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Abstract

Full-disk spectroheliograms have been routinely taken in Coimbra since 1926 in the Ca Il K3
line and in the K1v line from 1973 onwards. Additionally, in 1990 started regular observations
in the Ha line. More, in 2007 the photographic plates were replaced by a CCD camera. This
extensive collection acquired with the same instrumentation must be processed all together since
its large temporal coverage can provide important inputs for the knowledge of the solar
activity. In thisstudy we applied the mathematical morfology approach to the CA |l K3 seriesto
detect automatically and analyse the chromospheric plages. To evaluate the performance of the
method, the results were compared with the observations obtained by a human operator and
solar catalogs, showing very good results. Evolution of the solar activity in the solar cycle 24
have been in focus. To validate the capabilities of the software tool we compared the results of
detection for the solar cycle 23 obtained using the presented method with those obtained using a
softwar e tools developed in the OGAUC already in 2004.

1. INTRODUCTION 2.DATA

We developed a software tool based on the The Geophysical and Astronomical Observatdry o
mathematical morphologyan image analysis theory,the Coimbra University has a collection of solar
that uses mathematical morphology operators tbservations on a daily basis that spans near nine
evaluate the structure and shape of studied objébis decades until today. Regular observations of tie fu
study is based on Call K3 series to detect autaaiati  solar disk in the spectral line of Ca Il K stariadl926
and analyse the chromospheric plages during tla& soand in 1989 started also the observations in teetsg
cycle 24 (from 2008 wuntii 2016). Theseline Ha.
spectroheliograms are 8 bit images, with 1200 @010  The spectroheliograms from 1926 until 2007 ever
pixels. Facular regions are bright areas in thearsolphotographed to plates in the wavelengths 393.37nm
chromosphere, due to the activity of magnetic field (Call K3), 393.23nm (Call K1) and 655.87nm o(H
More details on the state-of-the-art, input datasid after 1989. Photographic plates and films wereda72
concepts of the mathematical morphology, automatieplaced by a 12-bit CCD camera, making possible to
method of plages or facular regions detection deitt add observations in 656.28 nm o(Htontinuum) and,
area determination, the results and their validatian after an upgrade of the data processing software in
be found in Barata et al. (2018). 2009, to obtain also d¢d Dopplergrams (Garcia et al.,

2010). All this extensive collectioracquired with the
same instrumentation is alreadydigital format



3. MORPHOLOGICAL DETECTION METHOD
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Mathematical Morphology is an image analysis
theory created in the middle 1960s. Its initial pose
was related to an application in porous media to
describe the geometric features of structures (btath
1967). The further developments since then have
permitted to construct a solid framework (Matheron,
1975; Serra, 1982) and have successfully reached ne
application areas (good overview in Soille, 2002),
including solar physics (Aschwanden, 2010).

Prior to the identification of the solar famukegions
it is necessary to define the solar disk regiorhinithe
image. Also, it is necessary to remove the letters
providing information about the image acquisitidiateg,
orientation and place) because they make diffithudt

SPECTROHELIOGRAM Ca Il K3 30337 A DATE: 2011-04-01 No.i2  TIME: 08:35 UT app“cauon of any automatIC processn‘]g algo”tme
_ o _ to the heterogeneousity of the background of the
Flgure 1. lllustrative Image of the Call K3 SpeCtrOheF Spectrohellogram |mages a morphologlcal f||ter |S

gram, 1 April 2011. applied, starting by an area closing, then contigiiy

linearization applied to previous steps. The firedult
of this pre-processing algorithm is shown in Fig@re
(g). This image is the starting point for the auddim
recognition of facular regions.

d) e) f)
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Figure 2. Identification of solar region in spectradliograms: a) original image of a spectroheliograrh) area closing of (a);
¢) closing of (b); d) difference between (a) and;(e) reconstruction operation; f) linearizationf (e); g) final image, obtained
by the multiplication of the original image (a) ah(f).

The binary image, obtained by linearizaticnused resulting from the previous step. The gradient apen
to determine the solar disk center coordinates @), applied to the image of the watershed basins, allow
and its radius (Figure 3). Figure 4 shows the soldhen to obtain the contours of facular regions. Mdips
region and the respective contour of thefthe morphological detection are illustrated igufe
spectroheliogram of Figure 1. The determinatiothef 5. The final result of the algorithm of automatic
center and the radious will be use to identify fdeular  detection of facular regions can be observed in the
regions in the hemispheres (north and south). Thewage of Figure 6. This image shows the contours of
contour of solar region (Figure 4 (b)) is be defesd facular region superimposed to the original image.
by the application of the morphological gradientttie
binary image (Figure 4 (a)).

The algorithm of morphological detection of facular ““E% """" T R st
regions starts by applying a white top—hat to tlearm e
image, i.e. the image with a homogeneous backgrou 44;@%1 3
and without letters (image of Figure 2 (g). Aftéret r *‘%& i
top—hat operation a hole filling is performed tawect i ’%%:%pf 1

and fill in the dark areas inside facular regidhss then

necessary to isolate the facular regions through tl
application of a threshold since not all bright eare
correspond to facular regions. The next step of tr
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algorithm is to remove small areas that resisteth& L s
threshold operation, but does not correspond taldéac 430 L . s i
regions. This can be done through the applicatfoano ; MOMK 2454508, 36525 )

erosion of the threshold image followed by &gyre 3. Disk radius for 2083 spectroheliograms taken at
reconstruction procedure. After this step segmamtat the Coimbra Observatory during solar cycle 24 (202816)
using the watershed algorithm was applied to tregen  with a best fit (solid line).

a) b)

Figure 4. Solar disk region and respective contoua) binary image of the spectroheliogram of Figure land b)
spectroheliogram without noise and with the superioged of the solar region contour.



9) h) i)

Figure 5. Algorithm of automatic detection of facutaegions: a) white top—hat applied to the imagekifjure 2 (g); b) hole
fill operation; c) threshold image; d) erosion ohé threshold image; e) reconstruction; f) reconstiied image with the
contour of solar disk; g) markers of the facular géons; h) basins obtained by the watershed operatithat corresponds to
facular regions and i) contours of facular regions



ASTRONOMICAL OBSERVATORY
UNIVERSITY of COIMBRA

SPECTROHELIOGRAM Ca Il K3 39337 A DATE: 2011-04-01 No.12  TIME: 09:35 UT

Figure 6. Facular regions superimposed of the originanage.

4. DATA ANALYSISAND DISCUSSION a software developed by the Korean Space Weather

Center of the Radio Research Agency, were

The automatic algorithm to detect facular oegi qualitatively compared with the results obtainedthg

was applied to the Coimbra’ spectroheliograms @f thapplication of the automatic method to the HMI SDO
solar cycles 24 and 23. While the application af thimages. Our algorithm was applied also to
algorithm to the images of the cycle 24 was thepectroheliograms from the Astronomical Observatory
automatic detection of facular regions, for thegemof of Kharkiv State University, available through the
the cycle 23 the objective was to obtain results tdatabase http://www.astron.kharkov.ua/ssm/. The
validate the performance of the method. These isagebjective was to test the applicability of the nuetho
were compared with the images of cycle 23 alreadyther images, using the same parameters for
processed by the method developed by Doro¢tetial. morphological operators and threshold values. [xetai
(2007, 2010). The results obtained by thanalysis of the validation results are presenteBarata
ASSA (Automatic Solar Synoptic Analyzer) method et al. (2018).
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Figure 7. Automatic detection of facular regions apedl to spectroheliograms acquired during cycle 24:14 November
2008; b) 28 October 2009; ¢) 15 May of 2012; d)R¥bruary of 2014; e) 19 July of 2015 and f) 11 Octslof 2016.
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