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lacosmic

lacosmic provides a Python function to remove cosmic rays from an
astronomical image using the L.A.Cosmic [http://www.astro.yale.edu/dokkum/lacosmic/] algorithm.  The
algorithm is based on Laplacian edge detection and is described in
PASP 113, 1420 (2001) [http://adsabs.harvard.edu/abs/2001PASP..113.1420V].


Requirements

lacosmic has the following strict requirements:


	Python [http://www.python.org/] 2.7, 3.3, 3.4 or 3.5

	Numpy [http://www.numpy.org/] 1.7 or later

	Astropy [http://astropy.org] 1.1 or later






Installation

The latest released (stable) version of lacosmic can be installed with
pip [https://pip.pypa.io/en/latest/]:

pip install --no-deps lacosmic






Note

The --no-deps flag is optional, but highly recommended if you
already have Numpy and Astropy installed, since otherwise pip will
sometimes try to “help” you by upgrading your Numpy and Astropy
installations, which may not always be desired.
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Reference/API

Package to remove cosmic rays from an astronomical image using the
L.A.Cosmic (PASP 113, 1420, 2001) algorithm.


Functions







	lacosmic(data,contrast,cr_threshold,...)
	Remove cosmic rays from an astronomical image using the L.A.Cosmic [http://www.astro.yale.edu/dokkum/lacosmic/] algorithm.


	test([package,test_path,args,plugins,...])
	Run the tests using py.test [http://pytest.org/latest].











          

      

      

    


    
         Copyright 2016, Larry Bradley.
      Last updated on 17 Aug 2016.
      Created using Sphinx 1.3.5.
    

  

    
      Navigation

      
        	
          index

        	
          modules |

        	
          next |

        	
          previous |

        	lacosmic v0.1.1 

          	Reference/API 
 
      

    


    
      
          
            
  
lacosmic


	
lacosmic.lacosmic(data, contrast, cr_threshold, neighbor_threshold, error=None, mask=None, background=None, effective_gain=None, readnoise=None, maxiter=4, border_mode=u'mirror')[source]

	Remove cosmic rays from an astronomical image using the L.A.Cosmic [http://www.astro.yale.edu/dokkum/lacosmic/] algorithm.  The
algorithm is based on Laplacian edge detection and is described in
PASP 113, 1420 (2001) [http://adsabs.harvard.edu/abs/2001PASP..113.1420V].





	Parameters:	data : array_like


The 2D array of the image.




contrast : float


Contrast threshold between the Laplacian image and the
fine-structure image.  If your image is critically sampled, use
a value around 2.  If your image is undersampled (e.g. HST
data), a value of 4 or 5 (or more) is more appropriate.  If your
image is oversampled, use a value between 1 and 2.  For details,
please see PASP 113, 1420 (2001) [http://adsabs.harvard.edu/abs/2001PASP..113.1420V], which calls this parameter
\(f_{\mbox{lim}}\).  In particular, Figure 4 shows the
approximate relationship between the contrast parameter and
the pixel full-width half-maximum of stars in your image.




cr_threshold : float


The Laplacian signal-to-noise ratio threshold for cosmic-ray
detection.




neighbor_threshold : float


The Laplacian signal-to-noise ratio threshold for detection of
cosmic rays in pixels neighboring the initially-identified
cosmic rays.




error : array_like, optional


The pixel-wise Gaussian 1-sigma errors of the input data.
If error is not input, then effective_gain and
readnoise will be used to construct an approximate model of
the error.  If error is input, it will override the
effective_gain and readnoise parameters.  error must
have the same shape as data.




mask : array_like (bool), optional


A boolean mask, with the same shape as data, where a True [http://docs.python.org/2/library/constants.html#True]
value indicates the corresponding element of data is masked.
Masked pixels are ignored when identifying cosmic rays.  It is
highly recommended that saturated stars be included in mask.




background : float or array_like, optional


The background level previously subtracted from the input
data.  background may either be a scalar value or a 2D
image with the same shape as the input data.  If the input
data has not been background-subtracted, then set
background=None (default).




effective_gain : float, array-like, optional


Ratio of counts (e.g., electrons or photons) to the units of
data.  For example, if your input data are in units of
ADU, then effective_gain should represent electrons/ADU.  If
your input data are in units of electrons/s then
effective_gain should be the exposure time (or an exposure
time map).  effective_gain and readnoise must be
specified if error is not input.




readnoise : float, optional


The read noise (in electrons) in the input data.
effective_gain and readnoise must be specified if
error is not input.




maxiter : float, optional


The maximum number of iterations.  The default is 4.  The
routine will automatically exit if no additional cosmic rays are
identified.  If the routine is still identifying cosmic rays
after four iterations, then you are likely digging into sources
(e.g. saturated stars) and/or the noise.  In that case, try
inputing a mask or increasing the value of cr_threshold.




border_mode : {‘reflect’, ‘constant’, ‘nearest’, ‘mirror’, ‘wrap’}, optional


The mode in which the array borders are handled during
convolution and median filtering.  For ‘constant’, the value is
0.  The default is ‘mirror’, which matches the original
L.A.Cosmic algorithm.







	Returns:	cleaned_image : ndarray [http://docs.scipy.org/doc/numpy/reference/generated/numpy.ndarray.html#numpy.ndarray]


The cosmic-ray cleaned image.




crmask : ndarray [http://docs.scipy.org/doc/numpy/reference/generated/numpy.ndarray.html#numpy.ndarray] (bool)


A mask image of the identified cosmic rays.  Cosmic-ray pixels
have a value of True [http://docs.python.org/2/library/constants.html#True].
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test


	
lacosmic.test(package=None, test_path=None, args=None, plugins=None, verbose=False, pastebin=None, remote_data=False, pep8=False, pdb=False, coverage=False, open_files=False, **kwargs)[source]

	Run the tests using py.test [http://pytest.org/latest]. A proper set
of arguments is constructed and passed to pytest.main [http://pytest.org/latest/builtin.html#pytest.main].





	Parameters:	package : str, optional


The name of a specific package to test, e.g. ‘io.fits’ or ‘utils’.
If nothing is specified all default tests are run.




test_path : str, optional


Specify location to test by path. May be a single file or
directory. Must be specified absolutely or relative to the
calling directory.




args : str, optional


Additional arguments to be passed to pytest.main [http://pytest.org/latest/builtin.html#pytest.main] in the args
keyword argument.




plugins : list, optional


Plugins to be passed to pytest.main [http://pytest.org/latest/builtin.html#pytest.main] in the plugins keyword
argument.




verbose : bool, optional


Convenience option to turn on verbose output from py.test [http://pytest.org/latest/]. Passing
True is the same as specifying '-v' in args.




pastebin : {‘failed’,’all’,None}, optional


Convenience option for turning on py.test [http://pytest.org/latest/] pastebin output. Set to
'failed' to upload info for failed tests, or 'all' to upload
info for all tests.




remote_data : bool, optional


Controls whether to run tests marked with @remote_data. These
tests use online data and are not run by default. Set to True to
run these tests.




pep8 : bool, optional


Turn on PEP8 checking via the pytest-pep8 plugin [http://pypi.python.org/pypi/pytest-pep8] and disable normal
tests. Same as specifying '--pep8 -k pep8' in args.




pdb : bool, optional


Turn on PDB post-mortem analysis for failing tests. Same as
specifying '--pdb' in args.




coverage : bool, optional


Generate a test coverage report.  The result will be placed in
the directory htmlcov.




open_files : bool, optional


Fail when any tests leave files open.  Off by default, because
this adds extra run time to the test suite.  Works only on
platforms with a working lsof command.




parallel : int, optional


When provided, run the tests in parallel on the specified
number of CPUs.  If parallel is negative, it will use the all
the cores on the machine.  Requires the
pytest-xdist [https://pypi.python.org/pypi/pytest-xdist] plugin
installed. Only available when using Astropy 0.3 or later.




kwargs


Any additional keywords passed into this function will be passed
on to the astropy test runner.  This allows use of test-related
functionality implemented in later versions of astropy without
explicitly updating the package template.
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Changelog


0.1.1 (2016.08.16)


	Initial release.
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# Licensed under a 3-clause BSD style license - see LICENSE.rst
"""
Module to remove cosmic rays from an astronomical image using the
L.A.Cosmic (PASP 113, 1420, 2001) algorithm.
"""

from __future__ import (absolute_import, division, print_function,
                        unicode_literals)
from distutils.version import LooseVersion
import numpy as np

import astropy
if LooseVersion(astropy.__version__) < LooseVersion('1.1'):
    raise ImportError('lacosmic requires astropy >= 1.1')

from astropy.nddata.utils import block_reduce, block_replicate
from astropy import log


__all__ = ['lacosmic']


[docs]def lacosmic(data, contrast, cr_threshold, neighbor_threshold,
             error=None, mask=None, background=None, effective_gain=None,
             readnoise=None, maxiter=4, border_mode='mirror'):
    """
    Remove cosmic rays from an astronomical image using the `L.A.Cosmic
    <http://www.astro.yale.edu/dokkum/lacosmic/>`_ algorithm.  The
    algorithm is based on Laplacian edge detection and is described in
    `PASP 113, 1420 (2001)`_.

    .. _PASP 113, 1420 (2001):
        http://adsabs.harvard.edu/abs/2001PASP..113.1420V

    Parameters
    ----------
    data : array_like
        The 2D array of the image.

    contrast : float
        Contrast threshold between the Laplacian image and the
        fine-structure image.  If your image is critically sampled, use
        a value around 2.  If your image is undersampled (e.g. HST
        data), a value of 4 or 5 (or more) is more appropriate.  If your
        image is oversampled, use a value between 1 and 2.  For details,
        please see `PASP 113, 1420 (2001)`_, which calls this parameter
        :math:`f_{\mbox{lim}}`.  In particular, Figure 4 shows the
        approximate relationship between the ``contrast`` parameter and
        the pixel full-width half-maximum of stars in your image.

    cr_threshold : float
        The Laplacian signal-to-noise ratio threshold for cosmic-ray
        detection.

    neighbor_threshold : float
        The Laplacian signal-to-noise ratio threshold for detection of
        cosmic rays in pixels neighboring the initially-identified
        cosmic rays.

    error : array_like, optional
        The pixel-wise Gaussian 1-sigma errors of the input ``data``.
        If ``error`` is not input, then ``effective_gain`` and
        ``readnoise`` will be used to construct an approximate model of
        the ``error``.  If ``error`` is input, it will override the
        ``effective_gain`` and ``readnoise`` parameters.  ``error`` must
        have the same shape as ``data``.

    mask : array_like (bool), optional
        A boolean mask, with the same shape as ``data``, where a `True`
        value indicates the corresponding element of ``data`` is masked.
        Masked pixels are ignored when identifying cosmic rays.  It is
        highly recommended that saturated stars be included in ``mask``.

    background : float or array_like, optional
        The background level previously subtracted from the input
        ``data``.  ``background`` may either be a scalar value or a 2D
        image with the same shape as the input ``data``.  If the input
        ``data`` has not been background-subtracted, then set
        ``background=None`` (default).

    effective_gain : float, array-like, optional
        Ratio of counts (e.g., electrons or photons) to the units of
        ``data``.  For example, if your input ``data`` are in units of
        ADU, then ``effective_gain`` should represent electrons/ADU.  If
        your input ``data`` are in units of electrons/s then
        ``effective_gain`` should be the exposure time (or an exposure
        time map).  ``effective_gain`` and ``readnoise`` must be
        specified if ``error`` is not input.

    readnoise : float, optional
        The read noise (in electrons) in the input ``data``.
        ``effective_gain`` and ``readnoise`` must be specified if
        ``error`` is not input.

    maxiter : float, optional
        The maximum number of iterations.  The default is 4.  The
        routine will automatically exit if no additional cosmic rays are
        identified.  If the routine is still identifying cosmic rays
        after four iterations, then you are likely digging into sources
        (e.g. saturated stars) and/or the noise.  In that case, try
        inputing a ``mask`` or increasing the value of ``cr_threshold``.

    border_mode : {'reflect', 'constant', 'nearest', 'mirror', 'wrap'}, optional
        The mode in which the array borders are handled during
        convolution and median filtering.  For 'constant', the value is
        0.  The default is 'mirror', which matches the original
        L.A.Cosmic algorithm.

    Returns
    -------
    cleaned_image : `~numpy.ndarray`
        The cosmic-ray cleaned image.

    crmask : `~numpy.ndarray` (bool)
        A mask image of the identified cosmic rays.  Cosmic-ray pixels
        have a value of `True`.
    """

    from scipy import ndimage
    block_size = 2.0
    kernel = np.array([[0.0, -1.0, 0.0], [-1.0, 4.0, -1.0], [0.0, -1.0, 0.0]])

    clean_data = data.copy()
    if background is not None:
        clean_data += background
    final_crmask = np.zeros(data.shape, dtype=bool)

    if error is not None:
        if data.shape != error.shape:
            raise ValueError('error and data must have the same shape')
    clean_error_image = error

    ncosmics, ncosmics_tot = 0, 0
    for iteration in range(maxiter):
        sampled_img = block_replicate(clean_data, block_size)
        convolved_img = ndimage.convolve(sampled_img, kernel,
                                         mode=border_mode).clip(min=0.0)
        laplacian_img = block_reduce(convolved_img, block_size)

        if clean_error_image is None:
            if effective_gain is None or readnoise is None:
                raise AssertionError('effective_gain and readnoise must be '
                                     'input if error is not input')
            med5_img = ndimage.median_filter(clean_data, size=5,
                                             mode=border_mode).clip(min=1.e-5)
            error_image = (np.sqrt(effective_gain*med5_img + readnoise**2) /
                           effective_gain)
        else:
            error_image = clean_error_image

        snr_img = laplacian_img / (block_size * error_image)
        # this is used to remove extended structures (larger than ~5x5)
        snr_img -= ndimage.median_filter(snr_img, size=5, mode=border_mode)

        # used to remove compact bright objects
        med3_img = ndimage.median_filter(clean_data, size=3, mode=border_mode)
        med7_img = ndimage.median_filter(med3_img, size=7, mode=border_mode)
        finestruct_img = ((med3_img - med7_img) / error_image).clip(min=0.01)

        cr_mask1 = snr_img > cr_threshold
        # NOTE: to follow the paper exactly, this condition should be
        # "> contrast * block_size".  "lacos_im.cl" uses simply "> contrast"
        cr_mask2 = (snr_img / finestruct_img) > contrast
        cr_mask = cr_mask1 * cr_mask2
        if mask is not None:
            cr_mask = np.logical_and(cr_mask, ~mask)

        # grow cosmic rays by one pixel and check in snr_img
        selem = np.ones((3, 3))
        neigh_mask = ndimage.binary_dilation(cr_mask, selem)
        cr_mask = cr_mask1 * neigh_mask
        # now grow one more pixel and lower the detection threshold
        neigh_mask = ndimage.binary_dilation(cr_mask, selem)
        cr_mask = (snr_img > neighbor_threshold) * neigh_mask

        # previously unknown cosmic rays found in this iteration
        crmask_new = np.logical_and(~final_crmask, cr_mask)
        ncosmics = np.count_nonzero(crmask_new)

        final_crmask = np.logical_or(final_crmask, cr_mask)
        ncosmics_tot += ncosmics
        log.info('Iteration {0}: Found {1} cosmic-ray pixels, '
                 'Total: {2}'.format(iteration + 1, ncosmics, ncosmics_tot))
        if ncosmics == 0:
            if background is not None:
                clean_data -= background
            return clean_data, final_crmask
        clean_data = _clean_masked_pixels(clean_data, final_crmask, size=5,
                                          exclude_mask=mask)

    if background is not None:
        clean_data -= background
    return clean_data, final_crmask



def _clean_masked_pixels(data, mask, size=5, exclude_mask=None):
    """
    Clean masked pixels in an image.  Each masked pixel is replaced by
    the median of unmasked pixels in a 2D window of ``size`` centered on
    it.  If all pixels in the window are masked, then the window is
    increased in size until unmasked pixels are found.

    Pixels in ``exclude_mask`` are not cleaned, but they are excluded
    when calculating the local median.
    """

    assert size % 2 == 1, 'size must be an odd integer'
    assert data.shape == mask.shape, \
        'mask must have the same shape as image'
    ny, nx = data.shape
    mask_coords = np.argwhere(mask)
    if exclude_mask is not None:
        assert data.shape == exclude_mask.shape, \
            'exclude_mask must have the same shape as data'
        maskall = np.logical_or(mask, exclude_mask)
    else:
        maskall = mask
    mask_idx = maskall.nonzero()
    data_nanmask = data.copy()
    data_nanmask[mask_idx] = np.nan

    nexpanded = 0
    for coord in mask_coords:
        y, x = coord
        median_val, expanded = _local_median(data_nanmask, x, y, nx, ny,
                                             size=size)
        data[y, x] = median_val
        if expanded:
            nexpanded += 1
    if nexpanded > 0:
        log.info('    Found {0} {1}x{1} masked regions while '
                 'cleaning.'.format(nexpanded, size))
    return data


def _local_median(data_nanmask, x, y, nx, ny, size=5, expanded=False):
    """Compute the local median in a 2D window, excluding NaN."""

    hy, hx = size // 2, size // 2
    x0, x1 = np.array([x - hx, x + hx + 1]).clip(0, nx)
    y0, y1 = np.array([y - hy, y + hy + 1]).clip(0, ny)
    region = data_nanmask[y0:y1, x0:x1].ravel()
    goodpixels = region[np.isfinite(region)]
    if len(goodpixels) > 0:
        median_val = np.median(goodpixels)
    else:
        newsize = size + 2     # keep size odd
        median_val, expanded = _local_median(data_nanmask, x, y, nx, ny,
                                             size=newsize, expanded=True)
    return median_val, expanded
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# Licensed under a 3-clause BSD style license - see LICENSE.rst

__all__ = ['__version__', '__githash__', 'test']

# this indicates whether or not we are in the package's setup.py
try:
    _ASTROPY_SETUP_
except NameError:
    from sys import version_info
    if version_info[0] >= 3:
        import builtins
    else:
        import __builtin__ as builtins
    builtins._ASTROPY_SETUP_ = False

try:
    from .version import version as __version__
except ImportError:
    __version__ = ''
try:
    from .version import githash as __githash__
except ImportError:
    __githash__ = ''

# set up the test command
def _get_test_runner():
    import os
    from astropy.tests.helper import TestRunner
    return TestRunner(os.path.dirname(__file__))

[docs]def test(package=None, test_path=None, args=None, plugins=None,
         verbose=False, pastebin=None, remote_data=False, pep8=False,
         pdb=False, coverage=False, open_files=False, **kwargs):
    """
    Run the tests using `py.test <http://pytest.org/latest>`__. A proper set
    of arguments is constructed and passed to `pytest.main`_.

    .. _py.test: http://pytest.org/latest/
    .. _pytest.main: http://pytest.org/latest/builtin.html#pytest.main

    Parameters
    ----------
    package : str, optional
        The name of a specific package to test, e.g. 'io.fits' or 'utils'.
        If nothing is specified all default tests are run.

    test_path : str, optional
        Specify location to test by path. May be a single file or
        directory. Must be specified absolutely or relative to the
        calling directory.

    args : str, optional
        Additional arguments to be passed to pytest.main_ in the ``args``
        keyword argument.

    plugins : list, optional
        Plugins to be passed to pytest.main_ in the ``plugins`` keyword
        argument.

    verbose : bool, optional
        Convenience option to turn on verbose output from py.test_. Passing
        True is the same as specifying ``'-v'`` in ``args``.

    pastebin : {'failed','all',None}, optional
        Convenience option for turning on py.test_ pastebin output. Set to
        ``'failed'`` to upload info for failed tests, or ``'all'`` to upload
        info for all tests.

    remote_data : bool, optional
        Controls whether to run tests marked with @remote_data. These
        tests use online data and are not run by default. Set to True to
        run these tests.

    pep8 : bool, optional
        Turn on PEP8 checking via the `pytest-pep8 plugin
        <http://pypi.python.org/pypi/pytest-pep8>`_ and disable normal
        tests. Same as specifying ``'--pep8 -k pep8'`` in ``args``.

    pdb : bool, optional
        Turn on PDB post-mortem analysis for failing tests. Same as
        specifying ``'--pdb'`` in ``args``.

    coverage : bool, optional
        Generate a test coverage report.  The result will be placed in
        the directory htmlcov.

    open_files : bool, optional
        Fail when any tests leave files open.  Off by default, because
        this adds extra run time to the test suite.  Works only on
        platforms with a working ``lsof`` command.

    parallel : int, optional
        When provided, run the tests in parallel on the specified
        number of CPUs.  If parallel is negative, it will use the all
        the cores on the machine.  Requires the
        `pytest-xdist <https://pypi.python.org/pypi/pytest-xdist>`_ plugin
        installed. Only available when using Astropy 0.3 or later.

    kwargs
        Any additional keywords passed into this function will be passed
        on to the astropy test runner.  This allows use of test-related
        functionality implemented in later versions of astropy without
        explicitly updating the package template.

    """
    test_runner = _get_test_runner()
    return test_runner.run_tests(
        package=package, test_path=test_path, args=args,
        plugins=plugins, verbose=verbose, pastebin=pastebin,
        remote_data=remote_data, pep8=pep8, pdb=pdb,
        coverage=coverage, open_files=open_files, **kwargs)


if not _ASTROPY_SETUP_:
    import os
    from warnings import warn
    from astropy import config

    # add these here so we only need to cleanup the namespace at the end
    config_dir = None

    if not os.environ.get('ASTROPY_SKIP_CONFIG_UPDATE', False):
        config_dir = os.path.dirname(__file__)
        config_template = os.path.join(config_dir, __package__ + ".cfg")
        if os.path.isfile(config_template):
            try:
                config.configuration.update_default_config(
                    __package__, config_dir, version=__version__)
            except TypeError as orig_error:
                try:
                    config.configuration.update_default_config(
                        __package__, config_dir)
                except config.configuration.ConfigurationDefaultMissingError as e:
                    wmsg = (e.args[0] + " Cannot install default profile. If you are "
                            "importing from source, this is expected.")
                    warn(config.configuration.ConfigurationDefaultMissingWarning(wmsg))
                    del e
                except:
                    raise orig_error
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