Ellerman

Ellerman bombs are brightenings in both the wings of the Ha line
profile. This work tracks large numbers of these features through a series
of high-resolution data collected by the Interferometric Bldimensional
Spectrometer (IBIS) instrument at the Dunn Solar Telescope (DST),
National Solar Observatory, Sacramento Peak, NM, between 15:02 UT
and 17:04 UT on 18 November 2010.
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Figure 1: Ha line profile, showing both the quiet Sun and an Ellerman
bomb.
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Figure 2: Ha line wing images, showing potential Ellerman bombs as

brightnings around a sunspot.

This dataset is used as input for the tracking code described in the right
hand column. The results of applying the tracking code to these data are
shown below.

Results

Using the tracking algorithm described in the right hand column the
statistical properties of the tracked objects can be analysed. The total
sample size was 3570 objects, tracked throughout their entire lifetime.
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Figure 3: Statistics of tracked Ellerman bombs. Histograms of area and
lifetime are shown, with fits to the exponential slope.

The tracking code extracts time series values of all properties, including
lifetime and area. While the average values of lifetime and area are shown
in Figure 3, time series data of intensity and area have also been extracted.
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Identifyi

The brightenings in the line wings are identified using a simple
thresholding, everything over 140% of the mean intensity of the image
is considered a potential Ellerman bomb.

Once this thresholding step is completed the boolean array is
labelled wusing the connected objects algorithm in scikit-image
(skimage .measure.label). This uniquely identifies each brightening
with an integer label, further information on each labelled object can
be extracted using the skimage.measure.regionprops function which
efficiently calculates various properties of a labelled region on demand,
such as area, coordinates and centroid.

The tracking algorithm follows the following steps to track identified
brightenings, using integer labelled arrays:

The object has an initial overlap in both wings.
The object is larger than one pixel.

The object in both wings overlaps with an object in the next time
frame. (The objects only have to overlap in both wings in the first
frame.)

Only the spatial overlap which is the largest, in the case of multiple
overlap, is retained.

Impleme

The most computationally challenging part of implementing the algorithm
outlined above is matching the labelled regions in consecutive, or
corresponding wing images. The initial implementation used a brute-force
iteration approach, where for every labelled region, extracted using
scikit-image, each other labelled image was checked for pixel coordinate
overlap. This approach was inefficient and laborious to implement.
Currently in development is an improved method of labelled region
matching, which can match all the labels in an image in a very simple
algorithm.

1. Create a boolean mask for only overlapping pixels and apply it to
both images.

2. Multiply one labelled (integer) array by the number of labels in the
other image rounded up to the nearest order of magnitude, (i.e. if
there are 56 objects, multiply by 100).

3. Add the two labelled arrays together. For one region in image A
labelled as 12 and an overlapping region in image B labelled 38 the
resulting pixel value for the overlap would be 3812.

4. Applying integer and modulo division, by the scaling factor, for every
pixel generates two arrays of pixel labels in image A that overlap with
labels in image B.

The current work to implement this is on the relabelling step, where the
labels of two overlapping regions are made to have the same value. This is
done using Cython for efficient iteration over all pixels in the input images.

Future D

The improved labelled region matching algorithm is currently under
development and will be submitted for inclusion in scikit-image. In
tandem to this a framework to generalise the tracking framework is under
development. This framework should allow for the different components
of this algorithm and the many other object tracking algorithms to be
combined as needed for specific investigations. The framework is currently
in the design phase (https://github.com/Cadair/sunkit-tracking).
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