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The jicbioimage.core Python package

[image: PyPi package]
 [http://badge.fury.io/py/jicbioimage.core][image: Travis CI build status (Linux)]
 [https://travis-ci.org/JIC-CSB/jicbioimage.core][image: AppVeyor CI build status (Windows)]
 [https://ci.appveyor.com/project/tjelvar-olsson/jicbioimage-core][image: Code Coverage]
 [https://codecov.io/github/JIC-CSB/jicbioimage.core?branch=master][image: Documentation Status]
 [https://readthedocs.org/projects/jicbioimagecore?badge=latest]The jicbioimage.core Python package provides the core functionality of the
jicbioimage namespace package.


	Documentation: http://jicbioimagecore.readthedocs.io

	GitHub: https://github.com/JIC-CSB/jicbioimage.core

	PyPI: https://pypi.python.org/pypi/jicbioimage.core

	Free software: MIT License




Features


	Built in functionality for working with microscopy data

	Automatic generation of audit trails

	IPython integration

	Cross-platform: Linux, Mac and Windows are all supported

	Works with Python 2.7, 3.3 and 3.4






Related packages


jicbioimage


	Documentation: http://jicbioimage.readthedocs.io

	GitHub: https://github.com/JIC-CSB/jicbioimage






jicbioimage.transform


	Documentation: http://jicbioimagetransform.readthedocs.io

	GitHub: https://github.com/JIC-CSB/jicbioimage.transform






jicbioimage.segment


	Documentation: http://jicbioimagesegment.readthedocs.io

	GitHub: https://github.com/JIC-CSB/jicbioimage.segment






jicbioimage.illustrate


	Documentation: http://jicbioimageillustrate.readthedocs.io

	GitHub: https://github.com/JIC-CSB/jicbioimage.illustrate
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jicbioimage.core.image

Module for managing and accessing images.


	
class jicbioimage.core.image.History(creation=None)[source]

	Class for storing the provenance of an image.


	
class Event(function, args, kwargs)[source]

	An event in the history of an image.






	
History.add_event(function, args, kwargs)[source]

	Return event added to the history.










	
class jicbioimage.core.image.Image(shape, dtype=<type 'numpy.uint8'>, buffer=None, offset=0, strides=None, order=None, name=None, log_in_history=True)[source]

	Image class.


	
classmethod from_file(fpath, name=None, log_in_history=True)[source]

	Return jicbioimage.core.image.Image instance from a file.





	Parameters:	
	fpath – path to the image file

	name – name of the image

	log_in_history – whether or not to log the creation event
in the image’s history






	Returns:	jicbioimage.core.image.Image
















	
class jicbioimage.core.image.Image3D(shape, dtype=<type 'numpy.uint8'>, buffer=None, offset=0, strides=None, order=None, name=None, log_in_history=True)[source]

	Image3D class; in other words a 3D stack.


	
classmethod from_directory(directory)[source]

	Return jicbioimage.core.image.Image3D from directory.





	Parameters:	directory – name of input directory


	Returns:	jicbioimage.core.image.Image3D










	
to_directory(directory)[source]

	Write slices from 3D image to directory.






	
write(name)[source]

	Write slices from 3D image to disk.





	Parameters:	name – name of output directory














	
class jicbioimage.core.image.ImageCollection(fpath=None)[source]

	Class for storing related images.


	
image(index=0)[source]

	Return image as a jicbioimage.core.image.Image.





	Parameters:	index – list index


	Returns:	jicbioimage.core.image.Image










	
parse_manifest(fpath)[source]

	Parse manifest file to build up the collection of images.





	Parameters:	fpath – path to the manifest file


	Raises:	RuntimeError










	
proxy_image(index=0)[source]

	Return a jicbioimage.core.image.ProxyImage instance.





	Parameters:	index – list index


	Returns:	jicbioimage.core.image.ProxyImage














	
class jicbioimage.core.image.MicroscopyCollection(fpath=None)[source]

	Collection of jicbioimage.core.image.MicroscopyImage instances.


	
channels(s=0)[source]

	Return list of channels in the collection.





	Parameters:	s – series


	Returns:	list of channel identifiers










	
image(s=0, c=0, z=0, t=0)[source]

	Return image as a jicbioimage.core.image.Image.





	Parameters:	
	s – series

	c – channel

	z – zslice

	t – timepoint






	Returns:	jicbioimage.core.image.Image












	
proxy_image(s=0, c=0, z=0, t=0)[source]

	Return a jicbioimage.core.image.MicroscopyImage instance.





	Parameters:	
	s – series

	c – channel

	z – zslice

	t – timepoint






	Returns:	jicbioimage.core.image.MicroscopyImage












	
series

	Return list of series in the collection.






	
timepoints(s=0)[source]

	Return list of time points in the collection.





	Parameters:	s – series


	Returns:	list of time point identifiers










	
zslices(s=0)[source]

	Return list of z-slices in the collection.





	Parameters:	s – series


	Returns:	list of zslice identifiers










	
zstack(s=0, c=0, t=0)[source]

	Return zstack as a jicbioimage.core.image.Image3D.





	Parameters:	
	s – series

	c – channel

	t – timepoint






	Returns:	zstack as a jicbioimage.core.image.Image3D












	
zstack_array(s=0, c=0, t=0)[source]

	Return zstack as a numpy.ndarray.





	Parameters:	
	s – series

	c – channel

	t – timepoint






	Returns:	zstack as a numpy.ndarray












	
zstack_proxy_iterator(s=0, c=0, t=0)[source]

	Return zstack jicbioimage.core.image.ProxyImage iterator.





	Parameters:	
	s – series

	c – channel

	t – timepoint






	Returns:	zstack as a jicbioimage.core.image.ProxyImage
iterator
















	
class jicbioimage.core.image.MicroscopyImage(fpath, metadata={})[source]

	Lightweight image class with microscopy meta data.


	
in_zstack(s, c, t)[source]

	Return True if I am in the zstack.





	Parameters:	
	s – series

	c – channel

	t – timepoint






	Returns:	bool












	
is_me(s, c, z, t)[source]

	Return True if arguments match my meta data.





	Parameters:	
	s – series

	c – channel

	z – zslice

	t – timepoint






	Returns:	bool
















	
class jicbioimage.core.image.ProxyImage(fpath, metadata={})[source]

	Lightweight image class.


	
image

	Underlying jicbioimage.core.image.Image instance.
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jicbioimage.core.io

Module for reading and writing images.


	
class jicbioimage.core.io.AutoName[source]

	Class for generating output file names automatically.


	
directory = None

	Output directory to save images to.






	
classmethod name(func)[source]

	Return auto generated file name.






	
namespace = ''

	Image file namespace.






	
classmethod prefix()[source]

	Return auto generated file prefix.






	
prefix_format = '{:d}_'

	Image file prefix format.










	
class jicbioimage.core.io.AutoWrite[source]

	Class for writing images automatically.


	
on = True

	Whether or not auto writing of images is enabled.










	
class jicbioimage.core.io.BFConvertWrapper(backend)[source]

	Class for unpacking microscopy files using bfconvert.


	
already_converted(fpath)[source]

	Return true if the file already has a manifest file in the backend.





	Parameters:	fpath – potential path to the manifest file


	Returns:	bool










	
manifest(entry)[source]

	Returns manifest as a list.





	Parameters:	entry – jicbioimage.core.io.FileBackend.Entry


	Returns:	jicbioimage.core.io.Manifest










	
metadata_from_fname(fname, md5_hexdigest)[source]

	Return meta data extracted from file name.





	Parameters:	fname – metadata file name


	Returns:	dictionary with meta data required by










	
run_command(input_file, output_dir=None)[source]

	Return the command for running bfconvert as a list.





	Parameters:	
	input_file – path to microscopy image to be converted

	ouput_dir – directory to write output tiff files to






	Returns:	list












	
split_pattern(win32=False)[source]

	Pattern used to split the input file.










	
class jicbioimage.core.io.DataManager(backend=None)[source]

	Manage jicbioimage.core.image.ImageCollection instances.


	
load(fpath)[source]

	Load a microscopy file.





	Parameters:	fpath – path to microscopy file














	
class jicbioimage.core.io.FileBackend(directory)[source]

	Class for storing image files.


	
class Entry(base_dir, fpath)[source]

	Class representing a backend entry.


	
directory

	Where the images are stored.










	
FileBackend.directory

	Where the entries are stored.






	
FileBackend.new_entry(fpath)[source]

	Return a new entry; to be populated with images.





	Parameters:	fpath – path to microscopy image


	Returns:	jiciimagelib.image.FileBackend.Entry instance














	
class jicbioimage.core.io.Manifest[source]

	Class for generating backend entry manifest files.


	
add(filename, **kwargs)[source]

	Add an entry to the manifest.





	Parameters:	
	filename – relative path to image

	kwargs – custom parameters, e.g. series, channel, zslice






	Returns:	the added entry












	
json

	Return json representation.
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jicbioimage.core.transform

Module containing image transformation functions.

This module contains the function decorator
jicbioimage.core.transform.transformation() that can be used
to turn functions into image transformations.

Below is an example of how to create a transformation that inverts an image.

>>> import numpy as np
>>> @transformation
... def invert(image):
...     "Return the inverted image."
...     maximum = np.iinfo(image.dtype).max
...     maximum_array = np.ones(image.shape, dtype=image.dtype) * maximum
...     return maximum_array - image
...






	
jicbioimage.core.transform.transformation(func)[source]

	Function decorator to turn another function into a transformation.
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jicbioimage.core.util.array

Module containing utility functions for manipulating numpy arrays.


	
jicbioimage.core.util.array.check_dtype(array, allowed)[source]

	Raises TypeError if the array is not of an allowed dtype.





	Parameters:	
	array – array whose dtype is to be checked

	allowed – instance or list of allowed dtypes






	Raises:	TypeError












	
jicbioimage.core.util.array.color_array(array, color_dict)[source]

	Return RGB color array.

Assigning a unique RGB color value to each unique element of the input
array and return an array of shape (array.shape, 3).





	Parameters:	
	array – input numpy.array

	color_dict – dictionary with keys/values corresponding to identifiers
and RGB tuples respectively














	
jicbioimage.core.util.array.dtype_contract(input_dtype=None, output_dtype=None)[source]

	Function decorator for specifying input and/or output array dtypes.





	Parameters:	
	input_dtype – dtype of input array

	output_dtype – dtype of output array






	Returns:	function decorator












	
jicbioimage.core.util.array.map_stack(array3D, z_function)[source]

	Return 3D array where each z-slice has had the function applied to it.





	Parameters:	
	array3D – 3D numpy.array

	z_function – function to be mapped to each z-slice














	
jicbioimage.core.util.array.normalise(array)[source]

	Return array normalised such that all values are between 0 and 1.

If all the values in the array are the same the function will return:
- np.zeros(array.shape, dtype=np.float) if the value is 0 or less
- np.ones(array.shape, dtype=np.float) if the value is greater than 0





	Parameters:	array – numpy.array


	Returns:	numpy.array.astype(numpy.float)










	
jicbioimage.core.util.array.pretty_color_array(array, keep_zero_black=True)[source]

	Return a RGB pretty color array.

Assigning a pretty RGB color value to each unique element of the input
array and return an array of shape (array.shape, 3).





	Parameters:	
	array – input numpy.array

	keep_zero_black – whether or not the background should be black






	Returns:	numpy.array












	
jicbioimage.core.util.array.reduce_stack(array3D, z_function)[source]

	Return 2D array projection of the input 3D array.

The input function is applied to each line of an input x, y value.





	Parameters:	
	array3D – 3D numpy.array

	z_function – function to use for the projection (e.g. max())














	
jicbioimage.core.util.array.unique_color_array(array)[source]

	Return a RGB unique color array.

Assigning a unique RGB color value to each unique element of the input
array and return an array of shape (array.shape, 3).





	Parameters:	array – input numpy.array


	Returns:	numpy.array
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jicbioimage.core.util.color

Module for generating RGB tuples for use as colors in images.


	
jicbioimage.core.util.color.identifier_from_unique_color(unique_color)[source]

	Return identifier from unique RGB tuple.





	Parameters:	unique_color – RGB tuple


	Returns:	positive integer in range from 0 to 16777215 inclusive










	
jicbioimage.core.util.color.pretty_color_from_identifier(identifier)[source]

	Return deterministic aesthetically pleasing RGB tuple.





	Returns:	RGB tuple










	
jicbioimage.core.util.color.pretty_color_palette(identifiers, keep_zero_black=True)[source]

	Return dictionary with pretty colors.





	Parameters:	
	identifiers – set of unique identifiers

	keep_zero_black – whether or not the background should be black






	Returns:	dictionary












	
jicbioimage.core.util.color.random_pretty_color()[source]

	Return random aesthetically pleasing RGB tuple.





	Returns:	RGB tuple










	
jicbioimage.core.util.color.unique_color_from_identifier(identifier)[source]

	Return unique color as RGB tuple.

Useful for creating PNG images where each color is used as an identifier.

Raises TypeError if the identifier is not an integer.

Raises ValueError if the identifier is not in the range 0 to 16777215
inclusive.





	Parameters:	identifier – positive integer in range from 0 to 16777215 inclusive


	Raises:	TypeError, ValueError


	Returns:	RGB tuple










	
jicbioimage.core.util.color.unique_color_palette(identifiers)[source]

	Return dictionary with unique colors.





	Parameters:	identifiers – set of unique identifiers


	Returns:	dictionary
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  Source code for jicbioimage.core.io

"""Module for reading and writing images."""

import sys
import os
import os.path
import subprocess
import json
from collections import namedtuple
import hashlib
import tempfile
import shutil

from jicbioimage.core.image import (
    _sorted_listdir,
    ImageCollection,
    MicroscopyCollection,
)


def _md5_hexdigest_from_file(fpath, blocksize=65536):
    """Return md5 hex digest of a file."""
    md5_hash = hashlib.md5()
    with open(fpath, "rb") as fh:
        buf = fh.read(blocksize)
        while len(buf) > 0:
            md5_hash.update(buf)
            buf = fh.read(blocksize)
        return md5_hash.hexdigest()


[docs]class AutoName(object):
    """Class for generating output file names automatically."""
    count = 0
    directory = None  #: Output directory to save images to.
    prefix_format = "{:d}_"  #: Image file prefix format.
    namespace = ""  #: Image file namespace.

    @classmethod
[docs]    def prefix(cls):
        """Return auto generated file prefix."""
        return cls.prefix_format.format(cls.count)


    @classmethod
[docs]    def name(cls, func):
        """Return auto generated file name."""
        cls.count = cls.count + 1
        fpath = '{}{}{}'.format(cls.prefix(), cls.namespace,
                                func.__name__)
        if cls.directory:
            fpath = os.path.join(cls.directory, fpath)
        return fpath




[docs]class AutoWrite(object):
    """Class for writing images automatically."""

    #: Whether or not auto writing of images is enabled.
    on = True



#############################################################################
# Back ends classes for storing/caching unpacked microscopy images.
#############################################################################

[docs]class Manifest(list):
    """Class for generating backend entry manifest files."""

[docs]    def add(self, filename, **kwargs):
        """Add an entry to the manifest.

        :param filename: relative path to image
        :param kwargs: custom parameters, e.g. series, channel, zslice
        :returns: the added entry
        """
        self.append(dict(filename=filename, **kwargs))
        return self[-1]


    @property
    def json(self):
        """Return json representation."""
        return json.dumps(self, sort_keys=True)



[docs]class FileBackend(object):
    """Class for storing image files."""

[docs]    class Entry(object):
        """Class representing a backend entry."""
        def __init__(self, base_dir, fpath):
            """Initialise a new entry; to be populated with images.

            The base name of the fpath argument is used to create a
            subdirectory in the backend directory specific for the microscopy
            file to be loaded.

            :param base_dir: backend directory
            :param fpath: path to the microscopy image of interest
            """
            self.md5_hexdigest = _md5_hexdigest_from_file(fpath)
            self._directory = os.path.join(base_dir, self.md5_hexdigest)
            if not os.path.isdir(self.directory):
                os.mkdir(self.directory)

        @property
        def directory(self):
            """Where the images are stored."""
            return self._directory


    def __init__(self, directory):
        """Initialise a backend.

        Creates the backend directory if it does not already exist.

        :param directory: location of the backend
        """
        if not os.path.isdir(directory):
            os.mkdir(directory)
        self._directory = directory

    @property
    def directory(self):
        """Where the entries are stored."""
        return self._directory

[docs]    def new_entry(self, fpath):
        """Return a new entry; to be populated with images.

        :param fpath: path to microscopy image
        :returns: :class:`jiciimagelib.image.FileBackend.Entry` instance
        """
        return FileBackend.Entry(self.directory, fpath)




[docs]class BFConvertWrapper(object):
    """Class for unpacking microscopy files using bfconvert."""

    def __init__(self, backend):
        self.backend = backend
        self._split_order = ['s', 'c', 'z', 't']

[docs]    def split_pattern(self, win32=False):
        """Pattern used to split the input file."""
        patterns = []
        for p in self._split_order:
            if win32:
                patterns.append('{}%%{}'.format(p.capitalize(), p))
            else:
                patterns.append('{}%{}'.format(p.capitalize(), p))
        return '_'.join(patterns)


[docs]    def manifest(self, entry):
        """Returns manifest as a list.

        :param entry: :class:`jicbioimage.core.io.FileBackend.Entry`
        :returns: :class:`jicbioimage.core.io.Manifest`
        """
        m = Manifest()
        for fname in _sorted_listdir(entry.directory):
            if fname == 'manifest.json':
                continue
            fpath = os.path.join(entry.directory, fname)
            md5_hexdigest = _md5_hexdigest_from_file(fpath)
            metadata = self.metadata_from_fname(fname, md5_hexdigest)
            m.add(**metadata)
        return m


[docs]    def run_command(self, input_file, output_dir=None):
        """Return the command for running bfconvert as a list.

        :param input_file: path to microscopy image to be converted
        :param ouput_dir: directory to write output tiff files to
        :returns: list
        """
        base_name = os.path.basename(input_file)
        name, suffix = base_name.split('.', 1)
        output_file = '{}.tif'.format(self.split_pattern())
        bfconvert = 'bfconvert'
        if sys.platform == 'win32':
            bfconvert = 'bfconvert.bat'
            output_file = '{}.tif'.format(self.split_pattern(win32=True))
        if output_dir:
            output_file = os.path.join(output_dir, output_file)
        return [bfconvert, "-nolookup", input_file, output_file]


[docs]    def metadata_from_fname(self, fname, md5_hexdigest):
        """Return meta data extracted from file name.

        :param fname: metadata file name
        :returns: dictionary with meta data required by
        """
        base_name = os.path.basename(fname)
        # e.g. 'S1_C2_Z3_T4.tif'

        name, suffix = base_name.split('.')
        # e.g. 'S1_C2_Z3_T4', 'tif'

        data = name.split('_')
        # e.g. ['S1', 'C2', 'Z3', 'T4']

        args = [int(x[1:]) for x in data]
        # e.g. [1, 2, 3, 4]

        return dict(filename=fname,
                    md5_hexdigest=md5_hexdigest,
                    series=args[0],
                    channel=args[1],
                    zslice=args[2],
                    timepoint=args[3])


[docs]    def already_converted(self, fpath):
        """Return true if the file already has a manifest file in the backend.

        :param fpath: potential path to the manifest file
        :returns: bool
        """
        manifest_fpath = os.path.join(self.backend.directory,
                                      _md5_hexdigest_from_file(fpath),
                                      'manifest.json')
        return os.path.isfile(manifest_fpath)


    def __call__(self, input_file):
        """Run the conversion.

        Unpacks the microscopy file and creates the manifest file.

        This function creates an entry in a temporary directory.
        It then moves the entry directory from the temporary to the
        backend directory.

        One reason for this is to ensure that we do not end up with
        broken entry directories in the backend.

        However, a more important reason is that we want to increase
        the write speed when working in docker containers. The backend
        directory is commonly mounted as a volume and using bfconvert
        to write to this directory is *much* slower than writing to
        a directory inside the docker container and then copying the
        result over to the mounted volume.

        :param input_file: path to the microscopy file
        :raises: RuntimeError
        :returns: path to manifest file
        """

        # Create an entry in a temporary directory.
        tempdir = tempfile.mkdtemp()
        entry = FileBackend.Entry(tempdir, input_file)
        try:
            cmd = self.run_command(input_file, entry.directory)
            try:
                p = subprocess.Popen(cmd, stdout=subprocess.PIPE,
                                     stderr=subprocess.PIPE)
                stdout, stderr = p.communicate()
            except OSError as e:
                msg = 'bfconvert tool not found in PATH\n{}'.format(e)
                raise(RuntimeError(msg))
            if len(stderr) > 0:
                raise(RuntimeError(stderr))
            if stdout.startswith(b"Found unknown command flag"):
                msg = "Problem running bfconvert\n"
                msg = msg + stdout
                msg = msg + "\nPlease upgrade bftools to version 5.2.1"
                msg = msg + " or greater"
                msg = msg + "\nhttp://downloads.openmicroscopy.org"
                msg = msg + "/bio-formats/5.2.1/artifacts/bftools.zip"
                raise(RuntimeError(msg))
            manifest_fpath = os.path.join(entry.directory, "manifest.json")
            manifest = self.manifest(entry)
            with open(manifest_fpath, 'w') as fh:
                fh.write(manifest.json)

            # Move the entry created in the temporary directory to the backend
            # directory.
            shutil.move(entry.directory, self.backend.directory)
        finally:
            # Remove the temporary directory
            shutil.rmtree(tempdir)

        # Ensure that we have cleaned up after ourselves.
        assert not os.path.isdir(tempdir)

        # Return path to manifest file in backend directory.
        return os.path.join(self.backend.directory,
                            entry.md5_hexdigest,
                            "manifest.json")



[docs]class DataManager(list):
    """Manage :class:`jicbioimage.core.image.ImageCollection` instances."""

    def __init__(self, backend=None):
        if backend is None:
            dirpath = os.path.join(os.getcwd(), 'jicbioimage.core_backend')
            backend = FileBackend(directory=dirpath)
        self.backend = backend
        self.convert = BFConvertWrapper(self.backend)

[docs]    def load(self, fpath):
        """Load a microscopy file.

        :param fpath: path to microscopy file
        """
        def is_microscopy_item(fpath):
            """Return True if the fpath is likely to be microscopy data.

            :param fpath: file path to image
            :returns: :class:`bool`
            """
            l = fpath.split('.')
            ext = l[-1]
            pre_ext = l[-2]
            if ((ext == 'tif' or ext == 'tiff')
               and pre_ext != 'ome'):
                return False
            return True

        if not self.convert.already_converted(fpath):
            path_to_manifest = self.convert(fpath)
        else:
            path_to_manifest = os.path.join(self.backend.directory,
                                            _md5_hexdigest_from_file(fpath),
                                            'manifest.json')

        collection = None
        if is_microscopy_item(fpath):
            collection = MicroscopyCollection(path_to_manifest)
        else:
            collection = ImageCollection(path_to_manifest)
        self.append(collection)

        return collection
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  Source code for jicbioimage.core.util.color

"""Module for generating RGB tuples for use as colors in images."""

import sys
import random
import hashlib
import itertools


def _extract_8_bits(long_value, shift=1):
    """Return an integer in the range 0, 255 by extracting 8 bits from the
    input long value. shift determines which 8 bits are taken, by default
    the first 8 bits."""

    bitmask = (1 << 8 * shift) - 1

    return (long_value & bitmask) >> (8 * (shift-1))


def _md5_hash_as_long(input_value):
    """Return the hash of the input value converted to a long."""

    hex_hash = hashlib.md5(str(input_value).encode('utf-8')).hexdigest()

    return int(hex_hash, 16)


def _generate_rgb_tuple(long_hash):
    """Return an RGB tuple with the following ranges:

    0 <= blue < 128
    128 <= green < 256
    0 <= red < 256"""

    blue = _extract_8_bits(long_hash, 1) & 127
    green = 128 + (_extract_8_bits(long_hash, 2) & 127)
    red = _extract_8_bits(long_hash, 3)

    return map(int, (red, green, blue))


[docs]def unique_color_from_identifier(identifier):
    """Return unique color as RGB tuple.

    Useful for creating PNG images where each color is used as an identifier.

    Raises TypeError if the identifier is not an integer.

    Raises ValueError if the identifier is not in the range 0 to 16777215
    inclusive.

    :param identifier: positive integer in range from 0 to 16777215 inclusive
    :raises: TypeError, ValueError
    :returns: RGB tuple
    """
    if not isinstance(identifier, int):
        raise(TypeError("Identifier is not an integer {}".format(identifier)))
    if identifier < 0:
        raise(ValueError("Negative identifier not allowed"))
    if identifier >= 256*256*256:
        raise(ValueError("Identifier {} >= {}".format(identifier,
                                                      256*256*256)))
    blue = identifier % 256
    green = (identifier // 256) % 256
    red = (identifier // (256*256)) % 256
    return (red, green, blue)



[docs]def identifier_from_unique_color(unique_color):
    """Return identifier from unique RGB tuple.

    :param unique_color: RGB tuple
    :returns: positive integer in range from 0 to 16777215 inclusive
    """
    red, green, blue = unique_color
    red_factor = 256 * 256
    green_factor = 256
    return red * red_factor + green * green_factor + blue



[docs]def pretty_color_from_identifier(identifier):
    """Return deterministic aesthetically pleasing RGB tuple.

    :returns: RGB tuple
    """
    long_hash = _md5_hash_as_long(identifier)
    tuple_as_integers = _generate_rgb_tuple(long_hash)
    tuple_permutations = list(itertools.permutations(tuple_as_integers))
    selected_permutation = _extract_8_bits(long_hash, 4) % 6
    return tuple_permutations[selected_permutation]



[docs]def random_pretty_color():
    """Return random aesthetically pleasing RGB tuple.

    :returns: RGB tuple
    """
    try:
        identifier = random.randint(0, sys.maxint)
    except AttributeError:
        # Python3 has no sys.maxint
        identifier = random.randint(0, sys.maxsize)
    return pretty_color_from_identifier(identifier)



[docs]def pretty_color_palette(identifiers, keep_zero_black=True):
    """Return dictionary with pretty colors.

    :param identifiers: set of unique identifiers
    :param keep_zero_black: whether or not the background should be black
    :returns: dictionary
    """

    color_dict = {}
    for i in identifiers:
        if keep_zero_black and i == 0:
            color_dict[0] = (0, 0, 0)
            continue
        value = pretty_color_from_identifier(i)
        color_dict[i] = value

    return color_dict



[docs]def unique_color_palette(identifiers):
    """Return dictionary with unique colors.

    :param identifiers: set of unique identifiers
    :returns: dictionary
    """
    color_dict = {}
    for i in identifiers:
        i = int(i)  # Force np.int64 to int for py3.3 compatibility.
        color_dict[i] = unique_color_from_identifier(i)
    return color_dict
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  Source code for jicbioimage.core.transform

"""Module containing image transformation functions.

This module contains the function decorator
:func:`jicbioimage.core.transform.transformation` that can be used
to turn functions into image transformations.

Below is an example of how to create a transformation that inverts an image.

>>> import numpy as np
>>> @transformation
... def invert(image):
...     "Return the inverted image."
...     maximum = np.iinfo(image.dtype).max
...     maximum_array = np.ones(image.shape, dtype=image.dtype) * maximum
...     return maximum_array - image
...

"""

from functools import wraps

import numpy as np

from jicbioimage.core.io import AutoName, AutoWrite
from jicbioimage.core.image import Image, History, _BaseImageWithHistory


[docs]def transformation(func):
    """Function decorator to turn another function into a transformation."""
    @wraps(func)
    def func_as_transformation(*args, **kwargs):

        # Take copies of the args and kwargs for use in the history.
        # We will need to remove the image from either the kwargs
        # or the args before we use h_args and h_kwargs to create a
        # history event.
        h_args = list(args[:])
        h_kwargs = kwargs.copy()

        # Get the input image, so that we can get the history from it.
        # Also, strip the image for h_args/h_kwargs.
        input_image = kwargs.get("image", None)
        if input_image is None:
            # The image is the first item of args.
            input_image = args[0]
            h_args.pop(0)
        else:
            # The image is in kwargs.
            h_kwargs.pop("image")

        def array_to_str(value):
            if isinstance(value, np.ndarray):
                value = repr(value)
            return value

        h_args = [array_to_str(v) for v in h_args]
        for key, value in h_kwargs.items():
            h_kwargs[key] = array_to_str(value)

        # Get the history from the image.
        history = History()
        if hasattr(input_image, "history"):
            history.extend(input_image.history)

        image = func(*args, **kwargs)
        if not isinstance(image, _BaseImageWithHistory):
            image = Image.from_array(image, log_in_history=False)

        # Update the history of the image.
        image.history = history
        image.history.add_event(func, h_args, h_kwargs)

        if AutoWrite.on:
            fpath = AutoName.name(func)
            image.write(fpath)
        return image
    return func_as_transformation
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  Source code for jicbioimage.core.image

"""Module for managing and accessing images."""

import os
import json
import base64
import tempfile
import math
import re
import shutil

import numpy as np
import scipy.ndimage
import skimage.io

from jicbioimage.core.util.array import normalise


def _sorted_listdir(directory):
    """Return list of files sorted in the way humans expect.

    :param directory: path to directory
    :returns: sorted list of file names
    """

    def _sorted_nicely(l):
        """Return list sorted in the way that humans expect.

        :param l: iterable to be sorted
        :returns: sorted list
        """
        convert = lambda text: int(text) if text.isdigit() else text
        sort_key = lambda key: [convert(c) for c in re.split('([0-9]+)', key)]
        return sorted(l, key=sort_key)

    fpaths = os.listdir(directory)
    return _sorted_nicely(fpaths)


class _TemporaryFilePath(object):
    """Temporary file path context manager."""
    def __init__(self, suffix):
        self.suffix = suffix

    def __enter__(self):
        tmp_file = tempfile.NamedTemporaryFile(suffix=self.suffix,
                                               delete=False)
        self.fpath = tmp_file.name
        tmp_file.close()
        return self

    def __exit__(self, type, value, tb):
        os.unlink(self.fpath)


class _BaseImage(np.ndarray):
    """Private image base class with png repr functionality.

    Needed to split out the png functionality from the
    :class:`jicbioimage.core.image.Image` class in order to be able to re-use
    it in :class:`jicbioimage.illustrate.Canvas`.

    This base class will remain private until we can find a suitable name for
    it.
    """

    def __repr__(self):
        obj_type = self.__class__.__name__
        pos = hex(id(self))
        return "<{} object at {}, dtype={}>".format(obj_type, pos, self.dtype)

    def png(self, width=None):
        """Return png string of image.

        :param width: integer specifying the desired width
        :returns: png as a string
        """
        skimage.io.use_plugin('freeimage')

        def resize(im, width):
            x, y = im.shape[:2]
            f = float(width) / float(x)
            scale_factors = [1.0 for i in range(len(im.shape))]
            scale_factors[0] = f
            scale_factors[1] = f
            ar = scipy.ndimage.zoom(im, scale_factors, order=0)
            return Image.from_array(ar, log_in_history=False)

        safe_range_im = self

        if self.dtype != np.uint8:
            safe_range_im = 255 * normalise(self)

        if width is not None:
            safe_range_im = resize(safe_range_im, width)

        with _TemporaryFilePath(suffix='.png') as tmp:
            safe_range_im_uint8 = safe_range_im.astype(np.uint8)
            skimage.io.imsave(tmp.fpath, safe_range_im_uint8, "freeimage")
            with open(tmp.fpath, 'rb') as fh:
                return fh.read()

    def _repr_png_(self):
        """Return image as png string.

        Used by IPython qtconsole/notebook to display images.
        """
        return self.png()

    def write(self, name):
        """Write image to disk.

        :name: name of output file without extension
        """
        fpath = name + ".png"
        with open(fpath, "wb") as fh:
            fh.write(self.png())


[docs]class History(list):
    """Class for storing the provenance of an image."""

    def __init__(self, creation=None):
        self.creation = creation

    def extend(self, other):
        self.creation = other.creation
        super(History, self).extend(other)

[docs]    class Event(object):
        """An event in the history of an image."""

        def __init__(self, function, args, kwargs):
            self.function = function
            self.args = args
            self.kwargs = kwargs

        def __repr__(self):
            return str(self)

        def __str__(self):
            def quote_strings(value):
                if isinstance(value, str):
                    return "'{}'".format(value)
                return value

            def stringify(value):
                return str(quote_strings(value))

            args = [stringify(v) for v in self.args]
            kwargs = ["{}={}".format(k, stringify(v))
                      for k, v in self.kwargs.items()]
            info = ["image"] + args + kwargs
            info = ", ".join(info)
            return "<History.Event({}({}))>".format(self.function.__name__,
                                                    info)


[docs]    def add_event(self, function, args, kwargs):
        """Return event added to the history."""
        event = History.Event(function, args, kwargs)
        self.append(event)
        return event




class _BaseImageWithHistory(_BaseImage):
    """Private image base class that adds history on creation."""

    @classmethod
    def from_array(cls, array, name=None, log_in_history=True):
        """Return :class:`jicbioimage.core.image.Image` instance from an array.

        :param array: :class:`numpy.ndarray`
        :param name: name of the image
        :param log_in_history: whether or not to log the creation event
                               in the image's history
        :returns: :class:`jicbioimage.core.image.Image`
        """
        image = array.view(cls)
        class_name = cls.__name__
        creation = 'Created {} from array'.format(class_name)
        if name:
            creation = '{} as {}'.format(creation, name)
        if log_in_history:
            image.history.creation = creation
        return image

    def __new__(subtype, shape, dtype=np.uint8, buffer=None, offset=0,
                strides=None, order=None, name=None, log_in_history=True):
        obj = np.ndarray.__new__(subtype, shape, dtype, buffer, offset,
                                 strides, order)
        obj.name = name
        obj.history = History()
        return obj

    def __init__(self, shape, dtype=np.uint8, buffer=None, offset=0,
                 strides=None, order=None, name=None, log_in_history=True):
        class_name = self.__class__.__name__
        creation = 'Instantiated {} from shape {}'.format(class_name, shape)
        if name:
            creation = '{} as {}'.format(creation, name)
        if log_in_history:
            self.history.creation = creation

    def __array_finalize__(self, obj):
        if obj is None:
            return
        self.name = getattr(obj, 'name', None)
        self.history = getattr(obj, 'history', History())


[docs]class Image(_BaseImageWithHistory):
    """Image class."""

    @classmethod
[docs]    def from_file(cls, fpath, name=None, log_in_history=True):
        """Return :class:`jicbioimage.core.image.Image` instance from a file.

        :param fpath: path to the image file
        :param name: name of the image
        :param log_in_history: whether or not to log the creation event
                               in the image's history
        :returns: :class:`jicbioimage.core.image.Image`
        """
        skimage.io.use_plugin('freeimage')
        ar = skimage.io.imread(fpath, plugin="freeimage")

        # Create a :class:`jicbioimage.core.image.Image` instance.
        image = Image.from_array(ar, name)

        # Reset history, as image is created from file not array.
        image.history = History()
        class_name = cls.__name__
        creation = 'Created {} from {}'.format(class_name, fpath)
        if name:
            creation = '{} as {}'.format(creation, name)
        if log_in_history:
            image.history.creation = creation

        return image




[docs]class Image3D(_BaseImageWithHistory):
    """Image3D class; in other words a 3D stack."""

    @staticmethod
    def _num_digits(zdim):
        return int(math.floor(math.log10(abs(zdim))) + 1)

    @classmethod
[docs]    def from_directory(cls, directory):
        """Return :class:`jicbioimage.core.image.Image3D` from directory.

        :param directory: name of input directory
        :returns: :class:`jicbioimage.core.image.Image3D`
        """
        skimage.io.use_plugin('freeimage')

        def is_image_fname(fname):
            "Return True if fname is '.png', '.tif' or '.tiff'."""
            image_exts = set([".png", ".tif", ".tiff"])
            base, ext = os.path.splitext(fname)
            return ext in image_exts

        fnames = [fn for fn in _sorted_listdir(directory)
                  if is_image_fname(fn)]
        fpaths = [os.path.join(directory, fn) for fn in fnames]
        images = [skimage.io.imread(fp, plugin="freeimage") for fp in fpaths]
        stack = np.dstack(images)

        return cls.from_array(stack)


[docs]    def to_directory(self, directory):
        """Write slices from 3D image to directory.
        """
        if not os.path.isdir(directory):
            os.mkdir(directory)
        xdim, ydim, zdim = self.shape
        num_digits = Image3D._num_digits(zdim-1)
        ar = normalise(self) * 255
        ar = ar.astype(np.uint8)
        for z in range(zdim):
            num = str(z).zfill(num_digits)
            fname = "z{}.png".format(num)
            fpath = os.path.join(directory, fname)
            skimage.io.imsave(fpath, ar[:, :, z], "freeimage")


[docs]    def write(self, name):
        """Write slices from 3D image to disk.

        :param name: name of output directory
        """
        dirname = name + ".stack"
        if os.path.isdir(dirname):
            shutil.rmtree(dirname)
        os.mkdir(dirname)
        self.to_directory(dirname)




[docs]class ProxyImage(object):
    """Lightweight image class."""

    def __init__(self, fpath, metadata={}):
        self.fpath = fpath
        for key, value in metadata.items():
            self.__setattr__(key, value)

    def __repr__(self):
        return "<ProxyImage object at {}>".format(hex(id(self)))

    def __info_html_table__(self, index):
        table = "<table><tr><th>Index</th><td>{}</td></tr></table>"
        return table.format(index)

    @property
    def image(self):
        """Underlying :class:`jicbioimage.core.image.Image` instance."""
        return Image.from_file(self.fpath)

    def _repr_png_(self):
        """Return image as png string.

        Used by IPython qtconsole/notebook to display images.
        """
        return self.image.png()



[docs]class MicroscopyImage(ProxyImage):
    """Lightweight image class with microscopy meta data."""

    def __repr__(self):
        return "<MicroscopyImage(s={}, c={}, z={}, t={}) object at {}>".format(
            self.series,
            self.channel,
            self.zslice,
            self.timepoint,
            hex(id(self)))

    def __info_html_table__(self, index):
        return """
            <table>
                <tr>
                    <th>Index</th>
                    <th>Series</th>
                    <th>Channel</th>
                    <th>Z-slice</th>
                    <th>Time point</th>
                </tr>
                <tr>
                    <td>{}</td>
                    <td>{}</td>
                    <td>{}</td>
                    <td>{}</td>
                    <td>{}</td>
                </tr>
            </table>
            """.format(index,
                       self.series,
                       self.channel,
                       self.zslice,
                       self.timepoint)

[docs]    def is_me(self, s, c, z, t):
        """Return True if arguments match my meta data.

        :param s: series
        :param c: channel
        :param z: zslice
        :param t: timepoint
        :returns: :class:`bool`
        """
        if (self.series == s
           and self.channel == c
           and self.zslice == z
           and self.timepoint == t):
            return True
        return False


[docs]    def in_zstack(self, s, c, t):
        """Return True if I am in the zstack.

        :param s: series
        :param c: channel
        :param t: timepoint
        :returns: :class:`bool`
        """
        if (self.series == s
           and self.channel == c
           and self.timepoint == t):
            return True
        return False




[docs]class ImageCollection(list):
    """Class for storing related images."""

    def __init__(self, fpath=None):
        if fpath is not None:
            self.parse_manifest(fpath)

[docs]    def proxy_image(self, index=0):
        """Return a :class:`jicbioimage.core.image.ProxyImage` instance.

        :param index: list index
        :returns: :class:`jicbioimage.core.image.ProxyImage`
        """
        return self[index]


[docs]    def image(self, index=0):
        """Return image as a :class:`jicbioimage.core.image.Image`.

        :param index: list index
        :returns: :class:`jicbioimage.core.image.Image`
        """
        return self.proxy_image(index=index).image


[docs]    def parse_manifest(self, fpath):
        """Parse manifest file to build up the collection of images.

        :param fpath: path to the manifest file
        :raises: RuntimeError
        """
        directory = os.path.dirname(fpath)
        with open(fpath, 'r') as fh:
            for entry in json.load(fh):

                # Every entry of a manifest file needs to have a "filename"
                # attribute. It is the only requirement so we check for it in a
                # strict fashion.
                if "filename" not in entry:
                    raise(RuntimeError(
                        'Entries in {} need to have "filename"'.format(fpath)))

                filename = entry.pop("filename")
                fpath = os.path.join(directory, os.path.basename(filename))

                proxy_image = None
                if isinstance(self, MicroscopyCollection):
                    proxy_image = MicroscopyImage(fpath, entry)
                else:
                    proxy_image = ProxyImage(fpath, entry)
                self.append(proxy_image)


    def _repr_html_(self):
        """Return image collection as html.

        Used by IPython notebook to display the image collection.
        """
        DIV_HTML = '''<div style="float: left; padding: 2px;" >{}</div>'''
        CONTENT_HTML = '''<p>{}</p>
            <img style="margin-left: auto; margin-right: auto;"
            src="data:image/png;base64,{}" />
            '''

        lines = []
        for i, proxy_image in enumerate(self):
            png = proxy_image.image.png(width=300)
            b64_png = base64.b64encode(png).decode('utf-8')
            l = DIV_HTML.format(
                CONTENT_HTML.format(
                    proxy_image.__info_html_table__(i),
                    b64_png
                )
            )
            lines.append(l)
        return '\n'.join(lines)



[docs]class MicroscopyCollection(ImageCollection):
    """
    Collection of :class:`jicbioimage.core.image.MicroscopyImage` instances.
    """

    @property
    def series(self):
        """Return list of series in the collection."""
        return sorted(list(set([mi.series for mi in self])))

[docs]    def channels(self, s=0):
        """Return list of channels in the collection.

        :param s: series
        :returns: list of channel identifiers
        """
        return sorted(list(set([mi.channel for mi in self if mi.series == s])))


[docs]    def zslices(self, s=0):
        """Return list of z-slices in the collection.

        :param s: series
        :returns: list of zslice identifiers
        """
        return sorted(list(set([mi.zslice for mi in self if mi.series == s])))


[docs]    def timepoints(self, s=0):
        """Return list of time points in the collection.

        :param s: series
        :returns: list of time point identifiers
        """
        return sorted(list(set([mi.timepoint for mi in self
                                if mi.series == s])))


[docs]    def proxy_image(self, s=0, c=0, z=0, t=0):
        """Return a :class:`jicbioimage.core.image.MicroscopyImage` instance.

        :param s: series
        :param c: channel
        :param z: zslice
        :param t: timepoint
        :returns: :class:`jicbioimage.core.image.MicroscopyImage`
        """
        for proxy_image in self:
            if proxy_image.is_me(s=s, c=c, z=z, t=t):
                return proxy_image


[docs]    def zstack_proxy_iterator(self, s=0, c=0, t=0):
        """
        Return zstack :class:`jicbioimage.core.image.ProxyImage` iterator.

        :param s: series
        :param c: channel
        :param t: timepoint
        :returns: zstack as a :class:`jicbioimage.core.image.ProxyImage`
                  iterator
        """
        for proxy_image in self:
            if proxy_image.in_zstack(s=s, c=c, t=t):
                yield proxy_image


[docs]    def zstack_array(self, s=0, c=0, t=0):
        """Return zstack as a :class:`numpy.ndarray`.

        :param s: series
        :param c: channel
        :param t: timepoint
        :returns: zstack as a :class:`numpy.ndarray`
        """
        zstack = [x.image for x in self.zstack_proxy_iterator(s=s, c=c, t=t)]
        return np.dstack(zstack)


[docs]    def zstack(self, s=0, c=0, t=0):
        """Return zstack as a :class:`jicbioimage.core.image.Image3D`.

        :param s: series
        :param c: channel
        :param t: timepoint
        :returns: zstack as a :class:`jicbioimage.core.image.Image3D`
        """
        return Image3D.from_array(self.zstack_array(s=s, c=c, t=t))


[docs]    def image(self, s=0, c=0, z=0, t=0):
        """Return image as a :class:`jicbioimage.core.image.Image`.

        :param s: series
        :param c: channel
        :param z: zslice
        :param t: timepoint
        :returns: :class:`jicbioimage.core.image.Image`
        """
        return self.proxy_image(s=s, c=c, z=z, t=t).image
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  Source code for jicbioimage.core.util.array

"""Module containing utility functions for manipulating numpy arrays."""

import sys
from functools import wraps

import random

import numpy as np

from jicbioimage.core.util.color import pretty_color_palette, unique_color_palette

[docs]def normalise(array):
    """Return array normalised such that all values are between 0 and 1.

    If all the values in the array are the same the function will return:
    - np.zeros(array.shape, dtype=np.float) if the value is 0 or less
    - np.ones(array.shape, dtype=np.float) if the value is greater than 0

    :param array: numpy.array
    :returns: numpy.array.astype(numpy.float)
    """
    min_val = array.min()
    max_val = array.max()
    array_range = max_val - min_val

    if array_range == 0:
        # min_val == max_val
        if min_val > 0:
            return np.ones(array.shape, dtype=np.float)
        return np.zeros(array.shape, dtype=np.float)

    return (array.astype(np.float) - min_val) / array_range



[docs]def reduce_stack(array3D, z_function):
    """Return 2D array projection of the input 3D array.

    The input function is applied to each line of an input x, y value.

    :param array3D: 3D numpy.array
    :param z_function: function to use for the projection (e.g. :func:`max`)
    """
    xmax, ymax, _ = array3D.shape
    projection = np.zeros((xmax, ymax), dtype=array3D.dtype)
    for x in range(xmax):
        for y in range(ymax):
            projection[x, y] = z_function(array3D[x, y, :])
    return projection



[docs]def map_stack(array3D, z_function):
    """Return 3D array where each z-slice has had the function applied to it.

    :param array3D: 3D numpy.array
    :param z_function: function to be mapped to each z-slice
    """
    _, _, zdim = array3D.shape
    return np.dstack([z_function(array3D[:, :, z]) for z in range(zdim)])



[docs]def check_dtype(array, allowed):
    """Raises TypeError if the array is not of an allowed dtype.

    :param array: array whose dtype is to be checked
    :param allowed: instance or list of allowed dtypes
    :raises: TypeError
    """
    if not hasattr(allowed, "__iter__"):
        allowed = [allowed, ]
    if array.dtype not in allowed:
        msg = "Invalid dtype {}. Allowed dtype(s): {}"
        raise(TypeError(msg.format(array.dtype, allowed)))



[docs]def dtype_contract(input_dtype=None, output_dtype=None):
    """Function decorator for specifying input and/or output array dtypes.

    :param input_dtype: dtype of input array
    :param output_dtype: dtype of output array
    :returns: function decorator
    """
    def wrap(function):
        @wraps(function)
        def wrapped_function(*args, **kwargs):
            if input_dtype is not None:
                check_dtype(args[0], input_dtype)
            array = function(*args, **kwargs)
            if output_dtype is not None:
                check_dtype(array, output_dtype)
            return array
        return wrapped_function
    return wrap



[docs]def color_array(array, color_dict):
    """Return RGB color array.

    Assigning a unique RGB color value to each unique element of the input
    array and return an array of shape (array.shape, 3).

    :param array: input numpy.array
    :param color_dict: dictionary with keys/values corresponding to identifiers
                       and RGB tuples respectively
    """
    output_array = np.zeros(array.shape + (3,), np.uint8)
    unique_identifiers = set(np.unique(array))
    for identifier in unique_identifiers:
        output_array[np.where(array == identifier)] = color_dict[identifier]
    return output_array



[docs]def pretty_color_array(array, keep_zero_black=True):
    """Return a RGB pretty color array.

    Assigning a pretty RGB color value to each unique element of the input
    array and return an array of shape (array.shape, 3).

    :param array: input numpy.array
    :param keep_zero_black: whether or not the background should be black
    :returns: numpy.array
    """
    unique_identifiers = set(np.unique(array))
    color_dict = pretty_color_palette(unique_identifiers, keep_zero_black)
    return color_array(array, color_dict)



[docs]def unique_color_array(array):
    """Return a RGB unique color array.

    Assigning a unique RGB color value to each unique element of the input
    array and return an array of shape (array.shape, 3).

    :param array: input numpy.array
    :returns: numpy.array
    """
    unique_identifiers = set(np.unique(array))
    color_dict = unique_color_palette(unique_identifiers)
    return color_array(array, color_dict)
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