n”,
“n”,
”    // limit handleAddOutput to display_data with EXEC_MIME_TYPE content onlyn”,
”    if ((output.output_type != “display_data”) || (!output.data.hasOwnProperty(EXEC_MIME_TYPE))) {n”,
”      returnn”,
”    }n”,
“n”,
”    var toinsert = output_area.element.find(“.” + CLASS_NAME.split(’ ‘)[0]);n”,
“n”,
”    if (output.metadata[EXEC_MIME_TYPE][“id”] !== undefined) {n”,
”      toinsert[toinsert.length - 1].firstChild.textContent = output.data[JS_MIME_TYPE];n”,
”      // store reference to embed id on output_arean”,
”      output_area._bokeh_element_id = output.metadata[EXEC_MIME_TYPE][“id”];n”,
”    }n”,
”    if (output.metadata[EXEC_MIME_TYPE][“server_id”] !== undefined) {n”,
”      var bk_div = document.createElement(“div”);n”,
”      bk_div.innerHTML = output.data[HTML_MIME_TYPE];n”,
”      var script_attrs = bk_div.children[0].attributes;n”,
”      for (var i = 0; i < script_attrs.length; i++) {n”,
”        toinsert[toinsert.length - 1].firstChild.setAttribute(script_attrs[i].name, script_attrs[i].value);n”,
”      }n”,
”      // store reference to server id on output_arean”,
”      output_area._bokeh_server_id = output.metadata[EXEC_MIME_TYPE][“server_id”];n”,
”    }n”,
”  }n”,
“n”,
”  function register_renderer(events, OutputArea) {n”,
“n”,
”    function append_mime(data, metadata, element) {n”,
”      // create a DOM node to render ton”,
”      var toinsert = this.create_output_subarea(n”,
”        metadata,n”,
”        CLASS_NAME,n”,
”        EXEC_MIME_TYPEn”,
”      );n”,
”      this.keyboard_manager.register_events(toinsert);n”,
”      // Render to noden”,
”      var props = {data: data, metadata: metadata[EXEC_MIME_TYPE]};n”,
”      render(props, toinsert[toinsert.length - 1]);n”,
”      element.append(toinsert);n”,
”      return toinsertn”,
”    }n”,
“n”,
”    / Handle when an output is cleared or removed /n”,
”    events.on(‘clear_output.CodeCell’, handleClearOutput);n”,
”    events.on(‘delete.Cell’, handleClearOutput);n”,
“n”,
”    / Handle when a new output is added /n”,
”    events.on(‘output_added.OutputArea’, handleAddOutput);n”,
“n”,
”    /*n”,
”     * Register the mime type and append_mime function with output_arean”,
”     /n”,
”    OutputArea.prototype.register_mime_type(EXEC_MIME_TYPE, append_mime, {n”,
”      / Is output safe? /n”,
”      safe: true,n”,
”      / Index of renderer in output_area.display_order */n”,
”      index: 0n”,
”    });n”,
”  }n”,
“n”,
”  // register the mime type if in Jupyter Notebook environment and previously unregisteredn”,
”  if (root.Jupyter !== undefined) {n”,
”    var events = require(‘base/js/events’);n”,
”    var OutputArea = require(‘notebook/js/outputarea’).OutputArea;n”,
“n”,
”    if (OutputArea.prototype.mime_types().indexOf(EXEC_MIME_TYPE) == -1) {n”,
”      register_renderer(events, OutputArea);n”,
”    }n”,
”  }n”,
“n”,
”  n”,
”  if (typeof (root._bokeh_timeout) === “undefined” || force === true) {n”,
”    root._bokeh_timeout = Date.now() + 5000;n”,
”    root._bokeh_failed_load = false;n”,
”  }n”,
“n”,
”  var NB_LOAD_WARNING = {‘data’: {‘text/html’:n”,
”     “<div style=’background-color: #fdd’>\n”+n”,
”     “<p>\n”+n”,
”     “BokehJS does not appear to have successfully loaded. If loading BokehJS from CDN, this \n”+n”,
”     “may be due to a slow or bad network connection. Possible fixes:\n”+n”,
”     “</p>\n”+n”,
”     “<ul>\n”+n”,
”     “<li>re-rerun output_notebook() to attempt to load from CDN again, or</li>\n”+n”,
”     “<li>use INLINE resources instead, as so:</li>\n”+n”,
”     “</ul>\n”+n”,
”     “<code>\n”+n”,
”     “from bokeh.resources import INLINE\n”+n”,
”     “output_notebook(resources=INLINE)\n”+n”,
”     “</code>\n”+n”,
”     “</div>”}};n”,
“n”,
”  function display_loaded() {n”,
”    var el = document.getElementById(“5285”);n”,
”    if (el != null) {n”,
”      el.textContent = “BokehJS is loading…”;n”,
”    }n”,
”    if (root.Bokeh !== undefined) {n”,
”      if (el != null) {n”,
”        el.textContent = “BokehJS ” + root.Bokeh.version + ” successfully loaded.”;n”,
”      }n”,
”    } else if (Date.now() < root._bokeh_timeout) {n”,
”      setTimeout(display_loaded, 100)n”,
”    }n”,
”  }n”,
“n”,
“n”,
”  function run_callbacks() {n”,
”    try {n”,
”      root._bokeh_onload_callbacks.forEach(function(callback) {n”,
”        if (callback != null)n”,
”          callback();n”,
”      });n”,
”    } finally {n”,
”      delete root._bokeh_onload_callbacksn”,
”    }n”,
”    console.debug(“Bokeh: all callbacks have finished”);n”,
”  }n”,
“n”,
”  function load_libs(css_urls, js_urls, callback) {n”,
”    if (css_urls == null) css_urls = [];n”,
”    if (js_urls == null) js_urls = [];n”,
“n”,
”    root._bokeh_onload_callbacks.push(callback);n”,
”    if (root._bokeh_is_loading > 0) {n”,
”      console.debug(“Bokeh: BokehJS is being loaded, scheduling callback at”, now());n”,
”      return null;n”,
”    }n”,
”    if (js_urls == null || js_urls.length === 0) {n”,
”      run_callbacks();n”,
”      return null;n”,
”    }n”,
”    console.debug(“Bokeh: BokehJS not loaded, scheduling load and callback at”, now());n”,
”    root._bokeh_is_loading = css_urls.length + js_urls.length;n”,
“n”,
”    function on_load() {n”,
”      root._bokeh_is_loading–;n”,
”      if (root._bokeh_is_loading === 0) {n”,
”        console.debug(“Bokeh: all BokehJS libraries/stylesheets loaded”);n”,
”        run_callbacks()n”,
”      }n”,
”    }n”,
“n”,
”    function on_error() {n”,
”      console.error(“failed to load ” + url);n”,
”    }n”,
“n”,
”    for (var i = 0; i < css_urls.length; i++) {n”,
”      var url = css_urls[i];n”,
”      const element = document.createElement(“link”);n”,
”      element.onload = on_load;n”,
”      element.onerror = on_error;n”,
”      element.rel = “stylesheet”;n”,
”      element.type = “text/css”;n”,
”      element.href = url;n”,
”      console.debug(“Bokeh: injecting link tag for BokehJS stylesheet: “, url);n”,
”      document.body.appendChild(element);n”,
”    }n”,
“n”,
”    for (var i = 0; i < js_urls.length; i++) {n”,
”      var url = js_urls[i];n”,
”      var element = document.createElement(‘script’);n”,
”      element.onload = on_load;n”,
”      element.onerror = on_error;n”,
”      element.async = false;n”,
”      element.src = url;n”,
”      console.debug(“Bokeh: injecting script tag for BokehJS library: “, url);n”,
”      document.head.appendChild(element);n”,
”    }n”,
”  };var element = document.getElementById(“5285”);n”,
”  if (element == null) {n”,
”    console.error(“Bokeh: ERROR: autoload.js configured with elementid ‘5285’ but no matching script tag was found. “)n”,
”    return false;n”,
”  }n”,
“n”,
”  function inject_raw_css(css) {n”,
”    const element = document.createElement(“style”);n”,
”    element.appendChild(document.createTextNode(css));n”,
”    document.body.appendChild(element);n”,
”  }n”,
“n”,
”  n”,
”  var js_urls = [”https://cdn.pydata.org/bokeh/release/bokeh-1.4.0.min.js”, “https://cdn.pydata.org/bokeh/release/bokeh-widgets-1.4.0.min.js”, “https://cdn.pydata.org/bokeh/release/bokeh-tables-1.4.0.min.js”, “https://cdn.pydata.org/bokeh/release/bokeh-gl-1.4.0.min.js”];n”,
”  var css_urls = [];n”,
”  n”,
“n”,
”  var inline_js = [n”,
”    function(Bokeh) {n”,
”      Bokeh.set_log_level(“info”);n”,
”    },n”,
”    function(Bokeh) {n”,
”    n”,
”    n”,
”    }n”,
”  ];n”,
“n”,
”  function run_inline_js() {n”,
”    n”,
”    if (root.Bokeh !== undefined || force === true) {n”,
”      n”,
”    for (var i = 0; i < inline_js.length; i++) {n”,
”      inline_js[i].call(root, root.Bokeh);n”,
”    }n”,
”    if (force === true) {n”,
”        display_loaded();n”,
”      }} else if (Date.now() < root._bokeh_timeout) {n”,
”      setTimeout(run_inline_js, 100);n”,
”    } else if (!root._bokeh_failed_load) {n”,
”      console.log(“Bokeh: BokehJS failed to load within specified timeout.”);n”,
”      root._bokeh_failed_load = true;n”,
”    } else if (force !== true) {n”,
”      var cell = $(document.getElementById(“5285”)).parents(‘.cell’).data().cell;n”,
”      cell.output_area.append_execute_result(NB_LOAD_WARNING)n”,
”    }n”,
“n”,
”  }n”,
“n”,
”  if (root._bokeh_is_loading === 0) {n”,
”    console.debug(“Bokeh: BokehJS loaded, going straight to plotting”);n”,
”    run_inline_js();n”,
”  } else {n”,
”    load_libs(css_urls, js_urls, function() {n”,
”      console.debug(“Bokeh: BokehJS plotting callback run at”, now());n”,
”      run_inline_js();n”,
”    });n”,
”  }n”,
“}(window));”





],
“application/vnd.bokehjs_load.v0+json”: “n(function(root) {n  function now() {n    return new Date();n  }nn  var force = true;nn  if (typeof root._bokeh_onload_callbacks === “undefined” || force === true) {n    root._bokeh_onload_callbacks = [];n    root._bokeh_is_loading = undefined;n  }nn  nn  n  if (typeof (root._bokeh_timeout) === “undefined” || force === true) {n    root._bokeh_timeout = Date.now() + 5000;n    root._bokeh_failed_load = false;n  }nn  var NB_LOAD_WARNING = {‘data’: {‘text/html’:n     “<div style=’background-color: #fdd’>\n”+n     “<p>\n”+n     “BokehJS does not appear to have successfully loaded. If loading BokehJS from CDN, this \n”+n     “may be due to a slow or bad network connection. Possible fixes:\n”+n     “</p>\n”+n     “<ul>\n”+n     “<li>re-rerun output_notebook() to attempt to load from CDN again, or</li>\n”+n     “<li>use INLINE resources instead, as so:</li>\n”+n     “</ul>\n”+n     “<code>\n”+n     “from bokeh.resources import INLINE\n”+n     “output_notebook(resources=INLINE)\n”+n     “</code>\n”+n     “</div>”}};nn  function display_loaded() {n    var el = document.getElementById(“5285”);n    if (el != null) {n      el.textContent = “BokehJS is loading…”;n    }n    if (root.Bokeh !== undefined) {n      if (el != null) {n        el.textContent = “BokehJS ” + root.Bokeh.version + ” successfully loaded.”;n      }n    } else if (Date.now() < root._bokeh_timeout) {n      setTimeout(display_loaded, 100)n    }n  }nnn  function run_callbacks() {n    try {n      root._bokeh_onload_callbacks.forEach(function(callback) {n        if (callback != null)n          callback();n      });n    } finally {n      delete root._bokeh_onload_callbacksn    }n    console.debug(“Bokeh: all callbacks have finished”);n  }nn  function load_libs(css_urls, js_urls, callback) {n    if (css_urls == null) css_urls = [];n    if (js_urls == null) js_urls = [];nn    root._bokeh_onload_callbacks.push(callback);n    if (root._bokeh_is_loading > 0) {n      console.debug(“Bokeh: BokehJS is being loaded, scheduling callback at”, now());n      return null;n    }n    if (js_urls == null || js_urls.length === 0) {n      run_callbacks();n      return null;n    }n    console.debug(“Bokeh: BokehJS not loaded, scheduling load and callback at”, now());n    root._bokeh_is_loading = css_urls.length + js_urls.length;nn    function on_load() {n      root._bokeh_is_loading–;n      if (root._bokeh_is_loading === 0) {n        console.debug(“Bokeh: all BokehJS libraries/stylesheets loaded”);n        run_callbacks()n      }n    }nn    function on_error() {n      console.error(“failed to load ” + url);n    }nn    for (var i = 0; i < css_urls.length; i++) {n      var url = css_urls[i];n      const element = document.createElement(“link”);n      element.onload = on_load;n      element.onerror = on_error;n      element.rel = “stylesheet”;n      element.type = “text/css”;n      element.href = url;n      console.debug(“Bokeh: injecting link tag for BokehJS stylesheet: “, url);n      document.body.appendChild(element);n    }nn    for (var i = 0; i < js_urls.length; i++) {n      var url = js_urls[i];n      var element = document.createElement(‘script’);n      element.onload = on_load;n      element.onerror = on_error;n      element.async = false;n      element.src = url;n      console.debug(“Bokeh: injecting script tag for BokehJS library: “, url);n      document.head.appendChild(element);n    }n  };var element = document.getElementById(“5285”);n  if (element == null) {n    console.error(“Bokeh: ERROR: autoload.js configured with elementid ‘5285’ but no matching script tag was found. “)n    return false;n  }nn  function inject_raw_css(css) {n    const element = document.createElement(“style”);n    element.appendChild(document.createTextNode(css));n    document.body.appendChild(element);n  }nn  n  var js_urls = [”https://cdn.pydata.org/bokeh/release/bokeh-1.4.0.min.js”, “https://cdn.pydata.org/bokeh/release/bokeh-widgets-1.4.0.min.js”, “https://cdn.pydata.org/bokeh/release/bokeh-tables-1.4.0.min.js”, “https://cdn.pydata.org/bokeh/release/bokeh-gl-1.4.0.min.js”];n  var css_urls = [];n  nn  var inline_js = [n    function(Bokeh) {n      Bokeh.set_log_level(“info”);n    },n    function(Bokeh) {n    n    n    }n  ];nn  function run_inline_js() {n    n    if (root.Bokeh !== undefined || force === true) {n      n    for (var i = 0; i < inline_js.length; i++) {n      inline_js[i].call(root, root.Bokeh);n    }n    if (force === true) {n        display_loaded();n      }} else if (Date.now() < root._bokeh_timeout) {n      setTimeout(run_inline_js, 100);n    } else if (!root._bokeh_failed_load) {n      console.log(“Bokeh: BokehJS failed to load within specified timeout.”);n      root._bokeh_failed_load = true;n    } else if (force !== true) {n      var cell = $(document.getElementById(“5285”)).parents(‘.cell’).data().cell;n      cell.output_area.append_execute_result(NB_LOAD_WARNING)n    }nn  }nn  if (root._bokeh_is_loading === 0) {n    console.debug(“Bokeh: BokehJS loaded, going straight to plotting”);n    run_inline_js();n  } else {n    load_libs(css_urls, js_urls, function() {n      console.debug(“Bokeh: BokehJS plotting callback run at”, now());n      run_inline_js();n    });n  }n}(window));”





},
“metadata”: {},
“output_type”: “display_data”




},
{



	“data”: {

	
	“text/html”: [

	“n”,
“n”,
“n”,
“n”,
“n”,
“n”,
”  <div class=”bk-root” id=”e15d3465-d043-4ef4-82b0-dcfc8428bc8d” data-root-id=”5286”></div>n”





]





},
“metadata”: {},
“output_type”: “display_data”




},
{



	“data”: {

	
	“application/javascript”: [

	“(function(root) {n”,
”  function embed_document(root) {n”,
”    n”,
”  var docs_json = {“4a29b272-1bd8-4959-838b-f33feacbd651”:{“roots”:{“references”:[{“attributes”:{“below”:[{“id”:”5297”,”type”:”LinearAxis”}],”center”:[{“id”:”5301”,”type”:”Grid”},{“id”:”5306”,”type”:”Grid”}],”left”:[{“id”:”5302”,”type”:”LinearAxis”}],”plot_height”:400,”plot_width”:900,”renderers”:[{“id”:”5323”,”type”:”GlyphRenderer”}],”title”:{“id”:”5287”,”type”:”Title”},”toolbar”:{“id”:”5313”,”type”:”Toolbar”},”x_range”:{“id”:”5289”,”type”:”DataRange1d”},”x_scale”:{“id”:”5293”,”type”:”LinearScale”},”y_range”:{“id”:”5291”,”type”:”DataRange1d”},”y_scale”:{“id”:”5295”,”type”:”LinearScale”}},”id”:”5286”,”subtype”:”Figure”,”type”:”Plot”},{“attributes”:{},”id”:”5293”,”type”:”LinearScale”},{“attributes”:{“bottom_units”:”screen”,”fill_alpha”:{“value”:0.5},”fill_color”:{“value”:”lightgrey”},”left_units”:”screen”,”level”:”overlay”,”line_alpha”:{“value”:1.0},”line_color”:{“value”:”black”},”line_dash”:[4,4],”line_width”:{“value”:2},”render_mode”:”css”,”right_units”:”screen”,”top_units”:”screen”},”id”:”5516”,”type”:”BoxAnnotation”},{“attributes”:{“callback”:null},”id”:”5291”,”type”:”DataRange1d”},{“attributes”:{},”id”:”5298”,”type”:”BasicTicker”},{“attributes”:{“line_alpha”:{“value”:0.8},”line_color”:{“field”:”line_color”},”xs”:{“field”:”xs”},”ys”:{“field”:”ys”}},”id”:”5321”,”type”:”MultiLine”},{“attributes”:{“line_alpha”:{“value”:0.1},”line_color”:{“value”:”#1f77b4”},”xs”:{“field”:”xs”},”ys”:{“field”:”ys”}},”id”:”5322”,”type”:”MultiLine”},{“attributes”:{“active_drag”:”auto”,”active_inspect”:”auto”,”active_multi”:null,”active_scroll”:”auto”,”active_tap”:”auto”,”tools”:[{“id”:”5307”,”type”:”PanTool”},{“id”:”5308”,”type”:”WheelZoomTool”},{“id”:”5309”,”type”:”BoxZoomTool”},{“id”:”5310”,”type”:”SaveTool”},{“id”:”5311”,”type”:”ResetTool”},{“id”:”5312”,”type”:”HelpTool”}]},”id”:”5313”,”type”:”Toolbar”},{“attributes”:{“callback”:null,”data”:{“line_color”:[“#5e4fa2”,”#3288bd”,”#66c2a5”,”#abdda4”,”#e6f598”,”#ffffbf”,”#fee08b”,”#fdae61”],”xs”:[{“__ndarray__”:””,”dtype”:”float64”,”shape”:[52]},{“__ndarray__”:””,”dtype”:”float64”,”shape”:[58]},{“__ndarray__”:””,”dtype”:”float64”,”shape”:[56]},{“__ndarray__”:””,”dtype”:”float64”,”shape”:[58]},{“__ndarray__”:””,”dtype”:”float64”,”shape”:[66]},{“__ndarray__”:””,”dtype”:”float64”,”shape”:[60]},{“__ndarray__”:”kxgEVg4t7j89CtejcD3uP+XQItv5fu4/j8L1KFyP7j8IrBxaZDsIQHJoke18PwhAHFpkO99PCECHFtnO91MIQPUoXI/CdRRAK4cW2c53FEAAAAAAAIAUQDVeukkMghRAdJMYBFaOFECq8dJNYpAUQOf7qfHSzRxAHFpkO9/PHEDx0k1iENgcQCcxCKwc2hxAxCCwcmgRHUD5fmq8dBMdQIcW2c73kyJAokW28/2UIkDx0k1iEJgiQAwCK4cWmSJAke18PzWeIkCsHFpkO58iQAAAAAAAwCZAGi/dJAbBJkCF61G4HsUmQJ8aL90kxiZAeOkmMQjsKkCTGARWDu0qQP7UeOkm8SpAGARWDi3yKkCDwMqhRfYqQJ3vp8ZL9ypA8dJNYhAYL0AMAiuHFhkvQHa+nxovHS9Ake18PzUeL0Bg5dAi2zkvQHoUrkfhOi9ANV66SQyiMUDC9Shcj6IxQPhT46WbpDFAhetRuB6lMUA=”,”dtype”:”float64”,”shape”:[46]},{“__ndarray__”:””,”dtype”:”float64”,”shape”:[52]}],”ys”:[{“__ndarray__”:””,”dtype”:”float64”,”shape”:[52]},{“__ndarray__”:””,”dtype”:”float64”,”shape”:[58]},{“__ndarray__”:””,”dtype”:”float64”,”shape”:[56]},{“__ndarray__”:””,”dtype”:”float64”,”shape”:[58]},{“__ndarray__”:””,”dtype”:”float64”,”shape”:[66]},{“__ndarray__”:””,”dtype”:”float64”,”shape”:[60]},{“__ndarray__”:”rFotC4E3xr++hEwqAc7Iv1PKEGwBRq6/ABz/LgEyqb+sIe1WAYSsv1y+YP3AEdW/I5a9OgEsqr8vUFJgAUytv6xt7fEAHqS/uDpC/oAk1b+bCo4eAdSnv01tRlkBtqy/R1x84QDAgr9HXHzhAMBSP1lz2xkBcJe/A40E4MCg0r/uuJ9bAeicv77QTMUAaLC/1kR2EAGohr9f0KUsAQBpv7uYh8jArNC/X9ClLAEAmb9TFhEHAeCVvxeQKHoBcq+/AGj/yQDMkL9lLXA/AZB6vwAc/y4BMsm/WYabAIFWxb+424F8AaSvv6BnWDEBZKm/oGdYMQFkub+sgK3YgATSvy9QUmABTK2/a4o6UgEgrL/KiuHqAIiDv0dcfOEAwIK/3KFAIwE4qL/60fQCgYjVv+L+CjYByKm/TW1GWQG2rL9TFhEHAeCFv1/QpSwBADm/L5xS+wDmpL/Q56v9ABjVv3eQzxIB2qa/1vh1dQEOr78=”,”dtype”:”float64”,”shape”:[46]},{“__ndarray__”:””,”dtype”:”float64”,”shape”:[52]}]},”selected”:{“id”:”5518”,”type”:”Selection”},”selection_policy”:{“id”:”5517”,”type”:”UnionRenderers”}},”id”:”5320”,”type”:”ColumnDataSource”},{“attributes”:{“ticker”:{“id”:”5298”,”type”:”BasicTicker”}},”id”:”5301”,”type”:”Grid”},{“attributes”:{},”id”:”5517”,”type”:”UnionRenderers”},{“attributes”:{},”id”:”5310”,”type”:”SaveTool”},{“attributes”:{},”id”:”5312”,”type”:”HelpTool”},{“attributes”:{},”id”:”5303”,”type”:”BasicTicker”},{“attributes”:{“data_source”:{“id”:”5320”,”type”:”ColumnDataSource”},”glyph”:{“id”:”5321”,”type”:”MultiLine”},”hover_glyph”:null,”muted_glyph”:null,”nonselection_glyph”:{“id”:”5322”,”type”:”MultiLine”},”selection_glyph”:null,”view”:{“id”:”5324”,”type”:”CDSView”}},”id”:”5323”,”type”:”GlyphRenderer”},{“attributes”:{“axis_label”:”Voltage (volt)”,”formatter”:{“id”:”5513”,”type”:”BasicTickFormatter”},”ticker”:{“id”:”5303”,”type”:”BasicTicker”}},”id”:”5302”,”type”:”LinearAxis”},{“attributes”:{“overlay”:{“id”:”5516”,”type”:”BoxAnnotation”}},”id”:”5309”,”type”:”BoxZoomTool”},{“attributes”:{},”id”:”5295”,”type”:”LinearScale”},{“attributes”:{“source”:{“id”:”5320”,”type”:”ColumnDataSource”}},”id”:”5324”,”type”:”CDSView”},{“attributes”:{},”id”:”5515”,”type”:”BasicTickFormatter”},{“attributes”:{“callback”:null},”id”:”5289”,”type”:”DataRange1d”},{“attributes”:{},”id”:”5308”,”type”:”WheelZoomTool”},{“attributes”:{“axis_label”:”Time (second)”,”formatter”:{“id”:”5515”,”type”:”BasicTickFormatter”},”ticker”:{“id”:”5298”,”type”:”BasicTicker”}},”id”:”5297”,”type”:”LinearAxis”},{“attributes”:{},”id”:”5307”,”type”:”PanTool”},{“attributes”:{},”id”:”5311”,”type”:”ResetTool”},{“attributes”:{“dimension”:1,”minor_grid_line_alpha”:0.1,”minor_grid_line_color”:”navy”,”ticker”:{“id”:”5303”,”type”:”BasicTicker”}},”id”:”5306”,”type”:”Grid”},{“attributes”:{“text”:”Sampled Signal Segments”},”id”:”5287”,”type”:”Title”},{“attributes”:{},”id”:”5518”,”type”:”Selection”},{“attributes”:{},”id”:”5513”,”type”:”BasicTickFormatter”}],”root_ids”:[“5286”]},”title”:”Bokeh Application”,”version”:”1.4.0”}};n”,
”  var render_items = [{“docid”:”4a29b272-1bd8-4959-838b-f33feacbd651”,”roots”:{“5286”:”e15d3465-d043-4ef4-82b0-dcfc8428bc8d”}}];n”,
”  root.Bokeh.embed.embed_items_notebook(docs_json, render_items);n”,
“n”,
”  }n”,
”  if (root.Bokeh !== undefined) {n”,
”    embed_document(root);n”,
”  } else {n”,
”    var attempts = 0;n”,
”    var timer = setInterval(function(root) {n”,
”      if (root.Bokeh !== undefined) {n”,
”        clearInterval(timer);n”,
”        embed_document(root);n”,
”      } else {n”,
”        attempts++;n”,
”        if (attempts > 100) {n”,
”          clearInterval(timer);n”,
”          console.log(“Bokeh: ERROR: Unable to run BokehJS code because BokehJS library is missing”);n”,
”        }n”,
”      }n”,
”    }, 10, root)n”,
”  }n”,
“})(window);”





],
“application/vnd.bokehjs_exec.v0+json”: “”





},
“metadata”: {



	“application/vnd.bokehjs_exec.v0+json”: {

	“id”: “5286”





}




},
“output_type”: “display_data”




}




],
“source”: [


“bokeh.io.output_notebook()n”,
“n”,
“signal_ts = first_segment_entity.get_segment_sample_timestamps(segment_id = 0, flat = True)n”,
“n”,
“factor = ureg.convert(1, str(signal_ts[1]), “second”)n”,
“signal_ts_second = signal_ts[0] * factorn”,
“segments = [segment_raw_data.recordings[0].segment_streams[0].segment_entity[i].get_segment_in_range(segment_id = 0, flat = True)[0] for i in segment_raw_data.recordings[0].segment_streams[0].segment_entity.keys()]n”,
“timestamps = [segment_raw_data.recordings[0].segment_streams[0].segment_entity[i].get_segment_sample_timestamps(segment_id = 0, flat = True)[0]*factor for i in segment_raw_data.recordings[0].segment_streams[0].segment_entity.keys()]n”,
“# Bokeh-Plotn”,
“palette=Spectral11[0:len(segments)]n”,
“bfig = bokeh.plotting.figure(plot_width=900, plot_height=400, title=’Sampled Signal Segments’)n”,
“bfig.multi_line(n”,
”    xs = timestamps,n”,
”    ys = segments,n”,
”    line_color=palette,n”,
”    alpha = 0.8n”,
“)n”,
“#bfig.line(signal_ts_second, segment_raw_data.recordings[0].segment_streams[0].segment_entity[i].get_segment_in_range(segment_id = 0, flat = True)[0], alpha=0.8)n”,
“bfig.xaxis.axis_label = ‘Time (%s)’ % ureg.sn”,
“bfig.yaxis.axis_label = ‘Voltage (%s)’ % signal1[1]n”,
“bfig.ygrid.minor_grid_line_color = ‘navy’n”,
“bfig.ygrid.minor_grid_line_alpha = 0.1n”,
“bokeh.plotting.show(bfig)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“#### Subtype: Averages <a id=’SA’></a>n”,
“n”,
“Averages are a convenient built-in way to get precalculated values for mean and standard deviation of a collection of predefined sensors/timeframes.n”,
“n”,
“Calling DataStreamInfo.py on AverageEvent.h5 reveals its contentn”,
“n”,
”    Date                 Program           Versionn”,
”    ——————-  —————-  ———n”,
”    2015-04-02 16:04:26  Multiwell-Screen  1.2.1.0n”,
“n”,
”    Type     Stream                              # chn”,
”    ——-  ———————————-  ——n”,
”    Event    Experiment State Changes_00 Atriumn”,
”    Event    Applied Dilution Series_00 Atriumn”,
”    Segment  Averages_00 Atriumn”,
”    n”,
“The file has three Streams: Two EventStreams which, in this case, hold information about state changes of the experiment aswell as applied dilutions and one AverageStream, in this case holding data from an experiment mith cardiac muscel cells. n”,
“n”,
“Data access looks like this:”




]




},
{


“cell_type”: “code”,
“execution_count”: 77,
“metadata”: {},
“outputs”: [],
“source”: [


“average_raw_data = McsPy.McsData.RawData(os.path.join(test_data_folder, “20150402_00 Atrium_002.h5”))”




]




},
{


“cell_type”: “code”,
“execution_count”: 78,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“Recording_0 <HDF5 group “/Data/Recording_0” (2 members)>n”,
“Stream_0 <HDF5 group “/Data/Recording_0/SegmentStream/Stream_0” (24 members)>n”,
“AverageData_18 <HDF5 dataset “AverageData_18”: shape (2, 5100, 8), type “<i4”>n”,
“AverageData_19 <HDF5 dataset “AverageData_19”: shape (2, 5100, 8), type “<i4”>n”,
“AverageData_21 <HDF5 dataset “AverageData_21”: shape (2, 5100, 9), type “<i4”>n”,
“AverageData_30 <HDF5 dataset “AverageData_30”: shape (2, 5100, 9), type “<i4”>n”,
“AverageData_31 <HDF5 dataset “AverageData_31”: shape (2, 5100, 9), type “<i4”>n”,
“AverageData_33 <HDF5 dataset “AverageData_33”: shape (2, 5100, 7), type “<i4”>n”,
“AverageData_38 <HDF5 dataset “AverageData_38”: shape (2, 5100, 6), type “<i4”>n”,
“AverageData_40 <HDF5 dataset “AverageData_40”: shape (2, 5100, 6), type “<i4”>n”,
“AverageData_42 <HDF5 dataset “AverageData_42”: shape (2, 5100, 8), type “<i4”>n”,
“AverageData_43 <HDF5 dataset “AverageData_43”: shape (2, 5100, 8), type “<i4”>n”,
“AverageData_45 <HDF5 dataset “AverageData_45”: shape (2, 5100, 9), type “<i4”>n”,
“AverageData_Range_18 <HDF5 dataset “AverageData_Range_18”: shape (3, 8), type “<i8”>n”,
“AverageData_Range_19 <HDF5 dataset “AverageData_Range_19”: shape (3, 8), type “<i8”>n”,
“AverageData_Range_21 <HDF5 dataset “AverageData_Range_21”: shape (3, 9), type “<i8”>n”,
“AverageData_Range_30 <HDF5 dataset “AverageData_Range_30”: shape (3, 9), type “<i8”>n”,
“AverageData_Range_31 <HDF5 dataset “AverageData_Range_31”: shape (3, 9), type “<i8”>n”,
“AverageData_Range_33 <HDF5 dataset “AverageData_Range_33”: shape (3, 7), type “<i8”>n”,
“AverageData_Range_38 <HDF5 dataset “AverageData_Range_38”: shape (3, 6), type “<i8”>n”,
“AverageData_Range_40 <HDF5 dataset “AverageData_Range_40”: shape (3, 6), type “<i8”>n”,
“AverageData_Range_42 <HDF5 dataset “AverageData_Range_42”: shape (3, 8), type “<i8”>n”,
“AverageData_Range_43 <HDF5 dataset “AverageData_Range_43”: shape (3, 8), type “<i8”>n”,
“AverageData_Range_45 <HDF5 dataset “AverageData_Range_45”: shape (3, 9), type “<i8”>n”,
“InfoSegment <HDF5 dataset “InfoSegment”: shape (288,), type “|V48”>n”,
“SourceInfoChannel <HDF5 dataset “SourceInfoChannel”: shape (288,), type “|V100”>n”




]





}




],
“source”: [


“average_data = average_raw_data.recordings[0].segment_streams[0]”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“As you can see the the entities are not consecutively numbered by id and not consecutively by index. To be able to iterate over all entities of the stream we have to get a list of indices.n”,
“n”,
“By looking at how McsData.py accesses the HDF5 file we know that upon initialization of the stream a dictionary is created with IDs and values. With pythons .keys() we can create a list of all entity IDs.”




]




},
{


“cell_type”: “code”,
“execution_count”: 79,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“[18, 19, 21, 30, 31, 33, 38, 40, 42, 43, 45]n”




]





}




],
“source”: [


“id_list = average_data.segment_entity.keys()n”,
“n”,
“id_list = sorted(id_list)n”,
“n”,
“print(id_list)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“Just like addressing FrameStreamEntities instead of an index we need to provide the ID of the entity, in this case one of the electrodes within a single well, we want to analyze. Let’s pick 31 from the index_list we just generated.”




]




},
{


“cell_type”: “code”,
“execution_count”: 80,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“<HDF5 dataset “AverageData_31”: shape (2, 5100, 9), type “<i4”>n”




]





}




],
“source”: [


“average_data_31 = average_raw_data.recordings[0].segment_streams[0].segment_entity[31].datan”,
“n”,
“print(average_data_31)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“When looking at the data with HDFView 2.11 we see how the data is arranged within the file. It has 2 rows, row 0 holds the mean values and row 2 holds the values for standard deviation, 5100 columns representing time points of measurement, and 9 sheets, in this case representing different treatments.”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“So to get the mean values (index 0), all of them (index 0 to index 5100) of the first treatment (index 0) and plot these:”




]




},
{


“cell_type”: “code”,
“execution_count”: 81,
“metadata”: {},
“outputs”: [



	{

	
	“data”: {

	
	“text/plain”: [

	“<function matplotlib.pyplot.show(*args, **kw)>”





]





},
“execution_count”: 81,
“metadata”: {},
“output_type”: “execute_result”





},
{



	“data”: {

	“image/png”: “”,
“text/plain”: [


“<Figure size 864x432 with 1 Axes>”




]





},
“metadata”: {


“needs_background”: “light”




},
“output_type”: “display_data”




}




],
“source”: [


“plt.figure(figsize=(12,6))n”,
“n”,
“plt.plot(average_data_31[0,0:5100,0])n”,
“n”,
“plt.show”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“Plotting all 9 treatments/sheets could look like this:”




]




},
{


“cell_type”: “code”,
“execution_count”: 84,
“metadata”: {},
“outputs”: [



	{

	
	“data”: {

	
	“text/html”: [

	“n”,
”    <div class=”bk-root”>n”,
”        <a href=”https://bokeh.org” target=”_blank” class=”bk-logo bk-logo-small bk-logo-notebook”></a>n”,
”        <span id=”6747”>Loading BokehJS …</span>n”,
”    </div>”





]





},
“metadata”: {},
“output_type”: “display_data”





},
{



	“data”: {

	
	“application/javascript”: [

	“n”,
“(function(root) {n”,
”  function now() {n”,
”    return new Date();n”,
”  }n”,
“n”,
”  var force = true;n”,
“n”,
”  if (typeof root._bokeh_onload_callbacks === “undefined” || force === true) {n”,
”    root._bokeh_onload_callbacks = [];n”,
”    root._bokeh_is_loading = undefined;n”,
”  }n”,
“n”,
”  var JS_MIME_TYPE = ‘application/javascript’;n”,
”  var HTML_MIME_TYPE = ‘text/html’;n”,
”  var EXEC_MIME_TYPE = ‘application/vnd.bokehjs_exec.v0+json’;n”,
”  var CLASS_NAME = ‘output_bokeh rendered_html’;n”,
“n”,
”  /n”,
”   * Render data to the DOM noden”,
”   */n”,
”  function render(props, node) {n”,
”    var script = document.createElement(“script”);n”,
”    node.appendChild(script);n”,
”  }n”,
“n”,
”  /n”,
”   * Handle when an output is cleared or removedn”,
”   /n”,
”  function handleClearOutput(event, handle) {n”,
”    var cell = handle.cell;n”,
“n”,
”    var id = cell.output_area._bokeh_element_id;n”,
”    var server_id = cell.output_area._bokeh_server_id;n”,
”    // Clean up Bokeh referencesn”,
”    if (id != null && id in Bokeh.index) {n”,
”      Bokeh.index[id].model.document.clear();n”,
”      delete Bokeh.index[id];n”,
”    }n”,
“n”,
”    if (server_id !== undefined) {n”,
”      // Clean up Bokeh referencesn”,
”      var cmd = “from bokeh.io.state import curstate; print(curstate().uuid_to_server[’” + server_id + “’].get_sessions()[0].document.roots[0]._id)”;n”,
”      cell.notebook.kernel.execute(cmd, {n”,
”        iopub: {n”,
”          output: function(msg) {n”,
”            var id = msg.content.text.trim();n”,
”            if (id in Bokeh.index) {n”,
”              Bokeh.index[id].model.document.clear();n”,
”              delete Bokeh.index[id];n”,
”            }n”,
”          }n”,
”        }n”,
”      });n”,
”      // Destroy server and sessionn”,
”      var cmd = “import bokeh.io.notebook as ion; ion.destroy_server(’” + server_id + “’)”;n”,
”      cell.notebook.kernel.execute(cmd);n”,
”    }n”,
”  }n”,
“n”,
”  /*n”,
”   * Handle when a new output is addedn”,
”   /n”,
”  function handleAddOutput(event, handle) {n”,
”    var output_area = handle.output_area;n”,
”    var output = handle.output;n”,
“n”,
”    // limit handleAddOutput to display_data with EXEC_MIME_TYPE content onlyn”,
”    if ((output.output_type != “display_data”) || (!output.data.hasOwnProperty(EXEC_MIME_TYPE))) {n”,
”      returnn”,
”    }n”,
“n”,
”    var toinsert = output_area.element.find(“.” + CLASS_NAME.split(’ ‘)[0]);n”,
“n”,
”    if (output.metadata[EXEC_MIME_TYPE][“id”] !== undefined) {n”,
”      toinsert[toinsert.length - 1].firstChild.textContent = output.data[JS_MIME_TYPE];n”,
”      // store reference to embed id on output_arean”,
”      output_area._bokeh_element_id = output.metadata[EXEC_MIME_TYPE][“id”];n”,
”    }n”,
”    if (output.metadata[EXEC_MIME_TYPE][“server_id”] !== undefined) {n”,
”      var bk_div = document.createElement(“div”);n”,
”      bk_div.innerHTML = output.data[HTML_MIME_TYPE];n”,
”      var script_attrs = bk_div.children[0].attributes;n”,
”      for (var i = 0; i < script_attrs.length; i++) {n”,
”        toinsert[toinsert.length - 1].firstChild.setAttribute(script_attrs[i].name, script_attrs[i].value);n”,
”      }n”,
”      // store reference to server id on output_arean”,
”      output_area._bokeh_server_id = output.metadata[EXEC_MIME_TYPE][“server_id”];n”,
”    }n”,
”  }n”,
“n”,
”  function register_renderer(events, OutputArea) {n”,
“n”,
”    function append_mime(data, metadata, element) {n”,
”      // create a DOM node to render ton”,
”      var toinsert = this.create_output_subarea(n”,
”        metadata,n”,
”        CLASS_NAME,n”,
”        EXEC_MIME_TYPEn”,
”      );n”,
”      this.keyboard_manager.register_events(toinsert);n”,
”      // Render to noden”,
”      var props = {data: data, metadata: metadata[EXEC_MIME_TYPE]};n”,
”      render(props, toinsert[toinsert.length - 1]);n”,
”      element.append(toinsert);n”,
”      return toinsertn”,
”    }n”,
“n”,
”    / Handle when an output is cleared or removed /n”,
”    events.on(‘clear_output.CodeCell’, handleClearOutput);n”,
”    events.on(‘delete.Cell’, handleClearOutput);n”,
“n”,
”    / Handle when a new output is added /n”,
”    events.on(‘output_added.OutputArea’, handleAddOutput);n”,
“n”,
”    /*n”,
”     * Register the mime type and append_mime function with output_arean”,
”     /n”,
”    OutputArea.prototype.register_mime_type(EXEC_MIME_TYPE, append_mime, {n”,
”      / Is output safe? /n”,
”      safe: true,n”,
”      / Index of renderer in output_area.display_order */n”,
”      index: 0n”,
”    });n”,
”  }n”,
“n”,
”  // register the mime type if in Jupyter Notebook environment and previously unregisteredn”,
”  if (root.Jupyter !== undefined) {n”,
”    var events = require(‘base/js/events’);n”,
”    var OutputArea = require(‘notebook/js/outputarea’).OutputArea;n”,
“n”,
”    if (OutputArea.prototype.mime_types().indexOf(EXEC_MIME_TYPE) == -1) {n”,
”      register_renderer(events, OutputArea);n”,
”    }n”,
”  }n”,
“n”,
”  n”,
”  if (typeof (root._bokeh_timeout) === “undefined” || force === true) {n”,
”    root._bokeh_timeout = Date.now() + 5000;n”,
”    root._bokeh_failed_load = false;n”,
”  }n”,
“n”,
”  var NB_LOAD_WARNING = {‘data’: {‘text/html’:n”,
”     “<div style=’background-color: #fdd’>\n”+n”,
”     “<p>\n”+n”,
”     “BokehJS does not appear to have successfully loaded. If loading BokehJS from CDN, this \n”+n”,
”     “may be due to a slow or bad network connection. Possible fixes:\n”+n”,
”     “</p>\n”+n”,
”     “<ul>\n”+n”,
”     “<li>re-rerun output_notebook() to attempt to load from CDN again, or</li>\n”+n”,
”     “<li>use INLINE resources instead, as so:</li>\n”+n”,
”     “</ul>\n”+n”,
”     “<code>\n”+n”,
”     “from bokeh.resources import INLINE\n”+n”,
”     “output_notebook(resources=INLINE)\n”+n”,
”     “</code>\n”+n”,
”     “</div>”}};n”,
“n”,
”  function display_loaded() {n”,
”    var el = document.getElementById(“6747”);n”,
”    if (el != null) {n”,
”      el.textContent = “BokehJS is loading…”;n”,
”    }n”,
”    if (root.Bokeh !== undefined) {n”,
”      if (el != null) {n”,
”        el.textContent = “BokehJS ” + root.Bokeh.version + ” successfully loaded.”;n”,
”      }n”,
”    } else if (Date.now() < root._bokeh_timeout) {n”,
”      setTimeout(display_loaded, 100)n”,
”    }n”,
”  }n”,
“n”,
“n”,
”  function run_callbacks() {n”,
”    try {n”,
”      root._bokeh_onload_callbacks.forEach(function(callback) {n”,
”        if (callback != null)n”,
”          callback();n”,
”      });n”,
”    } finally {n”,
”      delete root._bokeh_onload_callbacksn”,
”    }n”,
”    console.debug(“Bokeh: all callbacks have finished”);n”,
”  }n”,
“n”,
”  function load_libs(css_urls, js_urls, callback) {n”,
”    if (css_urls == null) css_urls = [];n”,
”    if (js_urls == null) js_urls = [];n”,
“n”,
”    root._bokeh_onload_callbacks.push(callback);n”,
”    if (root._bokeh_is_loading > 0) {n”,
”      console.debug(“Bokeh: BokehJS is being loaded, scheduling callback at”, now());n”,
”      return null;n”,
”    }n”,
”    if (js_urls == null || js_urls.length === 0) {n”,
”      run_callbacks();n”,
”      return null;n”,
”    }n”,
”    console.debug(“Bokeh: BokehJS not loaded, scheduling load and callback at”, now());n”,
”    root._bokeh_is_loading = css_urls.length + js_urls.length;n”,
“n”,
”    function on_load() {n”,
”      root._bokeh_is_loading–;n”,
”      if (root._bokeh_is_loading === 0) {n”,
”        console.debug(“Bokeh: all BokehJS libraries/stylesheets loaded”);n”,
”        run_callbacks()n”,
”      }n”,
”    }n”,
“n”,
”    function on_error() {n”,
”      console.error(“failed to load ” + url);n”,
”    }n”,
“n”,
”    for (var i = 0; i < css_urls.length; i++) {n”,
”      var url = css_urls[i];n”,
”      const element = document.createElement(“link”);n”,
”      element.onload = on_load;n”,
”      element.onerror = on_error;n”,
”      element.rel = “stylesheet”;n”,
”      element.type = “text/css”;n”,
”      element.href = url;n”,
”      console.debug(“Bokeh: injecting link tag for BokehJS stylesheet: “, url);n”,
”      document.body.appendChild(element);n”,
”    }n”,
“n”,
”    for (var i = 0; i < js_urls.length; i++) {n”,
”      var url = js_urls[i];n”,
”      var element = document.createElement(‘script’);n”,
”      element.onload = on_load;n”,
”      element.onerror = on_error;n”,
”      element.async = false;n”,
”      element.src = url;n”,
”      console.debug(“Bokeh: injecting script tag for BokehJS library: “, url);n”,
”      document.head.appendChild(element);n”,
”    }n”,
”  };var element = document.getElementById(“6747”);n”,
”  if (element == null) {n”,
”    console.error(“Bokeh: ERROR: autoload.js configured with elementid ‘6747’ but no matching script tag was found. “)n”,
”    return false;n”,
”  }n”,
“n”,
”  function inject_raw_css(css) {n”,
”    const element = document.createElement(“style”);n”,
”    element.appendChild(document.createTextNode(css));n”,
”    document.body.appendChild(element);n”,
”  }n”,
“n”,
”  n”,
”  var js_urls = [”https://cdn.pydata.org/bokeh/release/bokeh-1.4.0.min.js”, “https://cdn.pydata.org/bokeh/release/bokeh-widgets-1.4.0.min.js”, “https://cdn.pydata.org/bokeh/release/bokeh-tables-1.4.0.min.js”, “https://cdn.pydata.org/bokeh/release/bokeh-gl-1.4.0.min.js”];n”,
”  var css_urls = [];n”,
”  n”,
“n”,
”  var inline_js = [n”,
”    function(Bokeh) {n”,
”      Bokeh.set_log_level(“info”);n”,
”    },n”,
”    function(Bokeh) {n”,
”    n”,
”    n”,
”    }n”,
”  ];n”,
“n”,
”  function run_inline_js() {n”,
”    n”,
”    if (root.Bokeh !== undefined || force === true) {n”,
”      n”,
”    for (var i = 0; i < inline_js.length; i++) {n”,
”      inline_js[i].call(root, root.Bokeh);n”,
”    }n”,
”    if (force === true) {n”,
”        display_loaded();n”,
”      }} else if (Date.now() < root._bokeh_timeout) {n”,
”      setTimeout(run_inline_js, 100);n”,
”    } else if (!root._bokeh_failed_load) {n”,
”      console.log(“Bokeh: BokehJS failed to load within specified timeout.”);n”,
”      root._bokeh_failed_load = true;n”,
”    } else if (force !== true) {n”,
”      var cell = $(document.getElementById(“6747”)).parents(‘.cell’).data().cell;n”,
”      cell.output_area.append_execute_result(NB_LOAD_WARNING)n”,
”    }n”,
“n”,
”  }n”,
“n”,
”  if (root._bokeh_is_loading === 0) {n”,
”    console.debug(“Bokeh: BokehJS loaded, going straight to plotting”);n”,
”    run_inline_js();n”,
”  } else {n”,
”    load_libs(css_urls, js_urls, function() {n”,
”      console.debug(“Bokeh: BokehJS plotting callback run at”, now());n”,
”      run_inline_js();n”,
”    });n”,
”  }n”,
“}(window));”





],
“application/vnd.bokehjs_load.v0+json”: “n(function(root) {n  function now() {n    return new Date();n  }nn  var force = true;nn  if (typeof root._bokeh_onload_callbacks === “undefined” || force === true) {n    root._bokeh_onload_callbacks = [];n    root._bokeh_is_loading = undefined;n  }nn  nn  n  if (typeof (root._bokeh_timeout) === “undefined” || force === true) {n    root._bokeh_timeout = Date.now() + 5000;n    root._bokeh_failed_load = false;n  }nn  var NB_LOAD_WARNING = {‘data’: {‘text/html’:n     “<div style=’background-color: #fdd’>\n”+n     “<p>\n”+n     “BokehJS does not appear to have successfully loaded. If loading BokehJS from CDN, this \n”+n     “may be due to a slow or bad network connection. Possible fixes:\n”+n     “</p>\n”+n     “<ul>\n”+n     “<li>re-rerun output_notebook() to attempt to load from CDN again, or</li>\n”+n     “<li>use INLINE resources instead, as so:</li>\n”+n     “</ul>\n”+n     “<code>\n”+n     “from bokeh.resources import INLINE\n”+n     “output_notebook(resources=INLINE)\n”+n     “</code>\n”+n     “</div>”}};nn  function display_loaded() {n    var el = document.getElementById(“6747”);n    if (el != null) {n      el.textContent = “BokehJS is loading…”;n    }n    if (root.Bokeh !== undefined) {n      if (el != null) {n        el.textContent = “BokehJS ” + root.Bokeh.version + ” successfully loaded.”;n      }n    } else if (Date.now() < root._bokeh_timeout) {n      setTimeout(display_loaded, 100)n    }n  }nnn  function run_callbacks() {n    try {n      root._bokeh_onload_callbacks.forEach(function(callback) {n        if (callback != null)n          callback();n      });n    } finally {n      delete root._bokeh_onload_callbacksn    }n    console.debug(“Bokeh: all callbacks have finished”);n  }nn  function load_libs(css_urls, js_urls, callback) {n    if (css_urls == null) css_urls = [];n    if (js_urls == null) js_urls = [];nn    root._bokeh_onload_callbacks.push(callback);n    if (root._bokeh_is_loading > 0) {n      console.debug(“Bokeh: BokehJS is being loaded, scheduling callback at”, now());n      return null;n    }n    if (js_urls == null || js_urls.length === 0) {n      run_callbacks();n      return null;n    }n    console.debug(“Bokeh: BokehJS not loaded, scheduling load and callback at”, now());n    root._bokeh_is_loading = css_urls.length + js_urls.length;nn    function on_load() {n      root._bokeh_is_loading–;n      if (root._bokeh_is_loading === 0) {n        console.debug(“Bokeh: all BokehJS libraries/stylesheets loaded”);n        run_callbacks()n      }n    }nn    function on_error() {n      console.error(“failed to load ” + url);n    }nn    for (var i = 0; i < css_urls.length; i++) {n      var url = css_urls[i];n      const element = document.createElement(“link”);n      element.onload = on_load;n      element.onerror = on_error;n      element.rel = “stylesheet”;n      element.type = “text/css”;n      element.href = url;n      console.debug(“Bokeh: injecting link tag for BokehJS stylesheet: “, url);n      document.body.appendChild(element);n    }nn    for (var i = 0; i < js_urls.length; i++) {n      var url = js_urls[i];n      var element = document.createElement(‘script’);n      element.onload = on_load;n      element.onerror = on_error;n      element.async = false;n      element.src = url;n      console.debug(“Bokeh: injecting script tag for BokehJS library: “, url);n      document.head.appendChild(element);n    }n  };var element = document.getElementById(“6747”);n  if (element == null) {n    console.error(“Bokeh: ERROR: autoload.js configured with elementid ‘6747’ but no matching script tag was found. “)n    return false;n  }nn  function inject_raw_css(css) {n    const element = document.createElement(“style”);n    element.appendChild(document.createTextNode(css));n    document.body.appendChild(element);n  }nn  n  var js_urls = [”https://cdn.pydata.org/bokeh/release/bokeh-1.4.0.min.js”, “https://cdn.pydata.org/bokeh/release/bokeh-widgets-1.4.0.min.js”, “https://cdn.pydata.org/bokeh/release/bokeh-tables-1.4.0.min.js”, “https://cdn.pydata.org/bokeh/release/bokeh-gl-1.4.0.min.js”];n  var css_urls = [];n  nn  var inline_js = [n    function(Bokeh) {n      Bokeh.set_log_level(“info”);n    },n    function(Bokeh) {n    n    n    }n  ];nn  function run_inline_js() {n    n    if (root.Bokeh !== undefined || force === true) {n      n    for (var i = 0; i < inline_js.length; i++) {n      inline_js[i].call(root, root.Bokeh);n    }n    if (force === true) {n        display_loaded();n      }} else if (Date.now() < root._bokeh_timeout) {n      setTimeout(run_inline_js, 100);n    } else if (!root._bokeh_failed_load) {n      console.log(“Bokeh: BokehJS failed to load within specified timeout.”);n      root._bokeh_failed_load = true;n    } else if (force !== true) {n      var cell = $(document.getElementById(“6747”)).parents(‘.cell’).data().cell;n      cell.output_area.append_execute_result(NB_LOAD_WARNING)n    }nn  }nn  if (root._bokeh_is_loading === 0) {n    console.debug(“Bokeh: BokehJS loaded, going straight to plotting”);n    run_inline_js();n  } else {n    load_libs(css_urls, js_urls, function() {n      console.debug(“Bokeh: BokehJS plotting callback run at”, now());n      run_inline_js();n    });n  }n}(window));”





},
“metadata”: {},
“output_type”: “display_data”




},
{



	“data”: {

	
	“text/html”: [

	“n”,
“n”,
“n”,
“n”,
“n”,
“n”,
”  <div class=”bk-root” id=”efc73d14-283e-46c3-883f-c9adba9e8e0c” data-root-id=”6748”></div>n”





]





},
“metadata”: {},
“output_type”: “display_data”




},
{



	“data”: {

	
	“application/javascript”: [

	“(function(root) {n”,
”  function embed_document(root) {n”,
”    n”,
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”  var render_items = [{“docid”:”4c8ef554-1cd5-4e23-a984-c50095a5ea0e”,”roots”:{“6748”:”efc73d14-283e-46c3-883f-c9adba9e8e0c”}}];n”,
”  root.Bokeh.embed.embed_items_notebook(docs_json, render_items);n”,
“n”,
”  }n”,
”  if (root.Bokeh !== undefined) {n”,
”    embed_document(root);n”,
”  } else {n”,
”    var attempts = 0;n”,
”    var timer = setInterval(function(root) {n”,
”      if (root.Bokeh !== undefined) {n”,
”        clearInterval(timer);n”,
”        embed_document(root);n”,
”      } else {n”,
”        attempts++;n”,
”        if (attempts > 100) {n”,
”          clearInterval(timer);n”,
”          console.log(“Bokeh: ERROR: Unable to run BokehJS code because BokehJS library is missing”);n”,
”        }n”,
”      }n”,
”    }, 10, root)n”,
”  }n”,
“})(window);”





],
“application/vnd.bokehjs_exec.v0+json”: “”





},
“metadata”: {



	“application/vnd.bokehjs_exec.v0+json”: {

	“id”: “6748”





}




},
“output_type”: “display_data”




}




],
“source”: [


“bokeh.io.output_notebook()  # see comment for bokeh module in “Requirements” sectionn”,
“bfig = bokeh.plotting.figure(plot_width=900, plot_height=400, title=’All Treatments’)n”,
“for sheet in range(9):n”,
”    bfig.line(# plot line with it’s own colorn”,
”        list(range(average_data_31.shape[1])), n”,
”        average_data_31[0,:5100,sheet],n”,
”        color = Spectral11[sheet], n”,
”        legend_label = “Data_”+str(sheet),n”,
”        line_width = 2,n”,
”        alpha = 0.8n”,
”    )n”,
“bfig.legend.location = “top_right”n”,
“bfig.legend.click_policy =”hide”n”,
“bfig.xaxis.axis_label = ‘Sample Index’n”,
“bfig.yaxis.axis_label = ‘ADC Value’n”,
“bfig.ygrid.minor_grid_line_color = ‘navy’n”,
“bfig.ygrid.minor_grid_line_alpha = 0.1n”,
“bokeh.plotting.show(bfig)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“Plotting the data from all sensors might look like this”




]




},
{


“cell_type”: “code”,
“execution_count”: 85,
“metadata”: {},
“outputs”: [



	{

	
	“data”: {

	“image/png”: “n”,
“text/plain”: [


“<Figure size 1080x720 with 12 Axes>”




]





},
“metadata”: {


“needs_background”: “light”




},
“output_type”: “display_data”





}




],
“source”: [


“# index_list: see aboven”,
“n”,
“fig, ((ax1, ax2, ax3, ax4), (ax5, ax6, ax7, ax8), (ax9, ax10, ax11, ax12)) = plt.subplots(3, 4, sharex=’col’, sharey=’row’)n”,
“fig.set_size_inches(6,6)n”,
“ax_list = [ax1, ax2, ax3, ax4, ax5, ax6, ax7, ax8, ax9, ax10, ax11, ax12]n”,
“n”,
“fig.set_size_inches(15,10)n”,
“n”,
“for i in range(len(ax_list)-1):n”,
”    x = average_raw_data.recordings[0].segment_streams[0].segment_entity[id_list[i]].data.shape[2]n”,
”    color = iter(plt.cm.jet(np.linspace(0,1,x))) # generate as many distinct colors as there are lines that will be plottedn”,
”                                                 # you can replace jet with cool or winter or any other matplotlib colormapn”,
”    for k in range(x):n”,
”            current_average = average_raw_data.recordings[0].segment_streams[0].segment_entity[id_list[i]].data[0,:5100,k]n”,
”            c = next(color)  # select color from custom colormapn”,
”            ax_list[i].plot(current_average, c = c)n”,
”            ax_list[i].set_title(“Index: “+str(id_list[i]))n”,
“plt.show()”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“<a href=’#Top’>Back to index</a>”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“### TimestampStream <a id=’TS’></a>n”,
“n”,
“As you might have noticed some of the plots already accessed the according timestamps. Depending on your settings these may stand for beginnings and/or ends of certain events.n”,
“n”,
“Accessing the data within a TimestampStream is achieved by calling the .get_timestamps() function of a .timestamp_entity within .timestamp_streams:”




]




},
{


“cell_type”: “code”,
“execution_count”: 86,
“metadata”: {},
“outputs”: [],
“source”: [


“timestamps_raw_data = McsPy.McsData.RawData(os.path.join(test_data_folder, ‘2014-07-09T10-17-35W8 Standard all 500 Hz.h5’))”




]




},
{


“cell_type”: “code”,
“execution_count”: 87,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“Recording_0 <HDF5 group “/Data/Recording_0” (4 members)>n”,
“Stream_0 <HDF5 group “/Data/Recording_0/TimeStampStream/Stream_0” (9 members)>n”,
“InfoTimeStamp <HDF5 dataset “InfoTimeStamp”: shape (8,), type “|V44”>n”,
“TimeStampEntity_0 <HDF5 dataset “TimeStampEntity_0”: shape (1, 26), type “<i8”>n”,
“TimeStampEntity_1 <HDF5 dataset “TimeStampEntity_1”: shape (1, 23), type “<i8”>n”,
“TimeStampEntity_2 <HDF5 dataset “TimeStampEntity_2”: shape (1, 30), type “<i8”>n”,
“TimeStampEntity_3 <HDF5 dataset “TimeStampEntity_3”: shape (1, 33), type “<i8”>n”,
“TimeStampEntity_4 <HDF5 dataset “TimeStampEntity_4”: shape (1, 29), type “<i8”>n”,
“TimeStampEntity_5 <HDF5 dataset “TimeStampEntity_5”: shape (1, 28), type “<i8”>n”,
“TimeStampEntity_6 <HDF5 dataset “TimeStampEntity_6”: shape (1, 29), type “<i8”>n”,
“TimeStampEntity_7 <HDF5 dataset “TimeStampEntity_7”: shape (1, 26), type “<i8”>n”,
“n”,
“(array([[  944000,   954000,   964000,  3030000,  3040000,  3052000,n”,
”         3096000,  5104000,  5116000,  5126000,  7204000,  7212000,n”,
”         7226000,  9290000,  9298000, 11376000, 11386000, 11442000,n”,
”        13462000, 13472000, 13528000, 15548000, 15558000, 17634000,n”,
”        17644000, 17686000]], dtype=int64), <Quantity(1e-06, ‘second’)>)n”,
“n”,
“Timestamps:  [  944000   954000   964000  3030000  3040000  3052000  3096000  5104000n”,
”  5116000  5126000  7204000  7212000  7226000  9290000  9298000 11376000n”,
” 11386000 11442000 13462000 13472000 13528000 15548000 15558000 17634000n”,
” 17644000 17686000]n”,
“n”,
“Unit:  1e-06 secondn”




]





}




],
“source”: [


“timestamps = timestamps_raw_data.recordings[0].timestamp_streams[0].timestamp_entity[0].get_timestamps()n”,
“print()n”,
“n”,
“# Array of everything concerning the timestamps of the entityn”,
“print(timestamps)n”,
“print()n”,
“n”,
“# Just the timestampsn”,
“print(“Timestamps: “, timestamps[0][0])n”,
“print()n”,
“n”,
“# The unit the values are inn”,
“print(“Unit: “, timestamps[1])”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“To illustrate how this data might be used for visualization purposes, we can plot these together with some data from the AnalogStream.n”,
“n”,
“We will use the built-in functions .get_channel_in_range() and .get_channel_sample_timestamps()”




]




},
{


“cell_type”: “code”,
“execution_count”: 88,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“[[  944000   954000   964000  3030000  3040000  3052000  3096000  5104000n”,
”   5116000  5126000  7204000  7212000  7226000  9290000  9298000 11376000n”,
”  11386000 11442000 13462000 13472000 13528000 15548000 15558000 17634000n”,
”  17644000 17686000]]n”,
“Time1 (array([      0,    2000,    4000, …, 5996000, 5998000, 6000000],n”,
”      dtype=int64), <Unit(‘microsecond’)>)n”,
“Time2 (array([ 100000,  102000,  104000, …, 6096000, 6098000, 6100000],n”,
”      dtype=int64), <Unit(‘microsecond’)>)n”




]





},
{



	“data”: {

	
	“text/plain”: [

	“Text(0.5, 1.0, “Sampled signal overlay ‘Filter (1) Filter Data’ and ‘Data Acquisition (1) Electrode Raw Data’”)”





]





},
“execution_count”: 88,
“metadata”: {},
“output_type”: “execute_result”




},
{



	“data”: {

	“image/png”: “n”,
“text/plain”: [


“<Figure size 1152x432 with 1 Axes>”




]





},
“metadata”: {


“needs_background”: “light”




},
“output_type”: “display_data”




}




],
“source”: [


“stream1 = event_raw_data.recordings[0].analog_streams[0]n”,
“stream2 = event_raw_data.recordings[0].analog_streams[1]n”,
“channel_id = list(event_raw_data.recordings[0].analog_streams[1].channel_infos.keys())[0]n”,
“timestamps = event_raw_data.recordings[0].timestamp_streams[0].timestamp_entity[0].get_timestamps()[0]n”,
“print(timestamps)n”,
“n”,
“time1 = stream1.get_channel_sample_timestamps(channel_id,0,3000)n”,
“print(“Time1”,time1)n”,
“signal1 = stream1.get_channel_in_range(channel_id,0,3000)n”,
“time2 = stream2.get_channel_sample_timestamps(channel_id,0,3000)n”,
“print(“Time2”,time2)n”,
“signal2 = stream2.get_channel_in_range(channel_id,0,3000)n”,
“n”,
“plt.figure(figsize=(16,6))n”,
“plt.plot(time1[0], signal1[0])n”,
“plt.plot(time2[0], signal2[0])n”,
“max_time = max(time1[0][-1],time2[0][-1])n”,
“n”,
“[plt.axvline(timestamp, color=’r’) for timestamp in timestamps[0,:] if timestamp < max_time]n”,
“n”,
“plt.xlabel(‘Time (%s)’ % time1[1])n”,
“plt.ylabel(‘Voltage (%s)’ % signal1[1])n”,
“plt.title(‘Sampled signal overlay '%s' and '%s'’ % (stream1.label, stream2.label))”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“<a href=’#Top’>Back to index</a>”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“## Info <a id=’I2’></a>n”,
“n”,
“As depicted in the graphical representation of the class structure of the McsData.py module, every stream has an info file associated with it which holds additional information about the data included in the entities of those streams. This additional information can be used for simpler tasks like labeling axes with units stored in the info file or to sort streams according to parameters which are deposited in this kind of file.n”,
“n”,
“Below you find a collection of commands to access the data of the info files.”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“#### Accessing AnalogStream Info:”




]




},
{


“cell_type”: “code”,
“execution_count”: 89,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“{‘ChannelID’: 0, ‘RowIndex’: 0, ‘GroupID’: 0, ‘Label’: ‘E1’, ‘RawDataType’: ‘Int’, ‘Unit’: ‘V’, ‘Exponent’: -9, ‘ADZero’: 0, ‘Tick’: 2000, ‘ConversionFactor’: 381470, ‘HighPassFilterType’: ‘’, ‘HighPassFilterCutOffFrequency’: ‘-1’, ‘HighPassFilterOrder’: -1, ‘LowPassFilterType’: ‘’, ‘LowPassFilterCutOffFrequency’: ‘-1’, ‘LowPassFilterOrder’: -1}n”




]





}




],
“source”: [


“print(channel_raw_data.recordings[0].analog_streams[0].channel_infos[0].info)”




]




},
{


“cell_type”: “code”,
“execution_count”: 90,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“381470n”




]





}




],
“source”: [


“print(channel_raw_data.recordings[0].analog_streams[0].channel_infos[0].info[‘ConversionFactor’])”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“As you can see the data is arranged in a dictionary, so we can get all the keys with .keys()”




]




},
{


“cell_type”: “code”,
“execution_count”: 91,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“dict_keys([‘ChannelID’, ‘RowIndex’, ‘GroupID’, ‘Label’, ‘RawDataType’, ‘Unit’, ‘Exponent’, ‘ADZero’, ‘Tick’, ‘ConversionFactor’, ‘HighPassFilterType’, ‘HighPassFilterCutOffFrequency’, ‘HighPassFilterOrder’, ‘LowPassFilterType’, ‘LowPassFilterCutOffFrequency’, ‘LowPassFilterOrder’])n”




]





}




],
“source”: [


“info_keys = channel_raw_data.recordings[0].analog_streams[0].channel_infos[0].info.keys()n”,
“n”,
“print(info_keys)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“And we can use this list to iterate over it.”




]




},
{


“cell_type”: “code”,
“execution_count”: 92,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“Key: ChannelID , Value: 0n”,
“Key: RowIndex , Value: 0n”,
“Key: GroupID , Value: 0n”,
“Key: Label , Value: E1n”,
“Key: RawDataType , Value: Intn”,
“Key: Unit , Value: Vn”,
“Key: Exponent , Value: -9n”,
“Key: ADZero , Value: 0n”,
“Key: Tick , Value: 2000n”,
“Key: ConversionFactor , Value: 381470n”,
“Key: HighPassFilterType , Value: n”,
“Key: HighPassFilterCutOffFrequency , Value: -1n”,
“Key: HighPassFilterOrder , Value: -1n”,
“Key: LowPassFilterType , Value: n”,
“Key: LowPassFilterCutOffFrequency , Value: -1n”,
“Key: LowPassFilterOrder , Value: -1n”




]





}




],
“source”: [


“for key in info_keys:n”,
”    print(“Key:”,key,”, Value:”,channel_raw_data.recordings[0].analog_streams[0].channel_infos[0].info[key])”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“For AnalogStreams there are some built-in functions you can call on .channel_infos[index]. n”,
“n”,
“- .adc_stepn”,
“- .channel_idn”,
“- .row_indexn”,
“- .versionn”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“If sampled data is enclosed in the AnalogStreamn”,
“n”,
“- .sampling_frequencyn”,
“- .sampling_tickn”,
“n”,
“can be used.”




]




},
{


“cell_type”: “code”,
“execution_count”: 93,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“500.0 hertzn”




]





}




],
“source”: [


“print(channel_raw_data.recordings[0].analog_streams[0].channel_infos[0].sampling_frequency)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“For Entities .info.info reveals additional info.”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“#### Accessing FrameStream Info:”




]




},
{


“cell_type”: “code”,
“execution_count”: 94,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“{‘FrameID’: 1, ‘FrameDataID’: 0, ‘GroupID’: 1, ‘Label’: ‘ROI 1’, ‘RawDataType’: ‘Short’, ‘Unit’: ‘V’, ‘Exponent’: -9, ‘ADZero’: 0, ‘Tick’: 50, ‘HighPassFilterType’: ‘’, ‘HighPassFilterCutOffFrequency’: ‘-1’, ‘HighPassFilterOrder’: -1, ‘LowPassFilterType’: ‘’, ‘LowPassFilterCutOffFrequency’: ‘-1’, ‘LowPassFilterOrder’: -1, ‘SensorSpacing’: 1, ‘FrameLeft’: 1, ‘FrameTop’: 1, ‘FrameRight’: 65, ‘FrameBottom’: 65, ‘ReferenceFrameLeft’: 1, ‘ReferenceFrameTop’: 1, ‘ReferenceFrameRight’: 65, ‘ReferenceFrameBottom’: 65}n”




]





}




],
“source”: [


“print(frame_raw_data.recordings[0].frame_streams[0].frame_entity[1].info.info)”




]




},
{


“cell_type”: “code”,
“execution_count”: 95,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“Shortn”




]





}




],
“source”: [


“print(frame_raw_data.recordings[0].frame_streams[0].frame_entity[1].info.info[‘RawDataType’])”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“In addition there are:n”,
“n”,
“- .info.frame_idn”,
“- .info.sensor_spacingn”,
“- .info.adc_basic_stepn”,
“- .info.adc_step_for_sensor(x, y) x,y are the coordinates of the sensor. Sensor 1 has (0, 0) sensor 4225 has (64, 64)”




]




},
{


“cell_type”: “code”,
“execution_count”: 96,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“1e-09 voltn”




]





}




],
“source”: [


“print(frame_raw_data.recordings[0].frame_streams[0].frame_entity[1].info.adc_step_for_sensor(0,0))”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“#### Accessing EventStream Info:”




]




},
{


“cell_type”: “code”,
“execution_count”: 97,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“{‘EventID’: 0, ‘GroupID’: 0, ‘Label’: ‘’, ‘RawDataType’: ‘Int’, ‘RawDataBytes’: 4, ‘SourceChannelIDs’: ‘8’, ‘SourceChannelLabels’: ‘1                                         \r\n’}n”




]





}




],
“source”: [


“print(event_raw_data.recordings[0].event_streams[0].event_entity[0].info.info)”




]




},
{


“cell_type”: “code”,
“execution_count”: 98,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“8n”




]





}




],
“source”: [


“print(event_raw_data.recordings[0].event_streams[0].event_entity[0].info.info[‘SourceChannelIDs’])”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“For EventStreams additionaly there are n”,
“n”,
“- .info.idn”,
“- .info.raw_data_bytesn”,
“- .info.source_channel_idsn”,
“- .info.source_channel_labelsn”,
“- .info.version “




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“#### Accessing SegmentStream Info:”




]




},
{


“cell_type”: “code”,
“execution_count”: 99,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“{‘SegmentID’: 31, ‘GroupID’: 2, ‘Label’: ‘Avg_31’, ‘PreInterval’: 10000, ‘PostInterval’: 500000, ‘SegmentType’: ‘Average’, ‘SourceChannelIDs’: ‘31’}n”




]





}




],
“source”: [


“print(average_raw_data.recordings[0].segment_streams[0].segment_entity[31].info.info)”




]




},
{


“cell_type”: “code”,
“execution_count”: 100,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“Avg_31n”




]





}




],
“source”: [


“print(average_raw_data.recordings[0].segment_streams[0].segment_entity[31].info.label)”




]




},
{


“cell_type”: “code”,
“execution_count”: 101,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“Avg_31n”




]





}




],
“source”: [


“print(average_raw_data.recordings[0].segment_streams[0].segment_entity[31].info.info[‘Label’])”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“For Segments there also are:n”,
“n”,
“- .info.countn”,
“- .info.idn”,
“- .info.post_intervaln”,
“- .info.pre_intervaln”,
“- .info.typen”,
“- .info.versionn”,
“n”,
“This holds true for cutout and average data alike.n”,
“n”,
“For entities with averages you can usen”,
“n”,
“- .number_of_averagesn”,
“- .sample_lengthn”,
“- .time_rangesn”,
“- .time_range(index)n”,
“- .average_countsn”,
“- .average_count(index)n”,
“- .segment_sample_count”




]




},
{


“cell_type”: “code”,
“execution_count”: 102,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“9n”




]





}




],
“source”: [


“print(average_raw_data.recordings[0].segment_streams[0].segment_entity[31].number_of_averages)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“#### Accessing TimestampStream Info:”




]




},
{


“cell_type”: “code”,
“execution_count”: 103,
“metadata”: {},
“outputs”: [



	{

	“name”: “stdout”,
“output_type”: “stream”,
“text”: [


“{‘TimeStampEntityID’: 0, ‘GroupID’: 0, ‘Label’: ‘’, ‘Unit’: ‘s’, ‘Exponent’: -6, ‘SourceChannelIDs’: ‘0’, ‘SourceChannelLabels’: ‘E1                                        \r\n’}n”




]





}




],
“source”: [


“print(timestamps_raw_data.recordings[0].timestamp_streams[0].timestamp_entity[0].info.info)”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“And last but not least Timestamps have: n”,
“n”,
“- .info.data_typen”,
“- .info.exponentn”,
“- .info.idn”,
“- .info.measuring_unitn”,
“- .info.source_channel_idsn”,
“- .info.source_channel_labelsn”,
“- .info.unitn”,
“- .info.version”




]




},
{


“cell_type”: “markdown”,
“metadata”: {},
“source”: [


“<a href=’#Top’>Back to index</a>”




]




}





],
“metadata”: {



	“kernelspec”: {

	“display_name”: “Python 3”,
“language”: “python”,
“name”: “python3”





},
“language_info”: {



	“codemirror_mode”: {

	“name”: “ipython”,
“version”: 3





},
“file_extension”: “.py”,
“mimetype”: “text/x-python”,
“name”: “python”,
“nbconvert_exporter”: “python”,
“pygments_lexer”: “ipython3”,
“version”: “3.7.0”




}




},
“nbformat”: 4,
“nbformat_minor”: 2





}
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 [https://github.com/multichannelsystems/McsPyDataTools/blob/master/McsPyDataTools/LICENSE.txt][image: Last Commit]
 [https://github.com/multichannelsystems/McsPyDataTools][image: Documentation Status]
 [https://McsPyDataTools.readthedocs.io/en/latest/?badge=latest]This package contains Python tools, classes and functions, to handle data recorded
and processed with Hard- and Software produced by Multi Channel Systems MCS GmbH [https://www.multichannelsystems.com].


Feature list


	Read HDF5 data files that are compliant to the MCS-HDF5 Raw-Data protocol v. 3 (usually generated by the HDF5 export function of the Multi Channel DataManager)


	Read data files that are compliant to the HDF5 based MCS-CMOS-MEA RawData format CMOS-MEA RawData protocol v. 1 and v. 2 (generated by CMOS-MEA-Control) and ProcessedData format CMOS-MEA ProcessedData v. 1 (generated by CMOS-MEA-Tools)


	Provides structures to get the recorded raw ADC integer values and the meta data of every stream


	Provides methods to get the measured values and timestamps in the correct context of the recording (scale, physical unit, … etc.)






Documentation

Documentation is available at https://McsPyDataTools.readthedocs.io



Source Code

Source code is available at https://github.com/multichannelsystems/McsPyDataTools



Test file archive

The McsPyDataTools package is accompanied by a separate archive that contains the
the raw data files used by the unit tests. The content of this test file archive must
be copied to the folder …\McsPy\Test\TestData\ to be used by the unit tests.
The test file archive can be downloaded at https://download.multichannelsystems.com/download_data/software/multi-channel-datamanager/McsPyDataTools-TestDataFiles.zip.



Installation

To install the McsPyDataTools, run the pip command in your terminal:

$pip install McsPyDataTools






	History

	See HISTORY.rst for details



	Copyright

	Copyright 2018 by Multi Channel Systems MCS GmbH, see AUTHORS.rst



	License

	See LICENSE.txt for details
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