

    
      
          
            
  
Welcome to molyso’s documentation!

See molyso Readme for information.
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Publication

When using molyso for scientific applications, cite our publication:


Sachs CC, Grünberger A, Helfrich S, Probst C, Wiechert W, Kohlheyer D, Nöh K (2016)
Image-Based Single Cell Profiling:
High-Throughput Processing of Mother Machine Experiments.
PLoS ONE 11(9): e0163453. doi: 10.1371/journal.pone.0163453




It is available on the PLoS ONE homepage at DOI: 10.1371/journal.pone.0163453 [https://dx.doi.org/10.1371/journal.pone.0163453]




Example Datasets

You can find example datasets (as used in the publication) deposited at zenodo DOI: 10.5281/zenodo.53764 [https://dx.doi.org/10.5281/zenodo.53764].




Documentation

Documentation can be built using sphinx, but is available online as well at Read the Docs [https://molyso.readthedocs.io/en/latest/].




License

molyso is free/libre open source software under the 2-clause BSD License. See License




Prerequisites

molyso needs Python 3, if you don’t have a Python installation or are not familiar with installing packages from source, it is suggested
that you use the Anaconda [https://www.continuum.io/downloads] Python distribution, available for Windows, Linux and macOS.




Ways to install molyso

There are different ways to install molyso,
for ease of use it is suggested to use the Anaconda Python distribution and the conda package manager.
Alternatively, you can use molyso inside a Docker container, see the Docker [https://www.docker.com/] section near the end.


With Anaconda

> conda config --add channels conda-forge
> conda config --add channels modsim

> conda install -y molyso








Alternatively, manually from github

> git clone https://github.com/modsim/molyso
> cd molyso
> python setup.py install --user










First Steps

molyso is packaged as a Python module, to run it, just use:

> python -m molyso





And you will be greeted by the help screen of molyso:

     \   /\  /\  /                             -------------------------
      | | |O| | |    molyso                    Developed  2013 - 2021 by
      | | | | |O|                              Christian   C.  Sachs  at
      |O| |O| |O|    MOther    machine         ModSim / Microscale Group
      \_/ \_/ \_/    anaLYsis SOftware         Research  Center  Juelich
    --------------------------------------------------------------------
    If you use this software in a publication, cite our paper:


    Sachs CC, Grünberger A, Helfrich S, Probst C, Wiechert W, Kohlheyer D, Nöh K (2016)
    Image-Based Single Cell Profiling:
    High-Throughput Processing of Mother Machine Experiments.
    PLoS ONE 11(9): e0163453. doi: 10.1371/journal.pone.0163453

    --------------------------------------------------------------------

usage: __main__.py [-h] [-m MODULES] [-p] [-gt GROUND_TRUTH] [-ct CACHE_TOKEN]
                   [-tp TIMEPOINTS] [-mp MULTIPOINTS] [-o TABLE_OUTPUT]
                   [-ot TRACKING_OUTPUT] [-nb] [-cpu MP] [-debug] [-do] [-nci]
                   [-cfi] [-ccb CHANNEL_BITS] [-cfb CHANNEL_FLUORESCENCE_BITS]
                   [-q] [-nc [IGNORECACHE]] [-nt] [-t TUNABLES]
                   [-s TUNABLE_LIST TUNABLE_LIST] [-pt] [-rt READ_TUNABLES]
                   [-wt WRITE_TUNABLES]
                   input

molyso: MOther machine anaLYsis SOftware

positional arguments:
  input                 input file

optional arguments:
  -h, --help            show this help message and exit
  -m MODULES, --module MODULES
  -p, --process
  -gt GROUND_TRUTH, --ground-truth GROUND_TRUTH
  -ct CACHE_TOKEN, --cache-token CACHE_TOKEN
  -tp TIMEPOINTS, --timepoints TIMEPOINTS
  -mp MULTIPOINTS, --multipoints MULTIPOINTS
  -o TABLE_OUTPUT, --table-output TABLE_OUTPUT
  -ot TRACKING_OUTPUT, --output-tracking TRACKING_OUTPUT
  -nb, --no-banner
  -cpu MP, --cpus MP
  -debug, --debug
  -do, --detect-once
  -nci, --no-channel-images
  -cfi, --channel-fluorescence-images
  -ccb CHANNEL_BITS, --channel-image-channel-bits CHANNEL_BITS
  -cfb CHANNEL_FLUORESCENCE_BITS, --channel-image-fluorescence-bits CHANNEL_FLUORESCENCE_BITS
  -q, --quiet
  -nc [IGNORECACHE], --no-cache [IGNORECACHE]
  -nt, --no-tracking
  -t TUNABLES, --tunables TUNABLES
  -s TUNABLE_LIST TUNABLE_LIST, --set-tunable TUNABLE_LIST TUNABLE_LIST
  -pt, --print-tunables
  -rt READ_TUNABLES, --read-tunables READ_TUNABLES
  -wt WRITE_TUNABLES, --write-tunables WRITE_TUNABLES

error: the following arguments are required: input





There are three modes of operation, batch processing, interactive viewer, and ground truth generation.
The most important part for routine use is batch processing, which will process a whole file or selected time/multi points and produce tabular output and/or tracking visualizations.
The interactive viewer can be used to show channel and cell detection on the given dataset, as a first step to check if the settings are applicable.
The ground truth viewer is more of a tool for verification of results, the kymograph of a preanalyzed dataset can be visualized without tracking, and individual cell generations can be marked manually, yielding a growth rate which can be compared to the automatic analysis.

To start the interactive viewer, just call molyso without any other parameters:

> python -m molyso dataset.ome.tiff





To start batch processing, run molyso with the -p option. Give an output file for tabular output with -o and/or an output directory for individual tracked kymographs with -ot.

Note: While OME-TIFF file contain calibration of time and voxel size, simple .tif files may not,
you can tell molyso manually about the calibration by adding comma-delimited parameters after the file name (followed by a question mark):
Example:

> python -m molyso "filename.tif?interval=300,calibration=0.08"





Supported are among others: the acquisition interval (seconds), and the pixel size calibration in um per pixel.
Some older files may have incorrectly labeled axes, since molyso expects the time axis to be correctly labeled, it might be necessary to reorder the axes, this can be done on the fly, by passing e.g. ?swap_axes=Z..T.
Don’t forget to escape/quote the ? in the command line.

> python -m molyso dataset.ome.tiff -p -o results.txt -ot dataset_tracking





molyso writes cache files in the current directory which contain temporary analysis results. If you want to re-generate tabular output e.g., those files will be read in and already performed analysis steps will be skipped. They are used as well, to show the kymograph for ground truth data mode. They can be kept if you plan any of the mentioned steps, if you are finished with an analysis, they can be deleted as well.

Once molyso has run, you will need to post-process the data to extract the information you’re interested in.
Take a look at the Jupyter/IPython Notebooks.




Docker

Docker [https://www.docker.com/] is a containerization platform allowing for applications to be run with bundled dependencies without explicit
installation steps.

You can use the following commands to run molyso in lieu of the aforementioned calls, e.g. for analysis:

> docker run --tty --interactive --rm --volume "`pwd`:/data" --user `id -u` modsim/molyso -p <parameters ...>





And to run interactive mode (display on local X11, under Linux):

> docker run --tty --interactive --rm --volume "`pwd`:/data" --user `id -u` --env DISPLAY=$DISPLAY --volume /tmp/.X11-unix:/tmp/.X11-unix modsim/molyso <parameters ...>





Docker usage has just been tested with Linux host systems.




Third Party Licenses

Note that this software contains the following portions from other authors, under the following licenses (all BSD-flavoured):


	molyso/generic/otsu.py:

	
	functions threshold_otsu and histogram by the scikit-image team, licensed BSD (see file head).

	Copyright (C) 2011, the scikit-image team















          

      

      

    

  

    
      
          
            
  
License


The 2-clause BSD License

Copyright (c) 2013-2021 Christian C. Sachs, Forschungszentrum Jülich GmbH
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions are met:


	Redistributions of source code must retain the above copyright notice, this
list of conditions and the following disclaimer.


	Redistributions in binary form must reproduce the above copyright notice,
this list of conditions and the following disclaimer in the documentation
and/or other materials provided with the distribution.




THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS “AS IS” AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE
DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR
ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;
LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND
ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.







          

      

      

    

  

    
      
          
            
  
Tunables


Introduction

Tunables are configuration parameters for the analysis.
You can either let molyso read or write all tunables from/to a file, or you can set individual tunables per command
line. Note that tunables are defined where they are used, and to collect all tunables, a typical run has to be
performed (use -cpu 0 to disable parallelism!).

Tunables are are read/written in JSON. JSON is used as well to set tunables on the command line, e.g.:

> python -m molyso -t '{"cells.empty_channel.skipping":true}'





See below for a table of tunables. Note that for most data sets it is not necessary to modify tunables, and their
particular action is best understood by looking up their usage in the source code …

Various tunables will as well affect processing speed.




Table of Tunables









	Name

	Default

	Type

	Description



	cells.empty_channel.skipping

	False

	bool

	For empty channel detection, whether it is enabled.



	cells.empty_channel.skipping.outlier_times_sigma

	2.0

	float

	For empty channel detection, maximum sigma used for thresholding the profile.



	cells.extrema.order

	15

	int

	For cell detection, window width of the local extrema detector.



	cells.filtering.maximum_brightness

	0.5

	float

	For cell detection, maximum brightness a cell may have.



	cells.filtering.minimum_prominence

	10.0

	float

	For cell detection, minimum prominence a cell must have.



	cells.minimal_length.in_mu

	1.0

	float

	The minimal allowed cell size (Smaller cells will be filtered out).



	cells.otsu_bias

	1.0

	float

	Bias factor for the cell detection Otsu image.



	cells.smoothing.length

	10

	int

	Length of smoothing Hamming window for cell detection.



	channels.horizontal.fft_oversampling

	8

	int

	For channel detection, FFT oversampling factor.



	channels.horizontal.noise_suppression_factor.lower

	0.1

	float

	For channel detection, lower profile, noise reduction, reduction factor.



	channels.horizontal.noise_suppression_factor.upper

	0.1

	float

	For channel detection, upper profile, noise reduction, reduction factor.



	channels.horizontal.noise_suppression_range.lower

	0.5

	float

	For channel detection, lower profile, noise reduction, reduction range.



	channels.horizontal.noise_suppression_range.upper

	0.5

	float

	For channel detection, upper profile, noise reduction, reduction range.



	channels.horizontal.profile_smoothing_width.lower

	5

	int

	For channel detection, lower profile, smoothing window width.



	channels.horizontal.profile_smoothing_width.upper

	5

	int

	For channel detection, upper profile, smoothing window width.



	channels.horizontal.threshold_factor

	0.2

	float

	For channel detection, threshold factor for l/r border determination.



	channels.vertical.alternate.delta

	5

	int

	For channel detection (alternate, vertical), acceptable delta.



	channels.vertical.alternate.fft_smoothing_width

	3

	int

	For channel detection (alternate, vertical), spectrum smoothing width.



	channels.vertical.alternate.split_factor

	60

	int

	For channel detection (alternate, vertical), split factor.



	channels.vertical.method

	alternate

	str

	For channel detection, vertical method to use (either alternate or recursive).



	colors.cell

	#005b82

	str

	For debug output, cell color.



	colors.channel

	#e7af12

	str

	For debug output, channel color.



	colors.visualization.track.alpha

	0.3

	float

	Track alpha for visualization.



	colors.visualization.track.color

	#005B82

	str

	Track color for visualization.



	colors.visualization.track.random

	1

	int

	Randomize tracking color palette?



	colors.visualization.track.random.seed

	3141592653

	int

	Random seed for tracking visualization.



	orientation-detection.strips

	10

	int

	Number of strips for orientation correction.



	tracking.empty_channel_filtering.minimum_mean_cells

	2.0

	float

	For empty channel removal, minimum of cell mean per channel.












          

      

      

    

  

    
      
          
            
  
molyso2vizardous

You can convert molyso’s tabular output format to PhyloXML/MetaXML lineage trees for viewing and analysis with
Vizardous see:


Helfrich, S. et al., 2015.
“Vizardous: Interactive Analysis of Microbial Populations with Single Cell Resolution”
Bioinformatics (Oxford, England). DOI: 10.1093/bioinformatics/btv468




You can download Vizardous at https://github.com/modsim/vizardous .

The appropriate tool is embedded in molyso in the molyso.util.molyso2vizardous package.

> python3 -m molyso.util.molyso2vizardous

usage: __main__.py [-h] [-o OUTPUT] [-d MINIMUM_DEPTH] [-q] input

molyso2vizardous molyso-tabular data format to Vizardous metaXML/phyloXML
converter

positional arguments:
  input                 input file

optional arguments:
  -h, --help            show this help message and exit
  -o OUTPUT, --output OUTPUT
  -d MINIMUM_DEPTH, --minimum-depth MINIMUM_DEPTH
  -q, --quiet

error: the following arguments are required: input





> python3 -m molyso.util.molyso2vizardous results.txt





The tool will then generate many individual files for each found track (you can filter out too short tracks by using
the -d MINIMUM_DEPTH option). Note that the internal XML representation is very memory consuming.





          

      

      

    

  

    
      
          
            
  
Example Jupyter Notebooks

In the folder examples, there are currently two Jupyter/IPython notebooks stored:



	Example Analysis.ipynb which contains some possible downstream processing,
turning the tabular data from molyso into graphs.


	Example molyso Embedding.ipynb which contains a little peek into using molyso as a library.








Contents


	Example Jupyter Notebooks


	Example Analysis


	Example molyso Embedding













The notebooks are embedded into the documentation in a read-only manner. You can see them below.


Example Analysis

This Jupyter/IPython notebook explains how to post-process the tabular
tab-separated value format produced by molyso to generate various
graphs.

If you are unfamiliar with IPython and the
NumPy/SciPy/matplotlib/pandas… Stack, we’d suggest you first read a
bit about it. We think it’s definitely worth giving it a try, as it is a
greatly versatile tool for scientific programming endeavours.

This notebook expects a prepared data file in the current working
directory.

An example file is shipped with this notebook, it was created by calling
molyso:

python3 -m molyso MM_Cglutamicum_D_aceE.ome.tiff -p -o MM_Cglutamicum_D_aceE_results.tsv





The file format is a tab separated table format, which can easily be
opened with Pandas.

See the following explanation of the table columns:







	Column name

	Contents





	about_to_divide

	Whether this cell is about to divide, i.e., this is the last occurrence of this cell



	cell_age

	The cell age [h], relative to its “birth”



	cellxposition

	The horizontal position [µm] of the cell (i.e., of the channel)



	cellyposition

	The vertical position [µm] of the cell within the channel



	channel_average_cells

	The average count of cells detected in this channel



	channel_in_multipoint

	The position number of the cell’s channel within this multipoint position



	channel_orientation

	A heuristic result whether high or low y positions represent the open end



	channel_width

	The width of the cell’s channel



	division_age

	The age [h] at which the cell will divide



	elongation_rate

	The elongation rate [µm·s⁻¹] of the cell



	fluorescence_n

	The mean fluorescence of the cell (with background subtracted)



	fluorescence_background_n

	The background fluorescence of the cell’s image



	fluorescence_count

	The count of fluorescences present in the dataset. The other fluorescence_*_n fields occurr dependent on this number.



	fluorescence_raw_n

	The mean raw fluorescence value of the cell



	fluorescence_std_n

	The standard deviation of the fluorescence of the cell



	length

	The cell length [µm]



	multipoint

	The multipoint number of the frame of the cell



	timepoint

	The timepoint [s] of the cell sighting



	timepoint_num

	The timepoint number (within the dataset) of the cell sighting



	uid_cell

	A unique id for this tracked cell



	uid_parent

	A unique id for the cell’s parent cell



	uid_thiscell

	A unique id for this particular cell sighting



	uid_track

	A unique id for origin (the whole tracking from one start)






file_name = 'MM_Cglutamicum_D_aceE_results.tsv'





# Some general setup routines
%matplotlib inline
%config InlineBackend.figure_formats=['svg']
import pandas
import numpy
from matplotlib import pylab
pandas.options.display.max_columns = None
pylab.rcParams['figure.figsize'] = (10, 6)
pylab.rcParams['svg.fonttype'] = 'none'
pylab.rcParams['font.sans-serif'] = ['Arial']
pylab.rcParams['font.family'] = 'sans-serif'
try:
    import seaborn
except ImportError:
    print("Optional dependency: seaborn to pretty up the graphs.")





# we first open the file via Pandas, it is formatted so that it can be read with the read_table command.

results = pandas.read_table(file_name)

# let's take a sneak peek into the file:
results.head()







  
    
      	
      	about_to_divide
      	cell_age
      	cellxposition
      	cellyposition
      	channel_average_cells
      	channel_in_multipoint
      	channel_orientation
      	channel_width
      	division_age
      	elongation_rate
      	fluorescence_0
      	fluorescence_background_0
      	fluorescence_count
      	fluorescence_raw_0
      	fluorescence_std_0
      	length
      	multipoint
      	timepoint
      	timepoint_num
      	uid_cell
      	uid_parent
      	uid_thiscell
      	uid_track
    

  
  
    
      	0
      	0
      	0.000000
      	169.5
      	162.999583
      	6.920833
      	0
      	0
      	1.235
      	0.886687
      	0.000000
      	7.315575
      	3246.311622
      	1
      	3253.627197
      	71.395714
      	1.040
      	0
      	1069.611671
      	1
      	1
      	0
      	2
      	1
    

    
      	1
      	0
      	0.248598
      	171.5
      	191.500000
      	6.920833
      	0
      	0
      	1.235
      	0.886687
      	0.023465
      	17.634413
      	3245.607042
      	1
      	3263.241455
      	82.589760
      	2.405
      	0
      	1964.563235
      	2
      	1
      	0
      	3
      	1
    

    
      	2
      	0
      	0.498510
      	171.5
      	210.526302
      	6.920833
      	0
      	0
      	1.235
      	0.886687
      	0.015561
      	18.731400
      	3246.076706
      	1
      	3264.808105
      	69.626511
      	3.315
      	0
      	2864.248744
      	3
      	1
      	0
      	4
      	1
    

    
      	3
      	0
      	0.000000
      	169.5
      	198.999583
      	6.920833
      	0
      	0
      	1.235
      	NaN
      	0.000000
      	16.169823
      	3246.311622
      	1
      	3262.481445
      	79.805779
      	3.380
      	0
      	1069.611671
      	1
      	5
      	0
      	6
      	5
    

    
      	4
      	0
      	0.000000
      	169.5
      	245.999583
      	6.920833
      	0
      	0
      	1.235
      	NaN
      	0.000000
      	9.266991
      	3246.311622
      	1
      	3255.578613
      	85.752457
      	2.470
      	0
      	1069.611671
      	1
      	7
      	0
      	8
      	7
    

  



# Let's take a look at the growth rate.
# Therefore, we take a look at all division events:

division_events = results.query('about_to_divide == 1')

print("We found %d division events (out of %d overall cell sightings)" % (len(division_events), len(results),))





We found 1165 division events (out of 23236 overall cell sightings)





pylab.title('Scatter plot of detected division events')
pylab.ylabel('Division time [h]')
pylab.xlabel('Experiment time [h]')
pylab.scatter(division_events.timepoint / (60.0*60.0), division_events.division_age)





<matplotlib.collections.PathCollection at 0x7fc000aea240>





[image: _images/Example_Analysis_5_1.svg]As you can see, the points are quite nicely crowded in a meaningful
range, with some outliers. As a reminder, the dataset was acquired with
a 15 min interval, which produces quite some error.

Let’s look into a unified growth rate …

division_events_on_first_day = results.query('about_to_divide == 1 and timepoint < 24*60*60')

doubling_times = numpy.array(division_events_on_first_day.division_age)

print("Unfiltered growth rate on first day µ=%f" % (numpy.log(2)/doubling_times.mean(),))





Unfiltered growth rate on first day µ=0.483987





That way, the data contains quite some outliers, let’s remove them by
applying some biological prior knowledge:

mu_min = 0.01
mu_max = 1.00

filtered_doubling_times = doubling_times[
    ((numpy.log(2)/mu_min) > doubling_times) & (doubling_times > (numpy.log(2)/mu_max))
]

print("Filtered growth rate on first day µ=%f" % (numpy.log(2)/filtered_doubling_times.mean(),))





Filtered growth rate on first day µ=0.403989





Now, how do we generate an overall growth rate graph from the scattered
points? We use the simple moving average to unify many points into a
single points (over time). [And group the points by their timepoints to
have a measure if enough division events occured within a certain time
frame. There are multiple possible approaches here, and if precise µ is
desired, the graph should be based on filtered data as well!]

#division_events = division_events.sort('timepoint')
division_events = division_events.query('timepoint < (50.0 * 60.0 * 60.0)')

grouped_division_events = division_events.groupby(by=('timepoint_num',))

window_width = 25

sma_division_age = pandas.rolling_mean(numpy.array(grouped_division_events.mean().division_age), window_width)
sma_time = pandas.rolling_mean(numpy.array(grouped_division_events.mean().timepoint), window_width)
sma_count = pandas.rolling_mean(numpy.array(grouped_division_events.count().division_age), window_width)
sma_division_age[sma_count < 5] = float('nan')

t = sma_time / 60.0 / 60.0
mu = numpy.log(2)/sma_division_age

pylab.title('Growth graph')
pylab.xlabel('Experiment time [h]')
pylab.ylabel('Growth rate µ [h⁻¹]')
pylab.plot(t, mu)
pylab.ylim(0, 0.6)
pylab.xlim(0, 60)
pylab.show()





[image: _images/Example_Analysis_11_0.svg]fluor = results.query('fluorescence_0 == fluorescence_0')  # while the example dataset does not contain nans, other data might
fluor = fluor.groupby(by=('timepoint_num'))

fluor_time = pandas.rolling_mean(numpy.array(fluor.timepoint.mean()), window_width)  / (60.0*60.0)
fluor_value = pandas.rolling_mean(numpy.array(fluor.fluorescence_0.mean()), window_width)

pylab.title('Growth and fluorescence graph')
pylab.xlabel('Experiment time [h]')
pylab.ylabel('Growth rate µ [h⁻¹]')
pylab.ylim(0, 0.6)
pylab.plot(t, mu)
pylab.twinx()
pylab.ylabel('Fluorescence [a.u.]')
pylab.plot(0, 0, label='µ')  # to add a legend entry
pylab.plot(fluor_time, fluor_value, label='Fluorescence', color='yellow')
pylab.xlim(0, 60)
pylab.legend()
pylab.show()





[image: _images/Example_Analysis_12_0.svg]Let’s look into some single cell data, e.g., cell length or
fluorescence (note that different timepoints are used then in the
paper):

# Dividing cells can be identified by the about_to_divide == 1 flag,
# cells, which resulted from a division have cell_age == 0

pre_division = results.query('about_to_divide==1')
post_division = results.query('cell_age==0')

pylab.subplot(2,2,1)
pylab.title('Cell lengths pre/post-division')
pylab.xlabel('Length [µm]')
pylab.ylabel('Occurrence [#]')
pre_division.length.hist(alpha=0.5, label='Pre-division')
post_division.length.hist(alpha=0.5, label='Post-division')
pylab.legend()
pylab.subplot(2,2,2)
pylab.title('Cell lengths boxplot')
pylab.ylabel('Length [µm]')
pylab.boxplot([pre_division.length, post_division.length], labels=['Pre-division', 'Post-division'])
pylab.show()





[image: _images/Example_Analysis_14_0.svg]fluor = results.query('fluorescence_0 == fluorescence_0')  # while the example dataset does not contain nans, other data might
pylab.title('Fluorescences pre/post-media change')
pylab.xlabel('Fluorescence [a.u.]')
pylab.ylabel('Occurrence [#]')
fluor.query('timepoint < 24*60*60').fluorescence_0.hist(alpha=0.5, label='Pre-media change')
# 6h gap for the bacteria to start production
fluor.query('timepoint > 30*60*60').fluorescence_0.hist(alpha=0.5, label='Post-media change')
pylab.legend()
pylab.show()





[image: _images/Example_Analysis_15_0.svg]That’s it so far. We hope this notebook gave you some ideas how to
analyze your data.




Example molyso Embedding

This example should give a brief overview how molyso can easily be
called and embedded. As of now, only the steps until after the cell
detection are to be performed.

For the example, a test image shipped with molyso will be used.

# Some general setup routines
%matplotlib inline
%config InlineBackend.figure_formats=['svg']
import numpy
from matplotlib import pylab
pylab.rcParams.update({
    'figure.figsize': (10, 6),
    'svg.fonttype': 'none',
    'font.sans-serif': 'Arial',
    'font.family': 'sans-serif',
    'image.cmap': 'gray',
})





# the test image can be fetched by the `test_image` function
# it is included in molyso primarily to run testing routines

from molyso.test import test_image
pylab.imshow(test_image())





<matplotlib.image.AxesImage at 0x7f09dbf04f98>





[image: _images/Example_molyso_Embedding_2_1.svg]# the central starting point of the molyso highlevel interface
# is the Image class

from molyso.mm.image import Image
image = Image()
image.setup_image(test_image())

# as a first test, let's run the autorotate routine, which will
# automatically correct the rotation detected

image.autorotate()
print("Detected angle: %.4f°" % (image.angle,))
pylab.imshow(image.image)





Detected angle: -1.5074°





<matplotlib.image.AxesImage at 0x7f09c8443e48>





[image: _images/Example_molyso_Embedding_3_2.svg]# the next two functions call the low-level steps
# therefore, while not much is to see here, ...
# the magic happens behind the curtains

image.find_channels()
image.find_cells_in_channels()

from molyso.debugging.debugplot import inject_poly_drawing_helper
inject_poly_drawing_helper(pylab)

# embedded debugging functionality can be used
# to produce an image with cells and channels drawn as overlay
image.debug_print_cells(pylab)





[image: _images/Example_molyso_Embedding_4_0.svg]# let's look into an important part of the Image-class

# the channels member, which supports the iterator interface
# ... therefore, we call it as parameter to list()
# to get a list of channels

channels = list(image.channels)

# and print some info about it (the .cells member works analogously)
print("The first channel contains: %d cells." % (len(channels[0].cells),))
print("The third channel contains: %d cells." % (len(channels[2].cells),))





The first channel contains: 0 cells.
The third channel contains: 4 cells.





# connectivity to original image data remains,
# as long as it is not removed (due to memory/disk-space consumption reasons)

channel = channels[2]
pylab.imshow(channel.channel_image)





<matplotlib.image.AxesImage at 0x7f09c8369898>





[image: _images/Example_molyso_Embedding_6_1.svg]# lets look into the channel's cells ...

print(list(channel.cells))





[<molyso.mm.cell_detection.Cell object at 0x7f09d9e46f48>, <molyso.mm.cell_detection.Cell object at 0x7f09d9dd6248>, <molyso.mm.cell_detection.Cell object at 0x7f09d9e35d88>, <molyso.mm.cell_detection.Cell object at 0x7f09d9e151c8>]





# the last call did not really advance our insights ...
# let's take a look at some properties of the cell:
# *local_*top and *local_*bottom ...
# which coincide witht the pixel positions within the channel image
# Note: there is a top and bottom member as well,
# but these values include the total offset of the channel within the image!

for n, cell in enumerate(channel.cells):
    print("Cell #%d from %d to %d" % (n, cell.local_top, cell.local_bottom,))





Cell #0 from 109 to 140
Cell #1 from 142 to 169
Cell #2 from 171 to 215
Cell #3 from 217 to 255





# again, connectivity to the image data remains ...
# lets show all individual cell images of that channel

# long line just to prettify the output ...
from functools import partial
next_subplot = partial(pylab.subplot, int(numpy.sqrt(len(channel.cells)))+1, int(numpy.sqrt(len(channel.cells))))

for n, cell in enumerate(channel.cells):
    next_subplot(n+1)
    pylab.title('Cell #%d' % (n,))
    pylab.imshow(cell.cell_image)

pylab.tight_layout()





[image: _images/Example_molyso_Embedding_9_0.svg]This was only a brief overview of some basic functionality. It might get
expanded in the future. For now, if you’d like to get deeper insights on
the working of molyso, I’d like to ask you to study the source files.

# PS: You can as well turn on Debug printing within IPython to get more insight on the internals
from molyso.debugging import DebugPlot
DebugPlot.force_active = True
DebugPlot.post_figure = 'show'

image.find_channels()
image.find_cells_in_channels()





[image: _images/Example_molyso_Embedding_11_0.svg][image: _images/Example_molyso_Embedding_11_1.svg][image: _images/Example_molyso_Embedding_11_2.svg][image: _images/Example_molyso_Embedding_11_3.svg][image: _images/Example_molyso_Embedding_11_4.svg][image: _images/Example_molyso_Embedding_11_5.svg][image: _images/Example_molyso_Embedding_11_6.svg][image: _images/Example_molyso_Embedding_11_7.svg][image: _images/Example_molyso_Embedding_11_8.svg][image: _images/Example_molyso_Embedding_11_9.svg][image: _images/Example_molyso_Embedding_11_10.svg][image: _images/Example_molyso_Embedding_11_11.svg][image: _images/Example_molyso_Embedding_11_12.svg][image: _images/Example_molyso_Embedding_11_13.svg]





          

      

      

    

  

    
      
          
            
  
molyso Developer Documentation

See README/and documentation for end user information. See License for license information.
(Or string molyso.__license__).

A short starting point to understanding molyso’s internal structure:

The molyso.mm module contains the Mother Machine specific code,
as well as the main function (see highlevel.py).
Analysis code is basically split into two levels: an OOP representation of the data analyzed, as well as some
core functions (functional) which perform individual processing step.

E.g., a molyso.mm.channel_detection.Channel class calls a
molyso.mm.cell_detection.find_cells_in_channel() function,
which returns mere numbers, of which the class constructs molyso.mm.cell_detection.Cell objects.

molyso.generic contains a mix of library functions necessary to perform these tasks,
coarsely these can be separated into signal processing etc. functionality, and general utility functions.

molyso.debugging contains the DebugPlot class, a thin abstraction layer over matplotlib which allows for conditional,
context manager based plot generation.

molyso.imageio contains the image reading functionality. The MultiImageStack is a base class and factory for opening,
multi dimensional images. molyso contains reading code to open plain TIFF and OME-TIFF files, using tifffile.py.
MultiImageStack acts as a implementation registry as well, if other formats should be supported, a reader subclass
has to be generated, and registered at MultiImageStack. It then can automatically be used by molyso to open the format.

As mentioned earlier, the main function is within highlevel.py. It can divert program flow to two additional modes,
which overtake if called: ground truth or interactive mode.

Processing itself is handled within highlevel.py.

Doctests can be called by calling the molyso.test module.


Submodules



	molyso.debugging package
	molyso.debugging.debugplot module





	molyso.generic package
	molyso.generic.etc module

	molyso.generic.fft module

	molyso.generic.otsu module

	molyso.generic.registration module

	molyso.generic.rotation module

	molyso.generic.signal module

	molyso.generic.smoothing module

	molyso.generic.tunable module





	molyso.imageio package
	molyso.imageio.imagestack module

	molyso.imageio.imagestack_ometiff module





	molyso.mm package
	molyso.mm.cell_detection module

	molyso.mm.channel_detection module

	molyso.mm.fluorescence module

	molyso.mm.highlevel module

	molyso.mm.highlevel_interactive_ground_truth module

	molyso.mm.highlevel_interactive_viewer module

	molyso.mm.image module

	molyso.mm.tracking module

	molyso.mm.tracking_infrastructure module

	molyso.mm.tracking_output module





	molyso.test package
	Module contents















          

      

      

    

  

    
      
          
            
  
molyso.debugging package

Debugging Module. Currently only contains DebugPlot, which is imported here for ease of use.


molyso.debugging.debugplot module

documentation


	
class molyso.debugging.debugplot.DebugPlot(*args, **kwargs)[source]

	Bases: object

The DebugPlot class serves as an switchable abstraction layer to add plotting debug output facilities.


	
active = True

	




	
context = ''

	




	
default_config = {'figure.dpi': 150, 'figure.figsize': (12, 8), 'image.cmap': 'gray'}

	




	
diverted_outputs = {}

	




	
exit_handler_registered = False

	




	
exit_handlers = []

	




	
exp_plot_debugging = False

	




	
file_prefix = 'debug'

	




	
file_suffix = '.pdf'

	




	
files_to_merge = []

	




	
force_active = False

	




	
classmethod get_context()[source]

	
	Returns

	










	
classmethod get_file_for_merge()[source]

	
	Returns

	










	
individual_and_merge = False

	




	
individual_file_prefix = 'debug'

	




	
individual_files = False

	




	
classmethod new_pdf_output(filename, collected)[source]

	
	Parameters

	
	filename – 


	collected – 













	
classmethod pdfopener(filename)[source]

	Opens a new PdfPages output, ensuring it will be closed at exit.


	Parameters

	filename – filename



	Returns

	










	
post_figure = 'close'

	




	
pp = None

	




	
classmethod set_context(**kwargs)[source]

	
	Parameters

	kwargs – 










	
throw_on_anything = True

	








	
exception molyso.debugging.debugplot.DebugPlotInterruptException[source]

	Bases: Exception

Only for internal usage.
Used to interrupt plot drawing early if it is disabled.






	
class molyso.debugging.debugplot.DebugPlotInterruptThrower[source]

	Bases: object

Dummy object which raises an exception
on every call. To be used when debug mode is deactivated.






	
molyso.debugging.debugplot.inject_poly_drawing_helper(p)[source]

	
	Parameters

	p – 










	
molyso.debugging.debugplot.next_free_filename(prefix, suffix)[source]

	
	Parameters

	
	prefix – 


	suffix – 






	Returns

	
	raise IOError

	















	
molyso.debugging.debugplot.poly_drawing_helper(p, coordinates, **kwargs)[source]

	
	Parameters

	
	p – 


	coordinates – 


	kwargs – 


















          

      

      

    

  

    
      
          
            
  
molyso.generic package

Generic module. Collection of various helper functionality, from library routines for signal processing,
to os specific workarounds.


molyso.generic.etc module

etc.py contains various helper functions and classes, which are not directly related to data processing.


	
class molyso.generic.etc.BaseCache(filename_to_be_hashed, ignore_cache='nothing', cache_token=None)

	Bases: object

A caching class


	
contains(key)

	
	Parameters

	key – 



	Returns

	










	
static deserialize(data)

	
	Parameters

	data – 



	Returns

	










	
get(key)

	
	Parameters

	key – 



	Returns

	










	
static prepare_key(key)

	
	Parameters

	key – 



	Returns

	










	
static serialize(data)

	
	Parameters

	data – 



	Returns

	










	
set(key, value)

	
	Parameters

	
	key – 


	value – 






	Returns

	














	
molyso.generic.etc.Cache

	alias of molyso.generic.etc.FileCache






	
class molyso.generic.etc.FileCache(filename_to_be_hashed, ignore_cache='nothing', cache_token=None)

	Bases: molyso.generic.etc.BaseCache

A caching class which stores the data in flat files.


	
build_cache_filename(suffix)

	
	Parameters

	suffix – 



	Returns

	










	
contains(key)

	
	Parameters

	key – 



	Returns

	










	
get(key)

	
	Parameters

	key – 



	Returns

	










	
set(key, value)

	
	Parameters

	
	key – 


	value – 

















	
class molyso.generic.etc.NotReallyATree(iterable)

	Bases: list

The class is a some-what duck-type compatible (it has a query method) dumb replacement
for (c)KDTrees. It can be used to find the nearest matching point to a query point.
(And does that by exhaustive search…)


	
query(q)

	Finds the point which is nearest to q.
Uses the Euclidean distance.


	Parameters

	q – query point



	Returns

	distance, index



	Return type

	float, int





>>> t = NotReallyATree([[1.0, 1.0], [2.0, 2.0], [3.0, 3.0]])
>>> t.query([1.25, 1.25])
(0.3535533905932738, 0)
>>> t = NotReallyATree([[1.0, 1.0], [2.0, 2.0], [3.0, 3.0]])
>>> t.query([2.3535533905932737622, 2.3535533905932737622])
(0.5000000000000002, 1)














	
class molyso.generic.etc.QuickTableDumper(recipient=None)

	Bases: object


	Parameters

	recipient – 






	
add(row)

	
	Parameters

	row – 










	
delimiter = '\t'

	




	
line_end = '\n'

	




	
precision = 8

	




	
stringify(obj)

	
	Parameters

	obj – 



	Returns

	










	
write_list(the_list)

	
	Parameters

	the_list – 














	
class molyso.generic.etc.Sqlite3Cache(*args, **kwargs)

	Bases: molyso.generic.etc.BaseCache

A caching class which stores the data in a sqlite3 database.


	
contains(key)

	
	Parameters

	key – 



	Returns

	










	
get(key)

	
	Parameters

	key – 



	Returns

	










	
keys()

	
	Returns

	










	
set(key, value)

	
	Parameters

	
	key – 


	value – 

















	
molyso.generic.etc.bits_to_numpy_type(bits)

	Returns a numpy.dtype for one of the common image bit-depths:
8 for unsigned int, 16 for unsigned short, 32 for float


	Parameters

	bits – 



	Returns

	










	
molyso.generic.etc.correct_windows_signal_handlers()

	Dummy for non-windows os.






	
molyso.generic.etc.debug_init()

	Initialized debug mode, as of now this means that DebugPlot is set to active (it will produce a debug.pdf)






	
molyso.generic.etc.dummy_progress_indicator()

	
	Returns

	










	
molyso.generic.etc.fancy_progress_bar(iterable)

	
	Parameters

	iterable – 



	Returns

	










	
molyso.generic.etc.ignorant_next(iterable)

	Will try to iterate to the next value, or return None if none is available.


	Parameters

	iterable – 



	Returns

	










	
molyso.generic.etc.iter_time(iterable)

	Will print the total time elapsed during iteration of iterable afterwards.


	Parameters

	iterable (iterable) – iterable



	Return type

	iterable



	Returns

	iterable










	
molyso.generic.etc.parse_range(s, maximum=0)

	
	Parameters

	
	s – 


	maximum – 






	Returns

	










	
molyso.generic.etc.prettify_numpy_array(arr, space_or_prefix)

	Returns a properly indented string representation of a numpy array.


	Parameters

	
	arr – 


	space_or_prefix – 






	Returns

	










	
molyso.generic.etc.silent_progress_bar(iterable)

	Dummy function, just returns an iterator.


	Parameters

	iterable (iterable) – the iterable to turn into an iterable



	Returns

	iterable



	Return type

	iterable





>>> next(silent_progress_bar([1, 2, 3]))
1












molyso.generic.fft module

fft.py contains Fourier transform related helper functions
mainly it abstracts the Fourier transform itself
(currently just passing the calls through to the numpy functions)


	
molyso.generic.fft.hires_power_spectrum(signal, oversampling=1)

	Return a high resolution power spectrum (compare power_spectrum())
Resolution is enhanced by feeding the FFT a n times larger, zero-padded signal,
which will yield frequency values of higher precision.


	Parameters

	
	signal (numpy.array) – input signal


	oversampling (int) – oversampling factor






	Returns

	frequencies and fourier transformed values



	Return type

	tuple(numpy.array, numpy.array)










	
molyso.generic.fft.power_spectrum(signal)

	Return a power (absolute/real) spectrum (as opposed to the complex spectrum returned by spectrum() itself)


	Parameters

	signal (numpy.array) – input signal



	Returns

	frequencies and fourier transformed values



	Return type

	tuple(numpy.array, numpy.array)










	
molyso.generic.fft.spectrum(signal)

	Return a raw spectrum (values are complex). Use power_spectrum() to directly get real values.


	Parameters

	signal (numpy.array) – input signal



	Returns

	frequencies and fourier transformed values



	Return type

	tuple(numpy.array, numpy.array)










	
molyso.generic.fft.spectrum_bins(signal)

	Returns the bins associated with a Fourier transform of a signal of the same length of signal


	Parameters

	signal (numpy.array) – input signal



	Returns

	frequency bins



	Return type

	numpy.array










	
molyso.generic.fft.spectrum_bins_by_length(len_signal)

	Returns the bins associated with a Fourier transform of a signal of the length len_signal


	Parameters

	len_signal (int) – length of the desired bin distribution



	Returns

	frequency bins



	Return type

	numpy.array










	
molyso.generic.fft.spectrum_fourier(signal)

	Calls the Fourier transform, and returns only the first half of the transform results


	Parameters

	signal (numpy.array) – input signal



	Returns

	Fourier transformed data



	Return type

	numpy.array












molyso.generic.otsu module

otsu.py contains an implementation of Otsu’s thresholding method, taken verbatim from scikit-image.


	
molyso.generic.otsu.histogram(image, nbins=256)

	Return histogram of image.

Unlike numpy.histogram, this function returns the centers of bins and
does not rebin integer arrays. For integer arrays, each integer value has
its own bin, which improves speed and intensity-resolution.

The histogram is computed on the flattened image: for color images, the
function should be used separately on each channel to obtain a histogram
for each color channel.


	Parameters

	
	image (numpy.ndarray) – Input image.


	nbins (int, optional) – Number of bins used to calculate histogram. This value is ignored for integer arrays.






	Returns

	The values of the histogram, the values at the center of the bins.



	Return type

	tuple(numpy.ndarray, numpy.ndarray)










	
molyso.generic.otsu.threshold_otsu(image, nbins=256)

	Return threshold value based on Otsu’s method.



	1

	Wikipedia, http://en.wikipedia.org/wiki/Otsu’s_Method [http://en.wikipedia.org/wiki/Otsu's_Method]









	Parameters

	
	image (numpy.ndarray) – Input image


	nbins (int, optional) – Number of bins used to calculate histogram. This value is ignored for integer arrays.






	Returns

	Upper threshold value. All pixels intensities that less or equal of this value assumed as foreground.



	Return type

	float












molyso.generic.registration module

registration.py contains a simple 2D image registration function,
which registers images by checking the individual horizontal and vertical shifts


	
molyso.generic.registration.shift_image(image, shift, background='input')

	
	Parameters

	
	image – 


	shift – 


	background – 






	Returns

	
	raise ValueError

	















	
molyso.generic.registration.translation_2x1d(image_a=None, image_b=None, ffts_a=(), ffts_b=(), return_a=False, return_b=False)

	
	Parameters

	
	image_a – 


	image_b – 


	ffts_a – 


	ffts_b – 


	return_a – 


	return_b – 






	Returns

	












molyso.generic.rotation module




molyso.generic.signal module

signal processing helper routines


	
class molyso.generic.signal.ExtremeAndProminence

	Bases: molyso.generic.signal.ExtremeAndProminence

Result of find_extrema_and_prominence call.


	Variables

	
	maxima – 


	minima – 


	signal – 


	order – 


	max_spline – 


	min_spline – 


	xpts – 


	max_spline_points – 


	min_spline_points – 


	prominence – 













	
molyso.generic.signal.each_image_slice(image, steps, direction='vertical')

	
	Parameters

	
	image – 


	steps – 


	direction – 






	Returns

	





>>> list(each_image_slice(np.ones((4, 4,)), 2, direction='vertical'))
[(0, 2, array([[1., 1.],
       [1., 1.],
       [1., 1.],
       [1., 1.]])), (1, 2, array([[1., 1.],
       [1., 1.],
       [1., 1.],
       [1., 1.]]))]
>>> list(each_image_slice(np.ones((4, 4,)), 2, direction='horizontal'))
[(0, 2, array([[1., 1., 1., 1.],
       [1., 1., 1., 1.]])), (1, 2, array([[1., 1., 1., 1.],
       [1., 1., 1., 1.]]))]










	
molyso.generic.signal.find_extrema_and_prominence(signal, order=5)

	Generates various extra information / signals.


	Parameters

	
	signal (numpy.ndarray) – input signal


	order (int) – relative minima/maxima order, see other functions






	Returns

	an ExtremeAndProminence object with various information members



	Return type

	ExtremeAndProminence





>>> result = find_extrema_and_prominence(np.array([1, 2, 3, 2, 1, 0, 1, 2, 15, 2, -15, 2, 1]), 2)
>>> result = result._replace(max_spline=None, min_spline=None)  # just for doctests
>>> result
ExtremeAndProminence(maxima=array([2, 8]), minima=array([ 5, 10]), signal=array([  1,   2,   3,   2,   1,   0,   1,   2,  15,   2, -15,   2,   1]), order=2, max_spline=None, min_spline=None, xpts=array([ 0.,  1.,  2.,  3.,  4.,  5.,  6.,  7.,  8.,  9., 10., 11., 12.]), max_spline_points=array([ 3.    ,  2.4875,  3.    ,  4.3125,  6.2   ,  8.4375, 10.8   ,
       13.0625, 15.    , 16.3875, 17.    , 16.6125, 15.    ]), min_spline_points=array([-9.73055091e-16,  3.38571429e+00,  4.71428571e+00,  4.35000000e+00,
        2.65714286e+00,  5.21804822e-15, -3.25714286e+00, -6.75000000e+00,
       -1.01142857e+01, -1.29857143e+01, -1.50000000e+01, -1.57928571e+01,
       -1.50000000e+01]), prominence=array([ 3.        , -0.89821429, -1.71428571, -0.0375    ,  3.54285714,
        8.4375    , 14.05714286, 19.8125    , 25.11428571, 29.37321429,
       32.        , 32.40535714, 30.        ]))










	
molyso.generic.signal.find_insides(signal)

	
	Parameters

	signal – 



	Returns

	





>>> find_insides(np.array([False, False, True, True, True, False, False, True, True, False, False]))
array([[2, 5],
       [7, 9]])










	
molyso.generic.signal.find_phase(signal_1=None, signal_2=None, fft_1=None, fft_2=None, return_1=False, return_2=False)

	Finds the phase (time shift) between two signals.
Either signalX or fftX should be set; the FFTs can be returned
in order to cache them locally…


	Parameters

	
	signal_1 (numpy.ndarray or None) – first input signal


	signal_2 (numpy.ndarray or None) – second input signal


	fft_1 (numpy.ndarray or None) – first input fft


	fft_2 (numpy.ndarray or None) – second input fft


	return_1 (bool) – whether fft1 should be returned


	return_2 (bool) – whether fft2 should be returned






	Returns

	(shift, (fft1 if return_1), (fft2 if return_2))



	Return type

	tuple





>>> find_phase(np.array([0, 1, 0, 0, 0]), np.array([0, 0, 0, 1, 0]))
(2,)










	
molyso.generic.signal.fit_to_type(image, new_dtype)

	
	Parameters

	
	image – 


	new_dtype – 






	Returns

	





>>> fit_to_type(np.array([-7, 4, 18, 432]), np.uint8)
array([  0,   6,  14, 255], dtype=uint8)
>>> fit_to_type(np.array([-7, 4, 18, 432]), np.int8)
array([-128, -121, -113,  127], dtype=int8)
>>> fit_to_type(np.array([-7, 4, 18, 432]), np.bool)
array([False, False, False,  True])
>>> fit_to_type(np.array([-7, 4, 18, 432]), np.float32)
array([ -7.,   4.,  18., 432.], dtype=float32)










	
molyso.generic.signal.horizontal_mean(image)

	Calculates the horizontal mean of an image.
Note: Image is assumed HORIZONTAL x VERTICAL.


	Parameters

	image (numpy.ndarray) – input image



	Returns

	





>>> horizontal_mean(np.array([[ 1,  2,  3,  4],
...                            [ 5,  6,  7,  8],
...                            [ 9, 10, 11, 12],
...                            [13, 14, 15, 16]]))
array([ 7.,  8.,  9., 10.])










	
molyso.generic.signal.normalize(data)

	normalizes the values in arr to 0 - 1


	Parameters

	data – input array



	Returns

	normalized array





>>> normalize(np.array([0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10]))
array([0. , 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1. ])





>>> normalize(np.array([10, 15, 20]))
array([0. , 0.5, 1. ])










	
molyso.generic.signal.one_every_n(length, n=1, shift=0)

	
	Parameters

	
	length – 


	n – 


	shift – 






	Returns

	





>>> one_every_n(10, n=2, shift=0)
array([1., 0., 1., 0., 1., 0., 1., 0., 1., 0.])
>>> one_every_n(10, n=2, shift=1)
array([0., 1., 0., 1., 0., 1., 0., 1., 0., 1.])
>>> one_every_n(10, n=1, shift=0)
array([1., 1., 1., 1., 1., 1., 1., 1., 1., 1.])










	
molyso.generic.signal.outliers(data, times_std=2.0)

	
	Parameters

	
	data – 


	times_std – 






	Returns

	





>>> outliers(np.array([10, 9, 11, 40, 8, 12, 14, 7]), times_std=1.0)
array([False, False, False,  True, False, False, False, False])










	
molyso.generic.signal.relative_maxima(signal, order=1)

	
	Parameters

	
	signal – 


	order – 






	Returns

	





>>> relative_maxima(np.array([1, 2, 3, 2, 1, 0, 1, 2, 15, 2, -15, 2, 1]), 2)
array([2, 8])










	
molyso.generic.signal.relative_minima(signal, order=1)

	
	Parameters

	
	signal – 


	order – 






	Returns

	





>>> relative_minima(np.array([1, 2, 3, 2, 1, 0, 1, 2, 15, 2, -15, 2, 1]), 2)
array([ 5, 10])










	
molyso.generic.signal.remove_outliers(data, times_std=2.0)

	
	Parameters

	
	data – 


	times_std – 






	Returns

	





>>> remove_outliers(np.array([10, 9, 11, 40, 8, 12, 14, 7]), times_std=1.0)
array([10,  9, 11,  8, 12, 14,  7])










	
molyso.generic.signal.simple_baseline_correction(signal, window_width=None)

	Performs a simple baseline correction by subtracting a strongly smoothed version of the signal from itself.


	Parameters

	
	signal – input signal


	window_width – smoothing window width






	Returns

	





>>> simple_baseline_correction(np.array([10, 11, 12, 11, 10]))
array([-1.        ,  0.375     ,  1.        , -0.375     , -0.96428571])










	
molyso.generic.signal.threshold_outliers(data, times_std=2.0)

	removes outliers


	Parameters

	
	data – 


	times_std – 






	Returns

	





>>> threshold_outliers(np.array([10, 9, 11, 40, 8, 12, 14, 7]), times_std=1.0)
array([10,  9, 11, 20,  8, 12, 14,  7])










	
molyso.generic.signal.vertical_mean(image)

	Calculates the vertical mean of an image.
Note: Image is assumed HORIZONTAL x VERTICAL.


	Parameters

	image – 



	Returns

	





>>> vertical_mean(np.array([[ 1,  2,  3,  4],
...                            [ 5,  6,  7,  8],
...                            [ 9, 10, 11, 12],
...                            [13, 14, 15, 16]]))
array([ 2.5,  6.5, 10.5, 14.5])












molyso.generic.smoothing module

smoothing.py contains the main smoothing function, which works by convolving a signal with a smoothing kernel,
a signals function which acts as a cache for kernels, as well as the hamming_smooth function, which is the only
one currently used by external files, providing a simplified interface for smoothing with hamming kernels.


	
molyso.generic.smoothing.hamming_smooth(signal, window_width, no_cache=False)

	Smooths a signal by convolving with a hamming window of given width. Caches by the hamming windows by default.


	Parameters

	
	signal (numpy.ndarray) – input signal to be smoothed


	window_width (int) – window width for the hamming kernel


	no_cache (bool) – default False, disables caching, e.g., for non-standard window sizes






	Returns

	the smoothed signal



	Return type

	numpy.ndarray





>>> hamming_smooth(np.array([0, 0, 0, 0, 1, 0, 0, 0, 0]), 3)
array([0.        , 0.        , 0.        , 0.        , 0.06896552,
       0.86206897, 0.06896552, 0.        , 0.        ])










	
molyso.generic.smoothing.signals(function, parameters)

	Signal cache helper function. Either retrieves or creates and stores a signal which can be created by calling
the given function with the given parameters.


	Parameters

	
	function (callable) – Window function to be called


	parameters (*any) – Parameters to be passed to the function






	Returns

	function(*parameters)



	Return type

	dependent on function





>>> signals(np.ones, 3)
array([1., 1., 1.])










	
molyso.generic.smoothing.smooth(signal, kernel)

	Generic smoothing function, smooths by convolving one signal with another.


	Parameters

	
	signal (numpy.ndarray) – input signal to be smoothed


	kernel (numpy.ndarray) – smoothing kernel to be used. will be normalized to \(\sum=1\)






	Returns

	The signal convolved with the kernel



	Return type

	numpy.ndarray





>>> smooth(np.array([0, 0, 0, 0, 1, 0, 0, 0, 0]), np.ones(3))
array([0.        , 0.        , 0.        , 0.        , 0.33333333,
       0.33333333, 0.33333333, 0.        , 0.        ])












molyso.generic.tunable module

tunable.py contains a tunable (settings to be changed depending on input data) management class


	
class molyso.generic.tunable.TunableManager

	Bases: object

Static object handling tunables (that is, parameters which are user-changeable)

Tunables have default values, which must be set as a parameter by the function asking for the tunable.
That way, default configuration is inlined, and does not need to be centrally managed.
In order to collect all defaults, a typical run of the program has to be performed, and the collected default
values to be dumped afterwards.


	Variables

	
	defaults (dict) – Internal map of defaults


	current (dict) – Current tunables, with possible overrides.


	force_default (bool) – Whether to force usage of default values (default: False)









	
current = {}

	




	
defaults = {}

	




	
descriptions = {}

	




	
force_default = False

	




	
classmethod get_defaults()

	Gets the defaults, which were collected during the calls asking for various tunables.


	Returns

	either the overridden tunable or the default value



	Return type

	dependent on default





>>> TunableManager.defaults = {}
>>> value = tunable('my.tunable', 3.1415)
>>> TunableManager.get_defaults()
{'my.tunable': 3.1415}










	
classmethod get_descriptions()

	Gets descriptions.


	Returns

	The descriptions.



	Return type

	dict










	
classmethod get_table()

	




	
classmethod get_tunable(what, default)

	Returns either an overridden tunable, or the default value.
The result will be casted to the type of default.


	Parameters

	
	what (str) – tunable to look up


	default – default value






	Returns

	either the overridden tunable or the default value





>>> tunable('my.tunable', 3.1415)
3.1415










	
classmethod load_tunables(data)

	Sets the tunables.


	Parameters

	data (dict) – set of tunables to load



	Return type

	None





>>> TunableManager.load_tunables({'foo': 'bar'})
>>> tunable('foo', 'not bar')
'bar'










	
logger = <Logger molyso.generic.tunable.TunableManager (WARNING)>

	




	
classmethod set_description(what, description)

	Sets a description for a paremeter.


	Parameters

	
	what – parameter to describe


	description – description






	Returns

	














	
molyso.generic.tunable.tunable(what, default, description=None)

	Syntactic sugar helper function, to quickly get a tunable.
Calls: TunableManager.get_tunable(what, default)


	Parameters

	
	what (str or unicode) – tunable to look up


	default – default value


	description – description






	Returns

	either the overridden tunable or the default value



	Return type

	type(default)





>>> tunable('my.tunable', 3.1415)
3.1415















          

      

      

    

  

    
      
          
            
  
molyso.imageio package


molyso.imageio.imagestack module




molyso.imageio.imagestack_ometiff module







          

      

      

    

  

    
      
          
            
  
molyso.mm package

MM Module, contains Mother Machine analysis specific functionality.


molyso.mm.cell_detection module

documentation


	
class molyso.mm.cell_detection.Cell(top, bottom, channel)

	Bases: object

A Cell.


	Parameters

	
	top – coordinate of the ‘top’ of the cell, in channel coordinates


	bottom – coordinate of the ‘bottom’ of the cell, in channel coordinates


	channel – Channel object the cell belongs to









	
bottom

	Returns the absolute (on rotated image) coordinate of the cell bottom.


	Returns

	










	
cell_image

	The cell image, cropped out of the channel image.


	Returns

	image



	Return type

	numpy.ndarray










	
centroid

	Returns the (absolute coordinate on rotated image) centroid (2D).
:return:
:rtype: list






	
centroid_1d

	Returns the (one dimensional) (absolute coordinate on rotated image) centroid.
:return: centroid
:rtype: float






	
channel

	




	
crop_out_of_channel_image(channel_image)

	Crops the clel out of a provided image.
Used internally for Cell.cell_image(), and to crop cells out of fluorescence channel images.


	Parameters

	channel_image (numpy.ndarray) – 



	Returns

	image



	Return type

	numpy.ndarray










	
length

	Returns the cell length.


	Returns

	length










	
local_bottom

	




	
local_top

	




	
top

	Returns the absolute (on rotated image) coordinate of the cell top.


	Returns

	top














	
class molyso.mm.cell_detection.Cells(channel, bootstrap=True)

	Bases: object

A Cells object, a collection of Cell objects.


	
cell_type

	alias of Cell






	
cells_list

	




	
centroids

	Returns the centroids of the cells.


	Returns

	centroids



	Return type

	list










	
channel

	




	
clean()

	Performs clean-up.






	
nearest_tree

	








	
molyso.mm.cell_detection.find_cells_in_channel(image)

	




	
molyso.mm.cell_detection.find_cells_in_channel_classic(image)

	
	Parameters

	image – 



	Returns

	












molyso.mm.channel_detection module

documentation


	
class molyso.mm.channel_detection.Channel(image, left, right, top, bottom)

	Bases: object


	Parameters

	
	image – 


	left – 


	right – 


	top – 


	bottom – 









	
bottom

	
	Returns

	










	
cells

	




	
cells_type

	alias of molyso.mm.cell_detection.Cells






	
centroid

	
	Returns

	










	
channel_image

	




	
clean()

	Peforms clean up routines.






	
crop_out_of_image(image)

	
	Parameters

	image – 



	Returns

	










	
detect_cells()

	Performs Cell detection (by instantiating a Cells object).






	
get_coordinates()

	
	Returns

	










	
image

	




	
left

	




	
putative_orientation

	




	
real_bottom

	




	
real_top

	




	
right

	




	
top

	
	Returns

	














	
class molyso.mm.channel_detection.Channels(image, bootstrap=True)

	Bases: object

docstring


	
align_with_and_return_indices(other_channels)

	
	Parameters

	other_channels – 



	Returns

	










	
centroids

	
	Returns

	










	
channel_type

	alias of Channel






	
channels_list

	




	
clean()

	Performs clean up routines.






	
find_nearest(pos)

	
	Parameters

	pos – 



	Returns

	










	
image

	




	
nearest_tree

	








	
molyso.mm.channel_detection.alternate_vertical_channel_region_detection(image)

	
	Parameters

	image – 



	Returns

	










	
molyso.mm.channel_detection.find_channels(image)

	channel finder
:param image:
:return:






	
molyso.mm.channel_detection.horizontal_channel_detection(image)

	@param image:
@return:






	
molyso.mm.channel_detection.vertical_channel_region_detection(image)

	
	Parameters

	image – 



	Returns

	












molyso.mm.fluorescence module




molyso.mm.highlevel module




molyso.mm.highlevel_interactive_ground_truth module

documentation


	
molyso.mm.highlevel_interactive_ground_truth.interactive_ground_truth_main(args, tracked_results)

	Ground truth mode entry function.


	Parameters

	
	args – 


	tracked_results – 






	Returns

	
	raise SystemExit

	

















molyso.mm.highlevel_interactive_viewer module

documentation


	
molyso.mm.highlevel_interactive_viewer.interactive_main(args)

	
	Parameters

	args – 



	Raises

	SystemExit – 












molyso.mm.image module




molyso.mm.tracking module

documentation


	
class molyso.mm.tracking.TrackedPosition

	Bases: object

A TrackedPosition object contains various CellTracker objects for each channel within a multipoint position,
as well as other information associated with the position.


	
align_channels(progress_indicator=<callable_iterator object>)

	
	Parameters

	progress_indicator – 










	
find_first_valid_time()

	Finds the first valid time point for the position.






	
get_tracking_work_size()

	
	Returns

	










	
guess_channel_orientation()

	Tries to guess the channel orientation.
1 if the closed end (‘mother side’) is the high coordinates,
-1 if low …






	
logger

	




	
perform_everything(times)

	
	Parameters

	times – 



	Returns

	










	
perform_tracking(progress_indicator=<callable_iterator object>)

	
	Parameters

	progress_indicator – 










	
remove_empty_channels()

	Removes empty channels from the data set.






	
remove_empty_channels_post_tracking()

	Removes empty channels after tracking.






	
set_times(times)

	
	Parameters

	times – 














	
molyso.mm.tracking.analyse_cell_fates(tracker, previous_cells, current_cells)

	
	Parameters

	
	tracker – 


	previous_cells – 


	current_cells – 






	Returns

	










	
molyso.mm.tracking.each_k_tracking_tracker_channels_in_results(tracking)

	
	Parameters

	tracking – 










	
molyso.mm.tracking.each_pos_k_tracking_tracker_channels_in_results(inner_tracked_results)

	
	Parameters

	inner_tracked_results – 












molyso.mm.tracking_infrastructure module

This module contains cell tracking infrastructure.


	
class molyso.mm.tracking_infrastructure.CellCrossingCheckingGlobalDuoOptimizerQueue

	Bases: object


	
add_outcome(cost, involved_a, involved_b, what)

	
	Parameters

	
	cost – 


	involved_a – 


	involved_b – 


	what – 






	Returns

	










	
perform_optimal()

	
	Returns

	














	
class molyso.mm.tracking_infrastructure.CellTracker

	Bases: object

The CellTracker contains all tracks of a channel.


	
all_tracked_cells

	




	
average_cells

	Returns the average count of cells present in this tracked channel.


	Returns

	










	
get_cell_by_observation(where)

	Returns the associated cell by its observation.


	Parameters

	where – 



	Returns

	










	
is_tracked(cell)

	Returns whether the cell is tracked.


	Parameters

	cell – 



	Returns

	










	
new_cell()

	Creates a new TrackedCell object associated with this tracker.


	Returns

	










	
new_observed_cell(where)

	Creates a new TrackedCell object, with added observation.


	Parameters

	where – 



	Returns

	










	
new_observed_origin(where)

	Creates a new TrackedCell object and adds it as an origin, with added observation.
:param where:
:return:






	
new_origin()

	Creates a new TrackedCell object and adds it as an origin.


	Returns

	










	
origins

	




	
tick()

	Ticks the clock. Sets the internal timepoint counter forward by one.






	
timepoints

	








	
class molyso.mm.tracking_infrastructure.TrackedCell(tracker)

	Bases: object


	Parameters

	tracker – 






	
add_child(tcell)

	
	Parameters

	tcell – 



	Returns

	










	
add_children(*children)

	
	Parameters

	children – 










	
add_observation(cell)

	
	Parameters

	cell – 



	Returns

	










	
children

	




	
elongation_rates

	
	Returns

	










	
parent

	




	
raw_elongation_rates

	




	
raw_trajectories

	




	
seen_as

	




	
tracker

	




	
trajectories

	
	Returns

	










	
ultimate_parent

	
	Returns

	














	
molyso.mm.tracking_infrastructure.to_list(x)

	
	Parameters

	x – 



	Returns

	












molyso.mm.tracking_output module

documentation


	
molyso.mm.tracking_output.analyze_tracking(cells, receptor, meta=None)

	
	Parameters

	
	meta – 


	cells – 


	receptor – 













	
molyso.mm.tracking_output.catch_attribute_error(what, otherwise)

	runs callable ‘what’ and catches AttributeError, returning ‘otherwise’ if one occurred
:param what: callable
:param otherwise: alternate result in case of IndexError
:return: result of ‘what’ or ‘otherwise’ in case of IndexError






	
molyso.mm.tracking_output.catch_index_error(what, otherwise)

	runs callable ‘what’ and catches IndexErrors, returning ‘otherwise’ if one occurred
:param what: callable
:param otherwise: alternate result in case of IndexError
:return: result of ‘what’ or ‘otherwise’ in case of IndexError






	
molyso.mm.tracking_output.get_object_unique_id(obj)

	
	Parameters

	obj – 



	Returns

	










	
molyso.mm.tracking_output.iterate_over_cells(cells)

	
	Parameters

	cells – 



	Returns

	










	
molyso.mm.tracking_output.plot_timeline(p, channels, cells, figure_presetup=None, figure_finished=None, show_images=True, show_overlay=True, leave_open=False)

	
	Parameters

	
	p – 


	channels – 


	cells – 


	figure_presetup – 


	figure_finished – 


	show_images – 


	show_overlay – 


	leave_open – 













	
molyso.mm.tracking_output.s_to_h(s)

	converts seconds to hours
:param s: seconds
:return: hours






	
molyso.mm.tracking_output.s_to_h_str(s, *args, **kwargs)

	converts seconds to hours as a rounded string
:param s: seconds
:return: hours
:param s: seconds
:return: hours string






	
molyso.mm.tracking_output.tracker_to_cell_list(tracker)

	
	Parameters

	tracker – 



	Returns

	















          

      

      

    

  

    
      
          
            
  
molyso.test package


Module contents
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A


  	
      	active (molyso.debugging.debugplot.DebugPlot attribute)


      	add() (molyso.generic.etc.QuickTableDumper method)


      	add_child() (molyso.mm.tracking_infrastructure.TrackedCell method)


      	add_children() (molyso.mm.tracking_infrastructure.TrackedCell method)


      	add_observation() (molyso.mm.tracking_infrastructure.TrackedCell method)


      	add_outcome() (molyso.mm.tracking_infrastructure.CellCrossingCheckingGlobalDuoOptimizerQueue method)


  

  	
      	align_channels() (molyso.mm.tracking.TrackedPosition method)


      	align_with_and_return_indices() (molyso.mm.channel_detection.Channels method)


      	all_tracked_cells (molyso.mm.tracking_infrastructure.CellTracker attribute)


      	alternate_vertical_channel_region_detection() (in module molyso.mm.channel_detection)


      	analyse_cell_fates() (in module molyso.mm.tracking)


      	analyze_tracking() (in module molyso.mm.tracking_output)


      	average_cells (molyso.mm.tracking_infrastructure.CellTracker attribute)


  





B


  	
      	BaseCache (class in molyso.generic.etc)


      	bits_to_numpy_type() (in module molyso.generic.etc)


  

  	
      	bottom (molyso.mm.cell_detection.Cell attribute)

      
        	(molyso.mm.channel_detection.Channel attribute)


      


      	build_cache_filename() (molyso.generic.etc.FileCache method)


  





C


  	
      	Cache (in module molyso.generic.etc)


      	catch_attribute_error() (in module molyso.mm.tracking_output)


      	catch_index_error() (in module molyso.mm.tracking_output)


      	Cell (class in molyso.mm.cell_detection)


      	cell_image (molyso.mm.cell_detection.Cell attribute)


      	cell_type (molyso.mm.cell_detection.Cells attribute)


      	CellCrossingCheckingGlobalDuoOptimizerQueue (class in molyso.mm.tracking_infrastructure)


      	Cells (class in molyso.mm.cell_detection)


      	cells (molyso.mm.channel_detection.Channel attribute)


      	cells_list (molyso.mm.cell_detection.Cells attribute)


      	cells_type (molyso.mm.channel_detection.Channel attribute)


      	CellTracker (class in molyso.mm.tracking_infrastructure)


      	centroid (molyso.mm.cell_detection.Cell attribute)

      
        	(molyso.mm.channel_detection.Channel attribute)


      


      	centroid_1d (molyso.mm.cell_detection.Cell attribute)


      	centroids (molyso.mm.cell_detection.Cells attribute)

      
        	(molyso.mm.channel_detection.Channels attribute)


      


      	Channel (class in molyso.mm.channel_detection)


  

  	
      	channel (molyso.mm.cell_detection.Cell attribute)

      
        	(molyso.mm.cell_detection.Cells attribute)


      


      	channel_image (molyso.mm.channel_detection.Channel attribute)


      	channel_type (molyso.mm.channel_detection.Channels attribute)


      	Channels (class in molyso.mm.channel_detection)


      	channels_list (molyso.mm.channel_detection.Channels attribute)


      	children (molyso.mm.tracking_infrastructure.TrackedCell attribute)


      	clean() (molyso.mm.cell_detection.Cells method)

      
        	(molyso.mm.channel_detection.Channel method)


        	(molyso.mm.channel_detection.Channels method)


      


      	contains() (molyso.generic.etc.BaseCache method)

      
        	(molyso.generic.etc.FileCache method)


        	(molyso.generic.etc.Sqlite3Cache method)


      


      	context (molyso.debugging.debugplot.DebugPlot attribute)


      	correct_windows_signal_handlers() (in module molyso.generic.etc)


      	crop_out_of_channel_image() (molyso.mm.cell_detection.Cell method)


      	crop_out_of_image() (molyso.mm.channel_detection.Channel method)


      	current (molyso.generic.tunable.TunableManager attribute)


  





D


  	
      	debug_init() (in module molyso.generic.etc)


      	DebugPlot (class in molyso.debugging.debugplot)


      	DebugPlotInterruptException


      	DebugPlotInterruptThrower (class in molyso.debugging.debugplot)


      	default_config (molyso.debugging.debugplot.DebugPlot attribute)


      	defaults (molyso.generic.tunable.TunableManager attribute)


  

  	
      	delimiter (molyso.generic.etc.QuickTableDumper attribute)


      	descriptions (molyso.generic.tunable.TunableManager attribute)


      	deserialize() (molyso.generic.etc.BaseCache static method)


      	detect_cells() (molyso.mm.channel_detection.Channel method)


      	diverted_outputs (molyso.debugging.debugplot.DebugPlot attribute)


      	dummy_progress_indicator() (in module molyso.generic.etc)


  





E


  	
      	each_image_slice() (in module molyso.generic.signal)


      	each_k_tracking_tracker_channels_in_results() (in module molyso.mm.tracking)


      	each_pos_k_tracking_tracker_channels_in_results() (in module molyso.mm.tracking)


      	elongation_rates (molyso.mm.tracking_infrastructure.TrackedCell attribute)


  

  	
      	exit_handler_registered (molyso.debugging.debugplot.DebugPlot attribute)


      	exit_handlers (molyso.debugging.debugplot.DebugPlot attribute)


      	exp_plot_debugging (molyso.debugging.debugplot.DebugPlot attribute)


      	ExtremeAndProminence (class in molyso.generic.signal)


  





F


  	
      	fancy_progress_bar() (in module molyso.generic.etc)


      	file_prefix (molyso.debugging.debugplot.DebugPlot attribute)


      	file_suffix (molyso.debugging.debugplot.DebugPlot attribute)


      	FileCache (class in molyso.generic.etc)


      	files_to_merge (molyso.debugging.debugplot.DebugPlot attribute)


      	find_cells_in_channel() (in module molyso.mm.cell_detection)


      	find_cells_in_channel_classic() (in module molyso.mm.cell_detection)


      	find_channels() (in module molyso.mm.channel_detection)


  

  	
      	find_extrema_and_prominence() (in module molyso.generic.signal)


      	find_first_valid_time() (molyso.mm.tracking.TrackedPosition method)


      	find_insides() (in module molyso.generic.signal)


      	find_nearest() (molyso.mm.channel_detection.Channels method)


      	find_phase() (in module molyso.generic.signal)


      	fit_to_type() (in module molyso.generic.signal)


      	force_active (molyso.debugging.debugplot.DebugPlot attribute)


      	force_default (molyso.generic.tunable.TunableManager attribute)


  





G


  	
      	get() (molyso.generic.etc.BaseCache method)

      
        	(molyso.generic.etc.FileCache method)


        	(molyso.generic.etc.Sqlite3Cache method)


      


      	get_cell_by_observation() (molyso.mm.tracking_infrastructure.CellTracker method)


      	get_context() (molyso.debugging.debugplot.DebugPlot class method)


      	get_coordinates() (molyso.mm.channel_detection.Channel method)


      	get_defaults() (molyso.generic.tunable.TunableManager class method)


  

  	
      	get_descriptions() (molyso.generic.tunable.TunableManager class method)


      	get_file_for_merge() (molyso.debugging.debugplot.DebugPlot class method)


      	get_object_unique_id() (in module molyso.mm.tracking_output)


      	get_table() (molyso.generic.tunable.TunableManager class method)


      	get_tracking_work_size() (molyso.mm.tracking.TrackedPosition method)


      	get_tunable() (molyso.generic.tunable.TunableManager class method)


      	guess_channel_orientation() (molyso.mm.tracking.TrackedPosition method)


  





H


  	
      	hamming_smooth() (in module molyso.generic.smoothing)


      	hires_power_spectrum() (in module molyso.generic.fft)


  

  	
      	histogram() (in module molyso.generic.otsu)


      	horizontal_channel_detection() (in module molyso.mm.channel_detection)


      	horizontal_mean() (in module molyso.generic.signal)


  





I


  	
      	ignorant_next() (in module molyso.generic.etc)


      	image (molyso.mm.channel_detection.Channel attribute)

      
        	(molyso.mm.channel_detection.Channels attribute)


      


      	individual_and_merge (molyso.debugging.debugplot.DebugPlot attribute)


      	individual_file_prefix (molyso.debugging.debugplot.DebugPlot attribute)


      	individual_files (molyso.debugging.debugplot.DebugPlot attribute)


  

  	
      	inject_poly_drawing_helper() (in module molyso.debugging.debugplot)


      	interactive_ground_truth_main() (in module molyso.mm.highlevel_interactive_ground_truth)


      	interactive_main() (in module molyso.mm.highlevel_interactive_viewer)


      	is_tracked() (molyso.mm.tracking_infrastructure.CellTracker method)


      	iter_time() (in module molyso.generic.etc)


      	iterate_over_cells() (in module molyso.mm.tracking_output)


  





K


  	
      	keys() (molyso.generic.etc.Sqlite3Cache method)


  





L


  	
      	left (molyso.mm.channel_detection.Channel attribute)


      	length (molyso.mm.cell_detection.Cell attribute)


      	line_end (molyso.generic.etc.QuickTableDumper attribute)


      	load_tunables() (molyso.generic.tunable.TunableManager class method)


  

  	
      	local_bottom (molyso.mm.cell_detection.Cell attribute)


      	local_top (molyso.mm.cell_detection.Cell attribute)


      	logger (molyso.generic.tunable.TunableManager attribute)

      
        	(molyso.mm.tracking.TrackedPosition attribute)


      


  





M


  	
      	molyso (module)


      	molyso.debugging (module)


      	molyso.debugging.debugplot (module)


      	molyso.generic (module)


      	molyso.generic.etc (module)


      	molyso.generic.fft (module)


      	molyso.generic.otsu (module)


      	molyso.generic.registration (module)


      	molyso.generic.signal (module)


  

  	
      	molyso.generic.smoothing (module)


      	molyso.generic.tunable (module)


      	molyso.mm (module)


      	molyso.mm.cell_detection (module)


      	molyso.mm.channel_detection (module)


      	molyso.mm.highlevel_interactive_ground_truth (module)


      	molyso.mm.highlevel_interactive_viewer (module)


      	molyso.mm.tracking (module)


      	molyso.mm.tracking_infrastructure (module)


      	molyso.mm.tracking_output (module)


  





N


  	
      	nearest_tree (molyso.mm.cell_detection.Cells attribute)

      
        	(molyso.mm.channel_detection.Channels attribute)


      


      	new_cell() (molyso.mm.tracking_infrastructure.CellTracker method)


      	new_observed_cell() (molyso.mm.tracking_infrastructure.CellTracker method)


      	new_observed_origin() (molyso.mm.tracking_infrastructure.CellTracker method)


  

  	
      	new_origin() (molyso.mm.tracking_infrastructure.CellTracker method)


      	new_pdf_output() (molyso.debugging.debugplot.DebugPlot class method)


      	next_free_filename() (in module molyso.debugging.debugplot)


      	normalize() (in module molyso.generic.signal)


      	NotReallyATree (class in molyso.generic.etc)


  





O


  	
      	one_every_n() (in module molyso.generic.signal)


  

  	
      	origins (molyso.mm.tracking_infrastructure.CellTracker attribute)


      	outliers() (in module molyso.generic.signal)


  





P


  	
      	parent (molyso.mm.tracking_infrastructure.TrackedCell attribute)


      	parse_range() (in module molyso.generic.etc)


      	pdfopener() (molyso.debugging.debugplot.DebugPlot class method)


      	perform_everything() (molyso.mm.tracking.TrackedPosition method)


      	perform_optimal() (molyso.mm.tracking_infrastructure.CellCrossingCheckingGlobalDuoOptimizerQueue method)


      	perform_tracking() (molyso.mm.tracking.TrackedPosition method)


      	plot_timeline() (in module molyso.mm.tracking_output)


  

  	
      	poly_drawing_helper() (in module molyso.debugging.debugplot)


      	post_figure (molyso.debugging.debugplot.DebugPlot attribute)


      	power_spectrum() (in module molyso.generic.fft)


      	pp (molyso.debugging.debugplot.DebugPlot attribute)


      	precision (molyso.generic.etc.QuickTableDumper attribute)


      	prepare_key() (molyso.generic.etc.BaseCache static method)


      	prettify_numpy_array() (in module molyso.generic.etc)


      	putative_orientation (molyso.mm.channel_detection.Channel attribute)


  





Q


  	
      	query() (molyso.generic.etc.NotReallyATree method)


  

  	
      	QuickTableDumper (class in molyso.generic.etc)


  





R


  	
      	raw_elongation_rates (molyso.mm.tracking_infrastructure.TrackedCell attribute)


      	raw_trajectories (molyso.mm.tracking_infrastructure.TrackedCell attribute)


      	real_bottom (molyso.mm.channel_detection.Channel attribute)


      	real_top (molyso.mm.channel_detection.Channel attribute)


      	relative_maxima() (in module molyso.generic.signal)


  

  	
      	relative_minima() (in module molyso.generic.signal)


      	remove_empty_channels() (molyso.mm.tracking.TrackedPosition method)


      	remove_empty_channels_post_tracking() (molyso.mm.tracking.TrackedPosition method)


      	remove_outliers() (in module molyso.generic.signal)


      	right (molyso.mm.channel_detection.Channel attribute)


  





S


  	
      	s_to_h() (in module molyso.mm.tracking_output)


      	s_to_h_str() (in module molyso.mm.tracking_output)


      	seen_as (molyso.mm.tracking_infrastructure.TrackedCell attribute)


      	serialize() (molyso.generic.etc.BaseCache static method)


      	set() (molyso.generic.etc.BaseCache method)

      
        	(molyso.generic.etc.FileCache method)


        	(molyso.generic.etc.Sqlite3Cache method)


      


      	set_context() (molyso.debugging.debugplot.DebugPlot class method)


      	set_description() (molyso.generic.tunable.TunableManager class method)


      	set_times() (molyso.mm.tracking.TrackedPosition method)


  

  	
      	shift_image() (in module molyso.generic.registration)


      	signals() (in module molyso.generic.smoothing)


      	silent_progress_bar() (in module molyso.generic.etc)


      	simple_baseline_correction() (in module molyso.generic.signal)


      	smooth() (in module molyso.generic.smoothing)


      	spectrum() (in module molyso.generic.fft)


      	spectrum_bins() (in module molyso.generic.fft)


      	spectrum_bins_by_length() (in module molyso.generic.fft)


      	spectrum_fourier() (in module molyso.generic.fft)


      	Sqlite3Cache (class in molyso.generic.etc)


      	stringify() (molyso.generic.etc.QuickTableDumper method)


  





T


  	
      	threshold_otsu() (in module molyso.generic.otsu)


      	threshold_outliers() (in module molyso.generic.signal)


      	throw_on_anything (molyso.debugging.debugplot.DebugPlot attribute)


      	tick() (molyso.mm.tracking_infrastructure.CellTracker method)


      	timepoints (molyso.mm.tracking_infrastructure.CellTracker attribute)


      	to_list() (in module molyso.mm.tracking_infrastructure)


      	top (molyso.mm.cell_detection.Cell attribute)

      
        	(molyso.mm.channel_detection.Channel attribute)


      


  

  	
      	TrackedCell (class in molyso.mm.tracking_infrastructure)


      	TrackedPosition (class in molyso.mm.tracking)


      	tracker (molyso.mm.tracking_infrastructure.TrackedCell attribute)


      	tracker_to_cell_list() (in module molyso.mm.tracking_output)


      	trajectories (molyso.mm.tracking_infrastructure.TrackedCell attribute)


      	translation_2x1d() (in module molyso.generic.registration)


      	tunable() (in module molyso.generic.tunable)


      	TunableManager (class in molyso.generic.tunable)


  





U


  	
      	ultimate_parent (molyso.mm.tracking_infrastructure.TrackedCell attribute)


  





V


  	
      	vertical_channel_region_detection() (in module molyso.mm.channel_detection)


  

  	
      	vertical_mean() (in module molyso.generic.signal)


  





W


  	
      	write_list() (molyso.generic.etc.QuickTableDumper method)


  







          

      

      

    

  

    
      
          
            
  
Example Analysis

This Jupyter/IPython notebook explains how to post-process the tabular
tab-separated value format produced by molyso to generate various
graphs.

If you are unfamiliar with IPython and the
NumPy/SciPy/matplotlib/pandas… Stack, we’d suggest you first read a
bit about it. We think it’s definitely worth giving it a try, as it is a
greatly versatile tool for scientific programming endeavours.

This notebook expects a prepared data file in the current working
directory.

An example file is shipped with this notebook, it was created by calling
molyso:

python3 -m molyso MM_Cglutamicum_D_aceE.ome.tiff -p -o MM_Cglutamicum_D_aceE_results.tsv





The file format is a tab separated table format, which can easily be
opened with Pandas.

See the following explanation of the table columns:







	Column name

	Contents





	about_to_divide

	Whether this cell is about to divide, i.e., this is the last occurrence of this cell



	cell_age

	The cell age [h], relative to its “birth”



	cellxposition

	The horizontal position [µm] of the cell (i.e., of the channel)



	cellyposition

	The vertical position [µm] of the cell within the channel



	channel_average_cells

	The average count of cells detected in this channel



	channel_in_multipoint

	The position number of the cell’s channel within this multipoint position



	channel_orientation

	A heuristic result whether high or low y positions represent the open end



	channel_width

	The width of the cell’s channel



	division_age

	The age [h] at which the cell will divide



	elongation_rate

	The elongation rate [µm·s⁻¹] of the cell



	fluorescence_n

	The mean fluorescence of the cell (with background subtracted)



	fluorescence_background_n

	The background fluorescence of the cell’s image



	fluorescence_count

	The count of fluorescences present in the dataset. The other fluorescence_*_n fields occurr dependent on this number.



	fluorescence_raw_n

	The mean raw fluorescence value of the cell



	fluorescence_std_n

	The standard deviation of the fluorescence of the cell



	length

	The cell length [µm]



	multipoint

	The multipoint number of the frame of the cell



	timepoint

	The timepoint [s] of the cell sighting



	timepoint_num

	The timepoint number (within the dataset) of the cell sighting



	uid_cell

	A unique id for this tracked cell



	uid_parent

	A unique id for the cell’s parent cell



	uid_thiscell

	A unique id for this particular cell sighting



	uid_track

	A unique id for origin (the whole tracking from one start)






file_name = 'MM_Cglutamicum_D_aceE_results.tsv'





# Some general setup routines
%matplotlib inline
%config InlineBackend.figure_formats=['svg']
import pandas
import numpy
from matplotlib import pylab
pandas.options.display.max_columns = None
pylab.rcParams['figure.figsize'] = (10, 6)
pylab.rcParams['svg.fonttype'] = 'none'
pylab.rcParams['font.sans-serif'] = ['Arial']
pylab.rcParams['font.family'] = 'sans-serif'
try:
    import seaborn
except ImportError:
    print("Optional dependency: seaborn to pretty up the graphs.")





# we first open the file via Pandas, it is formatted so that it can be read with the read_table command.

results = pandas.read_table(file_name)

# let's take a sneak peek into the file:
results.head()







  
    
      	
      	about_to_divide
      	cell_age
      	cellxposition
      	cellyposition
      	channel_average_cells
      	channel_in_multipoint
      	channel_orientation
      	channel_width
      	division_age
      	elongation_rate
      	fluorescence_0
      	fluorescence_background_0
      	fluorescence_count
      	fluorescence_raw_0
      	fluorescence_std_0
      	length
      	multipoint
      	timepoint
      	timepoint_num
      	uid_cell
      	uid_parent
      	uid_thiscell
      	uid_track
    

  
  
    
      	0
      	0
      	0.000000
      	169.5
      	162.999583
      	6.920833
      	0
      	0
      	1.235
      	0.886687
      	0.000000
      	7.315575
      	3246.311622
      	1
      	3253.627197
      	71.395714
      	1.040
      	0
      	1069.611671
      	1
      	1
      	0
      	2
      	1
    

    
      	1
      	0
      	0.248598
      	171.5
      	191.500000
      	6.920833
      	0
      	0
      	1.235
      	0.886687
      	0.023465
      	17.634413
      	3245.607042
      	1
      	3263.241455
      	82.589760
      	2.405
      	0
      	1964.563235
      	2
      	1
      	0
      	3
      	1
    

    
      	2
      	0
      	0.498510
      	171.5
      	210.526302
      	6.920833
      	0
      	0
      	1.235
      	0.886687
      	0.015561
      	18.731400
      	3246.076706
      	1
      	3264.808105
      	69.626511
      	3.315
      	0
      	2864.248744
      	3
      	1
      	0
      	4
      	1
    

    
      	3
      	0
      	0.000000
      	169.5
      	198.999583
      	6.920833
      	0
      	0
      	1.235
      	NaN
      	0.000000
      	16.169823
      	3246.311622
      	1
      	3262.481445
      	79.805779
      	3.380
      	0
      	1069.611671
      	1
      	5
      	0
      	6
      	5
    

    
      	4
      	0
      	0.000000
      	169.5
      	245.999583
      	6.920833
      	0
      	0
      	1.235
      	NaN
      	0.000000
      	9.266991
      	3246.311622
      	1
      	3255.578613
      	85.752457
      	2.470
      	0
      	1069.611671
      	1
      	7
      	0
      	8
      	7
    

  



# Let's take a look at the growth rate.
# Therefore, we take a look at all division events:

division_events = results.query('about_to_divide == 1')

print("We found %d division events (out of %d overall cell sightings)" % (len(division_events), len(results),))





We found 1165 division events (out of 23236 overall cell sightings)





pylab.title('Scatter plot of detected division events')
pylab.ylabel('Division time [h]')
pylab.xlabel('Experiment time [h]')
pylab.scatter(division_events.timepoint / (60.0*60.0), division_events.division_age)





<matplotlib.collections.PathCollection at 0x7fc000aea240>





[image: _images/Example_Analysis_5_1.svg]As you can see, the points are quite nicely crowded in a meaningful
range, with some outliers. As a reminder, the dataset was acquired with
a 15 min interval, which produces quite some error.

Let’s look into a unified growth rate …

division_events_on_first_day = results.query('about_to_divide == 1 and timepoint < 24*60*60')

doubling_times = numpy.array(division_events_on_first_day.division_age)

print("Unfiltered growth rate on first day µ=%f" % (numpy.log(2)/doubling_times.mean(),))





Unfiltered growth rate on first day µ=0.483987





That way, the data contains quite some outliers, let’s remove them by
applying some biological prior knowledge:

mu_min = 0.01
mu_max = 1.00

filtered_doubling_times = doubling_times[
    ((numpy.log(2)/mu_min) > doubling_times) & (doubling_times > (numpy.log(2)/mu_max))
]

print("Filtered growth rate on first day µ=%f" % (numpy.log(2)/filtered_doubling_times.mean(),))





Filtered growth rate on first day µ=0.403989





Now, how do we generate an overall growth rate graph from the scattered
points? We use the simple moving average to unify many points into a
single points (over time). [And group the points by their timepoints to
have a measure if enough division events occured within a certain time
frame. There are multiple possible approaches here, and if precise µ is
desired, the graph should be based on filtered data as well!]

#division_events = division_events.sort('timepoint')
division_events = division_events.query('timepoint < (50.0 * 60.0 * 60.0)')

grouped_division_events = division_events.groupby(by=('timepoint_num',))

window_width = 25

sma_division_age = pandas.rolling_mean(numpy.array(grouped_division_events.mean().division_age), window_width)
sma_time = pandas.rolling_mean(numpy.array(grouped_division_events.mean().timepoint), window_width)
sma_count = pandas.rolling_mean(numpy.array(grouped_division_events.count().division_age), window_width)
sma_division_age[sma_count < 5] = float('nan')

t = sma_time / 60.0 / 60.0
mu = numpy.log(2)/sma_division_age

pylab.title('Growth graph')
pylab.xlabel('Experiment time [h]')
pylab.ylabel('Growth rate µ [h⁻¹]')
pylab.plot(t, mu)
pylab.ylim(0, 0.6)
pylab.xlim(0, 60)
pylab.show()





[image: _images/Example_Analysis_11_0.svg]fluor = results.query('fluorescence_0 == fluorescence_0')  # while the example dataset does not contain nans, other data might
fluor = fluor.groupby(by=('timepoint_num'))

fluor_time = pandas.rolling_mean(numpy.array(fluor.timepoint.mean()), window_width)  / (60.0*60.0)
fluor_value = pandas.rolling_mean(numpy.array(fluor.fluorescence_0.mean()), window_width)

pylab.title('Growth and fluorescence graph')
pylab.xlabel('Experiment time [h]')
pylab.ylabel('Growth rate µ [h⁻¹]')
pylab.ylim(0, 0.6)
pylab.plot(t, mu)
pylab.twinx()
pylab.ylabel('Fluorescence [a.u.]')
pylab.plot(0, 0, label='µ')  # to add a legend entry
pylab.plot(fluor_time, fluor_value, label='Fluorescence', color='yellow')
pylab.xlim(0, 60)
pylab.legend()
pylab.show()





[image: _images/Example_Analysis_12_0.svg]Let’s look into some single cell data, e.g., cell length or
fluorescence (note that different timepoints are used then in the
paper):

# Dividing cells can be identified by the about_to_divide == 1 flag,
# cells, which resulted from a division have cell_age == 0

pre_division = results.query('about_to_divide==1')
post_division = results.query('cell_age==0')

pylab.subplot(2,2,1)
pylab.title('Cell lengths pre/post-division')
pylab.xlabel('Length [µm]')
pylab.ylabel('Occurrence [#]')
pre_division.length.hist(alpha=0.5, label='Pre-division')
post_division.length.hist(alpha=0.5, label='Post-division')
pylab.legend()
pylab.subplot(2,2,2)
pylab.title('Cell lengths boxplot')
pylab.ylabel('Length [µm]')
pylab.boxplot([pre_division.length, post_division.length], labels=['Pre-division', 'Post-division'])
pylab.show()





[image: _images/Example_Analysis_14_0.svg]fluor = results.query('fluorescence_0 == fluorescence_0')  # while the example dataset does not contain nans, other data might
pylab.title('Fluorescences pre/post-media change')
pylab.xlabel('Fluorescence [a.u.]')
pylab.ylabel('Occurrence [#]')
fluor.query('timepoint < 24*60*60').fluorescence_0.hist(alpha=0.5, label='Pre-media change')
# 6h gap for the bacteria to start production
fluor.query('timepoint > 30*60*60').fluorescence_0.hist(alpha=0.5, label='Post-media change')
pylab.legend()
pylab.show()





[image: _images/Example_Analysis_15_0.svg]That’s it so far. We hope this notebook gave you some ideas how to
analyze your data.





          

      

      

    

  

    
      
          
            
  
Example molyso Embedding

This example should give a brief overview how molyso can easily be
called and embedded. As of now, only the steps until after the cell
detection are to be performed.

For the example, a test image shipped with molyso will be used.

# Some general setup routines
%matplotlib inline
%config InlineBackend.figure_formats=['svg']
import numpy
from matplotlib import pylab
pylab.rcParams.update({
    'figure.figsize': (10, 6),
    'svg.fonttype': 'none',
    'font.sans-serif': 'Arial',
    'font.family': 'sans-serif',
    'image.cmap': 'gray',
})





# the test image can be fetched by the `test_image` function
# it is included in molyso primarily to run testing routines

from molyso.test import test_image
pylab.imshow(test_image())





<matplotlib.image.AxesImage at 0x7f09dbf04f98>





[image: _images/Example_molyso_Embedding_2_1.svg]# the central starting point of the molyso highlevel interface
# is the Image class

from molyso.mm.image import Image
image = Image()
image.setup_image(test_image())

# as a first test, let's run the autorotate routine, which will
# automatically correct the rotation detected

image.autorotate()
print("Detected angle: %.4f°" % (image.angle,))
pylab.imshow(image.image)





Detected angle: -1.5074°





<matplotlib.image.AxesImage at 0x7f09c8443e48>





[image: _images/Example_molyso_Embedding_3_2.svg]# the next two functions call the low-level steps
# therefore, while not much is to see here, ...
# the magic happens behind the curtains

image.find_channels()
image.find_cells_in_channels()

from molyso.debugging.debugplot import inject_poly_drawing_helper
inject_poly_drawing_helper(pylab)

# embedded debugging functionality can be used
# to produce an image with cells and channels drawn as overlay
image.debug_print_cells(pylab)





[image: _images/Example_molyso_Embedding_4_0.svg]# let's look into an important part of the Image-class

# the channels member, which supports the iterator interface
# ... therefore, we call it as parameter to list()
# to get a list of channels

channels = list(image.channels)

# and print some info about it (the .cells member works analogously)
print("The first channel contains: %d cells." % (len(channels[0].cells),))
print("The third channel contains: %d cells." % (len(channels[2].cells),))





The first channel contains: 0 cells.
The third channel contains: 4 cells.





# connectivity to original image data remains,
# as long as it is not removed (due to memory/disk-space consumption reasons)

channel = channels[2]
pylab.imshow(channel.channel_image)





<matplotlib.image.AxesImage at 0x7f09c8369898>





[image: _images/Example_molyso_Embedding_6_1.svg]# lets look into the channel's cells ...

print(list(channel.cells))





[<molyso.mm.cell_detection.Cell object at 0x7f09d9e46f48>, <molyso.mm.cell_detection.Cell object at 0x7f09d9dd6248>, <molyso.mm.cell_detection.Cell object at 0x7f09d9e35d88>, <molyso.mm.cell_detection.Cell object at 0x7f09d9e151c8>]





# the last call did not really advance our insights ...
# let's take a look at some properties of the cell:
# *local_*top and *local_*bottom ...
# which coincide witht the pixel positions within the channel image
# Note: there is a top and bottom member as well,
# but these values include the total offset of the channel within the image!

for n, cell in enumerate(channel.cells):
    print("Cell #%d from %d to %d" % (n, cell.local_top, cell.local_bottom,))





Cell #0 from 109 to 140
Cell #1 from 142 to 169
Cell #2 from 171 to 215
Cell #3 from 217 to 255





# again, connectivity to the image data remains ...
# lets show all individual cell images of that channel

# long line just to prettify the output ...
from functools import partial
next_subplot = partial(pylab.subplot, int(numpy.sqrt(len(channel.cells)))+1, int(numpy.sqrt(len(channel.cells))))

for n, cell in enumerate(channel.cells):
    next_subplot(n+1)
    pylab.title('Cell #%d' % (n,))
    pylab.imshow(cell.cell_image)

pylab.tight_layout()





[image: _images/Example_molyso_Embedding_9_0.svg]This was only a brief overview of some basic functionality. It might get
expanded in the future. For now, if you’d like to get deeper insights on
the working of molyso, I’d like to ask you to study the source files.

# PS: You can as well turn on Debug printing within IPython to get more insight on the internals
from molyso.debugging import DebugPlot
DebugPlot.force_active = True
DebugPlot.post_figure = 'show'

image.find_channels()
image.find_cells_in_channels()
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  All modules for which code is available

	logging

	molyso.debugging.debugplot

	molyso.generic.etc

	molyso.generic.fft

	molyso.generic.otsu

	molyso.generic.registration

	molyso.generic.signal

	molyso.generic.smoothing

	molyso.generic.tunable

	molyso.mm.cell_detection

	molyso.mm.channel_detection

	molyso.mm.highlevel_interactive_ground_truth

	molyso.mm.highlevel_interactive_viewer

	molyso.mm.tracking

	molyso.mm.tracking_infrastructure

	molyso.mm.tracking_output




          

      

      

    

  

    
      
          
            
  Source code for logging

# Copyright 2001-2017 by Vinay Sajip. All Rights Reserved.
#
# Permission to use, copy, modify, and distribute this software and its
# documentation for any purpose and without fee is hereby granted,
# provided that the above copyright notice appear in all copies and that
# both that copyright notice and this permission notice appear in
# supporting documentation, and that the name of Vinay Sajip
# not be used in advertising or publicity pertaining to distribution
# of the software without specific, written prior permission.
# VINAY SAJIP DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE, INCLUDING
# ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS. IN NO EVENT SHALL
# VINAY SAJIP BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR
# ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER
# IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
# OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

"""
Logging package for Python. Based on PEP 282 and comments thereto in
comp.lang.python.

Copyright (C) 2001-2017 Vinay Sajip. All Rights Reserved.

To use, simply 'import logging' and log away!
"""

import sys, os, time, io, traceback, warnings, weakref, collections.abc

from string import Template

__all__ = ['BASIC_FORMAT', 'BufferingFormatter', 'CRITICAL', 'DEBUG', 'ERROR',
           'FATAL', 'FileHandler', 'Filter', 'Formatter', 'Handler', 'INFO',
           'LogRecord', 'Logger', 'LoggerAdapter', 'NOTSET', 'NullHandler',
           'StreamHandler', 'WARN', 'WARNING', 'addLevelName', 'basicConfig',
           'captureWarnings', 'critical', 'debug', 'disable', 'error',
           'exception', 'fatal', 'getLevelName', 'getLogger', 'getLoggerClass',
           'info', 'log', 'makeLogRecord', 'setLoggerClass', 'shutdown',
           'warn', 'warning', 'getLogRecordFactory', 'setLogRecordFactory',
           'lastResort', 'raiseExceptions']

import threading

__author__  = "Vinay Sajip <vinay_sajip@red-dove.com>"
__status__  = "production"
# The following module attributes are no longer updated.
__version__ = "0.5.1.2"
__date__    = "07 February 2010"

#---------------------------------------------------------------------------
#   Miscellaneous module data
#---------------------------------------------------------------------------

#
#_startTime is used as the base when calculating the relative time of events
#
_startTime = time.time()

#
#raiseExceptions is used to see if exceptions during handling should be
#propagated
#
raiseExceptions = True

#
# If you don't want threading information in the log, set this to zero
#
logThreads = True

#
# If you don't want multiprocessing information in the log, set this to zero
#
logMultiprocessing = True

#
# If you don't want process information in the log, set this to zero
#
logProcesses = True

#---------------------------------------------------------------------------
#   Level related stuff
#---------------------------------------------------------------------------
#
# Default levels and level names, these can be replaced with any positive set
# of values having corresponding names. There is a pseudo-level, NOTSET, which
# is only really there as a lower limit for user-defined levels. Handlers and
# loggers are initialized with NOTSET so that they will log all messages, even
# at user-defined levels.
#

CRITICAL = 50
FATAL = CRITICAL
ERROR = 40
WARNING = 30
WARN = WARNING
INFO = 20
DEBUG = 10
NOTSET = 0

_levelToName = {
    CRITICAL: 'CRITICAL',
    ERROR: 'ERROR',
    WARNING: 'WARNING',
    INFO: 'INFO',
    DEBUG: 'DEBUG',
    NOTSET: 'NOTSET',
}
_nameToLevel = {
    'CRITICAL': CRITICAL,
    'FATAL': FATAL,
    'ERROR': ERROR,
    'WARN': WARNING,
    'WARNING': WARNING,
    'INFO': INFO,
    'DEBUG': DEBUG,
    'NOTSET': NOTSET,
}

def getLevelName(level):
    """
    Return the textual representation of logging level 'level'.

    If the level is one of the predefined levels (CRITICAL, ERROR, WARNING,
    INFO, DEBUG) then you get the corresponding string. If you have
    associated levels with names using addLevelName then the name you have
    associated with 'level' is returned.

    If a numeric value corresponding to one of the defined levels is passed
    in, the corresponding string representation is returned.

    Otherwise, the string "Level %s" % level is returned.
    """
    # See Issues #22386, #27937 and #29220 for why it's this way
    result = _levelToName.get(level)
    if result is not None:
        return result
    result = _nameToLevel.get(level)
    if result is not None:
        return result
    return "Level %s" % level

def addLevelName(level, levelName):
    """
    Associate 'levelName' with 'level'.

    This is used when converting levels to text during message formatting.
    """
    _acquireLock()
    try:    #unlikely to cause an exception, but you never know...
        _levelToName[level] = levelName
        _nameToLevel[levelName] = level
    finally:
        _releaseLock()

if hasattr(sys, '_getframe'):
    currentframe = lambda: sys._getframe(3)
else: #pragma: no cover
    def currentframe():
        """Return the frame object for the caller's stack frame."""
        try:
            raise Exception
        except Exception:
            return sys.exc_info()[2].tb_frame.f_back

#
# _srcfile is used when walking the stack to check when we've got the first
# caller stack frame, by skipping frames whose filename is that of this
# module's source. It therefore should contain the filename of this module's
# source file.
#
# Ordinarily we would use __file__ for this, but frozen modules don't always
# have __file__ set, for some reason (see Issue #21736). Thus, we get the
# filename from a handy code object from a function defined in this module.
# (There's no particular reason for picking addLevelName.)
#

_srcfile = os.path.normcase(addLevelName.__code__.co_filename)

# _srcfile is only used in conjunction with sys._getframe().
# To provide compatibility with older versions of Python, set _srcfile
# to None if _getframe() is not available; this value will prevent
# findCaller() from being called. You can also do this if you want to avoid
# the overhead of fetching caller information, even when _getframe() is
# available.
#if not hasattr(sys, '_getframe'):
#    _srcfile = None


def _checkLevel(level):
    if isinstance(level, int):
        rv = level
    elif str(level) == level:
        if level not in _nameToLevel:
            raise ValueError("Unknown level: %r" % level)
        rv = _nameToLevel[level]
    else:
        raise TypeError("Level not an integer or a valid string: %r" % level)
    return rv

#---------------------------------------------------------------------------
#   Thread-related stuff
#---------------------------------------------------------------------------

#
#_lock is used to serialize access to shared data structures in this module.
#This needs to be an RLock because fileConfig() creates and configures
#Handlers, and so might arbitrary user threads. Since Handler code updates the
#shared dictionary _handlers, it needs to acquire the lock. But if configuring,
#the lock would already have been acquired - so we need an RLock.
#The same argument applies to Loggers and Manager.loggerDict.
#
_lock = threading.RLock()

def _acquireLock():
    """
    Acquire the module-level lock for serializing access to shared data.

    This should be released with _releaseLock().
    """
    if _lock:
        _lock.acquire()

def _releaseLock():
    """
    Release the module-level lock acquired by calling _acquireLock().
    """
    if _lock:
        _lock.release()


# Prevent a held logging lock from blocking a child from logging.

if not hasattr(os, 'register_at_fork'):  # Windows and friends.
    def _register_at_fork_reinit_lock(instance):
        pass  # no-op when os.register_at_fork does not exist.
else:
    # A collection of instances with a createLock method (logging.Handler)
    # to be called in the child after forking.  The weakref avoids us keeping
    # discarded Handler instances alive.  A set is used to avoid accumulating
    # duplicate registrations as createLock() is responsible for registering
    # a new Handler instance with this set in the first place.
    _at_fork_reinit_lock_weakset = weakref.WeakSet()

    def _register_at_fork_reinit_lock(instance):
        _acquireLock()
        try:
            _at_fork_reinit_lock_weakset.add(instance)
        finally:
            _releaseLock()

    def _after_at_fork_child_reinit_locks():
        # _acquireLock() was called in the parent before forking.
        for handler in _at_fork_reinit_lock_weakset:
            try:
                handler.createLock()
            except Exception as err:
                # Similar to what PyErr_WriteUnraisable does.
                print("Ignoring exception from logging atfork", instance,
                      "._reinit_lock() method:", err, file=sys.stderr)
        _releaseLock()  # Acquired by os.register_at_fork(before=.


    os.register_at_fork(before=_acquireLock,
                        after_in_child=_after_at_fork_child_reinit_locks,
                        after_in_parent=_releaseLock)


#---------------------------------------------------------------------------
#   The logging record
#---------------------------------------------------------------------------

class LogRecord(object):
    """
    A LogRecord instance represents an event being logged.

    LogRecord instances are created every time something is logged. They
    contain all the information pertinent to the event being logged. The
    main information passed in is in msg and args, which are combined
    using str(msg) % args to create the message field of the record. The
    record also includes information such as when the record was created,
    the source line where the logging call was made, and any exception
    information to be logged.
    """
    def __init__(self, name, level, pathname, lineno,
                 msg, args, exc_info, func=None, sinfo=None, **kwargs):
        """
        Initialize a logging record with interesting information.
        """
        ct = time.time()
        self.name = name
        self.msg = msg
        #
        # The following statement allows passing of a dictionary as a sole
        # argument, so that you can do something like
        #  logging.debug("a %(a)d b %(b)s", {'a':1, 'b':2})
        # Suggested by Stefan Behnel.
        # Note that without the test for args[0], we get a problem because
        # during formatting, we test to see if the arg is present using
        # 'if self.args:'. If the event being logged is e.g. 'Value is %d'
        # and if the passed arg fails 'if self.args:' then no formatting
        # is done. For example, logger.warning('Value is %d', 0) would log
        # 'Value is %d' instead of 'Value is 0'.
        # For the use case of passing a dictionary, this should not be a
        # problem.
        # Issue #21172: a request was made to relax the isinstance check
        # to hasattr(args[0], '__getitem__'). However, the docs on string
        # formatting still seem to suggest a mapping object is required.
        # Thus, while not removing the isinstance check, it does now look
        # for collections.abc.Mapping rather than, as before, dict.
        if (args and len(args) == 1 and isinstance(args[0], collections.abc.Mapping)
            and args[0]):
            args = args[0]
        self.args = args
        self.levelname = getLevelName(level)
        self.levelno = level
        self.pathname = pathname
        try:
            self.filename = os.path.basename(pathname)
            self.module = os.path.splitext(self.filename)[0]
        except (TypeError, ValueError, AttributeError):
            self.filename = pathname
            self.module = "Unknown module"
        self.exc_info = exc_info
        self.exc_text = None      # used to cache the traceback text
        self.stack_info = sinfo
        self.lineno = lineno
        self.funcName = func
        self.created = ct
        self.msecs = (ct - int(ct)) * 1000
        self.relativeCreated = (self.created - _startTime) * 1000
        if logThreads:
            self.thread = threading.get_ident()
            self.threadName = threading.current_thread().name
        else: # pragma: no cover
            self.thread = None
            self.threadName = None
        if not logMultiprocessing: # pragma: no cover
            self.processName = None
        else:
            self.processName = 'MainProcess'
            mp = sys.modules.get('multiprocessing')
            if mp is not None:
                # Errors may occur if multiprocessing has not finished loading
                # yet - e.g. if a custom import hook causes third-party code
                # to run when multiprocessing calls import. See issue 8200
                # for an example
                try:
                    self.processName = mp.current_process().name
                except Exception: #pragma: no cover
                    pass
        if logProcesses and hasattr(os, 'getpid'):
            self.process = os.getpid()
        else:
            self.process = None

    def __str__(self):
        return '<LogRecord: %s, %s, %s, %s, "%s">'%(self.name, self.levelno,
            self.pathname, self.lineno, self.msg)

    __repr__ = __str__

    def getMessage(self):
        """
        Return the message for this LogRecord.

        Return the message for this LogRecord after merging any user-supplied
        arguments with the message.
        """
        msg = str(self.msg)
        if self.args:
            msg = msg % self.args
        return msg

#
#   Determine which class to use when instantiating log records.
#
_logRecordFactory = LogRecord

def setLogRecordFactory(factory):
    """
    Set the factory to be used when instantiating a log record.

    :param factory: A callable which will be called to instantiate
    a log record.
    """
    global _logRecordFactory
    _logRecordFactory = factory

def getLogRecordFactory():
    """
    Return the factory to be used when instantiating a log record.
    """

    return _logRecordFactory

def makeLogRecord(dict):
    """
    Make a LogRecord whose attributes are defined by the specified dictionary,
    This function is useful for converting a logging event received over
    a socket connection (which is sent as a dictionary) into a LogRecord
    instance.
    """
    rv = _logRecordFactory(None, None, "", 0, "", (), None, None)
    rv.__dict__.update(dict)
    return rv

#---------------------------------------------------------------------------
#   Formatter classes and functions
#---------------------------------------------------------------------------

class PercentStyle(object):

    default_format = '%(message)s'
    asctime_format = '%(asctime)s'
    asctime_search = '%(asctime)'

    def __init__(self, fmt):
        self._fmt = fmt or self.default_format

    def usesTime(self):
        return self._fmt.find(self.asctime_search) >= 0

    def format(self, record):
        return self._fmt % record.__dict__

class StrFormatStyle(PercentStyle):
    default_format = '{message}'
    asctime_format = '{asctime}'
    asctime_search = '{asctime'

    def format(self, record):
        return self._fmt.format(**record.__dict__)


class StringTemplateStyle(PercentStyle):
    default_format = '${message}'
    asctime_format = '${asctime}'
    asctime_search = '${asctime}'

    def __init__(self, fmt):
        self._fmt = fmt or self.default_format
        self._tpl = Template(self._fmt)

    def usesTime(self):
        fmt = self._fmt
        return fmt.find('$asctime') >= 0 or fmt.find(self.asctime_format) >= 0

    def format(self, record):
        return self._tpl.substitute(**record.__dict__)

BASIC_FORMAT = "%(levelname)s:%(name)s:%(message)s"

_STYLES = {
    '%': (PercentStyle, BASIC_FORMAT),
    '{': (StrFormatStyle, '{levelname}:{name}:{message}'),
    '$': (StringTemplateStyle, '${levelname}:${name}:${message}'),
}

class Formatter(object):
    """
    Formatter instances are used to convert a LogRecord to text.

    Formatters need to know how a LogRecord is constructed. They are
    responsible for converting a LogRecord to (usually) a string which can
    be interpreted by either a human or an external system. The base Formatter
    allows a formatting string to be specified. If none is supplied, the
    the style-dependent default value, "%(message)s", "{message}", or
    "${message}", is used.

    The Formatter can be initialized with a format string which makes use of
    knowledge of the LogRecord attributes - e.g. the default value mentioned
    above makes use of the fact that the user's message and arguments are pre-
    formatted into a LogRecord's message attribute. Currently, the useful
    attributes in a LogRecord are described by:

    %(name)s            Name of the logger (logging channel)
    %(levelno)s         Numeric logging level for the message (DEBUG, INFO,
                        WARNING, ERROR, CRITICAL)
    %(levelname)s       Text logging level for the message ("DEBUG", "INFO",
                        "WARNING", "ERROR", "CRITICAL")
    %(pathname)s        Full pathname of the source file where the logging
                        call was issued (if available)
    %(filename)s        Filename portion of pathname
    %(module)s          Module (name portion of filename)
    %(lineno)d          Source line number where the logging call was issued
                        (if available)
    %(funcName)s        Function name
    %(created)f         Time when the LogRecord was created (time.time()
                        return value)
    %(asctime)s         Textual time when the LogRecord was created
    %(msecs)d           Millisecond portion of the creation time
    %(relativeCreated)d Time in milliseconds when the LogRecord was created,
                        relative to the time the logging module was loaded
                        (typically at application startup time)
    %(thread)d          Thread ID (if available)
    %(threadName)s      Thread name (if available)
    %(process)d         Process ID (if available)
    %(message)s         The result of record.getMessage(), computed just as
                        the record is emitted
    """

    converter = time.localtime

    def __init__(self, fmt=None, datefmt=None, style='%'):
        """
        Initialize the formatter with specified format strings.

        Initialize the formatter either with the specified format string, or a
        default as described above. Allow for specialized date formatting with
        the optional datefmt argument. If datefmt is omitted, you get an
        ISO8601-like (or RFC 3339-like) format.

        Use a style parameter of '%', '{' or '$' to specify that you want to
        use one of %-formatting, :meth:`str.format` (``{}``) formatting or
        :class:`string.Template` formatting in your format string.

        .. versionchanged:: 3.2
           Added the ``style`` parameter.
        """
        if style not in _STYLES:
            raise ValueError('Style must be one of: %s' % ','.join(
                             _STYLES.keys()))
        self._style = _STYLES[style][0](fmt)
        self._fmt = self._style._fmt
        self.datefmt = datefmt

    default_time_format = '%Y-%m-%d %H:%M:%S'
    default_msec_format = '%s,%03d'

    def formatTime(self, record, datefmt=None):
        """
        Return the creation time of the specified LogRecord as formatted text.

        This method should be called from format() by a formatter which
        wants to make use of a formatted time. This method can be overridden
        in formatters to provide for any specific requirement, but the
        basic behaviour is as follows: if datefmt (a string) is specified,
        it is used with time.strftime() to format the creation time of the
        record. Otherwise, an ISO8601-like (or RFC 3339-like) format is used.
        The resulting string is returned. This function uses a user-configurable
        function to convert the creation time to a tuple. By default,
        time.localtime() is used; to change this for a particular formatter
        instance, set the 'converter' attribute to a function with the same
        signature as time.localtime() or time.gmtime(). To change it for all
        formatters, for example if you want all logging times to be shown in GMT,
        set the 'converter' attribute in the Formatter class.
        """
        ct = self.converter(record.created)
        if datefmt:
            s = time.strftime(datefmt, ct)
        else:
            t = time.strftime(self.default_time_format, ct)
            s = self.default_msec_format % (t, record.msecs)
        return s

    def formatException(self, ei):
        """
        Format and return the specified exception information as a string.

        This default implementation just uses
        traceback.print_exception()
        """
        sio = io.StringIO()
        tb = ei[2]
        # See issues #9427, #1553375. Commented out for now.
        #if getattr(self, 'fullstack', False):
        #    traceback.print_stack(tb.tb_frame.f_back, file=sio)
        traceback.print_exception(ei[0], ei[1], tb, None, sio)
        s = sio.getvalue()
        sio.close()
        if s[-1:] == "\n":
            s = s[:-1]
        return s

    def usesTime(self):
        """
        Check if the format uses the creation time of the record.
        """
        return self._style.usesTime()

    def formatMessage(self, record):
        return self._style.format(record)

    def formatStack(self, stack_info):
        """
        This method is provided as an extension point for specialized
        formatting of stack information.

        The input data is a string as returned from a call to
        :func:`traceback.print_stack`, but with the last trailing newline
        removed.

        The base implementation just returns the value passed in.
        """
        return stack_info

    def format(self, record):
        """
        Format the specified record as text.

        The record's attribute dictionary is used as the operand to a
        string formatting operation which yields the returned string.
        Before formatting the dictionary, a couple of preparatory steps
        are carried out. The message attribute of the record is computed
        using LogRecord.getMessage(). If the formatting string uses the
        time (as determined by a call to usesTime(), formatTime() is
        called to format the event time. If there is exception information,
        it is formatted using formatException() and appended to the message.
        """
        record.message = record.getMessage()
        if self.usesTime():
            record.asctime = self.formatTime(record, self.datefmt)
        s = self.formatMessage(record)
        if record.exc_info:
            # Cache the traceback text to avoid converting it multiple times
            # (it's constant anyway)
            if not record.exc_text:
                record.exc_text = self.formatException(record.exc_info)
        if record.exc_text:
            if s[-1:] != "\n":
                s = s + "\n"
            s = s + record.exc_text
        if record.stack_info:
            if s[-1:] != "\n":
                s = s + "\n"
            s = s + self.formatStack(record.stack_info)
        return s

#
#   The default formatter to use when no other is specified
#
_defaultFormatter = Formatter()

class BufferingFormatter(object):
    """
    A formatter suitable for formatting a number of records.
    """
    def __init__(self, linefmt=None):
        """
        Optionally specify a formatter which will be used to format each
        individual record.
        """
        if linefmt:
            self.linefmt = linefmt
        else:
            self.linefmt = _defaultFormatter

    def formatHeader(self, records):
        """
        Return the header string for the specified records.
        """
        return ""

    def formatFooter(self, records):
        """
        Return the footer string for the specified records.
        """
        return ""

    def format(self, records):
        """
        Format the specified records and return the result as a string.
        """
        rv = ""
        if len(records) > 0:
            rv = rv + self.formatHeader(records)
            for record in records:
                rv = rv + self.linefmt.format(record)
            rv = rv + self.formatFooter(records)
        return rv

#---------------------------------------------------------------------------
#   Filter classes and functions
#---------------------------------------------------------------------------

class Filter(object):
    """
    Filter instances are used to perform arbitrary filtering of LogRecords.

    Loggers and Handlers can optionally use Filter instances to filter
    records as desired. The base filter class only allows events which are
    below a certain point in the logger hierarchy. For example, a filter
    initialized with "A.B" will allow events logged by loggers "A.B",
    "A.B.C", "A.B.C.D", "A.B.D" etc. but not "A.BB", "B.A.B" etc. If
    initialized with the empty string, all events are passed.
    """
    def __init__(self, name=''):
        """
        Initialize a filter.

        Initialize with the name of the logger which, together with its
        children, will have its events allowed through the filter. If no
        name is specified, allow every event.
        """
        self.name = name
        self.nlen = len(name)

    def filter(self, record):
        """
        Determine if the specified record is to be logged.

        Is the specified record to be logged? Returns 0 for no, nonzero for
        yes. If deemed appropriate, the record may be modified in-place.
        """
        if self.nlen == 0:
            return True
        elif self.name == record.name:
            return True
        elif record.name.find(self.name, 0, self.nlen) != 0:
            return False
        return (record.name[self.nlen] == ".")

class Filterer(object):
    """
    A base class for loggers and handlers which allows them to share
    common code.
    """
    def __init__(self):
        """
        Initialize the list of filters to be an empty list.
        """
        self.filters = []

    def addFilter(self, filter):
        """
        Add the specified filter to this handler.
        """
        if not (filter in self.filters):
            self.filters.append(filter)

    def removeFilter(self, filter):
        """
        Remove the specified filter from this handler.
        """
        if filter in self.filters:
            self.filters.remove(filter)

    def filter(self, record):
        """
        Determine if a record is loggable by consulting all the filters.

        The default is to allow the record to be logged; any filter can veto
        this and the record is then dropped. Returns a zero value if a record
        is to be dropped, else non-zero.

        .. versionchanged:: 3.2

           Allow filters to be just callables.
        """
        rv = True
        for f in self.filters:
            if hasattr(f, 'filter'):
                result = f.filter(record)
            else:
                result = f(record) # assume callable - will raise if not
            if not result:
                rv = False
                break
        return rv

#---------------------------------------------------------------------------
#   Handler classes and functions
#---------------------------------------------------------------------------

_handlers = weakref.WeakValueDictionary()  #map of handler names to handlers
_handlerList = [] # added to allow handlers to be removed in reverse of order initialized

def _removeHandlerRef(wr):
    """
    Remove a handler reference from the internal cleanup list.
    """
    # This function can be called during module teardown, when globals are
    # set to None. It can also be called from another thread. So we need to
    # pre-emptively grab the necessary globals and check if they're None,
    # to prevent race conditions and failures during interpreter shutdown.
    acquire, release, handlers = _acquireLock, _releaseLock, _handlerList
    if acquire and release and handlers:
        acquire()
        try:
            if wr in handlers:
                handlers.remove(wr)
        finally:
            release()

def _addHandlerRef(handler):
    """
    Add a handler to the internal cleanup list using a weak reference.
    """
    _acquireLock()
    try:
        _handlerList.append(weakref.ref(handler, _removeHandlerRef))
    finally:
        _releaseLock()

class Handler(Filterer):
    """
    Handler instances dispatch logging events to specific destinations.

    The base handler class. Acts as a placeholder which defines the Handler
    interface. Handlers can optionally use Formatter instances to format
    records as desired. By default, no formatter is specified; in this case,
    the 'raw' message as determined by record.message is logged.
    """
    def __init__(self, level=NOTSET):
        """
        Initializes the instance - basically setting the formatter to None
        and the filter list to empty.
        """
        Filterer.__init__(self)
        self._name = None
        self.level = _checkLevel(level)
        self.formatter = None
        # Add the handler to the global _handlerList (for cleanup on shutdown)
        _addHandlerRef(self)
        self.createLock()

    def get_name(self):
        return self._name

    def set_name(self, name):
        _acquireLock()
        try:
            if self._name in _handlers:
                del _handlers[self._name]
            self._name = name
            if name:
                _handlers[name] = self
        finally:
            _releaseLock()

    name = property(get_name, set_name)

    def createLock(self):
        """
        Acquire a thread lock for serializing access to the underlying I/O.
        """
        self.lock = threading.RLock()
        _register_at_fork_reinit_lock(self)

    def acquire(self):
        """
        Acquire the I/O thread lock.
        """
        if self.lock:
            self.lock.acquire()

    def release(self):
        """
        Release the I/O thread lock.
        """
        if self.lock:
            self.lock.release()

    def setLevel(self, level):
        """
        Set the logging level of this handler.  level must be an int or a str.
        """
        self.level = _checkLevel(level)

    def format(self, record):
        """
        Format the specified record.

        If a formatter is set, use it. Otherwise, use the default formatter
        for the module.
        """
        if self.formatter:
            fmt = self.formatter
        else:
            fmt = _defaultFormatter
        return fmt.format(record)

    def emit(self, record):
        """
        Do whatever it takes to actually log the specified logging record.

        This version is intended to be implemented by subclasses and so
        raises a NotImplementedError.
        """
        raise NotImplementedError('emit must be implemented '
                                  'by Handler subclasses')

    def handle(self, record):
        """
        Conditionally emit the specified logging record.

        Emission depends on filters which may have been added to the handler.
        Wrap the actual emission of the record with acquisition/release of
        the I/O thread lock. Returns whether the filter passed the record for
        emission.
        """
        rv = self.filter(record)
        if rv:
            self.acquire()
            try:
                self.emit(record)
            finally:
                self.release()
        return rv

    def setFormatter(self, fmt):
        """
        Set the formatter for this handler.
        """
        self.formatter = fmt

    def flush(self):
        """
        Ensure all logging output has been flushed.

        This version does nothing and is intended to be implemented by
        subclasses.
        """
        pass

    def close(self):
        """
        Tidy up any resources used by the handler.

        This version removes the handler from an internal map of handlers,
        _handlers, which is used for handler lookup by name. Subclasses
        should ensure that this gets called from overridden close()
        methods.
        """
        #get the module data lock, as we're updating a shared structure.
        _acquireLock()
        try:    #unlikely to raise an exception, but you never know...
            if self._name and self._name in _handlers:
                del _handlers[self._name]
        finally:
            _releaseLock()

    def handleError(self, record):
        """
        Handle errors which occur during an emit() call.

        This method should be called from handlers when an exception is
        encountered during an emit() call. If raiseExceptions is false,
        exceptions get silently ignored. This is what is mostly wanted
        for a logging system - most users will not care about errors in
        the logging system, they are more interested in application errors.
        You could, however, replace this with a custom handler if you wish.
        The record which was being processed is passed in to this method.
        """
        if raiseExceptions and sys.stderr:  # see issue 13807
            t, v, tb = sys.exc_info()
            try:
                sys.stderr.write('--- Logging error ---\n')
                traceback.print_exception(t, v, tb, None, sys.stderr)
                sys.stderr.write('Call stack:\n')
                # Walk the stack frame up until we're out of logging,
                # so as to print the calling context.
                frame = tb.tb_frame
                while (frame and os.path.dirname(frame.f_code.co_filename) ==
                       __path__[0]):
                    frame = frame.f_back
                if frame:
                    traceback.print_stack(frame, file=sys.stderr)
                else:
                    # couldn't find the right stack frame, for some reason
                    sys.stderr.write('Logged from file %s, line %s\n' % (
                                     record.filename, record.lineno))
                # Issue 18671: output logging message and arguments
                try:
                    sys.stderr.write('Message: %r\n'
                                     'Arguments: %s\n' % (record.msg,
                                                          record.args))
                except RecursionError:  # See issue 36272
                    raise
                except Exception:
                    sys.stderr.write('Unable to print the message and arguments'
                                     ' - possible formatting error.\nUse the'
                                     ' traceback above to help find the error.\n'
                                    )
            except OSError: #pragma: no cover
                pass    # see issue 5971
            finally:
                del t, v, tb

    def __repr__(self):
        level = getLevelName(self.level)
        return '<%s (%s)>' % (self.__class__.__name__, level)

class StreamHandler(Handler):
    """
    A handler class which writes logging records, appropriately formatted,
    to a stream. Note that this class does not close the stream, as
    sys.stdout or sys.stderr may be used.
    """

    terminator = '\n'

    def __init__(self, stream=None):
        """
        Initialize the handler.

        If stream is not specified, sys.stderr is used.
        """
        Handler.__init__(self)
        if stream is None:
            stream = sys.stderr
        self.stream = stream

    def flush(self):
        """
        Flushes the stream.
        """
        self.acquire()
        try:
            if self.stream and hasattr(self.stream, "flush"):
                self.stream.flush()
        finally:
            self.release()

    def emit(self, record):
        """
        Emit a record.

        If a formatter is specified, it is used to format the record.
        The record is then written to the stream with a trailing newline.  If
        exception information is present, it is formatted using
        traceback.print_exception and appended to the stream.  If the stream
        has an 'encoding' attribute, it is used to determine how to do the
        output to the stream.
        """
        try:
            msg = self.format(record)
            stream = self.stream
            # issue 35046: merged two stream.writes into one.
            stream.write(msg + self.terminator)
            self.flush()
        except RecursionError:  # See issue 36272
            raise
        except Exception:
            self.handleError(record)

    def setStream(self, stream):
        """
        Sets the StreamHandler's stream to the specified value,
        if it is different.

        Returns the old stream, if the stream was changed, or None
        if it wasn't.
        """
        if stream is self.stream:
            result = None
        else:
            result = self.stream
            self.acquire()
            try:
                self.flush()
                self.stream = stream
            finally:
                self.release()
        return result

    def __repr__(self):
        level = getLevelName(self.level)
        name = getattr(self.stream, 'name', '')
        #  bpo-36015: name can be an int
        name = str(name)
        if name:
            name += ' '
        return '<%s %s(%s)>' % (self.__class__.__name__, name, level)


class FileHandler(StreamHandler):
    """
    A handler class which writes formatted logging records to disk files.
    """
    def __init__(self, filename, mode='a', encoding=None, delay=False):
        """
        Open the specified file and use it as the stream for logging.
        """
        # Issue #27493: add support for Path objects to be passed in
        filename = os.fspath(filename)
        #keep the absolute path, otherwise derived classes which use this
        #may come a cropper when the current directory changes
        self.baseFilename = os.path.abspath(filename)
        self.mode = mode
        self.encoding = encoding
        self.delay = delay
        if delay:
            #We don't open the stream, but we still need to call the
            #Handler constructor to set level, formatter, lock etc.
            Handler.__init__(self)
            self.stream = None
        else:
            StreamHandler.__init__(self, self._open())

    def close(self):
        """
        Closes the stream.
        """
        self.acquire()
        try:
            try:
                if self.stream:
                    try:
                        self.flush()
                    finally:
                        stream = self.stream
                        self.stream = None
                        if hasattr(stream, "close"):
                            stream.close()
            finally:
                # Issue #19523: call unconditionally to
                # prevent a handler leak when delay is set
                StreamHandler.close(self)
        finally:
            self.release()

    def _open(self):
        """
        Open the current base file with the (original) mode and encoding.
        Return the resulting stream.
        """
        return open(self.baseFilename, self.mode, encoding=self.encoding)

    def emit(self, record):
        """
        Emit a record.

        If the stream was not opened because 'delay' was specified in the
        constructor, open it before calling the superclass's emit.
        """
        if self.stream is None:
            self.stream = self._open()
        StreamHandler.emit(self, record)

    def __repr__(self):
        level = getLevelName(self.level)
        return '<%s %s (%s)>' % (self.__class__.__name__, self.baseFilename, level)


class _StderrHandler(StreamHandler):
    """
    This class is like a StreamHandler using sys.stderr, but always uses
    whatever sys.stderr is currently set to rather than the value of
    sys.stderr at handler construction time.
    """
    def __init__(self, level=NOTSET):
        """
        Initialize the handler.
        """
        Handler.__init__(self, level)

    @property
    def stream(self):
        return sys.stderr


_defaultLastResort = _StderrHandler(WARNING)
lastResort = _defaultLastResort

#---------------------------------------------------------------------------
#   Manager classes and functions
#---------------------------------------------------------------------------

class PlaceHolder(object):
    """
    PlaceHolder instances are used in the Manager logger hierarchy to take
    the place of nodes for which no loggers have been defined. This class is
    intended for internal use only and not as part of the public API.
    """
    def __init__(self, alogger):
        """
        Initialize with the specified logger being a child of this placeholder.
        """
        self.loggerMap = { alogger : None }

    def append(self, alogger):
        """
        Add the specified logger as a child of this placeholder.
        """
        if alogger not in self.loggerMap:
            self.loggerMap[alogger] = None

#
#   Determine which class to use when instantiating loggers.
#

def setLoggerClass(klass):
    """
    Set the class to be used when instantiating a logger. The class should
    define __init__() such that only a name argument is required, and the
    __init__() should call Logger.__init__()
    """
    if klass != Logger:
        if not issubclass(klass, Logger):
            raise TypeError("logger not derived from logging.Logger: "
                            + klass.__name__)
    global _loggerClass
    _loggerClass = klass

def getLoggerClass():
    """
    Return the class to be used when instantiating a logger.
    """
    return _loggerClass

class Manager(object):
    """
    There is [under normal circumstances] just one Manager instance, which
    holds the hierarchy of loggers.
    """
    def __init__(self, rootnode):
        """
        Initialize the manager with the root node of the logger hierarchy.
        """
        self.root = rootnode
        self.disable = 0
        self.emittedNoHandlerWarning = False
        self.loggerDict = {}
        self.loggerClass = None
        self.logRecordFactory = None

    def getLogger(self, name):
        """
        Get a logger with the specified name (channel name), creating it
        if it doesn't yet exist. This name is a dot-separated hierarchical
        name, such as "a", "a.b", "a.b.c" or similar.

        If a PlaceHolder existed for the specified name [i.e. the logger
        didn't exist but a child of it did], replace it with the created
        logger and fix up the parent/child references which pointed to the
        placeholder to now point to the logger.
        """
        rv = None
        if not isinstance(name, str):
            raise TypeError('A logger name must be a string')
        _acquireLock()
        try:
            if name in self.loggerDict:
                rv = self.loggerDict[name]
                if isinstance(rv, PlaceHolder):
                    ph = rv
                    rv = (self.loggerClass or _loggerClass)(name)
                    rv.manager = self
                    self.loggerDict[name] = rv
                    self._fixupChildren(ph, rv)
                    self._fixupParents(rv)
            else:
                rv = (self.loggerClass or _loggerClass)(name)
                rv.manager = self
                self.loggerDict[name] = rv
                self._fixupParents(rv)
        finally:
            _releaseLock()
        return rv

    def setLoggerClass(self, klass):
        """
        Set the class to be used when instantiating a logger with this Manager.
        """
        if klass != Logger:
            if not issubclass(klass, Logger):
                raise TypeError("logger not derived from logging.Logger: "
                                + klass.__name__)
        self.loggerClass = klass

    def setLogRecordFactory(self, factory):
        """
        Set the factory to be used when instantiating a log record with this
        Manager.
        """
        self.logRecordFactory = factory

    def _fixupParents(self, alogger):
        """
        Ensure that there are either loggers or placeholders all the way
        from the specified logger to the root of the logger hierarchy.
        """
        name = alogger.name
        i = name.rfind(".")
        rv = None
        while (i > 0) and not rv:
            substr = name[:i]
            if substr not in self.loggerDict:
                self.loggerDict[substr] = PlaceHolder(alogger)
            else:
                obj = self.loggerDict[substr]
                if isinstance(obj, Logger):
                    rv = obj
                else:
                    assert isinstance(obj, PlaceHolder)
                    obj.append(alogger)
            i = name.rfind(".", 0, i - 1)
        if not rv:
            rv = self.root
        alogger.parent = rv

    def _fixupChildren(self, ph, alogger):
        """
        Ensure that children of the placeholder ph are connected to the
        specified logger.
        """
        name = alogger.name
        namelen = len(name)
        for c in ph.loggerMap.keys():
            #The if means ... if not c.parent.name.startswith(nm)
            if c.parent.name[:namelen] != name:
                alogger.parent = c.parent
                c.parent = alogger

    def _clear_cache(self):
        """
        Clear the cache for all loggers in loggerDict
        Called when level changes are made
        """

        _acquireLock()
        for logger in self.loggerDict.values():
            if isinstance(logger, Logger):
                logger._cache.clear()
        self.root._cache.clear()
        _releaseLock()

#---------------------------------------------------------------------------
#   Logger classes and functions
#---------------------------------------------------------------------------

class Logger(Filterer):
    """
    Instances of the Logger class represent a single logging channel. A
    "logging channel" indicates an area of an application. Exactly how an
    "area" is defined is up to the application developer. Since an
    application can have any number of areas, logging channels are identified
    by a unique string. Application areas can be nested (e.g. an area
    of "input processing" might include sub-areas "read CSV files", "read
    XLS files" and "read Gnumeric files"). To cater for this natural nesting,
    channel names are organized into a namespace hierarchy where levels are
    separated by periods, much like the Java or Python package namespace. So
    in the instance given above, channel names might be "input" for the upper
    level, and "input.csv", "input.xls" and "input.gnu" for the sub-levels.
    There is no arbitrary limit to the depth of nesting.
    """
    def __init__(self, name, level=NOTSET):
        """
        Initialize the logger with a name and an optional level.
        """
        Filterer.__init__(self)
        self.name = name
        self.level = _checkLevel(level)
        self.parent = None
        self.propagate = True
        self.handlers = []
        self.disabled = False
        self._cache = {}

    def setLevel(self, level):
        """
        Set the logging level of this logger.  level must be an int or a str.
        """
        self.level = _checkLevel(level)
        self.manager._clear_cache()

    def debug(self, msg, *args, **kwargs):
        """
        Log 'msg % args' with severity 'DEBUG'.

        To pass exception information, use the keyword argument exc_info with
        a true value, e.g.

        logger.debug("Houston, we have a %s", "thorny problem", exc_info=1)
        """
        if self.isEnabledFor(DEBUG):
            self._log(DEBUG, msg, args, **kwargs)

    def info(self, msg, *args, **kwargs):
        """
        Log 'msg % args' with severity 'INFO'.

        To pass exception information, use the keyword argument exc_info with
        a true value, e.g.

        logger.info("Houston, we have a %s", "interesting problem", exc_info=1)
        """
        if self.isEnabledFor(INFO):
            self._log(INFO, msg, args, **kwargs)

    def warning(self, msg, *args, **kwargs):
        """
        Log 'msg % args' with severity 'WARNING'.

        To pass exception information, use the keyword argument exc_info with
        a true value, e.g.

        logger.warning("Houston, we have a %s", "bit of a problem", exc_info=1)
        """
        if self.isEnabledFor(WARNING):
            self._log(WARNING, msg, args, **kwargs)

    def warn(self, msg, *args, **kwargs):
        warnings.warn("The 'warn' method is deprecated, "
            "use 'warning' instead", DeprecationWarning, 2)
        self.warning(msg, *args, **kwargs)

    def error(self, msg, *args, **kwargs):
        """
        Log 'msg % args' with severity 'ERROR'.

        To pass exception information, use the keyword argument exc_info with
        a true value, e.g.

        logger.error("Houston, we have a %s", "major problem", exc_info=1)
        """
        if self.isEnabledFor(ERROR):
            self._log(ERROR, msg, args, **kwargs)

    def exception(self, msg, *args, exc_info=True, **kwargs):
        """
        Convenience method for logging an ERROR with exception information.
        """
        self.error(msg, *args, exc_info=exc_info, **kwargs)

    def critical(self, msg, *args, **kwargs):
        """
        Log 'msg % args' with severity 'CRITICAL'.

        To pass exception information, use the keyword argument exc_info with
        a true value, e.g.

        logger.critical("Houston, we have a %s", "major disaster", exc_info=1)
        """
        if self.isEnabledFor(CRITICAL):
            self._log(CRITICAL, msg, args, **kwargs)

    fatal = critical

    def log(self, level, msg, *args, **kwargs):
        """
        Log 'msg % args' with the integer severity 'level'.

        To pass exception information, use the keyword argument exc_info with
        a true value, e.g.

        logger.log(level, "We have a %s", "mysterious problem", exc_info=1)
        """
        if not isinstance(level, int):
            if raiseExceptions:
                raise TypeError("level must be an integer")
            else:
                return
        if self.isEnabledFor(level):
            self._log(level, msg, args, **kwargs)

    def findCaller(self, stack_info=False):
        """
        Find the stack frame of the caller so that we can note the source
        file name, line number and function name.
        """
        f = currentframe()
        #On some versions of IronPython, currentframe() returns None if
        #IronPython isn't run with -X:Frames.
        if f is not None:
            f = f.f_back
        rv = "(unknown file)", 0, "(unknown function)", None
        while hasattr(f, "f_code"):
            co = f.f_code
            filename = os.path.normcase(co.co_filename)
            if filename == _srcfile:
                f = f.f_back
                continue
            sinfo = None
            if stack_info:
                sio = io.StringIO()
                sio.write('Stack (most recent call last):\n')
                traceback.print_stack(f, file=sio)
                sinfo = sio.getvalue()
                if sinfo[-1] == '\n':
                    sinfo = sinfo[:-1]
                sio.close()
            rv = (co.co_filename, f.f_lineno, co.co_name, sinfo)
            break
        return rv

    def makeRecord(self, name, level, fn, lno, msg, args, exc_info,
                   func=None, extra=None, sinfo=None):
        """
        A factory method which can be overridden in subclasses to create
        specialized LogRecords.
        """
        rv = _logRecordFactory(name, level, fn, lno, msg, args, exc_info, func,
                             sinfo)
        if extra is not None:
            for key in extra:
                if (key in ["message", "asctime"]) or (key in rv.__dict__):
                    raise KeyError("Attempt to overwrite %r in LogRecord" % key)
                rv.__dict__[key] = extra[key]
        return rv

    def _log(self, level, msg, args, exc_info=None, extra=None, stack_info=False):
        """
        Low-level logging routine which creates a LogRecord and then calls
        all the handlers of this logger to handle the record.
        """
        sinfo = None
        if _srcfile:
            #IronPython doesn't track Python frames, so findCaller raises an
            #exception on some versions of IronPython. We trap it here so that
            #IronPython can use logging.
            try:
                fn, lno, func, sinfo = self.findCaller(stack_info)
            except ValueError: # pragma: no cover
                fn, lno, func = "(unknown file)", 0, "(unknown function)"
        else: # pragma: no cover
            fn, lno, func = "(unknown file)", 0, "(unknown function)"
        if exc_info:
            if isinstance(exc_info, BaseException):
                exc_info = (type(exc_info), exc_info, exc_info.__traceback__)
            elif not isinstance(exc_info, tuple):
                exc_info = sys.exc_info()
        record = self.makeRecord(self.name, level, fn, lno, msg, args,
                                 exc_info, func, extra, sinfo)
        self.handle(record)

    def handle(self, record):
        """
        Call the handlers for the specified record.

        This method is used for unpickled records received from a socket, as
        well as those created locally. Logger-level filtering is applied.
        """
        if (not self.disabled) and self.filter(record):
            self.callHandlers(record)

    def addHandler(self, hdlr):
        """
        Add the specified handler to this logger.
        """
        _acquireLock()
        try:
            if not (hdlr in self.handlers):
                self.handlers.append(hdlr)
        finally:
            _releaseLock()

    def removeHandler(self, hdlr):
        """
        Remove the specified handler from this logger.
        """
        _acquireLock()
        try:
            if hdlr in self.handlers:
                self.handlers.remove(hdlr)
        finally:
            _releaseLock()

    def hasHandlers(self):
        """
        See if this logger has any handlers configured.

        Loop through all handlers for this logger and its parents in the
        logger hierarchy. Return True if a handler was found, else False.
        Stop searching up the hierarchy whenever a logger with the "propagate"
        attribute set to zero is found - that will be the last logger which
        is checked for the existence of handlers.
        """
        c = self
        rv = False
        while c:
            if c.handlers:
                rv = True
                break
            if not c.propagate:
                break
            else:
                c = c.parent
        return rv

    def callHandlers(self, record):
        """
        Pass a record to all relevant handlers.

        Loop through all handlers for this logger and its parents in the
        logger hierarchy. If no handler was found, output a one-off error
        message to sys.stderr. Stop searching up the hierarchy whenever a
        logger with the "propagate" attribute set to zero is found - that
        will be the last logger whose handlers are called.
        """
        c = self
        found = 0
        while c:
            for hdlr in c.handlers:
                found = found + 1
                if record.levelno >= hdlr.level:
                    hdlr.handle(record)
            if not c.propagate:
                c = None    #break out
            else:
                c = c.parent
        if (found == 0):
            if lastResort:
                if record.levelno >= lastResort.level:
                    lastResort.handle(record)
            elif raiseExceptions and not self.manager.emittedNoHandlerWarning:
                sys.stderr.write("No handlers could be found for logger"
                                 " \"%s\"\n" % self.name)
                self.manager.emittedNoHandlerWarning = True

    def getEffectiveLevel(self):
        """
        Get the effective level for this logger.

        Loop through this logger and its parents in the logger hierarchy,
        looking for a non-zero logging level. Return the first one found.
        """
        logger = self
        while logger:
            if logger.level:
                return logger.level
            logger = logger.parent
        return NOTSET

    def isEnabledFor(self, level):
        """
        Is this logger enabled for level 'level'?
        """
        try:
            return self._cache[level]
        except KeyError:
            _acquireLock()
            try:
                if self.manager.disable >= level:
                    is_enabled = self._cache[level] = False
                else:
                    is_enabled = self._cache[level] = (
                        level >= self.getEffectiveLevel()
                    )
            finally:
                _releaseLock()
            return is_enabled

    def getChild(self, suffix):
        """
        Get a logger which is a descendant to this one.

        This is a convenience method, such that

        logging.getLogger('abc').getChild('def.ghi')

        is the same as

        logging.getLogger('abc.def.ghi')

        It's useful, for example, when the parent logger is named using
        __name__ rather than a literal string.
        """
        if self.root is not self:
            suffix = '.'.join((self.name, suffix))
        return self.manager.getLogger(suffix)

    def __repr__(self):
        level = getLevelName(self.getEffectiveLevel())
        return '<%s %s (%s)>' % (self.__class__.__name__, self.name, level)

    def __reduce__(self):
        # In general, only the root logger will not be accessible via its name.
        # However, the root logger's class has its own __reduce__ method.
        if getLogger(self.name) is not self:
            import pickle
            raise pickle.PicklingError('logger cannot be pickled')
        return getLogger, (self.name,)


class RootLogger(Logger):
    """
    A root logger is not that different to any other logger, except that
    it must have a logging level and there is only one instance of it in
    the hierarchy.
    """
    def __init__(self, level):
        """
        Initialize the logger with the name "root".
        """
        Logger.__init__(self, "root", level)

    def __reduce__(self):
        return getLogger, ()

_loggerClass = Logger

class LoggerAdapter(object):
    """
    An adapter for loggers which makes it easier to specify contextual
    information in logging output.
    """

    def __init__(self, logger, extra):
        """
        Initialize the adapter with a logger and a dict-like object which
        provides contextual information. This constructor signature allows
        easy stacking of LoggerAdapters, if so desired.

        You can effectively pass keyword arguments as shown in the
        following example:

        adapter = LoggerAdapter(someLogger, dict(p1=v1, p2="v2"))
        """
        self.logger = logger
        self.extra = extra

    def process(self, msg, kwargs):
        """
        Process the logging message and keyword arguments passed in to
        a logging call to insert contextual information. You can either
        manipulate the message itself, the keyword args or both. Return
        the message and kwargs modified (or not) to suit your needs.

        Normally, you'll only need to override this one method in a
        LoggerAdapter subclass for your specific needs.
        """
        kwargs["extra"] = self.extra
        return msg, kwargs

    #
    # Boilerplate convenience methods
    #
    def debug(self, msg, *args, **kwargs):
        """
        Delegate a debug call to the underlying logger.
        """
        self.log(DEBUG, msg, *args, **kwargs)

    def info(self, msg, *args, **kwargs):
        """
        Delegate an info call to the underlying logger.
        """
        self.log(INFO, msg, *args, **kwargs)

    def warning(self, msg, *args, **kwargs):
        """
        Delegate a warning call to the underlying logger.
        """
        self.log(WARNING, msg, *args, **kwargs)

    def warn(self, msg, *args, **kwargs):
        warnings.warn("The 'warn' method is deprecated, "
            "use 'warning' instead", DeprecationWarning, 2)
        self.warning(msg, *args, **kwargs)

    def error(self, msg, *args, **kwargs):
        """
        Delegate an error call to the underlying logger.
        """
        self.log(ERROR, msg, *args, **kwargs)

    def exception(self, msg, *args, exc_info=True, **kwargs):
        """
        Delegate an exception call to the underlying logger.
        """
        self.log(ERROR, msg, *args, exc_info=exc_info, **kwargs)

    def critical(self, msg, *args, **kwargs):
        """
        Delegate a critical call to the underlying logger.
        """
        self.log(CRITICAL, msg, *args, **kwargs)

    def log(self, level, msg, *args, **kwargs):
        """
        Delegate a log call to the underlying logger, after adding
        contextual information from this adapter instance.
        """
        if self.isEnabledFor(level):
            msg, kwargs = self.process(msg, kwargs)
            self.logger.log(level, msg, *args, **kwargs)

    def isEnabledFor(self, level):
        """
        Is this logger enabled for level 'level'?
        """
        return self.logger.isEnabledFor(level)

    def setLevel(self, level):
        """
        Set the specified level on the underlying logger.
        """
        self.logger.setLevel(level)

    def getEffectiveLevel(self):
        """
        Get the effective level for the underlying logger.
        """
        return self.logger.getEffectiveLevel()

    def hasHandlers(self):
        """
        See if the underlying logger has any handlers.
        """
        return self.logger.hasHandlers()

    def _log(self, level, msg, args, exc_info=None, extra=None, stack_info=False):
        """
        Low-level log implementation, proxied to allow nested logger adapters.
        """
        return self.logger._log(
            level,
            msg,
            args,
            exc_info=exc_info,
            extra=extra,
            stack_info=stack_info,
        )

    @property
    def manager(self):
        return self.logger.manager

    @manager.setter
    def manager(self, value):
        self.logger.manager = value

    @property
    def name(self):
        return self.logger.name

    def __repr__(self):
        logger = self.logger
        level = getLevelName(logger.getEffectiveLevel())
        return '<%s %s (%s)>' % (self.__class__.__name__, logger.name, level)

root = RootLogger(WARNING)
Logger.root = root
Logger.manager = Manager(Logger.root)

#---------------------------------------------------------------------------
# Configuration classes and functions
#---------------------------------------------------------------------------

def basicConfig(**kwargs):
    """
    Do basic configuration for the logging system.

    This function does nothing if the root logger already has handlers
    configured. It is a convenience method intended for use by simple scripts
    to do one-shot configuration of the logging package.

    The default behaviour is to create a StreamHandler which writes to
    sys.stderr, set a formatter using the BASIC_FORMAT format string, and
    add the handler to the root logger.

    A number of optional keyword arguments may be specified, which can alter
    the default behaviour.

    filename  Specifies that a FileHandler be created, using the specified
              filename, rather than a StreamHandler.
    filemode  Specifies the mode to open the file, if filename is specified
              (if filemode is unspecified, it defaults to 'a').
    format    Use the specified format string for the handler.
    datefmt   Use the specified date/time format.
    style     If a format string is specified, use this to specify the
              type of format string (possible values '%', '{', '$', for
              %-formatting, :meth:`str.format` and :class:`string.Template`
              - defaults to '%').
    level     Set the root logger level to the specified level.
    stream    Use the specified stream to initialize the StreamHandler. Note
              that this argument is incompatible with 'filename' - if both
              are present, 'stream' is ignored.
    handlers  If specified, this should be an iterable of already created
              handlers, which will be added to the root handler. Any handler
              in the list which does not have a formatter assigned will be
              assigned the formatter created in this function.

    Note that you could specify a stream created using open(filename, mode)
    rather than passing the filename and mode in. However, it should be
    remembered that StreamHandler does not close its stream (since it may be
    using sys.stdout or sys.stderr), whereas FileHandler closes its stream
    when the handler is closed.

    .. versionchanged:: 3.2
       Added the ``style`` parameter.

    .. versionchanged:: 3.3
       Added the ``handlers`` parameter. A ``ValueError`` is now thrown for
       incompatible arguments (e.g. ``handlers`` specified together with
       ``filename``/``filemode``, or ``filename``/``filemode`` specified
       together with ``stream``, or ``handlers`` specified together with
       ``stream``.
    """
    # Add thread safety in case someone mistakenly calls
    # basicConfig() from multiple threads
    _acquireLock()
    try:
        if len(root.handlers) == 0:
            handlers = kwargs.pop("handlers", None)
            if handlers is None:
                if "stream" in kwargs and "filename" in kwargs:
                    raise ValueError("'stream' and 'filename' should not be "
                                     "specified together")
            else:
                if "stream" in kwargs or "filename" in kwargs:
                    raise ValueError("'stream' or 'filename' should not be "
                                     "specified together with 'handlers'")
            if handlers is None:
                filename = kwargs.pop("filename", None)
                mode = kwargs.pop("filemode", 'a')
                if filename:
                    h = FileHandler(filename, mode)
                else:
                    stream = kwargs.pop("stream", None)
                    h = StreamHandler(stream)
                handlers = [h]
            dfs = kwargs.pop("datefmt", None)
            style = kwargs.pop("style", '%')
            if style not in _STYLES:
                raise ValueError('Style must be one of: %s' % ','.join(
                                 _STYLES.keys()))
            fs = kwargs.pop("format", _STYLES[style][1])
            fmt = Formatter(fs, dfs, style)
            for h in handlers:
                if h.formatter is None:
                    h.setFormatter(fmt)
                root.addHandler(h)
            level = kwargs.pop("level", None)
            if level is not None:
                root.setLevel(level)
            if kwargs:
                keys = ', '.join(kwargs.keys())
                raise ValueError('Unrecognised argument(s): %s' % keys)
    finally:
        _releaseLock()

#---------------------------------------------------------------------------
# Utility functions at module level.
# Basically delegate everything to the root logger.
#---------------------------------------------------------------------------

def getLogger(name=None):
    """
    Return a logger with the specified name, creating it if necessary.

    If no name is specified, return the root logger.
    """
    if name:
        return Logger.manager.getLogger(name)
    else:
        return root

def critical(msg, *args, **kwargs):
    """
    Log a message with severity 'CRITICAL' on the root logger. If the logger
    has no handlers, call basicConfig() to add a console handler with a
    pre-defined format.
    """
    if len(root.handlers) == 0:
        basicConfig()
    root.critical(msg, *args, **kwargs)

fatal = critical

def error(msg, *args, **kwargs):
    """
    Log a message with severity 'ERROR' on the root logger. If the logger has
    no handlers, call basicConfig() to add a console handler with a pre-defined
    format.
    """
    if len(root.handlers) == 0:
        basicConfig()
    root.error(msg, *args, **kwargs)

def exception(msg, *args, exc_info=True, **kwargs):
    """
    Log a message with severity 'ERROR' on the root logger, with exception
    information. If the logger has no handlers, basicConfig() is called to add
    a console handler with a pre-defined format.
    """
    error(msg, *args, exc_info=exc_info, **kwargs)

def warning(msg, *args, **kwargs):
    """
    Log a message with severity 'WARNING' on the root logger. If the logger has
    no handlers, call basicConfig() to add a console handler with a pre-defined
    format.
    """
    if len(root.handlers) == 0:
        basicConfig()
    root.warning(msg, *args, **kwargs)

def warn(msg, *args, **kwargs):
    warnings.warn("The 'warn' function is deprecated, "
        "use 'warning' instead", DeprecationWarning, 2)
    warning(msg, *args, **kwargs)

def info(msg, *args, **kwargs):
    """
    Log a message with severity 'INFO' on the root logger. If the logger has
    no handlers, call basicConfig() to add a console handler with a pre-defined
    format.
    """
    if len(root.handlers) == 0:
        basicConfig()
    root.info(msg, *args, **kwargs)

def debug(msg, *args, **kwargs):
    """
    Log a message with severity 'DEBUG' on the root logger. If the logger has
    no handlers, call basicConfig() to add a console handler with a pre-defined
    format.
    """
    if len(root.handlers) == 0:
        basicConfig()
    root.debug(msg, *args, **kwargs)

def log(level, msg, *args, **kwargs):
    """
    Log 'msg % args' with the integer severity 'level' on the root logger. If
    the logger has no handlers, call basicConfig() to add a console handler
    with a pre-defined format.
    """
    if len(root.handlers) == 0:
        basicConfig()
    root.log(level, msg, *args, **kwargs)

def disable(level=CRITICAL):
    """
    Disable all logging calls of severity 'level' and below.
    """
    root.manager.disable = level
    root.manager._clear_cache()

def shutdown(handlerList=_handlerList):
    """
    Perform any cleanup actions in the logging system (e.g. flushing
    buffers).

    Should be called at application exit.
    """
    for wr in reversed(handlerList[:]):
        #errors might occur, for example, if files are locked
        #we just ignore them if raiseExceptions is not set
        try:
            h = wr()
            if h:
                try:
                    h.acquire()
                    h.flush()
                    h.close()
                except (OSError, ValueError):
                    # Ignore errors which might be caused
                    # because handlers have been closed but
                    # references to them are still around at
                    # application exit.
                    pass
                finally:
                    h.release()
        except: # ignore everything, as we're shutting down
            if raiseExceptions:
                raise
            #else, swallow

#Let's try and shutdown automatically on application exit...
import atexit
atexit.register(shutdown)

# Null handler

class NullHandler(Handler):
    """
    This handler does nothing. It's intended to be used to avoid the
    "No handlers could be found for logger XXX" one-off warning. This is
    important for library code, which may contain code to log events. If a user
    of the library does not configure logging, the one-off warning might be
    produced; to avoid this, the library developer simply needs to instantiate
    a NullHandler and add it to the top-level logger of the library module or
    package.
    """
    def handle(self, record):
        """Stub."""

    def emit(self, record):
        """Stub."""

    def createLock(self):
        self.lock = None

# Warnings integration

_warnings_showwarning = None

def _showwarning(message, category, filename, lineno, file=None, line=None):
    """
    Implementation of showwarnings which redirects to logging, which will first
    check to see if the file parameter is None. If a file is specified, it will
    delegate to the original warnings implementation of showwarning. Otherwise,
    it will call warnings.formatwarning and will log the resulting string to a
    warnings logger named "py.warnings" with level logging.WARNING.
    """
    if file is not None:
        if _warnings_showwarning is not None:
            _warnings_showwarning(message, category, filename, lineno, file, line)
    else:
        s = warnings.formatwarning(message, category, filename, lineno, line)
        logger = getLogger("py.warnings")
        if not logger.handlers:
            logger.addHandler(NullHandler())
        logger.warning("%s", s)

def captureWarnings(capture):
    """
    If capture is true, redirect all warnings to the logging package.
    If capture is False, ensure that warnings are not redirected to logging
    but to their original destinations.
    """
    global _warnings_showwarning
    if capture:
        if _warnings_showwarning is None:
            _warnings_showwarning = warnings.showwarning
            warnings.showwarning = _showwarning
    else:
        if _warnings_showwarning is not None:
            warnings.showwarning = _warnings_showwarning
            _warnings_showwarning = None




          

      

      

    

  

    
      
          
            
  Source code for molyso.debugging.debugplot

# -*- coding: utf-8 -*-
"""
documentation
"""
from __future__ import division, unicode_literals, print_function

import os
import atexit

from os.path import isfile
from tempfile import TemporaryFile
from functools import partial

from .callserialization import CallSerialization


[docs]def next_free_filename(prefix, suffix):
    """

    :param prefix:
    :param suffix:
    :return: :raise IOError:
    """
    n = 0
    while isfile(prefix + '%04d' % (n,) + suffix):
        n += 1
        if n > 9999:
            raise IOError('No free filename found.')
    return prefix + '%04d' % (n,) + suffix



[docs]def poly_drawing_helper(p, coordinates, **kwargs):
    """

    :param p:
    :param coordinates:
    :param kwargs:
    """
    gca = p.gca()

    from matplotlib.path import Path
    from matplotlib.patches import PathPatch

    actions = [Path.MOVETO] + [Path.LINETO] * (len(coordinates) - 1)

    if 'closed' in kwargs:
        if kwargs['closed']:
            actions.append(Path.CLOSEPOLY)
            coordinates.append((0, 0))
        del kwargs['closed']

    gca.add_patch(PathPatch(Path(coordinates, actions), **kwargs))



[docs]def inject_poly_drawing_helper(p):
    """

    :param p:
    """
    p.poly_drawing_helper = partial(poly_drawing_helper, p)



[docs]class DebugPlotInterruptException(Exception):
    """
    Only for internal usage.
    Used to interrupt plot drawing early if it is disabled.
    """
    pass



[docs]class DebugPlotInterruptThrower(object):
    """
    Dummy object which raises an exception
    on every call. To be used when debug mode is deactivated.
    """
    def __getattr__(self, item):
        raise DebugPlotInterruptException()



[docs]class DebugPlot(object):
    """
        The DebugPlot class serves as an switchable abstraction layer to add plotting debug output facilities.
    """

    default_config = {
        'figure.figsize': (12, 8),
        'figure.dpi': 150,
        'image.cmap': 'gray'
    }

    file_prefix = 'debug'

    active = True
    force_active = False

    post_figure = 'close'

    individual_and_merge = False
    individual_files = False
    individual_file_prefix = file_prefix

    file_suffix = '.pdf'

    throw_on_anything = True

    pp = None
    context = ''

    exp_plot_debugging = False  # True

    diverted_outputs = {}

    files_to_merge = []

    exit_handlers = []

    exit_handler_registered = False

[docs]    @classmethod
    def set_context(cls, **kwargs):
        """

        :param kwargs:
        """
        cls.context = ' '.join(["%s=%s" % x for x in sorted(kwargs.items())])


[docs]    @classmethod
    def get_context(cls):
        """


        :return:
        """
        return cls.context


[docs]    @classmethod
    def pdfopener(cls, filename):
        """
        Opens a new PdfPages output, ensuring it will be closed at exit.

        :param filename: filename
        :return:
        """
        from matplotlib.backends.backend_pdf import PdfPages

        try:
            newoutput = PdfPages(filename)
        except IOError:
            basename, pdf = os.path.splitext(filename)

            filename = next_free_filename(basename, pdf)
            newoutput = PdfPages(filename)  # if it throws now, we won't care

        def _close_at_exit():
            try:
                newoutput.close()
            except AttributeError:
                pass

        cls.exit_handlers.append(_close_at_exit)

        return newoutput


    @classmethod
    def _call_exit_handlers(cls):
        # perform cleanup, either explicitly,
        # or by atexit at the end  (__init__ registers this function)
        """


        """
        for handler in cls.exit_handlers:
            handler()

        cls.exit_handlers = []
        cls.exit_handler_registered = False

[docs]    @classmethod
    def new_pdf_output(cls, filename, collected):
        """

        :param filename:
        :param collected:
        """
        newoutput = cls.pdfopener(filename)
        cls.diverted_outputs[newoutput] = collected


    def __init__(self, *args, **kwargs):
        """
        Creates an DebugPlot instance
        :param info: An additional information about the plot, currently shown in the title
        :return:
        """
        self.info = ''
        if 'info' in kwargs:
            self.info = kwargs['info']

        # Note: DebugPlot had a sister class 'Debug' which took care of filtering
        # this was however not used in molyso. In a future rewrite, DebugPlot might be attached
        # more to the Python included log system / its filter capabilities...

        # self.filter_okay = Debug.filter(*args)
        self.filter_str = '.'.join([w.lower() for w in args])  # Debug.filter_to_str(args)

        self.active = self.force_active
        # or (self.active and
        # self.filter_okay and
        # (Debug.is_enabled('plot') or Debug.is_enabled('plot_pdf')))

        if not DebugPlot.exit_handler_registered:
            atexit.register(DebugPlot._call_exit_handlers)

        if self.active:
            from matplotlib import pylab

            self.pylab = pylab

        self.call_serialization = CallSerialization()

        if DebugPlot.individual_and_merge:
            try:
                # noinspection PyPackageRequirements,PyUnresolvedReferences
                import PyPDF2
                DebugPlot.individual_files = True
            except ImportError:
                DebugPlot.individual_and_merge = False

        # if Debug.is_enabled('plot_pdf'):
        if self.active:
            if not DebugPlot.individual_files:
                if DebugPlot.pp is None:
                    DebugPlot.pp = self.__class__.pdfopener('debug.pdf')

    def __enter__(self):
        # if self.active:
        #     # noinspection PyPep8Naming,PyAttributeOutsideInit

        if self.active:
            return self.call_serialization.get_proxy()
        else:
            return DebugPlotInterruptThrower()

    # noinspection PyUnusedLocal
    def __exit__(self, exc_type, exc_val, exc_tb):
        if exc_type == DebugPlotInterruptException:
            return True

        if self.active:

            p = self.pylab

            p.rcParams.update(self.default_config)
            p.figure()
            p.text(0.01, 0.01, "%s\n%s\n%s" % (self.info, self.get_context(), self.filter_str),
                   transform=p.gca().transAxes)

            inject_poly_drawing_helper(p)

            self.call_serialization.execute(p)

            if not DebugPlot.individual_files:
                if DebugPlot.pp:
                    p.savefig(DebugPlot.pp, format='pdf')
            else:
                if DebugPlot.individual_and_merge:
                    p.savefig(
                        self.get_file_for_merge(),
                        format='pdf')
                else:
                    p.savefig(
                        next_free_filename(DebugPlot.individual_file_prefix, DebugPlot.file_suffix),
                        format='pdf')

            for pp, okay in DebugPlot.diverted_outputs.items():
                if self.filter_str in okay:
                    p.savefig(pp, format='pdf')

            if self.post_figure == 'show':
                p.show()
            else:
                p.close()

[docs]    @classmethod
    def get_file_for_merge(cls):
        """


        :return:
        """
        if len(cls.files_to_merge) == 0:
            def _merge_exit_handler():
                # noinspection PyPackageRequirements,PyUnresolvedReferences
                import PyPDF2

                with open(next_free_filename(cls.file_prefix, cls.file_suffix), 'wb+') as pdf_file:

                    pdf = PyPDF2.PdfFileMerger()

                    for individual_file in cls.files_to_merge:
                        individual_file.seek(0)
                        individual_pdf = PyPDF2.PdfFileReader(individual_file)

                        pdf.append(individual_pdf)

                    pdf.write(pdf_file)

                cls.files_to_merge = []
            cls.exit_handlers.append(_merge_exit_handler)

        f = TemporaryFile()
        cls.files_to_merge.append(f)
        return f






          

      

      

    

  

    
      
          
            
  Source code for molyso.generic.etc

# -*- coding: utf-8 -*-
"""
etc.py contains various helper functions and classes, which are not directly related to data processing.
"""
from __future__ import division, unicode_literals, print_function
import os
import sys
import hashlib
import time
import logging
import sqlite3

import numpy as np

from io import BytesIO
from ..debugging import DebugPlot

try:
    import tqdm
except ImportError:
    tqdm = None


logger = logging.getLogger(__name__)


[docs]def silent_progress_bar(iterable):
    """
    Dummy function, just returns an iterator.

    :param iterable: the iterable to turn into an iterable
    :type iterable: iterable
    :return: iterable
    :rtype: iterable

    >>> next(silent_progress_bar([1, 2, 3]))
    1
    """
    return iter(iterable)



def fancy_progress_bar(iterable):
    """
    Returns in iterator which will show progress as well.
    Will either use the tqdm module when available, or a simpler implementation.

    :param iterable: the iterable to progress-ify
    :type iterable: iterable
    :rtype: iterable
    :return: progress-ified iterable
    """

    if tqdm:
        # weird bug: if the threading magic in tqdm is active, multiprocessing in molyso gets stuck!
        # should be investigated further, but for now, let us just disable it ...

        tqdm.tqdm.monitor_interval = 0

        for item in tqdm.tqdm(iterable):
            yield item
    else:
        times = np.zeros(len(iterable), dtype=float)
        for n, i in enumerate(iterable):
            start_time = time.time()
            yield i
            stop_time = time.time()
            times[n] = stop_time - start_time
            eta = " ETA %.2fs" % float(np.mean(times[:n + 1]) * (len(iterable) - (n + 1)))
            logger.info("processed %d/%d [took %.3fs%s]" % (n + 1, len(iterable), times[n], eta))


[docs]def iter_time(iterable):
    """
    Will print the total time elapsed during iteration of ``iterable`` afterwards.

    :param iterable: iterable
    :type iterable: iterable
    :rtype: iterable
    :return: iterable
    """
    start_time = time.time()
    for n in iterable:
        yield n
    stop_time = time.time()
    logger.info("whole step took %.3fs" % (stop_time - start_time,))



_fancy_progress_bar = fancy_progress_bar


[docs]def fancy_progress_bar(iterable):
    """

    :param iterable:
    :return:
    """
    return iter_time(_fancy_progress_bar(iterable))



[docs]def dummy_progress_indicator():
    """


    :return:
    """
    return iter(int, 1)



[docs]def ignorant_next(iterable):
    """
    Will try to iterate to the next value, or return None if none is available.

    :param iterable:
    :return:
    """
    try:
        return next(iterable)
    except StopIteration:
        return None



[docs]class QuickTableDumper(object):

    """

    :param recipient:
    """
    delimiter = '\t'
    line_end = '\n'

    precision = 8

    def __init__(self, recipient=None):
        if recipient is None:
            recipient = sys.stdout

        self.recipient = recipient
        self.headers = []

[docs]    def write_list(self, the_list):
        """

        :param the_list:
        """
        self.recipient.write(self.delimiter.join(map(self.stringify, the_list)) + self.line_end)


[docs]    def add(self, row):
        """

        :param row:
        """
        if len(self.headers) == 0:
            self.headers = list(sorted(row.keys()))
            self.write_list(self.headers)

        self.write_list(row[k] for k in self.headers)


[docs]    def stringify(self, obj):
        """

        :param obj:
        :return:
        """
        if type(obj) in (float, np.float32, np.float64) and self.precision:
            return str(round(obj, self.precision))
        else:
            return str(obj)




try:
    # noinspection PyUnresolvedReferences
    import cPickle

    pickle = cPickle
except ImportError:
    import pickle

try:
    import _thread
except ImportError:
    import thread as _thread

if os.name != 'nt':
    def correct_windows_signal_handlers():
        """
        Dummy for non-windows os.
        """
        pass
else:
[docs]    def correct_windows_signal_handlers():
        """
        Corrects Windows signal handling, otherwise multiprocessing solutions will not correctly
        exit if Ctrl-C is used to interrupt them.

        :return:
        """
        os.environ['PATH'] += os.path.pathsep + os.path.dirname(os.path.abspath(sys.executable))

        try:
            # noinspection PyUnresolvedReferences
            import win32api

            def _handler(_, hook=_thread.interrupt_main):
                hook()
                return 1

            win32api.SetConsoleCtrlHandler(_handler, 1)

        except ImportError:
            logger.warning("Running on Windows, but module 'win32api' could not be imported to fix signal handler.\n" +
                           "Ctrl-C might break the program ..." +
                           "Fix: Install the module!")



[docs]def debug_init():
    """
    Initialized debug mode, as of now this means that DebugPlot is set to active (it will produce a debug.pdf)

    """
    DebugPlot.force_active = True
    np.set_printoptions(threshold=sys.maxsize)



[docs]def parse_range(s, maximum=0):
    """

    :param s:
    :param maximum:
    :return:
    """
    maximum -= 1
    splits = s.replace(' ', '').replace(';', ',').split(',')

    ranges = []
    remove = []

    not_values = False

    for frag in splits:
        if frag[0] == '~':
            not_values = not not_values
            frag = frag[1:]

        if '-' in frag:
            f, t = frag.split('-')

            interval = 1

            if '%' in t:
                t, _interval = t.split('%')
                interval = int(_interval)

            if t == '':
                t = maximum

            f, t = int(f), int(t)

            t = min(t, maximum)

            parsed_fragment = range(f, t + 1, interval)
        else:
            parsed_fragment = [int(frag)]

        if not_values:
            remove += parsed_fragment
        else:
            ranges += parsed_fragment

    return list(sorted(set(ranges) - set(remove)))



[docs]def prettify_numpy_array(arr, space_or_prefix):
    """
    Returns a properly indented string representation of a numpy array.

    :param arr:
    :param space_or_prefix:
    :return:
    """
    six_spaces = ' ' * 6
    prepared = repr(np.array(arr)).replace(')', '').replace('array(', six_spaces)
    if isinstance(space_or_prefix, int):
        return prepared.replace(six_spaces, ' ' * space_or_prefix)
    else:
        return space_or_prefix + prepared.replace(six_spaces, ' ' * len(space_or_prefix)).lstrip()



[docs]def bits_to_numpy_type(bits):
    """
    Returns a numpy.dtype for one of the common image bit-depths:
    8 for unsigned int, 16 for unsigned short, 32 for float

    :param bits:
    :return:
    """
    # this is supposed to throw an error
    return {
        8: np.uint8,
        16: np.uint16,
        32: np.float32
    }[int(bits)]



[docs]class BaseCache(object):
    """
    A caching class
    """

[docs]    @staticmethod
    def prepare_key(key):
        """

        :param key:
        :return:
        """
        if isinstance(key, type('')):
            return key
        else:
            return repr(key)


[docs]    @staticmethod
    def serialize(data):
        """

        :param data:
        :return:
        """
        try:
            bio = BytesIO()
            pickle.dump(data, bio, protocol=pickle.HIGHEST_PROTOCOL)
            try:
                # noinspection PyUnresolvedReferences
                pickled_data = bio.getbuffer()
            except AttributeError:
                pickled_data = bio.getvalue()
        except ImportError:
            pickled_data = pickle.dumps(data, protocol=pickle.HIGHEST_PROTOCOL)

        return pickled_data


[docs]    @staticmethod
    def deserialize(data):
        """

        :param data:
        :return:
        """
        assert data is not None
        bio = BytesIO(data)
        return pickle.load(bio)


    def __init__(self, filename_to_be_hashed, ignore_cache='nothing', cache_token=None):
        self.logger = logging.getLogger(__name__ + '.' + self.__class__.__name__)

        self.filename_hash_source = filename_to_be_hashed

        if cache_token is None:
            self.cache_token = "%s.%s" % (
                os.path.basename(filename_to_be_hashed).replace('.', '_').replace('?', '_').replace(',', '_'),
                hashlib.sha1(str(os.path.abspath(filename_to_be_hashed).lower()).encode()).hexdigest()[:8])
        else:
            self.cache_token = cache_token

        if ignore_cache == 'everything':
            self.ignore_cache = True
        elif ignore_cache == 'nothing':
            self.ignore_cache = []
        else:
            self.ignore_cache = ignore_cache.split(',')

[docs]    def contains(self, key):
        """

        :param key:
        :return:
        """
        return False


[docs]    def get(self, key):
        """

        :param key:
        :return:
        """
        return ''


[docs]    def set(self, key, value):
        """

        :param key:
        :param value:
        :return:
        """
        return


    def __contains__(self, key):
        if self.ignore_cache is True or key in self.ignore_cache:
            return False
        else:
            try:
                self.logger.debug("Checking whether '%s' exists", key)
                return self.contains(self.prepare_key(key))
            except Exception as e:
                self.logger.exception(
                    "While %s an Exception occurred (but continuing): %",
                    repr(self.__contains__), repr(e)
                )
                return False

    def __getitem__(self, key):
        try:
            self.logger.debug("Getting data for '%s'", key)
            return self.deserialize(self.get(self.prepare_key(key)))
        except Exception as e:
            self.logger.exception(
                "While %s an Exception occurred (but continuing): %s. Note that this will yield undefined behavior.",
                repr(self.__getitem__), repr(e)
            )
            # this is technically wrong ...
            return None

    def __setitem__(self, key, value):
        if self.ignore_cache is True or key in self.ignore_cache:
            return
        else:
            try:
                self.logger.debug("Setting data for '%s'", key)
                self.set(self.prepare_key(key), self.serialize(value))
            except Exception as e:
                self.logger.exception(
                    "While %s an Exception occurred (but continuing): %s",
                    repr(self.__setitem__), repr(e)
                )



[docs]class FileCache(BaseCache):
    """
    A caching class which stores the data in flat files.
    """
[docs]    def build_cache_filename(self, suffix):
        """

        :param suffix:
        :return:
        """
        return "%s.%s.cache" % (self.cache_token, suffix,)


[docs]    def contains(self, key):
        """

        :param key:
        :return:
        """
        return os.path.isfile(self.build_cache_filename(key))


[docs]    def get(self, key):
        """

        :param key:
        :return:
        """
        with open(self.build_cache_filename(key), 'rb') as fp:
            return fp.read(os.path.getsize(self.build_cache_filename(key)))


[docs]    def set(self, key, value):
        """

        :param key:
        :param value:
        """
        with open(self.build_cache_filename(key), 'wb+') as fp:
            fp.write(value)




Cache = FileCache


[docs]class Sqlite3Cache(BaseCache):
    """
    A caching class which stores the data in a sqlite3 database.
    """
[docs]    def contains(self, key):
        """

        :param key:
        :return:
        """
        result = self.conn.execute('SELECT COUNT(*) FROM entries WHERE name = ?', (key,))
        for row in result:
            return row[0] == 1
        return False


[docs]    def get(self, key):
        """

        :param key:
        :return:
        """
        result = self.conn.execute('SELECT value FROM entries WHERE name = ?', (key,))
        for row in result:
            return row[0]


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


        :return:
        """
        result = self.conn.execute('SELECT name FROM entries')
        return [row[0] for row in result]


[docs]    def set(self, key, value):
        """

        :param key:
        :param value:
        """
        self.conn.execute('DELETE FROM entries WHERE name = ?', (key,))

        self.conn.execute(
            'INSERT INTO entries (name, value) VALUES (?, ?)',
            (key, sqlite3.Binary(value),)
        )

        self.conn.commit()


    def __init__(self, *args, **kwargs):
        super(Sqlite3Cache, self).__init__(*args, **kwargs)

        self.conn = None

        if self.ignore_cache is not True:
            self.conn = sqlite3.connect('%s.sq3.cache' % (self.cache_token, ))
            self.conn.isolation_level = None
            self.conn.execute('PRAGMA journal_mode = WAL')
            self.conn.execute('PRAGMA synchronous = NORMAL')
            self.conn.isolation_level = 'DEFERRED'
            self.conn.execute('CREATE TABLE IF NOT EXISTS entries (name TEXT, value BLOB)')
            self.conn.execute('CREATE UNIQUE INDEX IF NOT EXISTS entries_name ON entries (name)')

    def __del__(self):
        if self.conn:
            self.conn.close()



[docs]class NotReallyATree(list):
    """
        The class is a some-what duck-type compatible (it has a ``query`` method) dumb replacement
        for (c)KDTrees. It can be used to find the nearest matching point to a query point.
        (And does that by exhaustive search...)
    """
    def __init__(self, iterable):
        """
        :param iterable: input data
        :type iterable: iterable
        :return: the queryable object
        :rtype: NotReallyAtree
        """
        super(NotReallyATree, self).__init__(self)
        for i in iterable:
            self.append(i)
        self.na = np.array(iterable)

[docs]    def query(self, q):  # w_numpy
        """
        Finds the point which is nearest to ``q``.
        Uses the Euclidean distance.

        :param q: query point
        :return: distance, index
        :rtype: float, int

        >>> t = NotReallyATree([[1.0, 1.0], [2.0, 2.0], [3.0, 3.0]])
        >>> t.query([1.25, 1.25])
        (0.3535533905932738, 0)
        >>> t = NotReallyATree([[1.0, 1.0], [2.0, 2.0], [3.0, 3.0]])
        >>> t.query([2.3535533905932737622, 2.3535533905932737622])
        (0.5000000000000002, 1)
        """
        distances = np.sqrt(np.sum(np.power(self.na - q, 2.0), 1))
        pos = np.argmin(distances, 0)
        return distances[pos], pos







          

      

      

    

  

    
      
          
            
  Source code for molyso.generic.fft

# -*- coding: utf-8 -*-
"""
fft.py contains Fourier transform related helper functions
mainly it abstracts the Fourier transform itself
(currently just passing the calls through to the numpy functions)
"""

import numpy as np
from scipy.fftpack import next_fast_len

fft = np.fft.fft
ifft = np.fft.ifft
fftfreq = np.fft.fftfreq


[docs]def spectrum_fourier(signal):
    """
    Calls the Fourier transform, and returns only the first half of the transform results

    :param signal: input signal
    :type signal: numpy.array
    :return: Fourier transformed data
    :rtype: numpy.array
    """
    return fft(signal)[:len(signal) // 2]



[docs]def spectrum_bins_by_length(len_signal):
    """
    Returns the bins associated with a Fourier transform of a signal of the length len_signal

    :param len_signal: length of the desired bin distribution
    :type len_signal: int
    :return: frequency bins
    :rtype: numpy.array
    """
    freqs = fftfreq(len_signal)[:len_signal // 2]
    freqs[1:] = 1.0 / freqs[1:]
    return freqs



[docs]def spectrum_bins(signal):
    """
    Returns the bins associated with a Fourier transform of a signal of the same length of signal

    :param signal: input signal
    :type signal: numpy.array
    :return: frequency bins
    :rtype: numpy.array
    """
    len_arr = len(signal)
    return spectrum_bins_by_length(len_arr)



[docs]def spectrum(signal):
    """
    Return a raw spectrum (values are complex). Use :func:`power_spectrum` to directly get real values.

    :param signal: input signal
    :type signal: numpy.array
    :return: frequencies and fourier transformed values
    :rtype: tuple(numpy.array, numpy.array)
    """
    return spectrum_bins(signal), spectrum_fourier(signal)



[docs]def power_spectrum(signal):
    """
    Return a power (absolute/real) spectrum (as opposed to the complex spectrum returned by :func:`spectrum` itself)

    :param signal: input signal
    :type signal: numpy.array
    :return: frequencies and fourier transformed values
    :rtype: tuple(numpy.array, numpy.array)
    """
    freqs, fourier = spectrum(signal)
    return freqs, np.absolute(fourier)



[docs]def hires_power_spectrum(signal, oversampling=1):
    """
    Return a high resolution power spectrum (compare :func:`power_spectrum`)
    Resolution is enhanced by feeding the FFT a n times larger, zero-padded signal,
    which will yield frequency values of higher precision.

    :param signal: input signal
    :type signal: numpy.array
    :param oversampling: oversampling factor
    :type oversampling: int
    :return: frequencies and fourier transformed values
    :rtype: tuple(numpy.array, numpy.array)
    """
    arr_len = len(signal)
    fast_size = next_fast_len(oversampling * arr_len)

    tmp_data = np.zeros(fast_size)
    tmp_data[:arr_len] = signal

    frequencies, fourier_values = power_spectrum(tmp_data)
    fourier_values[0] = 0

    fourier_values = fourier_values[frequencies < arr_len]
    frequencies = frequencies[frequencies < arr_len]

    return frequencies, fourier_values





          

      

      

    

  

    
      
          
            
  Source code for molyso.generic.otsu

# -*- coding: utf-8 -*-
"""
otsu.py contains an implementation of Otsu's thresholding method, taken verbatim from scikit-image.
"""
# Taken from scikit-image, to remove dependency on scikit-image (for merely using one function)
# This file
# Copyright (C) 2011, the scikit-image team
# All rights reserved.
#
# Redistribution and use in source and binary forms, with or without
# modification, are permitted provided that the following conditions are
# met:
#
#  1. Redistributions of source code must retain the above copyright
#     notice, this list of conditions and the following disclaimer.
#  2. Redistributions in binary form must reproduce the above copyright
#     notice, this list of conditions and the following disclaimer in
#     the documentation and/or other materials provided with the
#     distribution.
#  3. Neither the name of skimage nor the names of its contributors may be
#     used to endorse or promote products derived from this software without
#     specific prior written permission.
#
# THIS SOFTWARE IS PROVIDED BY THE AUTHOR ``AS IS'' AND ANY EXPRESS OR
# IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED
# WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE
# DISCLAIMED. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY DIRECT,
# INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
# (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
# SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
# HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
# STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING
# IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE
# POSSIBILITY OF SUCH DAMAGE.

import warnings
import numpy as np


[docs]def histogram(image, nbins=256):
    """
    Return histogram of image.

    Unlike `numpy.histogram`, this function returns the centers of bins and
    does not rebin integer arrays. For integer arrays, each integer value has
    its own bin, which improves speed and intensity-resolution.

    The histogram is computed on the flattened image: for color images, the
    function should be used separately on each channel to obtain a histogram
    for each color channel.

    :parameter image: Input image.
    :parameter nbins: Number of bins used to calculate histogram. This value is ignored for integer arrays.
    :type image: numpy.ndarray
    :type nbins: int, optional
    :return: The values of the histogram, the values at the center of the bins.
    :rtype: tuple(numpy.ndarray, numpy.ndarray)
    """
    sh = image.shape
    if len(sh) == 3 and sh[-1] < 4:
        warnings.warn("This might be a color image. The histogram will be "
                      "computed on the flattened image. You can instead "
                      "apply this function to each color channel.")

    # For integer types, histogramming with bincount is more efficient.
    if np.issubdtype(image.dtype, np.integer):
        offset = 0
        if np.min(image) < 0:
            offset = np.min(image)
        hist = np.bincount(image.ravel() - offset)
        bin_centers = np.arange(len(hist)) + offset

        # clip histogram to start with a non-zero bin
        idx = np.nonzero(hist)[0][0]
        return hist[idx:], bin_centers[idx:]
    else:
        hist, bin_edges = np.histogram(image.flat, nbins)
        bin_centers = (bin_edges[:-1] + bin_edges[1:]) / 2.
        return hist, bin_centers



[docs]def threshold_otsu(image, nbins=256):
    """
    Return threshold value based on Otsu's method.

        .. [1] Wikipedia, http://en.wikipedia.org/wiki/Otsu's_Method

    :param image: Input image
    :param nbins: Number of bins used to calculate histogram. This value is ignored for integer arrays.
    :type image: numpy.ndarray
    :type nbins: int, optional
    :return: Upper threshold value. All pixels intensities that less or equal of this value assumed as foreground.
    :rtype: float
    """
    hist, bin_centers = histogram(image, nbins)
    hist = hist.astype(float)

    # class probabilities for all possible thresholds
    weight1 = np.cumsum(hist)
    weight2 = np.cumsum(hist[::-1])[::-1]
    # class means for all possible thresholds
    mean1 = np.cumsum(hist * bin_centers) / weight1
    mean2 = (np.cumsum((hist * bin_centers)[::-1]) / weight2[::-1])[::-1]

    # Clip ends to align class 1 and class 2 variables:
    # The last value of `weight1`/`mean1` should pair with zero values in
    # `weight2`/`mean2`, which do not exist.
    variance12 = weight1[:-1] * weight2[1:] * (mean1[:-1] - mean2[1:]) ** 2

    idx = np.argmax(variance12)
    threshold = bin_centers[:-1][idx]
    return threshold





          

      

      

    

  

    
      
          
            
  Source code for molyso.generic.registration

# -*- coding: utf-8 -*-
"""
registration.py contains a simple 2D image registration function,
which registers images by checking the individual horizontal and vertical shifts
"""
from __future__ import division, unicode_literals, print_function

from .signal import find_phase, vertical_mean, horizontal_mean

import numpy as np


[docs]def translation_2x1d(image_a=None, image_b=None, ffts_a=(), ffts_b=(), return_a=False, return_b=False):
    """

    :param image_a:
    :param image_b:
    :param ffts_a:
    :param ffts_b:
    :param return_a:
    :param return_b:
    :return:
    """
    if ffts_a != ():
        fft_av, fft_ah = ffts_a
        signal_av, signal_ah = None, None
    else:
        fft_av, fft_ah = None, None
        signal_av, signal_ah = vertical_mean(image_a), horizontal_mean(image_a)

    if ffts_b != ():
        fft_bv, fft_bh = ffts_b
        signal_bv, signal_bh = None, None
    else:
        fft_bv, fft_bh = None, None
        signal_bv, signal_bh = vertical_mean(image_b), horizontal_mean(image_b)

    v, fft_av, fft_bv = find_phase(signal_1=signal_av, signal_2=signal_bv,
                                   fft_1=fft_av, fft_2=fft_bv, return_1=True, return_2=True)

    h, fft_ah, fft_bh = find_phase(signal_1=signal_ah, signal_2=signal_bh,
                                   fft_1=fft_ah, fft_2=fft_bh, return_1=True, return_2=True)

    result = ([float(-v), float(-h)],)

    if return_a:
        result += ((fft_av, fft_ah),)

    if return_b:
        result += ((fft_bv, fft_bh),)

    return result



[docs]def shift_image(image, shift, background='input'):
    """

    :param image:
    :param shift:
    :param background:
    :return: :raise ValueError:
    """

    vertical, horizontal = shift
    vertical, horizontal = round(vertical), round(horizontal)
    height, width = image.shape

    if vertical < 0:
        source_vertical_lower = -vertical
        source_vertical_upper = height
        destination_vertical_lower = 0
        destination_vertical_upper = vertical
    else:
        source_vertical_lower = 0
        source_vertical_upper = height - vertical
        destination_vertical_lower = vertical
        destination_vertical_upper = height

    if horizontal < 0:
        source_horizontal_lower = -horizontal
        source_horizontal_upper = width
        destination_horizontal_lower = 0
        destination_horizontal_upper = horizontal
    else:
        source_horizontal_lower = 0
        source_horizontal_upper = width - horizontal
        destination_horizontal_lower = horizontal
        destination_horizontal_upper = width

    if background == 'input':
        new_image = image.copy()
    elif background == 'blank':
        new_image = np.zeros_like(image)
    else:
        raise ValueError("Unsupported background method passed. Use background or blank.")

    new_image[
        destination_vertical_lower:destination_vertical_upper,
        destination_horizontal_lower:destination_horizontal_upper
    ] = image[
        source_vertical_lower:source_vertical_upper,
        source_horizontal_lower:source_horizontal_upper
    ]
    return new_image





          

      

      

    

  

    
      
          
            
  Source code for molyso.generic.signal

# -*- coding: utf-8 -*-
"""
signal processing helper routines
"""

from __future__ import division, unicode_literals, print_function

import warnings

import numpy as np
import scipy.signal
import scipy.interpolate

from collections import namedtuple

from .smoothing import hamming_smooth
from .fft import *


[docs]def find_phase(signal_1=None, signal_2=None,
               fft_1=None, fft_2=None,
               return_1=False, return_2=False):
    """
    Finds the phase (time shift) between two signals.
    Either signalX or fftX should be set; the FFTs can be returned
    in order to cache them locally...

    :param signal_1: first input signal
    :type signal_1: numpy.ndarray or None
    :param signal_2: second input signal
    :type signal_2: numpy.ndarray or None
    :param fft_1: first input fft
    :type fft_1: numpy.ndarray or None
    :param fft_2: second input fft
    :type fft_2: numpy.ndarray or None
    :param return_1: whether fft1 should be returned
    :type return_1: bool
    :param return_2: whether fft2 should be returned
    :type return_2: bool
    :return: (shift, (fft1 if return_1), (fft2 if return_2))
    :rtype: tuple

    >>> find_phase(np.array([0, 1, 0, 0, 0]), np.array([0, 0, 0, 1, 0]))
    (2,)
    """

    if signal_1 is not None and fft_1 is None:
        fft_1 = fft(signal_1)
    if signal_2 is not None and fft_2 is None:
        fft_2 = fft(signal_2)

    corr = ifft(fft_1 * -fft_2.conjugate())

    corr = np.absolute(corr)
    the_max = np.argmax(corr)
    # if the_max > 2 and the_max < (len(corr) - 2):
    #    sur = corr[the_max-1:the_max+2]
    #    the_max += -0.5*sur[0] + 0.5*sur[2]

    the_max = -the_max if the_max < len(fft_1) / 2 else len(fft_1) - the_max

    result = (the_max,)
    if return_1:
        result += (fft_1,)
    if return_2:
        result += (fft_2,)
    return result



[docs]class ExtremeAndProminence(namedtuple('ExtremeAndProminence', ['maxima', 'minima', 'signal', 'order', 'max_spline',
                                                               'min_spline', 'xpts', 'max_spline_points',
                                                               'min_spline_points', 'prominence'])):
    """
    Result of `find_extrema_and_prominence` call.

    :var maxima:
    :var minima:
    :var signal:
    :var order:
    :var max_spline:
    :var min_spline:
    :var xpts:
    :var max_spline_points:
    :var min_spline_points:
    :var prominence:
    """



def _dummy_max_spline(arg):
    """

    :param arg:
    :return:
    """
    arg = np.zeros_like(arg)
    arg[:] = float('Inf')
    return arg


def _dummy_min_spline(arg):
    """

    :param arg:
    :return:
    """
    arg = np.zeros_like(arg)
    arg[:] = float('-Inf')
    return arg


[docs]def find_extrema_and_prominence(signal, order=5):
    """
    Generates various extra information / signals.

    :param signal: input signal
    :type signal: numpy.ndarray
    :param order: relative minima/maxima order, see other functions
    :type order: int
    :return: an ExtremeAndProminence object with various information members
    :rtype: ExtremeAndProminence

    >>> result = find_extrema_and_prominence(np.array([1, 2, 3, 2, 1, 0, 1, 2, 15, 2, -15, 2, 1]), 2)
    >>> result = result._replace(max_spline=None, min_spline=None)  # just for doctests
    >>> result
    ExtremeAndProminence(maxima=array([2, 8]), minima=array([ 5, 10]), signal=array([  1,   2,   3,   2,   1,   0,   1,   2,  15,   2, -15,   2,   1]), order=2, max_spline=None, min_spline=None, xpts=array([ 0.,  1.,  2.,  3.,  4.,  5.,  6.,  7.,  8.,  9., 10., 11., 12.]), max_spline_points=array([ 3.    ,  2.4875,  3.    ,  4.3125,  6.2   ,  8.4375, 10.8   ,
           13.0625, 15.    , 16.3875, 17.    , 16.6125, 15.    ]), min_spline_points=array([-9.73055091e-16,  3.38571429e+00,  4.71428571e+00,  4.35000000e+00,
            2.65714286e+00,  5.21804822e-15, -3.25714286e+00, -6.75000000e+00,
           -1.01142857e+01, -1.29857143e+01, -1.50000000e+01, -1.57928571e+01,
           -1.50000000e+01]), prominence=array([ 3.        , -0.89821429, -1.71428571, -0.0375    ,  3.54285714,
            8.4375    , 14.05714286, 19.8125    , 25.11428571, 29.37321429,
           32.        , 32.40535714, 30.        ]))
    """
    # we are FORCING some kind of result here, although it might be meaningless

    maxima = np.array([np.argmax(signal)])
    iorder = order
    while iorder > 0:
        try:
            maxima = relative_maxima(signal, order=iorder)
        except ValueError:
            iorder -= 1
            continue
        break

    if len(maxima) == 0:
        maxima = np.array([np.argmax(signal)])

    if len(maxima) == 1 and (maxima[0] == 0 or maxima[0] == len(signal) - 1):
        maxima = []

    minima = np.array([np.argmin(signal)])
    iorder = order
    while iorder > 0:
        try:
            minima = relative_minima(signal, order=iorder)
        except ValueError:
            iorder -= 1
            continue
        break

    if len(minima) == 0:
        minima = np.array([np.argmin(signal)])

    if len(minima) == 1 and (minima[0] == 0 or minima[0] == len(signal) - 1):
        minima = []

    maximaintpx = np.zeros(len(maxima) + 2)
    maximaintpy = np.copy(maximaintpx)

    minimaintpx = np.zeros(len(minima) + 2)
    minimaintpy = np.copy(minimaintpx)

    maximaintpx[0] = 0
    maximaintpx[1:-1] = maxima[:]
    maximaintpx[-1] = len(signal) - 1

    signal_maxima = signal[maxima]
    if len(signal_maxima) > 0:
        maximaintpy[0] = signal_maxima[0]
        maximaintpy[1:-1] = signal_maxima[:]
        maximaintpy[-1] = signal_maxima[-1]

    minimaintpx[0] = 0
    minimaintpx[1:-1] = minima[:]
    minimaintpx[-1] = len(signal) - 1

    signal_minima = signal[minima]

    if len(signal_minima) > 0:
        minimaintpy[0] = signal_minima[0]
        minimaintpy[1:-1] = signal_minima[:]
        minimaintpy[-1] = signal_minima[-1]

    k = 3
    if len(maximaintpy) <= 3:
        k = len(maximaintpy) - 1
    if k < 1:
        max_spline = _dummy_max_spline
    else:
        with warnings.catch_warnings():
            warnings.simplefilter('ignore')
            max_spline = scipy.interpolate.UnivariateSpline(maximaintpx, maximaintpy, bbox=[0, len(signal)], k=k)

    k = 3
    if len(minimaintpy) <= 3:
        k = len(minimaintpy) - 1
    if k < 1:
        min_spline = _dummy_min_spline
    else:
        with warnings.catch_warnings():
            warnings.simplefilter('ignore')
            min_spline = scipy.interpolate.UnivariateSpline(minimaintpx, minimaintpy, bbox=[0, len(signal)], k=k)

    xpts = np.linspace(0, len(signal) - 1, len(signal))

    maxsy = max_spline(xpts)
    minsy = min_spline(xpts)

    return ExtremeAndProminence(maxima, minima, signal, order, max_spline, min_spline, xpts, maxsy, minsy,
                                maxsy - minsy)



[docs]def simple_baseline_correction(signal, window_width=None):
    """
    Performs a simple baseline correction by subtracting a strongly smoothed version of the signal from itself.

    :param signal: input signal
    :param window_width: smoothing window width
    :return:

    >>> simple_baseline_correction(np.array([10, 11, 12, 11, 10]))
    array([-1.        ,  0.375     ,  1.        , -0.375     , -0.96428571])
    """
    if window_width is None or window_width > len(signal):
        window_width = len(signal)

    return signal - hamming_smooth(signal, window_width, no_cache=True)



[docs]def vertical_mean(image):
    """
    Calculates the vertical mean of an image.
    Note: Image is assumed HORIZONTAL x VERTICAL.

    :param image:
    :return:

    >>> vertical_mean(np.array([[ 1,  2,  3,  4],
    ...                            [ 5,  6,  7,  8],
    ...                            [ 9, 10, 11, 12],
    ...                            [13, 14, 15, 16]]))
    array([ 2.5,  6.5, 10.5, 14.5])
    """
    return np.mean(image, axis=1)



[docs]def horizontal_mean(image):
    """
    Calculates the horizontal mean of an image.
    Note: Image is assumed HORIZONTAL x VERTICAL.

    :param image: input image
    :type image: numpy.ndarray
    :return:

    >>> horizontal_mean(np.array([[ 1,  2,  3,  4],
    ...                            [ 5,  6,  7,  8],
    ...                            [ 9, 10, 11, 12],
    ...                            [13, 14, 15, 16]]))
    array([ 7.,  8.,  9., 10.])
    """
    return np.mean(image, axis=0)



[docs]def relative_maxima(signal, order=1):
    """

    :param signal:
    :param order:
    :return:

    >>> relative_maxima(np.array([1, 2, 3, 2, 1, 0, 1, 2, 15, 2, -15, 2, 1]), 2)
    array([2, 8])
    """
    value, = scipy.signal.argrelmax(signal, order=order)
    return value



[docs]def relative_minima(signal, order=1):
    """

    :param signal:
    :param order:
    :return:

    >>> relative_minima(np.array([1, 2, 3, 2, 1, 0, 1, 2, 15, 2, -15, 2, 1]), 2)
    array([ 5, 10])
    """
    value, = scipy.signal.argrelmin(signal, order=order)
    return value



[docs]def normalize(data):
    """
    normalizes the values in arr to 0 - 1

    :param data: input array
    :return: normalized array

    >>> normalize(np.array([0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10]))
    array([0. , 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1. ])

    >>> normalize(np.array([10, 15, 20]))
    array([0. , 0.5, 1. ])
    """
    result = data.astype(float)
    result -= result.min()
    result /= result.max()
    return result



# noinspection PyUnresolvedReferences
[docs]def fit_to_type(image, new_dtype):
    """

    :param image:
    :param new_dtype:
    :return:

    >>> fit_to_type(np.array([-7, 4, 18, 432]), np.uint8)
    array([  0,   6,  14, 255], dtype=uint8)
    >>> fit_to_type(np.array([-7, 4, 18, 432]), np.int8)
    array([-128, -121, -113,  127], dtype=int8)
    >>> fit_to_type(np.array([-7, 4, 18, 432]), np.bool)
    array([False, False, False,  True])
    >>> fit_to_type(np.array([-7, 4, 18, 432]), np.float32)
    array([ -7.,   4.,  18., 432.], dtype=float32)
    """
    scaled_img = normalize(image)
    to_type = np.dtype(new_dtype)
    if to_type.kind == 'f':
        return image.astype(to_type)
    elif to_type.kind == 'u':
        return (scaled_img * (2 ** (to_type.itemsize * 8) - 1)).astype(to_type)
    elif to_type.kind == 'i':
        return (scaled_img * (2 ** (to_type.itemsize * 8) - 1) - (2 ** (to_type.itemsize * 8 - 1))).astype(to_type)
    elif to_type.kind == 'b':
        return scaled_img > 0.5
    else:
        raise TypeError("Unsupported new_dtype value used for rescale_and_fit_to_type used!")



# TODO: Improve this function!
[docs]def threshold_outliers(data, times_std=2.0):
    """
    removes outliers


    :param data:
    :param times_std:
    :return:

    >>> threshold_outliers(np.array([10, 9, 11, 40, 8, 12, 14, 7]), times_std=1.0)
    array([10,  9, 11, 20,  8, 12, 14,  7])
    """

    data = data.copy()
    median = np.median(data)
    std = np.std(data)
    data[(data - median) > (times_std * std)] = median + (times_std * std)
    data[((data - median) < 0) & (abs(data - median) > times_std * std)] = median - (times_std * std)
    return data



[docs]def outliers(data, times_std=2.0):
    """

    :param data:
    :param times_std:
    :return:

    >>> outliers(np.array([10, 9, 11, 40, 8, 12, 14, 7]), times_std=1.0)
    array([False, False, False,  True, False, False, False, False])
    """

    return np.absolute(data - np.median(data)) > (times_std * np.std(data))



[docs]def remove_outliers(data, times_std=2.0):
    """

    :param data:
    :param times_std:
    :return:

    >>> remove_outliers(np.array([10, 9, 11, 40, 8, 12, 14, 7]), times_std=1.0)
    array([10,  9, 11,  8, 12, 14,  7])
    """

    try:
        return data[~outliers(data, times_std)]
    except TypeError:
        return data



[docs]def find_insides(signal):
    """

    :param signal:
    :return:

    >>> find_insides(np.array([False, False, True, True, True, False, False, True, True, False, False]))
    array([[2, 5],
           [7, 9]])
    """
    # had a nicer numpy using solution ... which failed in some cases ...
    # plain, but works.
    pairs = []
    last_true = None
    for n, i in enumerate(signal):
        if i and not last_true:
            last_true = n
        elif not i and last_true:
            pairs.append([last_true, n])
            last_true = None

    if last_true:
        pairs.append([last_true, len(signal)-1])

    return np.array(pairs)



[docs]def one_every_n(length, n=1, shift=0):
    """

    :param length:
    :param n:
    :param shift:
    :return:

    >>> one_every_n(10, n=2, shift=0)
    array([1., 0., 1., 0., 1., 0., 1., 0., 1., 0.])
    >>> one_every_n(10, n=2, shift=1)
    array([0., 1., 0., 1., 0., 1., 0., 1., 0., 1.])
    >>> one_every_n(10, n=1, shift=0)
    array([1., 1., 1., 1., 1., 1., 1., 1., 1., 1.])
    """
    # major regression here?
    # don't use np.arange(a,b,c, dtype=np.int32) !!!
    signal = np.zeros(int(length))
    indices = np.around(np.arange(shift % n, length, n)).astype(np.int32)
    indices = indices[indices < signal.size]
    signal[indices] = 1
    return signal



[docs]def each_image_slice(image, steps, direction='vertical'):
    """

    :param image:
    :param steps:
    :param direction:
    :return:

    >>> list(each_image_slice(np.ones((4, 4,)), 2, direction='vertical'))
    [(0, 2, array([[1., 1.],
           [1., 1.],
           [1., 1.],
           [1., 1.]])), (1, 2, array([[1., 1.],
           [1., 1.],
           [1., 1.],
           [1., 1.]]))]
    >>> list(each_image_slice(np.ones((4, 4,)), 2, direction='horizontal'))
    [(0, 2, array([[1., 1., 1., 1.],
           [1., 1., 1., 1.]])), (1, 2, array([[1., 1., 1., 1.],
           [1., 1., 1., 1.]]))]
    """
    if direction == 'vertical':
        step = image.shape[1] // steps
        for n in range(steps):
            yield n, step, image[:, step * n:step * (n + 1)]
    elif direction == 'horizontal':
        step = image.shape[0] // steps
        for n in range(steps):
            yield n, step, image[step * n:step * (n + 1), :]
    else:
        raise ValueError("Unknown direction passed.")





          

      

      

    

  

    
      
          
            
  Source code for molyso.generic.smoothing

# -*- coding: utf-8 -*-
"""
smoothing.py contains the main smoothing function, which works by convolving a signal with a smoothing kernel,
a signals function which acts as a cache for kernels, as well as the hamming_smooth function, which is the only
one currently used by external files, providing a simplified interface for smoothing with hamming kernels.
"""
from __future__ import division, unicode_literals, print_function

import numpy as np


[docs]def smooth(signal, kernel):
    """
    Generic smoothing function, smooths by convolving one signal with another.

    :param signal: input signal to be smoothed
    :type signal: numpy.ndarray
    :param kernel: smoothing kernel to be used. will be normalized to :math:`\sum=1`
    :type kernel: numpy.ndarray
    :return: The signal convolved with the kernel
    :rtype: numpy.ndarray

    >>> smooth(np.array([0, 0, 0, 0, 1, 0, 0, 0, 0]), np.ones(3))
    array([0.        , 0.        , 0.        , 0.        , 0.33333333,
           0.33333333, 0.33333333, 0.        , 0.        ])
    """

    return np.convolve(
        kernel / kernel.sum(),
        np.r_[signal[kernel.size - 1:0:-1], signal, signal[-1:-kernel.size:-1]],
        mode='valid')[kernel.size // 2 - 1:-kernel.size // 2][0:len(signal)]



[docs]def hamming_smooth(signal, window_width, no_cache=False):
    """
    Smooths a signal by convolving with a hamming window of given width. Caches by the hamming windows by default.

    :param signal: input signal to be smoothed
    :type signal: numpy.ndarray
    :param window_width: window width for the hamming kernel
    :type window_width: int
    :param no_cache: default `False`, disables caching, *e.g.*, for non-standard window sizes
    :type no_cache: bool
    :return: the smoothed signal
    :rtype: numpy.ndarray

    >>> hamming_smooth(np.array([0, 0, 0, 0, 1, 0, 0, 0, 0]), 3)
    array([0.        , 0.        , 0.        , 0.        , 0.06896552,
           0.86206897, 0.06896552, 0.        , 0.        ])
    """

    if len(signal) == 1:
        return signal

    if len(signal) < window_width:
        window_width = len(signal)
        no_cache = True

    return smooth(signal,
                  np.hamming(window_width) if no_cache
                  else signals(np.hamming, window_width))



_signals = {}


# TODO: In a Python3 only version, this could be replaced by decorating calls with a @functools.lru_cache
[docs]def signals(function, parameters):
    """
    Signal cache helper function. Either retrieves or creates and stores a signal which can be created by calling
    the given function with the given parameters.

    :param function: Window function to be called
    :type function: callable
    :param parameters: Parameters to be passed to the function
    :type parameters: \*any
    :return: function(\*parameters)
    :rtype: dependent on function

    >>> signals(np.ones, 3)
    array([1., 1., 1.])
    """
    global _signals
    if function not in _signals:
        _signals[function] = {}
    if not type(parameters) == tuple:
        parameters = (parameters,)
    sf = _signals[function]
    if parameters not in sf:
        result = function(*parameters)
        result = result.astype(np.float64)
        result.flags.writeable = False
        sf[parameters] = result
        return result
    else:
        return sf[parameters]





          

      

      

    

  

    
      
          
            
  Source code for molyso.generic.tunable

# -*- coding: utf-8 -*-

"""
tunable.py contains a tunable (settings to be changed depending on input data) management class
"""
from __future__ import division, unicode_literals, print_function

import logging


[docs]class TunableManager(object):
    """
    TunableManager

    Static object handling tunables (that is, parameters which are user-changeable)

    Tunables have default values, which must be set as a parameter by the function asking for the tunable.
    That way, default configuration is inlined, and does not need to be centrally managed.
    In order to collect all defaults, a typical run of the program has to be performed, and the collected default
    values to be dumped afterwards.

    :cvar defaults: Internal map of defaults
    :vartype defaults: dict
    :cvar current: Current tunables, with possible overrides.
    :vartype current: dict
    :cvar force_default: Whether to force usage of default values (default: `False`)
    :vartype force_default: bool


    """

    defaults = {}

    current = {}

    descriptions = {}

    force_default = False

    logger = logging.getLogger(__name__ + '.' + 'TunableManager')

[docs]    @classmethod
    def set_description(cls, what, description):
        """
        Sets a description for a paremeter.

        :param what: parameter to describe
        :param description: description
        :return:
        """
        cls.descriptions[what] = description


[docs]    @classmethod
    def get_descriptions(cls):
        """
        Gets descriptions.

        :return: The descriptions.
        :rtype: dict
        """
        return cls.descriptions


[docs]    @classmethod
    def get_table(cls):
        descriptions = cls.get_descriptions()

        return [
            {
                'name': k,
                'default': v,
                'type_': type(v).__name__,
                'description': descriptions[k] if k in descriptions else ''
            }
            for k, v in cls.get_defaults().items()
        ]


[docs]    @classmethod
    def load_tunables(cls, data):
        """
        Sets the tunables.

        :param data: set of tunables to load
        :type data: dict
        :rtype: None

        >>> TunableManager.load_tunables({'foo': 'bar'})
        >>> tunable('foo', 'not bar')
        'bar'
        """
        cls.current = data


[docs]    @classmethod
    def get_defaults(cls):
        """
        Gets the defaults, which were collected during the calls asking for various tunables.

        :return: either the overridden tunable or the default value
        :rtype: dependent on default

        >>> TunableManager.defaults = {}
        >>> value = tunable('my.tunable', 3.1415)
        >>> TunableManager.get_defaults()
        {'my.tunable': 3.1415}
        """
        return cls.defaults


[docs]    @classmethod
    def get_tunable(cls, what, default):
        """
        Returns either an overridden tunable, or the default value.
        The result will be casted to the type of default.

        :param what: tunable to look up
        :type what: str
        :param default: default value
        :return: either the overridden tunable or the default value

        >>> tunable('my.tunable', 3.1415)
        3.1415
        """
        cls.defaults[what] = default
        if cls.force_default or what not in cls.current:
            result = default

            if cls.force_default:
                cls.logger.debug("Getting tunable \"%s\", forcing default: %s", what, repr(result))
            else:
                cls.logger.debug("Getting tunable \"%s\", using default: %s", what, repr(result))

        else:
            result = type(default)(cls.current[what])
            cls.logger.debug("Getting tunable \"%s\", using override: %s", what, repr(result))

        return result




[docs]def tunable(what, default, description=None):
    """
    Syntactic sugar helper function, to quickly get a tunable.
    Calls: :code:`TunableManager.get_tunable(what, default)`

    :param what: tunable to look up
    :type what: str or unicode
    :param default: default value
    :param description: description
    :return: either the overridden tunable or the default value
    :rtype: type(default)

    >>> tunable('my.tunable', 3.1415)
    3.1415
    """

    if description:
        TunableManager.set_description(what, description)

    return TunableManager.get_tunable(what, default)





          

      

      

    

  

    
      
          
            
  Source code for molyso.mm.cell_detection

# -*- coding: utf-8 -*-
"""
documentation
"""
from __future__ import division, unicode_literals, print_function

import numpy as np

from ..generic.otsu import threshold_otsu
from ..generic.signal import hamming_smooth,  simple_baseline_correction, find_extrema_and_prominence, \
    vertical_mean, threshold_outliers

from ..debugging import DebugPlot
from ..generic.tunable import tunable


[docs]class Cell(object):
    """
    A Cell.

    :param top: coordinate of the 'top' of the cell, in channel coordinates
    :param bottom: coordinate of the 'bottom' of the cell, in channel coordinates
    :param channel: Channel object the cell belongs to
    """
    __slots__ = ['local_top', 'local_bottom', 'channel']

    def __init__(self, top, bottom, channel):
        self.local_top = float(top)
        self.local_bottom = float(bottom)

        self.channel = channel

    @property
    def top(self):
        """
        Returns the absolute (on rotated image) coordinate of the cell top.

        :return: top
        """
        return self.channel.top + self.local_top

    @property
    def bottom(self):
        """
        Returns the absolute (on rotated image) coordinate of the cell bottom.

        :return:
        """
        return self.channel.top + self.local_bottom

    @property
    def length(self):
        """
        Returns the cell length.

        :return: length
        """
        return abs(self.top - self.bottom)

    @property
    def centroid_1d(self):
        """
        Returns the (one dimensional) (absolute coordinate on rotated image) centroid.
        :return: centroid
        :rtype: float
        """
        return (self.top + self.bottom) / 2.0

    @property
    def centroid(self):
        """
        Returns the (absolute coordinate on rotated image) centroid (2D).
        :return:
        :rtype: list
        """
        return [self.channel.centroid[0], self.centroid_1d]

    @property
    def cell_image(self):
        """
        The cell image, cropped out of the channel image.

        :return: image
        :rtype: numpy.ndarray
        """
        return self.crop_out_of_channel_image(self.channel.channel_image)

[docs]    def crop_out_of_channel_image(self, channel_image):
        """
        Crops the clel out of a provided image.
        Used internally for :py:meth:`Cell.cell_image`, and to crop cells out of fluorescence channel images.

        :param channel_image:
        :type channel_image: numpy.ndarray
        :return: image
        :rtype: numpy.ndarray
        """
        return channel_image[int(self.local_top):int(self.local_bottom), :]


    def __lt__(self, other_cell):
        return self.local_top < other_cell.local_top



[docs]class Cells(object):
    """
        A Cells object, a collection of Cell objects.
    """

    __slots__ = ['cells_list', 'channel', 'nearest_tree']

    cell_type = Cell

    def __init__(self, channel, bootstrap=True):

        self.cells_list = []

        self.channel = channel

        self.nearest_tree = None

        if not bootstrap:
            return

        for b, e in find_cells_in_channel(self.channel.channel_image):
            # ... this is the actual minimal size filtering
            if self.channel.image.mu_to_pixel(
                    tunable('cells.minimal_length.in_mu', 1.0,
                            description="The minimal allowed cell size (Smaller cells will be filtered out).")
            ) < e - b:
                self.cells_list.append(self.__class__.cell_type(b, e, self.channel))

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

    def __iter__(self):
        return iter(self.cells_list)

[docs]    def clean(self):
        """
        Performs clean-up.

        """
        pass


    @property
    def centroids(self):
        """
        Returns the centroids of the cells.

        :return: centroids
        :rtype: list
        """
        return [cell.centroid for cell in self.cells_list]



[docs]def find_cells_in_channel(image):
    method = tunable('cells.detectionmethod', 'classic', description="Cell detection method to use.")
    if method == 'classic':
        return find_cells_in_channel_classic(image)
    else:
        raise RuntimeError('Unsupported cell detection method passed.')



[docs]def find_cells_in_channel_classic(image):
    # processing is as always mainly performed on the intensity profile
    """

    :param image:
    :return:
    """
    profile = vertical_mean(image)

    # empty channel detection
    thresholded_profile = threshold_outliers(
        profile,
        tunable('cells.empty_channel.skipping.outlier_times_sigma', 2.0,
                description="For empty channel detection, maximum sigma used for thresholding the profile."
                )
    )

    if tunable('cells.empty_channel.skipping', False,
               description="For empty channel detection, whether it is enabled."):

        # if active, a non-empty channel must have a certain dynamic range min/max
        if ((thresholded_profile.max() - thresholded_profile.min()) / thresholded_profile.max()) < \
                tunable(
                    'cells.empty_channel.skipping.intensity_range_quotient',
                    0.5,
                    description="For empty channel detection, the minimum relative difference between max and min."):
            return []

    # for cell detection, another intensity profile based on an Otsu binarization is used as well
    binary_image = image > (threshold_otsu(image) *
                            tunable(
                               'cells.otsu_bias',
                               1.0,
                               description="Bias factor for the cell detection Otsu image."
                           ))

    profile_of_binary_image = vertical_mean(binary_image.astype(float))

    # the profile is first baseline corrected and smoothed ...
    profile = simple_baseline_correction(profile)
    profile = hamming_smooth(profile, tunable(
        'cells.smoothing.length',
        10,
        description="Length of smoothing Hamming window for cell detection."))

    # the the smoothing steps above seem to subtly change the profile
    # in a python2 vs. python3 different way
    # thus we round them to get a reproducible workflow
    profile = profile.round(8)

    # ... then local extrema are searched
    extrema = find_extrema_and_prominence(
        profile,
        order=tunable(
            'cells.extrema.order',
            15,
            description="For cell detection, window width of the local extrema detector."
        )
    )

    # based on the following filter function,
    # it will be decided whether a pair of extrema marks a cell or not
    # #1# size must be larger than zero
    # #2# the cell must have a certain 'blackness' (based on the Otsu binarization)
    # #3# the cell must have a certain prominence (difference from background brightness)

    # please note, while #1# looks like the minimum size criterion as described in the paper,
    # it is just a pre-filter, the actual minimal size filtering is done in the Cells class!
    # that way, the cell detection routine here is independent of more mundane aspects like calibration,
    # and changes in cell detection routine will still profit from the size-postprocessing

    def is_a_cell(last_pos, pos):
        """

        :param last_pos:
        :param pos:
        :return:
        """
        return \
            pos - last_pos > 2 and \
            profile_of_binary_image[last_pos:pos].mean() < \
            tunable('cells.filtering.maximum_brightness', 0.5,
                    description="For cell detection, maximum brightness a cell may have.") and \
            extrema.prominence[last_pos:pos].mean() > \
            tunable('cells.filtering.minimum_prominence', 10.0,
                    description="For cell detection, minimum prominence a cell must have.")

    # possible positions are constructed, and a cell list is generated by checking them with the is_a_cell function
    if tunable('cells.split.use_brightness', 0, description="For cell splitting, use threshold") == 0:
        positions = [_pos for _pos in extrema.maxima if extrema.prominence[_pos] > 0] + [profile.size]
    else:
        positions = [_pos for _pos in extrema.maxima if extrema.prominence[_pos] > 0]

        positions = [_pos for _pos in positions if
                     profile_of_binary_image[_pos] >
                     tunable('cells.split.minimum_brightness', 0.5,
                             description="For cell detection, minimum brightness a split point must have.")
                     ]

        positions = [0] + positions + [profile.size]

    cells = [
        [_last_pos + 1, _pos - 1] for _last_pos, _pos in zip([0] + positions, positions)
        if is_a_cell(_last_pos, _pos)
        ]

    with DebugPlot('cell_detection', 'channel', 'graph') as p:
        p.title("Cell detection")
        p.imshow(np.transpose(image), aspect='auto', extent=(0, image.shape[0], 10 * image.shape[1], 0))
        p.imshow(np.transpose(binary_image), aspect='auto', extent=(0, image.shape[0], 0, -10 * image.shape[1]))
        p.plot(profile)

        p.plot(thresholded_profile)

        cell_lines = [__pos for __pos in cells for __pos in __pos]

        p.vlines(cell_lines,
                 [image.shape[1] * -10] * len(cell_lines),
                 [image.shape[1] * 10] * len(cell_lines),
                 colors='yellow')

    return cells





          

      

      

    

  

    
      
          
            
  Source code for molyso.mm.channel_detection

# -*- coding: utf-8 -*-
"""
documentation
"""
from __future__ import division, unicode_literals, print_function

import sys
import warnings

import numpy as np

from ..debugging import DebugPlot
from ..generic.signal import find_phase, find_extrema_and_prominence, spectrum_fourier, spectrum_bins_by_length,\
    hires_power_spectrum, vertical_mean, horizontal_mean, normalize, threshold_outliers, find_insides, one_every_n,\
    hamming_smooth, each_image_slice
from .cell_detection import Cells
from ..generic.etc import NotReallyATree
from ..generic.tunable import tunable


[docs]class Channel(object):
    """

    :param image:
    :param left:
    :param right:
    :param top:
    :param bottom:
    """
    cells_type = Cells

    __slots__ = ['image', 'left', 'right', 'real_top', 'real_bottom', 'putative_orientation', 'cells', 'channel_image']

    def __init__(self, image, left, right, top, bottom):
        self.image = image
        self.left = float(left)
        self.right = float(right)
        self.real_top = float(top)
        self.real_bottom = float(bottom)
        self.putative_orientation = 0
        self.cells = None

        if self.image.image is not None:
            self.channel_image = self.crop_out_of_image(self.image.image)

    @property
    def top(self):
        """


        :return:
        """
        return self.real_top + self.image.shift[0]

    @property
    def bottom(self):
        """


        :return:
        """
        return self.real_bottom + self.image.shift[0]

    @property
    def centroid(self):
        """


        :return:
        """
        return (self.left + self.right) / 2, (self.top + self.bottom) / 2

[docs]    def crop_out_of_image(self, image):
        """

        :param image:
        :return:
        """
        return image[int(self.real_top):int(self.real_bottom), int(self.left):int(self.right)].copy()


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


        :return:
        """
        return [[self.left, self.bottom], [self.right, self.bottom], [self.right, self.top], [self.left, self.top],
                [self.left, self.bottom]]


[docs]    def detect_cells(self):
        """
        Performs Cell detection (by instantiating a Cells object).

        """
        self.cells = self.__class__.cells_type(self)


[docs]    def clean(self):
        """
        Peforms clean up routines.

        """
        self.cells.clean()
        if not self.image.keep_channel_image:
            self.channel_image = None




treeprovider = NotReallyATree
# treeprovider = KDTree
# treeprovider = ckdtree.cKDTree


[docs]class Channels(object):
    """
        docstring
    """

    __slots__ = ['channels_list', 'image', 'nearest_tree']

    channel_type = Channel

    def __init__(self, image, bootstrap=True):
        self.channels_list = []
        self.image = image
        self.nearest_tree = None

        if not bootstrap:
            return

        find_channels_function = find_channels
        if hasattr(self.image, 'find_channels_function'):
            find_channels_function = self.image.find_channels_function

        positions, (upper, lower) = find_channels_function(self.image.image)

        for begin, end in positions:
            self.channels_list.append(self.__class__.channel_type(self.image, begin, end, upper, lower))

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

    def __iter__(self):
        return iter(self.channels_list)

[docs]    def clean(self):
        """
        Performs clean up routines.

        """
        for channel in self:
            channel.clean()


    @property
    def centroids(self):
        """


        :return:
        """
        return [chan.centroid for chan in self]

[docs]    def find_nearest(self, pos):
        """

        :param pos:
        :return:
        """
        if self.nearest_tree is None:
            self.nearest_tree = treeprovider(self.centroids)
        return self.nearest_tree.query(pos)


[docs]    def align_with_and_return_indices(self, other_channels):
        """

        :param other_channels:
        :return:
        """
        if len(other_channels) == 0 or len(self) == 0:
            return []
        return [[ind, other_channels.find_nearest(cen)[1]] for ind, cen in enumerate(self.centroids)]




[docs]def horizontal_channel_detection(image):
    """

    @param image:
    @return:
    """

    # nothing found is a helper variable, which will be returned in case.
    nothing_found = ([], 0, 0, 0, 0, -1, )

    profile = horizontal_mean(image)
    profile_diff = np.diff(profile)

    upper_profile = +(profile_diff * (profile_diff > 0))
    lower_profile = -(profile_diff * (profile_diff < 0))

    upper_profile[
        upper_profile < upper_profile.max() *
        tunable(
            'channels.horizontal.noise_suppression_range.upper', 0.5,
            description="For channel detection, upper profile, noise reduction, reduction range."
        )
    ] *= tunable('channels.horizontal.noise_suppression_factor.upper', 0.1,
                 description="For channel detection, upper profile, noise reduction, reduction factor.")

    lower_profile[
        lower_profile < lower_profile.max() *
        tunable('channels.horizontal.noise_suppression_range.lower', 0.5,
                description="For channel detection, lower profile, noise reduction, reduction range.")
    ] *= tunable('channels.horizontal.noise_suppression_factor.lower', 0.1,
                 description="For channel detection, lower profile, noise reduction, reduction factor.")

    with DebugPlot('channel_detection', 'details', 'differences') as p:
        p.title("Channel detection/Differences")
        p.plot(upper_profile)
        p.plot(lower_profile)

    # oversample the fft n-times
    n = tunable('channels.horizontal.fft_oversampling', 8,
                description="For channel detection, FFT oversampling factor.")

    def calc_bins_freqs_main(the_profile):
        """

        :param the_profile:
        :return:
        """
        frequencies, fourier_value = hires_power_spectrum(the_profile, oversampling=n)
        fourier_value = hamming_smooth(fourier_value, tunable('channels.horizontal.fourier_smoothing', 3,
                                           description="For channel detection, smoothing width for the spectrum."))
        return frequencies, fourier_value, frequencies[np.argmax(fourier_value)]

    # get the power spectra of the two signals
    frequencies_upper, fourier_value_upper, mainfrequency_upper = calc_bins_freqs_main(upper_profile)
    frequencies_lower, fourier_value_lower, mainfrequency_lower = calc_bins_freqs_main(lower_profile)

    upper_profile = hamming_smooth(upper_profile,
                                   tunable('channels.horizontal.profile_smoothing_width.upper', 5,
                                           description="For channel detection, upper profile, smoothing window width."))
    lower_profile = hamming_smooth(lower_profile,
                                   tunable('channels.horizontal.profile_smoothing_width.lower', 5,
                                           description="For channel detection, lower profile, smoothing window width."))

    with DebugPlot('channel_detection', 'details', 'powerspectra', 'upper') as p:
        p.title("Powerspectrum (upper)")
        p.semilogx(frequencies_upper, fourier_value_upper)
        p.title("main_frequency=%f" % mainfrequency_upper)

    with DebugPlot('channel_detection', 'details', 'powerspectra', 'lower') as p:
        p.title("Powerspectrum (lower)")
        p.semilogx(frequencies_lower, fourier_value_lower)
        p.title("main_frequency=%f" % mainfrequency_lower)

    main_frequency = (mainfrequency_upper + mainfrequency_lower) / 2

    if main_frequency == 0.0:
        return nothing_found

    maximum_channel_count = profile.size / main_frequency

    allowed_maximum_channel_count = tunable(
        'channels.horizontal.channel_count.max', 50,
        description="For channel detection, maximum allowed channels to be detected.")

    allowed_minimum_channel_count = tunable(
        'channels.horizontal.channel_count.min', 3,
        description="For channel detection, minimum allowed channels to be detected.")

    if maximum_channel_count > allowed_maximum_channel_count or maximum_channel_count < allowed_minimum_channel_count:
        return nothing_found

    profile_diff_len = profile_diff.size
    absolute_differentiated_profile = np.absolute(profile_diff)

    width, = find_phase(upper_profile, lower_profile)

    if width > main_frequency:
        width = int(width % main_frequency)
    elif width < 0:
        width = int(width + main_frequency * np.ceil(abs(width / main_frequency)))

    main_frequency += (width / (profile_diff_len / main_frequency))

    preliminary_signal = \
        one_every_n(profile_diff_len, main_frequency) + one_every_n(profile_diff_len, main_frequency, shift=width)

    temporary_signal = np.zeros_like(absolute_differentiated_profile)

    temporary_extrema = find_extrema_and_prominence(absolute_differentiated_profile, order=max(1, abs(width // 2)))
    temporary_signal[temporary_extrema.maxima] = 1
    phase, = find_phase(temporary_signal, preliminary_signal)

    new_signal = \
        one_every_n(profile_diff_len, main_frequency, shift=phase + 0.5 * width) + \
        one_every_n(profile_diff_len, main_frequency, shift=phase + 1.5 * width)

    # dependence on 'new_signal' removed, works apparently without
    help_signal = normalize(hamming_smooth(absolute_differentiated_profile, 50))  # * new_signal

    # under certain conditions, the help signal may contain a totally extreme
    # maximum (test image), I guess it's wiser to remove it
    help_signal = threshold_outliers(help_signal)

    threshold_factor = tunable('channels.horizontal.threshold_factor', 0.2,
                               description="For channel detection, threshold factor for l/r border determination.")
    min_val, max_val = help_signal.min(), help_signal.max()
    help_signal = help_signal > (max_val - min_val) * threshold_factor + min_val

    remaining_phase_shift, = find_phase(new_signal, absolute_differentiated_profile)

    new_signal = \
        one_every_n(profile_diff_len, main_frequency, shift=remaining_phase_shift + phase + 0.5 * width) + \
        one_every_n(profile_diff_len, main_frequency, shift=remaining_phase_shift + phase + 1.5 * width)

    try:
        left = np.where(help_signal)[0][0]
    except IndexError:
        left = 0

    try:
        # noinspection PyUnresolvedReferences
        right = help_signal.size - np.where(help_signal[::-1])[0][0]
    except IndexError:
        # noinspection PyUnresolvedReferences
        right = help_signal.size

    left, right = int(left), int(right)

    new_signal[:left] = 0
    new_signal[right:] = 0

    positions, = np.where(new_signal)

    if len(positions) % 2 == 1:
        # either there's an additional line on the left or on the right
        # lets try to find it ...
        if abs(abs(positions[-1] - positions[-2]) - width) < 1:
            positions = positions[1:]
        elif abs(abs(positions[0] - positions[1]) - width) < 1:
            positions = positions[:-1]
        else:
            return nothing_found

    positions = positions.reshape((len(positions) // 2, 2))
    times = int((right - left) / main_frequency)

    # we worked with a simple difference, which made our signal shorter by one
    # add 1 to the appropriate variables to match positions with the original image

    positions += 1
    left, right = left + 1, right + 1

    return positions, left, right, width, times, main_frequency,


# TODO fix the proper one, or merge them, or document this here, or use just the new one


[docs]def alternate_vertical_channel_region_detection(image):

    """

    :param image:
    :return:
    """
    f = spectrum_bins_by_length(image.shape[1])
    ft_h_s = tunable('channels.vertical.alternate.fft_smoothing_width', 3,
                     description="For channel detection (alternate, vertical), spectrum smoothing width.")

    def horizontal_mean_frequency(img_frag, clean_around=None, clean_width=0.0):
        """

        :param img_frag:
        :param clean_around:
        :param clean_width:
        :return:
        """
        ft = np.absolute(spectrum_fourier(horizontal_mean(img_frag)))

        ft /= 0.5 * ft[0]
        ft[0] = 0

        ft = hamming_smooth(ft, ft_h_s)

        if clean_around:
            ft[np.absolute(f - clean_around) > clean_width] = 0.0

        return ft.max(), f[np.argmax(ft)]

    split_factor = tunable('channels.vertical.alternate.split_factor', 60,
                           description="For channel detection (alternate, vertical), split factor.")

    collector = np.zeros(image.shape[0])

    for n, the_step, image_slice in each_image_slice(image, split_factor, direction='horizontal'):
        power_local_f, local_f = horizontal_mean_frequency(image_slice)

        collector[n*the_step:(n+1)*the_step] = local_f

    np.set_printoptions(threshold=sys.maxsize)
    # print(collector)
    int_collector = collector.astype(np.int32)

    if (int_collector == 0).all():
        warnings.warn(
            "Apparently no channel region was detectable. If the images are flipped, try filename?rotate=<90|270>",
            RuntimeWarning
        )
        return 0, len(int_collector)

    bins = np.bincount(int_collector)
    winner = np.argmax(bins[1:]) + 1

    delta = tunable('channels.vertical.alternate.delta', 5,
                    description="For channel detection (alternate, vertical), acceptable delta.")

    collector = (np.absolute(int_collector - winner) < delta) | (np.absolute(int_collector - 2*winner) < delta)

    return sorted(find_insides(collector), key=lambda pair: pair[1] - pair[0], reverse=True)[0]



FIRST_CALL, FROM_TOP, FROM_BOTTOM = 0, -1, 1


[docs]def vertical_channel_region_detection(image):
    """

    :param image:
    :return:
    """
    f = spectrum_bins_by_length(image.shape[1])

    ft_h_s = tunable('channels.vertical.recursive.fft_smoothing_width', 3,
                     description="For channel detection (recursive, vertical), spectrum smoothing width.")

    def horizontal_mean_frequency(img_frag, clean_around=None, clean_width=0.0):

        """

        :param img_frag:
        :param clean_around:
        :param clean_width:
        :return:
        """
        ft = np.absolute(spectrum_fourier(horizontal_mean(img_frag)))

        ft /= 0.5 * ft[0]

        ft[0] = 0

        ft = hamming_smooth(ft, ft_h_s)

        if clean_around:
            ft[np.absolute(f - clean_around) > clean_width] = 0.0

        return ft.max(), f[np.argmax(ft)]

    power_overall_f, overall_f = horizontal_mean_frequency(image)

    d = tunable('channels.vertical.recursive.maximum_delta', 2.0,
                description="For channel detection (recursive, vertical), maximum delta.")
    power_min_quotient = tunable('channels.vertical.recursive.power_min_quotient', 0.005,
                                 description="For channel detection (recursive, vertical), minimum power quotient")
    break_condition = tunable('channels.vertical.recursive.break_condition', 2.0,
                              description="For channel detection (recursive, vertical), recursive break condition.")

    current_clean_width = overall_f / 2.0

    def matches(img_frag):
        """

        :param img_frag:
        :return:
        """
        power_local_f, local_f = horizontal_mean_frequency(
            img_frag, clean_around=overall_f, clean_width=current_clean_width)
        return (abs(overall_f - local_f) < d) and ((power_local_f / power_overall_f) > power_min_quotient)

    height = image.shape[0]

    collector = np.zeros(height)

    def recursive_check(top, bottom, orientation=FIRST_CALL):
        """

        :param top:
        :param bottom:
        :param orientation:
        :return:
        """
        if (bottom - top) < break_condition:
            return

        mid = (top + bottom) // 2

        upper = matches(image[top:mid, :])
        lower = matches(image[mid:bottom, :])

        collector[top:mid] = upper
        collector[mid:bottom] = lower

        if orientation is FIRST_CALL:
            if upper:
                recursive_check(top, mid, FROM_TOP)
            if lower:
                recursive_check(mid, bottom, 1)
        elif orientation is FROM_TOP:
            if upper and lower:
                recursive_check(top, mid, FROM_TOP)
            elif not upper and lower:
                recursive_check(mid, bottom, FROM_TOP)
        elif orientation is FROM_BOTTOM:
            if lower and upper:
                recursive_check(mid, bottom, FROM_BOTTOM)
            elif not lower and upper:
                recursive_check(top, mid, FROM_BOTTOM)

    recursive_check(0, height)

    return sorted(find_insides(collector), key=lambda pair: pair[1] - pair[0], reverse=True)[0]



[docs]def find_channels(image):
    """
    channel finder
    :param image:
    :return:
    """

    method_to_use = tunable(
        'channels.vertical.method',
        'alternate',
        description="For channel detection, vertical method to use (either alternate or recursive).")

    if method_to_use == 'alternate':
        upper, lower = alternate_vertical_channel_region_detection(image)
    elif method_to_use == 'recursive':
        upper, lower = vertical_channel_region_detection(image)
    else:
        raise RuntimeError("Tunable set to unsupported vertical channel detection method.")

    profile = horizontal_mean(image)

    with DebugPlot('channel_detection', 'details', 'overview', 'horizontal') as p:
        p.title("Basic horizontal overview")
        p.plot(profile)

    with DebugPlot('channel_detection', 'details', 'overview', 'vertical') as p:
        p.title("Basic vertical overview")
        p.plot(vertical_mean(image))

    positions, left, right, width, times, mainfreq = horizontal_channel_detection(image[upper:lower, :])

    return positions, (upper, lower)





          

      

      

    

  

    
      
          
            
  Source code for molyso.mm.highlevel_interactive_ground_truth

# -*- coding: utf-8 -*-
"""
documentation
"""

from __future__ import division, unicode_literals, print_function

import numpy as np

from .tracking_output import s_to_h
from ..generic.etc import QuickTableDumper

try:
    # noinspection PyUnresolvedReferences
    import cPickle

    pickle = cPickle
except ImportError:
    import pickle


[docs]def interactive_ground_truth_main(args, tracked_results):
    """
    Ground truth mode entry function.

    :param args:
    :param tracked_results:
    :return: :raise SystemExit:
    """

    acceptable_pos_chans = \
        {p: list(range(len(tracked_results[list(tracked_results.keys())[p]].channel_accumulator.keys())))
         for p
         in range(len(tracked_results.keys()))
         if len(tracked_results[list(tracked_results.keys())[p]].channel_accumulator.keys()) > 0}

    def plots_info():
        """
        Outputs some information about the data set.
        """

        print("Positions " + str(list(tracked_results.keys())))
        print("Acceptable channels per position " + repr(acceptable_pos_chans))

    plots_info()

    ground_truth_data = args.ground_truth

    # noinspection PyUnresolvedReferences
    try:
        with open(ground_truth_data, 'rb') as fp:
            all_envs = pickle.load(fp)
    except FileNotFoundError:
        print("File did not exist, starting anew")
        all_envs = {}

    def save_data():
        """
        Saves the ground truth data to the file specified. (pickled data)

        """
        with open(ground_truth_data, 'wb+') as inner_fp:
            pickle.dump(all_envs, inner_fp, protocol=pickle.HIGHEST_PROTOCOL)
            print("Saved data to %s" % (ground_truth_data,))

    lowest_position = min(acceptable_pos_chans.keys())
    highest_position = max(acceptable_pos_chans.keys())

    next_dataset = [lowest_position, next(iter(acceptable_pos_chans[lowest_position]))]

    def perform_it():
        """
        Runs the ground truth mode.

        :return: :raise SystemExit:
        """
        next_pos, next_chan = next_dataset

        def empty_env():
            """
            Generates an empty environment.

            :return:
            """
            return {
                'points': np.ma.array(np.zeros((1024, 3))),
                'points_empty': np.ma.array(np.zeros((1024, 3))),
                'used': 0,
                'last_point_x': None,
                'last_point_y': None,
            }

        if (next_pos, next_chan) not in all_envs:
            all_envs[(next_pos, next_chan)] = empty_env()

        env = all_envs[(next_pos, next_chan)]

        pos = list(tracked_results.keys())[next_pos]
        tracking = tracked_results[pos]

        chan_num = list(tracking.channel_accumulator.keys())[next_chan]

        channels = tracking.channel_accumulator[chan_num]

        print("Opening position %d, channel %d" % (pos, chan_num,))

        data = np.zeros((len(channels), 6))

        n_timepoint, n_width, n_height, n_top, n_bottom, n_width_cumsum = 0, 1, 2, 3, 4, 5

        some_channel_image = None

        for n, cc in enumerate(channels):
            data[n, n_timepoint] = cc.image.timepoint
            data[n, n_width] = cc.channel_image.shape[1]
            data[n, n_height] = cc.channel_image.shape[0]
            data[n, n_top] = cc.top
            data[n, n_bottom] = cc.bottom
            some_channel_image = cc.channel_image

        data[:, n_width_cumsum] = np.cumsum(data[:, n_width])

        max_top, min_top = data[:, n_top].max(), data[:, n_top].min()
        max_bottom, min_bottom = data[:, n_bottom].max(), data[:, n_bottom].min()

        low, high = int(np.floor(min_top)), int(np.ceil(max_bottom))

        large_image = np.zeros((high - low, int(data[-1, n_width_cumsum])), dtype=some_channel_image.dtype)

        for n, cc in enumerate(channels):
            lower_border = int(np.floor(data[n, n_top] - low))
            large_image[
                lower_border:int(lower_border + data[n, n_height]),
                int(data[n, n_width_cumsum] - data[n, n_width]):int(data[n, n_width_cumsum])
            ] = cc.channel_image

        import matplotlib.pyplot as plt

        fig, ax = plt.subplots()

        plt.subplots_adjust(left=0.25, bottom=0.25)

        fig.canvas.set_window_title("Image Viewer")

        channels_per_inch = 5.0
        plt.rcParams['figure.figsize'] = (len(channels) / channels_per_inch, 4.0)
        plt.rcParams['figure.dpi'] = 150

        plt.rcParams['figure.subplot.top'] = 0.8
        plt.rcParams['figure.subplot.bottom'] = 0.2
        plt.rcParams['figure.subplot.left'] = 0.2
        plt.rcParams['figure.subplot.right'] = 0.8

        plt.rcParams['image.cmap'] = 'gray'

        plt.imshow(large_image)

        plt.title("Ground Truth — Position %d, channel %d" % (pos, chan_num,))

        plt.xlabel("x [Pixel]")
        plt.ylabel("y [Pixel]")

        fig.tight_layout()

        o_scatter = ax.scatter(0, 0)
        o_lines, = plt.plot(0, 0)

        def refresh():
            """
            Refreshes the overlay.

            """
            o_lines.set_data(env['points'][:env['used'], 0], env['points'][:env['used'], 1])

            o_scatter.set_offsets(env['points'][:env['used'], :2])
            fig.canvas.draw()

        def show_help():
            """
            Shows a help text for the ground truth mode.

            """
            print("""
            Ground Truth Mode:
            = Mouse =====================================
            Mark division events by right click:
            First a division, then a child's division.
            = Keys ======================================
            h       show  this help
            p       print growth rates
                    (last is based on mean division time)
            d       delete last division event
            n/N     next/previous multipoint
            m/M     next/previous channel
            o/O     output tabular data to console/file
            w       write data
                    (to previously specified filename)
            i       start interactive python console
            q       quit ground truth mode
            """)

        refresh()

        show_help()

        def click(e):
            """

            :param e:
            :return:
            """
            x, y = e.xdata, e.ydata
            if x is None or y is None:
                return
            if e.button == 3:
                last_point_x, last_point_y = env['last_point_x'], env['last_point_y']

                if last_point_x is not None:

                    if env['used'] + 3 >= env['points'].shape[0]:
                        oldmask = env['points'].mask[:env['used']]
                        env['points'] = np.ma.array(np.r_[env['points'], env['points_empty']])
                        env['points'].mask = np.zeros_like(env['points']).astype(np.dtype(bool))  # [:env['used']]
                        env['points'].mask[:env['used']] = oldmask

                    n_x = np.searchsorted(data[:, n_width_cumsum], x, side='right')
                    n_last_x = np.searchsorted(data[:, n_width_cumsum], last_point_x, side='right')

                    if x < last_point_x:
                        x, y, last_point_x, last_point_y = last_point_x, last_point_y, x, y
                        n_x, n_last_x = n_last_x, n_x

                    env['points'][env['used'], 0] = last_point_x
                    env['points'][env['used'], 1] = last_point_y
                    env['points'][env['used'], 2] = data[n_last_x, n_timepoint]
                    env['used'] += 1
                    env['points'][env['used'], 0] = x
                    env['points'][env['used'], 1] = y
                    env['points'][env['used'], 2] = data[n_x, n_timepoint]
                    env['used'] += 1
                    env['points'][env['used'], :] = np.ma.masked
                    env['used'] += 1

                    refresh()

                    # print(n, data[n, n_timepoint])
                    env['last_point_x'], env['last_point_y'] = None, None
                else:
                    env['last_point_x'], env['last_point_y'] = x, y

        def key_press(event):
            """

            :param event:
            :return: :raise SystemExit:
            """

            def show_stats():
                """
                Shows statistics.

                """
                inner_times = env['points'][:env['used'], 2].compressed()
                inner_times = inner_times.reshape(inner_times.size // 2, 2)
                inner_deltas = inner_times[:, 1] - inner_times[:, 0]
                inner_deltas /= 60.0 * 60.0
                inner_mu = np.log(2) / inner_deltas
                print(inner_mu, np.mean(inner_mu))

            def try_new_poschan(p, c):
                """

                :param p:
                :param c:
                :return:
                """

                next_pos, next_chan = next_dataset

                if p == 1:
                    while (next_pos + p) not in acceptable_pos_chans and (next_pos + p) < highest_position:
                        p += 1
                elif p == -1:
                    while (next_pos + p) not in acceptable_pos_chans and (next_pos + p) > lowest_position:
                        p -= 1

                if (next_pos + p) not in acceptable_pos_chans:
                    print("Position does not exist")
                    return

                if p != 0:
                    c = 0
                    next_chan = acceptable_pos_chans[next_pos + p][0]

                if c == 1:
                    while (next_chan + c) not in acceptable_pos_chans[next_pos + p] and \
                            (next_chan + c) < max(acceptable_pos_chans[next_pos + p]):
                        c += 1
                elif c == -1:
                    while (next_chan + c) not in acceptable_pos_chans[next_pos + p] and \
                            (next_chan + c) > min(acceptable_pos_chans[next_pos + p]):
                        c -= 1

                if (next_chan + c) not in acceptable_pos_chans[next_pos + p]:
                    print("Channel does not exist")
                    return

                next_dataset[0] = next_pos + p
                next_dataset[1] = next_chan + c

                plt.close()

            # if event.key == 'left':
            # timepoint.set_val(max(1, int(timepoint.val) - 1))
            # elif event.key == 'right':
            #     timepoint.set_val(min(tp_max, int(timepoint.val) + 1))
            # elif event.key == 'ctrl+left':
            #     timepoint.set_val(max(1, int(timepoint.val) - 10))
            # elif event.key == 'ctrl+right':
            #     timepoint.set_val(min(tp_max, int(timepoint.val) + 10))
            # elif event.key == 'down':
            #     multipoint.set_val(max(1, int(multipoint.val) - 1))
            # elif event.key == 'up':
            #     multipoint.set_val(min(mp_max, int(multipoint.val) + 1))
            if event.key == 'h':
                show_help()
            elif event.key == 'p':
                show_stats()
            elif event.key == 'd':
                env['used'] -= 3
                show_stats()
                refresh()
            # n next position, m next channel

            elif event.key == 'n':
                try_new_poschan(1, 0)
            elif event.key == 'N':
                try_new_poschan(-1, 0)
            elif event.key == 'm':
                try_new_poschan(0, 1)
            elif event.key == 'M':
                try_new_poschan(0, -1)
            elif event.key == 'o' or event.key == 'O':
                recipient = None

                if event.key == 'O':
                    print("Please enter file name for tabular output [will be overwritten if exists]:")
                    file_name = input()
                    recipient = open(file_name, 'w+')

                out = QuickTableDumper(recipient=recipient)

                for (t_pos, t_chan), t_env in all_envs.items():
                    x_pos = list(tracked_results.keys())[t_pos]
                    x_chan = list(tracked_results[x_pos].channel_accumulator.keys())[t_chan]
                    times = t_env['points'][:t_env['used'], 2].compressed()
                    times = times.reshape(times.size // 2, 2)
                    deltas = times[:, 1] - times[:, 0]
                    mu = np.log(2) / (deltas / (60.0 * 60.0))

                    for num in range(len(mu)):

                        out.add({
                            'position': x_pos,
                            'channel': x_chan,
                            'growth_rate': mu[num],
                            'growth_rate_channel_mean': np.mean(mu),
                            'division_age': s_to_h(deltas[num]),
                            'growth_start': s_to_h(times[num, 0]),
                            'growth_end': s_to_h(times[num, 1]),
                        })

                if event.key == 'O':
                    recipient.close()
                    print("File written.")

            elif event.key == 'w':
                save_data()
            elif event.key == 'i':
                import code
                code.InteractiveConsole(locals=globals()).interact()
            elif event.key == 'q':
                raise SystemExit

        fig.canvas.mpl_connect('key_press_event', key_press)
        fig.canvas.mpl_connect('button_press_event', click)

        plt.show()

    while True:
        perform_it()






          

      

      

    

  

    
      
          
            
  Source code for molyso.mm.highlevel_interactive_viewer

# -*- coding: utf-8 -*-
"""
documentation
"""

from __future__ import division, unicode_literals, print_function

import warnings
from ..debugging.debugplot import inject_poly_drawing_helper


[docs]def interactive_main(args):
    """

    :param args:
    :raise SystemExit:
    """
    import matplotlib.pyplot as plt
    from matplotlib.widgets import Slider
    from .image import cell_color, channel_color

    from .highlevel import processing_frame, processing_setup

    processing_setup(args)

    from .highlevel import ims, Dimensions

    mp_max = ims.size[Dimensions.PositionXY] - 1
    tp_max = ims.size[Dimensions.Time] - 1

    fluor_chan = list(range(ims.size[Dimensions.Channel] - 1))

    fig, ax = plt.subplots()

    plt.subplots_adjust(left=0.25, bottom=0.25)

    fig.canvas.set_window_title("Image Viewer")

    ax_mp = plt.axes([0.25, 0.1, 0.65, 0.03], facecolor=channel_color)
    ax_tp = plt.axes([0.25, 0.15, 0.65, 0.03], facecolor=channel_color)

    with warnings.catch_warnings():
        warnings.simplefilter('ignore')
        multipoint = Slider(ax_mp, 'Multipoint', 0, mp_max, valinit=0, valfmt="%d", color=cell_color)
        timepoint = Slider(ax_tp, 'Timepoint', 0, tp_max, valinit=0, valfmt="%d", color=cell_color)

    env = {'show': True, 'rotated': True, 'fluor_ind': False}

    def update(_):
        """

        :param _:
        """
        t = int(timepoint.val)
        pos = int(multipoint.val)

        fig.canvas.set_window_title("Image Viewer - [BUSY]")

        inject_poly_drawing_helper(plt)

        plt.rcParams['image.cmap'] = 'gray'

        plt.sca(ax)
        plt.cla()

        plt.suptitle("[left/right] timepoint [up/down] multipoint [h] hide analysis [r] toggle rotated (in raw mode)")

        plt.xlabel("x [Pixel]")
        plt.ylabel("y [Pixel]")

        i = processing_frame(args, t, pos, clean=False)

        if env['fluor_ind'] is not False:
            if env['show']:
                i.debug_print_cells(plt)
            plt.title("Fluorescence Image (Fluorescence channel #%d)" % (env['fluor_ind'],))
            mapping = plt.imshow(i.image_fluorescences[env['fluor_ind']])
        elif env['show']:
            i.debug_print_cells(plt)
        else:
            if env['rotated']:
                plt.title("Image (rotated)")
                plt.imshow(i.image)
            else:
                plt.title("Image (raw)")
                plt.imshow(i.original_image)

        fig.canvas.set_window_title("Image Viewer - %s timepoint #%d %d/%d multipoint #%d %d/%d" %
                                    (args.input, t, 1+t, 1+tp_max, pos, 1+pos, 1+mp_max))

        plt.draw()

    update(None)

    multipoint.on_changed(update)
    timepoint.on_changed(update)

    def key_press(event):
        """

        :param event:
        :raise SystemExit:
        """
        if event.key == 'left':
            timepoint.set_val(max(1, int(timepoint.val) - 1))
        elif event.key == 'right':
            timepoint.set_val(min(tp_max, int(timepoint.val) + 1))
        elif event.key == 'ctrl+left':
            timepoint.set_val(max(1, int(timepoint.val) - 10))
        elif event.key == 'ctrl+right':
            timepoint.set_val(min(tp_max, int(timepoint.val) + 10))
        elif event.key == 'down':
            multipoint.set_val(max(1, int(multipoint.val) - 1))
        elif event.key == 'up':
            multipoint.set_val(min(mp_max, int(multipoint.val) + 1))
        elif event.key == 'h':
            env['show'] = not env['show']
            update(None)
        elif event.key == 'r':
            env['rotated'] = not env['rotated']
            update(None)
        elif event.key == 'F':
            if len(fluor_chan) > 0:
                if env['fluor_ind'] is False:
                    env['fluor_ind'] = fluor_chan[0]
                else:
                    env['fluor_ind'] = False if env['fluor_ind'] == len(fluor_chan) - 1 else current + 1
                update(None)
        elif event.key == 'q':
            raise SystemExit

    fig.canvas.mpl_connect('key_press_event', key_press)

    with warnings.catch_warnings():
        warnings.simplefilter('ignore')
        fig.tight_layout()

    plt.show()





          

      

      

    

  

    
      
          
            
  Source code for molyso.mm.tracking

# -*- coding: utf-8 -*-
"""
documentation
"""
from __future__ import division, unicode_literals, print_function

import logging

import numpy as np

from .tracking_infrastructure import CellTracker, CellCrossingCheckingGlobalDuoOptimizerQueue
from ..generic.signal import find_extrema_and_prominence, hamming_smooth
from ..generic.etc import ignorant_next, dummy_progress_indicator

from .tracking_output import *


[docs]def each_k_tracking_tracker_channels_in_results(tracking):
    """

    :param tracking:
    """
    for inner_k in sorted(tracking.tracker_mapping.keys()):
        tracker = tracking.tracker_mapping[inner_k]
        channels = tracking.channel_accumulator[inner_k]
        yield inner_k, tracking, tracker, channels



[docs]def each_pos_k_tracking_tracker_channels_in_results(inner_tracked_results):
    """

    :param inner_tracked_results:
    """
    for pos, outer_tracking in inner_tracked_results.items():
        for inner_k, inner_tracking, tracker, channels in each_k_tracking_tracker_channels_in_results(outer_tracking):
            yield pos, inner_k, inner_tracking, tracker, channels



[docs]class TrackedPosition(object):
    """
    A TrackedPosition object contains various CellTracker objects for each channel within a multipoint position,
    as well as other information associated with the position.
    """

    def __init__(self):
        self.times = None
        self.n = 0

        self.timeslist = []

        self.first = []

        self.tracker_mapping = {}
        self.channel_accumulator = {}
        self.cell_centroid_accumulator = {}
        self.cell_counts = {}

    # logger is not set as a regular instance variable,
    # as it would make the serialization of the class unpleasant ...
    @property
    def logger(self):
        return logging.getLogger(__name__ + '.' + self.__class__.__name__)

[docs]    def set_times(self, times):
        """

        :param times:
        """
        self.times = times

        for image in self.times.values():
            if image.flattened:
                image.unflatten()

        self.find_first_valid_time()


[docs]    def find_first_valid_time(self):
        """
        Finds the first valid time point for the position.

        """
        self.timeslist = list(sorted(self.times.keys()))

        for self.n, t in enumerate(self.timeslist):
            first_time = t

            self.first = self.times[first_time].channels

            if len(self.first) > 0:
                break

            self.logger.info("Skipping channel")

        key_list = list(range(len(self.first)))

        self.tracker_mapping = {c: CellTracker() for c in key_list}
        self.channel_accumulator = {c: {} for c in key_list}
        self.cell_centroid_accumulator = {c: {} for c in key_list}
        self.cell_counts = {c: [] for c in key_list}


[docs]    def align_channels(self, progress_indicator=dummy_progress_indicator()):
        """

        :param progress_indicator:
        """
        image = None

        for _ in range(self.n):
            ignorant_next(progress_indicator)

        for t in self.timeslist[self.n:]:
            if image is None:
                image = self.times[t]

            previous = image

            image = self.times[t]
            alignment = previous.channels.align_with_and_return_indices(image.channels)
            alignment_with_first = dict(image.channels.align_with_and_return_indices(self.first))

            for _, current_index in alignment:
                # ths is not perfectly right, but it's enough work with chan accumulator already
                self.cell_counts[alignment_with_first[current_index]].append(
                    len(image.channels.channels_list[current_index].cells))

                centroid_accumulator = self.cell_centroid_accumulator[alignment_with_first[current_index]]
                for cell in image.channels.channels_list[current_index].cells:
                    centroid = int(round(cell.centroid_1d))
                    if centroid in centroid_accumulator:
                        centroid_accumulator[centroid] += 1
                    else:
                        centroid_accumulator[centroid] = 1

                if t not in self.channel_accumulator[alignment_with_first[current_index]]:
                    self.channel_accumulator[alignment_with_first[current_index]][t] = image.channels.channels_list[
                        current_index]

            ignorant_next(progress_indicator)

        for index in self.channel_accumulator.keys():
            self.channel_accumulator[index] = [self.channel_accumulator[index][n]
                                               for n in sorted(self.channel_accumulator[index].keys())]


[docs]    def remove_empty_channels(self):
        """
        Removes empty channels from the data set.

        """
        cell_means = {k: (float(sum(v)) / len(v)) if len(v) > 0 else 0.0 for k, v in self.cell_counts.items()}

        for k, mean_cell_count in cell_means.items():
            if mean_cell_count < tunable('tracking.empty_channel_filtering.minimum_mean_cells', 2.0,
                                         description="For empty channel removal, minimum of cell mean per channel."):
                del self.tracker_mapping[k]
                del self.channel_accumulator[k]
                del self.cell_counts[k]
                del self.cell_centroid_accumulator[k]


[docs]    def guess_channel_orientation(self):
        """
        Tries to guess the channel orientation.
        1 if the closed end ('mother side') is the high coordinates,
        -1 if low ...

        """
        for channel_num in self.channel_accumulator.keys():
            cells_in_channel = self.cell_centroid_accumulator[channel_num]
            minpos = min(cells_in_channel.keys())
            signal = np.zeros(max(cells_in_channel.keys()) + 1 - minpos)
            for pos, times in cells_in_channel.items():
                signal[pos - minpos] = times

            signal_len = len(signal)

            # noinspection PyTypeChecker
            helper_parabola = np.linspace(-signal_len / 2, +signal_len / 2, signal_len) ** 2 / signal_len ** 2

            signal = hamming_smooth(signal, 15)
            signal *= helper_parabola

            try:
                extrema = find_extrema_and_prominence(signal)
                maxy = extrema.signal[extrema.maxima]

                centroid = np.sum(extrema.maxima * maxy) / np.sum(maxy)

                # mean = np.mean(maxy)
                result = 1 if centroid >= signal.size / 2 else -1
            except IndexError:
                result = 0

            for channel in self.channel_accumulator[channel_num]:
                channel.putative_orientation = result


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


        :return:
        """
        return sum([len(ca) - 1 if len(ca) > 0 else 0 for ca in self.channel_accumulator.values()])


[docs]    def perform_tracking(self, progress_indicator=dummy_progress_indicator()):
        """

        :param progress_indicator:
        """
        for c in self.tracker_mapping.keys():
            tracker = self.tracker_mapping[c]
            channel_list = self.channel_accumulator[c]

            if len(channel_list) == 0:
                continue

            previous = channel_list[0]

            for current in channel_list[1:]:
                tracker.tick()
                analyse_cell_fates(tracker, previous.cells, current.cells)
                ignorant_next(progress_indicator)
                previous = current


[docs]    def remove_empty_channels_post_tracking(self):
        """
        Removes empty channels after tracking.

        """
        minimum_average_cells = tunable('tracking.empty_channel_filtering.minimum_mean_cells', 2.0,
                                        description="For empty channel removal, minimum of cell mean per channel.")
        should_skip = True
        for k, tracker in list(self.tracker_mapping.items()):
            if should_skip and tracker.average_cells < minimum_average_cells:
                del self.tracker_mapping[k]
                del self.channel_accumulator[k]
                del self.cell_counts[k]


[docs]    def perform_everything(self, times):
        """

        :param times:
        :return:
        """
        self.set_times(times)
        self.align_channels()
        self.remove_empty_channels()
        self.perform_tracking()
        self.remove_empty_channels_post_tracking()
        return self




[docs]def analyse_cell_fates(tracker, previous_cells, current_cells):
    # original_current_cells = current_cells
    """

    :param tracker:
    :param previous_cells:
    :param current_cells:
    :return:
    """
    current_cells = current_cells.cells_list

    def outcome_it_is_same(the_previous_cell, the_current_cell):
        """

        :param the_previous_cell:
        :param the_current_cell:
        """
        tracker.get_cell_by_observation(the_previous_cell).add_observation(the_current_cell)

    def outcome_it_is_children(the_previous_cell, the_current_cells):
        """

        :param the_previous_cell:
        :param the_current_cells:
        """
        tracker.get_cell_by_observation(the_previous_cell). \
            add_children(tracker.new_observed_cell(the_current_cells[0]),
                         tracker.new_observed_cell(the_current_cells[1]))

    def outcome_it_is_new(_, the_current_cell):
        """

        :param _:
        :param the_current_cell:
        """
        tracker.new_observed_origin(the_current_cell)

    outcome_it_is_lost = None

    opt = CellCrossingCheckingGlobalDuoOptimizerQueue()

    for previous_number, previous_cell in enumerate(previous_cells):
        if not tracker.is_tracked(previous_cell):  # this probably only occurs on the first attempt
            tracker.new_observed_origin(previous_cell)
        for current_number, current_cell in enumerate(current_cells):
            tracked_previous_cell = tracker.get_cell_by_observation(previous_cell)

            trajectories = tracked_previous_cell.trajectories
            elongation_rates = tracked_previous_cell.elongation_rates

            last_traj = np.mean(trajectories[-min(len(trajectories), 5):])
            last_elo = np.mean(elongation_rates[-min(len(elongation_rates), 5):])

            time_delta = current_cell.channel.image.timepoint - previous_cell.channel.image.timepoint

            putative_shift = last_traj * time_delta
            putative_elongation = last_elo * time_delta

            # putative_shift, putative_elongation = 0.0, 0.0

            shift_upper = putative_shift + 0.5 * putative_elongation
            shift_lower = putative_shift - 0.5 * putative_elongation

            shrinkage_penalty = 5.0

            large_value = 1000000.0
            cost_new_cell = 1.0 * large_value
            cost_lost_cell = 1.0 * large_value

            def calc_cost_same(one_cell, other_cell):
                """

                :param one_cell:
                :param other_cell:
                :return:
                """
                cost = \
                    0.5 * abs(one_cell.top + shift_upper - other_cell.top) + \
                    0.5 * abs(one_cell.bottom + shift_lower - other_cell.bottom)

                shrinkage = other_cell.length - (one_cell.length + putative_elongation)

                cost -= shrinkage * shrinkage_penalty if shrinkage < 0.0 else 0.0
                return cost

            def calc_cost_children(one_cell, upper_child, lower_child):

                """

                :param one_cell:
                :param upper_child:
                :param lower_child:
                :return:
                """
                one_cell_centroid = 0.5 * one_cell.top + 0.5 * one_cell.bottom + 0.5 * putative_elongation

                cost = \
                    0.5 * abs(one_cell.top + shift_upper - upper_child.top) + \
                    0.5 * abs(one_cell_centroid - upper_child.bottom) + \
                    0.5 * abs(one_cell_centroid - lower_child.top) + \
                    0.5 * abs(one_cell.bottom - lower_child.bottom)

                shrinkage = (one_cell.length + putative_elongation) - upper_child.length - lower_child.length

                cost += shrinkage * shrinkage_penalty if shrinkage > 0.0 else 0.0
                return cost

            opt.add_outcome(calc_cost_same(previous_cell, current_cell),
                            {previous_cell}, {current_cell},
                            outcome_it_is_same)

            opt.add_outcome(cost_new_cell,
                            set(), {current_cell},
                            outcome_it_is_new)

            opt.add_outcome(cost_lost_cell,
                            {previous_cell}, set(),
                            outcome_it_is_lost)

            if current_number < len(current_cells) - 1:
                putative_first_child = current_cells[current_number + 0]
                putative_other_child = current_cells[current_number + 1]

                opt.add_outcome(calc_cost_children(previous_cell, putative_first_child, putative_other_child),
                                {previous_cell}, {putative_first_child, putative_other_child},
                                outcome_it_is_children)

    opt.perform_optimal()






          

      

      

    

  

    
      
          
            
  Source code for molyso.mm.tracking_infrastructure

# -*- coding: utf-8 -*-
"""
This module contains cell tracking infrastructure.
"""
from __future__ import division, unicode_literals, print_function

import numpy as np


[docs]class CellTracker(object):
    """
    The CellTracker contains all tracks of a channel.

    """
    __slots__ = ['all_tracked_cells', 'origins', 'timepoints']

    def __init__(self):
        self.all_tracked_cells = {}
        self.origins = []
        self.timepoints = 0

[docs]    def tick(self):
        """
        Ticks the clock. Sets the internal timepoint counter forward by one.

        """
        self.timepoints += 1


    @property
    def average_cells(self):
        """
        Returns the average count of cells present in this tracked channel.

        :return:
        """
        if self.timepoints > 0:
            return float(len(self.all_tracked_cells)) / self.timepoints
        else:
            return 0.0

[docs]    def new_cell(self):
        """
        Creates a new TrackedCell object associated with this tracker.

        :return:
        """
        return TrackedCell(self)


[docs]    def new_observed_cell(self, where):
        """
        Creates a new TrackedCell object, with added observation.

        :param where:
        :return:
        """
        return self.new_cell().add_observation(where)


[docs]    def new_origin(self):
        """
        Creates a new TrackedCell object and adds it as an origin.

        :return:
        """
        t = self.new_cell()
        self.origins.append(t)
        return t


[docs]    def new_observed_origin(self, where):
        """
        Creates a new TrackedCell object and adds it as an origin, with added observation.
        :param where:
        :return:
        """
        return self.new_origin().add_observation(where)


[docs]    def is_tracked(self, cell):
        """
        Returns whether the cell is tracked.

        :param cell:
        :return:
        """
        return cell in self.all_tracked_cells


[docs]    def get_cell_by_observation(self, where):
        """
        Returns the associated cell by its observation.

        :param where:
        :return:
        """
        return self.all_tracked_cells[where]




[docs]class TrackedCell(object):
    """

    :param tracker:
    """
    __slots__ = ['tracker', 'parent', 'children', 'seen_as', 'raw_elongation_rates', 'raw_trajectories']

    def __init__(self, tracker):
        self.tracker = tracker
        self.parent = None
        self.children = []  # [None, None]

        self.seen_as = []

        self.raw_elongation_rates = [0.0]
        self.raw_trajectories = [0.0]

    @property
    def ultimate_parent(self):
        """


        :return:
        """
        if self.parent is None:
            return self
        else:
            return self.parent.ultimate_parent

    @property
    def elongation_rates(self):
        # if self.parent:
        # return self.parent.elongation_rates + self.raw_elongation_rates
        # else:
        #     return self.raw_elongation_rates
        """


        :return:
        """
        return self.raw_elongation_rates

    @property
    def trajectories(self):
        # if self.parent:
        # return self.parent.trajectories + self.raw_trajectories
        # else:
        #     return self.raw_trajectories
        """


        :return:
        """
        return self.raw_trajectories

[docs]    def add_child(self, tcell):
        """

        :param tcell:
        :return:
        """
        tcell.parent = self
        self.children.append(tcell)
        return self


[docs]    def add_children(self, *children):
        """

        :param children:
        """
        for child in children:
            self.add_child(child)


[docs]    def add_observation(self, cell):
        """

        :param cell:
        :return:
        """
        self.seen_as.append(cell)
        self.tracker.all_tracked_cells[cell] = self

        if len(self.seen_as) > 1:
            current = self.seen_as[-1]
            previous = self.seen_as[-2]

            assert (current != previous)

            self.raw_elongation_rates.append(
                (current.length - previous.length) /
                (current.channel.image.timepoint - previous.channel.image.timepoint))
            self.raw_trajectories.append(
                (current.centroid_1d - previous.centroid_1d) /
                (current.channel.image.timepoint - previous.channel.image.timepoint))

        return self




[docs]def to_list(x):
    """

    :param x:
    :return:
    """
    return x if type(x) == list else [x]



[docs]class CellCrossingCheckingGlobalDuoOptimizerQueue(object):
    """

    """

    def __init__(self):
        self.set_a = set()
        self.set_b = set()

        self.data = []

        self.run = []

        self.debug_output = ''

[docs]    def add_outcome(self, cost, involved_a, involved_b, what):
        # nan check
        """

        :param cost:
        :param involved_a:
        :param involved_b:
        :param what:
        :return:
        """
        if cost != cost:
            return

        self.data.append((cost, (involved_a, involved_b, what)))

        self.set_a |= involved_a
        self.set_b |= involved_b


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


        :return:
        """
        ordered_a = list(sorted(self.set_a))
        ordered_b = list(sorted(self.set_b))

        lookup_a = {i: n for n, i in enumerate(ordered_a)}
        lookup_b = {i: n for n, i in enumerate(ordered_b)}

        len_a = len(ordered_a)
        len_b = len(ordered_b)

        rows = len(self.data)
        cols = len(ordered_a) + len(ordered_b)

        matrix = np.zeros((rows, cols,), dtype=bool)

        dependencies = np.zeros((rows, len_a, len_b,), dtype=int)

        costs = np.zeros(rows)

        data = sorted(self.data, key=lambda x: (x[0], x[1][0], x[1][1]))

        for i, (cost, (involved_a, involved_b, what)) in enumerate(data):

            for a in involved_a:
                matrix[i, lookup_a[a]] = True

            for b in involved_b:
                matrix[i, lookup_b[b] + len_a] = True

            for a in involved_a:
                for b in involved_b:
                    dependencies[i, lookup_a[a], lookup_b[b]] = 1

            costs[i] = cost

        def crossing_check(used_rows, row_to_add):
            """

            :param used_rows:
            :param row_to_add:
            :return:
            """
            local_used_rows = used_rows.copy()
            local_used_rows[row_to_add] = True
            summed_deps = dependencies[local_used_rows, :, :].sum(axis=0)

            last = -1

            for m in range(len_a):
                non_zero_positions, = np.nonzero(summed_deps[m, :])
                if len(non_zero_positions) == 0:
                    continue
                if non_zero_positions[0] > last:
                    last = non_zero_positions[0]
                else:
                    return False
            return True

        used = np.zeros(rows, dtype=bool)
        collector = np.zeros(cols, dtype=bool)
        cost_accumulator = 0.0

        for w in range(rows):
            matrix_row = matrix[w, :]
            if (~(matrix_row & collector)).all() and crossing_check(used, w):
                collector |= matrix_row
                cost_accumulator += costs[w]
                used[w] = True

        for c, (_, (involved_a, involved_b, what)) in enumerate(data):
            if used[c] and what:
                involved_a = None if len(involved_a) == 0 else \
                    (next(iter(involved_a)) if len(involved_a) == 1 else list(involved_a))
                involved_b = None if len(involved_b) == 0 else \
                    (next(iter(involved_b)) if len(involved_b) == 1 else list(involved_b))

                what(involved_a, involved_b)






          

      

      

    

  

    
      
          
            
  Source code for molyso.mm.tracking_output

# -*- coding: utf-8 -*-
"""
documentation
"""
from __future__ import division, unicode_literals, print_function

from ..generic.tunable import tunable

import numpy as np


[docs]def iterate_over_cells(cells):
    """

    :param cells:
    :return:
    """
    collector = []

    def _rec(another_cell):
        collector.append(another_cell)
        for yet_another_cell in another_cell.children:
            _rec(yet_another_cell)

    for a_cell in cells:
        _rec(a_cell)

    # for reproducible results, sort the cells

    collector = sorted(collector, key=lambda cell: (cell.seen_as[0].channel.image.timepoint, cell.seen_as[0].local_top))

    return collector



[docs]def tracker_to_cell_list(tracker):
    """


    :param tracker:
    :return:
    """
    return iterate_over_cells(tracker.origins)



[docs]def s_to_h(s):
    """
    converts seconds to hours
    :param s: seconds
    :return: hours
    """
    return s / (60.0 * 60.0)



# noinspection PyUnusedLocal
[docs]def s_to_h_str(s, *args, **kwargs):
    """
    converts seconds to hours as a rounded string
    :param s: seconds
    :return: hours
    :param s: seconds
    :return: hours string
    """
    return ("%.2f" % (s_to_h(s),)).replace('.00', '')



[docs]def catch_index_error(what, otherwise):
    """
    runs callable 'what' and catches IndexErrors, returning 'otherwise' if one occurred
    :param what: callable
    :param otherwise: alternate result in case of IndexError
    :return: result of 'what' or 'otherwise' in case of IndexError
    """
    try:
        return what()
    except IndexError:
        return otherwise



[docs]def catch_attribute_error(what, otherwise):
    """
    runs callable 'what' and catches AttributeError, returning 'otherwise' if one occurred
    :param what: callable
    :param otherwise: alternate result in case of IndexError
    :return: result of 'what' or 'otherwise' in case of IndexError
    """
    try:
        return what()
    except AttributeError:
        return otherwise



[docs]def plot_timeline(p, channels, cells,
                  figure_presetup=None, figure_finished=None,
                  show_images=True, show_overlay=True,
                  leave_open=False):
    """

    :param p:
    :param channels:
    :param cells:
    :param figure_presetup:
    :param figure_finished:
    :param show_images:
    :param show_overlay:
    :param leave_open:
    """
    from ..debugging.debugplot import poly_drawing_helper
    import matplotlib.colors

    colors = list(matplotlib.colors.cnames.keys())

    time_points = np.sort([cc.image.timepoint for cc in channels])

    channels_per_inch = 5.0

    p.rcParams.update({
        'figure.figsize': (len(time_points) / channels_per_inch, 4.0),
        'figure.dpi': 150,
        'figure.subplot.top': 0.8,
        'figure.subplot.bottom': 0.2,
        'figure.subplot.left': 0.2,
        'figure.subplot.right': 0.8
    })

    p.figure()

    if figure_presetup:
        figure_presetup(p)

    min_h = float('inf')
    max_h = 0

    for cc in channels:
        time_point = cc.image.timepoint
        bs = np.searchsorted(time_points, time_point, side='right')

        ne = time_points[bs] if 0 <= bs < len(time_points) else time_point

        pre = time_points[bs - 2] if 0 <= bs - 2 < len(time_points) else time_point

        left = max(0.0, time_point - abs(time_point - pre) / 2.0)
        right = min(time_points[-1], time_point + abs(ne - time_point) / 2.0)

        if show_images:
            channel_image_data = getattr(cc, 'channel_image', None)
            if channel_image_data is not None:
                p.imshow(channel_image_data, extent=(left, right, cc.top, cc.bottom),
                         origin='lower', cmap='gray', zorder=1.1)

        if cc.bottom > max_h:
            max_h = cc.bottom

        if cc.top < min_h:
            min_h = cc.top

        if show_overlay:
            for cell in cc.cells:
                coords = [[left, cell.bottom], [right, cell.bottom],
                          [right, cell.top], [left, cell.top], [left, cell.bottom]]
                poly_drawing_helper(p, coords,
                                    lw=0, edgecolor='r', facecolor='white', fill=True, alpha=0.25, zorder=1.2)

    p.gca().xaxis.set_major_formatter(p.FuncFormatter(s_to_h_str))
    p.gca().xaxis.set_major_locator(p.MultipleLocator(60.0 * 60.0 * 1))
    p.gca().xaxis.set_minor_locator(p.MultipleLocator(60.0 * 60.0 * 0.25))

    p.xlabel("Experiment Time [h]")
    p.ylabel("y [Pixel]")

    p.gca().set_aspect('auto')
    p.gca().set_autoscale_on(True)

    p.xlim(time_points[0], time_points[-1])
    p.ylim(min_h, max_h)

    p.tight_layout()

    if show_overlay:
        time_format_str = '#%0' + str(int(np.log10(len(time_points))) + 1) + 'd' + ' ' \
                          + '%0' + str(int(np.log10(time_points[-1])) + 1) + '.2fs'

        for n, time_point in enumerate(time_points):
            p.text(time_point, -max_h * 0.25, time_format_str % (n + 1, time_point),
                   rotation=90, verticalalignment='center', horizontalalignment='center', size=2.85)

    needed_length = sum(len(cell.seen_as) for cell in cells) + len(cells)

    scatter_collector = np.zeros((needed_length, 5), dtype=np.float32)  # type, x, y, fluor, length
    scatter_used = 0

    # constants

    pos_type, pos_time_point, pos_centroid, pos_length, pos_fluorescence_start = 0, 1, 2, 3, 4

    type_nothing, type_start, type_stop, type_junction = 0.0, 1.0, 2.0, 3.0

    np.random.seed(tunable('colors.visualization.track.random.seed', 3141592653,
                           description="Random seed for tracking visualization."))

    for cell in cells:
        old_scatter_used = scatter_used

        if cell.parent is not None:
            parent_cell = cell.parent.seen_as[-1]

            scatter_collector[scatter_used, pos_type] = type_nothing
            scatter_collector[scatter_used, pos_time_point] = parent_cell.channel.image.timepoint
            scatter_collector[scatter_used, pos_centroid] = parent_cell.centroid_1d
            # TODO different visualization?
            scatter_collector[scatter_used, pos_length] = parent_cell.length
            scatter_collector[scatter_used, pos_fluorescence_start] = \
                catch_index_error(lambda: getattr(parent_cell, 'fluorescences', [0.0])[0], 0.0)

            scatter_used += 1

        last_cell_number = len(cell.seen_as) - 1

        for nc, cell_appearance in enumerate(cell.seen_as):

            if nc == 0 and cell.parent is None:
                the_type = type_start
            elif nc == last_cell_number:
                the_type = type_junction if len(cell.children) > 0 else type_stop
            else:
                the_type = type_nothing

            scatter_collector[scatter_used, pos_type] = the_type
            scatter_collector[scatter_used, pos_time_point] = cell_appearance.channel.image.timepoint
            scatter_collector[scatter_used, pos_centroid] = cell_appearance.centroid_1d
            scatter_collector[scatter_used, pos_length] = cell_appearance.length
            scatter_collector[scatter_used, pos_fluorescence_start] = \
                catch_index_error(lambda: getattr(cell_appearance, 'fluorescences', [0.0])[0], 0.0)

            scatter_used += 1

        color = tunable('colors.visualization.track.color', '#005B82', description="Track color for visualization.")
        color_alpha = tunable('colors.visualization.track.alpha', 0.3, description="Track alpha for visualization.")

        if tunable('colors.visualization.track.random', 1, description="Randomize tracking color palette?") == 1:
            color = colors[np.random.randint(0, len(colors))]

        if show_overlay:
            slice_of_interest = scatter_collector[old_scatter_used:scatter_used, :]
            p.plot(
                slice_of_interest[:, pos_time_point],
                slice_of_interest[:, pos_centroid],
                marker=None, lw=0.5, c=color, zorder=1.4)  # marker='o', markersize=0.1
            p.fill_between(
                slice_of_interest[:, pos_time_point],
                slice_of_interest[:, pos_centroid] - 0.5 * slice_of_interest[:, pos_length],
                slice_of_interest[:, pos_centroid] + 0.5 * slice_of_interest[:, pos_length],
                lw=0, alpha=color_alpha, facecolor=color, zorder=1.3)

    scatter_collector = scatter_collector[:scatter_used, :]

    has_fluorescence = not (scatter_collector[:, pos_fluorescence_start] == 0.0).all()

    if show_overlay:
        starts = scatter_collector[scatter_collector[:, pos_type] == type_start, :]
        stops = scatter_collector[scatter_collector[:, pos_type] == type_stop, :]
        junctions = scatter_collector[scatter_collector[:, pos_type] == type_junction, :]

        p.scatter(starts[:, pos_time_point], starts[:, pos_centroid],
                  c='green', s=10, marker='>', lw=0, zorder=1.5)
        p.scatter(stops[:, pos_time_point], stops[:, pos_centroid],
                  c='red', s=10, marker='8', lw=0, zorder=1.5)
        p.scatter(junctions[:, pos_time_point], junctions[:, pos_centroid],
                  c='blue', s=10, marker='D', lw=0, zorder=1.5)

        if has_fluorescence:
            sc = p.scatter(scatter_collector[:, pos_time_point],
                           scatter_collector[:, pos_centroid],
                           c=scatter_collector[:, pos_fluorescence_start],
                           s=5, cmap='jet', lw=0, zorder=10.0)
            p.colorbar(sc)
        else:
            p.scatter(scatter_collector[:, pos_time_point],
                      scatter_collector[:, pos_centroid],
                      s=5, lw=0, zorder=10.0)

    if figure_finished:
        figure_finished(p)

    if not leave_open:
        p.close('all')



_unique_id_cache = {}
_unique_id_value = 1


[docs]def get_object_unique_id(obj):
    """

    :param obj:
    :return:
    """
    global _unique_id_cache, _unique_id_value

    if obj is None:
        return 0

    if id(obj) not in _unique_id_cache:
        _unique_id_cache[id(obj)] = _unique_id_value
        _unique_id_value += 1

    return _unique_id_cache[id(obj)]



[docs]def analyze_tracking(cells, receptor, meta=None):
    """

    :param meta:
    :param cells:
    :param receptor:
    """
    for cell in cells:
        for sn, sa in enumerate(cell.seen_as):
            tmp = {
                'cell_age': s_to_h(sa.channel.image.timepoint - cell.seen_as[0].channel.image.timepoint),
                'elongation_rate': catch_index_error(lambda: cell.raw_elongation_rates[sn], float('NaN')),
                'length': sa.channel.image.pixel_to_mu(sa.length),
                'uid_track': get_object_unique_id(cell.ultimate_parent),
                'uid_thiscell': get_object_unique_id(sa),
                'uid_cell': get_object_unique_id(cell),
                # None has an id !
                'uid_parent': get_object_unique_id(cell.parent),
                'timepoint': sa.channel.image.timepoint,
                'timepoint_num': sa.channel.image.timepoint_num,
                'cellyposition': sa.centroid_1d,
                'cellxposition': (sa.channel.left + sa.channel.right)/2,
                'multipoint': sa.channel.image.multipoint,
                'meta': str(meta) if meta else '',
                'channel_in_multipoint': sa.channel.image.channels.channels_list.index(sa.channel),
                'channel_average_cells': cell.tracker.average_cells,
                'channel_orientation': sa.channel.image.guess_channel_orientation(),
                'channel_width': sa.channel.image.pixel_to_mu(abs(sa.channel.left - sa.channel.right)),
                'about_to_divide': int(
                    ((sn + 1) == len(cell.seen_as)) and (cell.parent is not None) and (len(cell.children) > 0)
                ),
                'division_age': catch_index_error(
                    lambda: s_to_h(
                        cell.children[0].seen_as[0].channel.image.timepoint - cell.seen_as[0].channel.image.timepoint
                    ), float('NaN')),
                'fluorescence_count': len(getattr(sa, 'fluorescences', []))
            }

            for f in range(len(getattr(sa, 'fluorescences', []))):
                tmp['fluorescence_' + str(f)] = sa.fluorescences[f]
                tmp['fluorescence_raw_' + str(f)] = sa.fluorescences_raw[f]
                tmp['fluorescence_std_' + str(f)] = sa.fluorescences_std[f]
                tmp['fluorescence_raw_min_' + str(f)] = catch_attribute_error(lambda: sa.fluorescences_min[f], float('NaN'))
                tmp['fluorescence_raw_max_' + str(f)] = catch_attribute_error(lambda: sa.fluorescences_max[f], float('NaN'))
                tmp['fluorescence_raw_median_' + str(f)] = catch_attribute_error(lambda: sa.fluorescences_median[f], float('NaN'))
                tmp['fluorescence_background_' + str(f)] = sa.channel.image.background_fluorescences[f]

            receptor(tmp)
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