Automaticka detekcia
koronalnych dier a aktivnych.
oblasti na Sinku @-
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Ciel

Segmentacia koronalnych dier

Segmentacia aktivnych oblasti

Vyuzit hlboké ucenie




PrecCo?

* S|lnecné pocasie nas potencialne ohrozuje
— Vyrony koronalnej hmoty
— Slnecné erupcie

e Spracovanie velkého mnozstva dat

— Prevazne pomocou klasickych algoritmov

e Sledovanie v realnom Case
— Data pre systém vcasného varovania

— Data pre statistiky a datovu analyzu



Klasifikacia vs Detekcia vs Segmentacia

Output: Sun p=0.98
ﬁ,,‘,:k»




Al—ML - DL

Umeld inteligencia

Artificial Intelligence (Al)
* Schopnostimitovatludsku inteligenciu

Machine Learning (ML)
* Schopnost ucit sa z dat
* Potrebuje extrahované priznaky (features)

Strojové ucenie

Deep Learning (DL)
* Schopnost ucit sa z velkého poctu dat
 Nepotrebuje extrahované priznaky

Hiboké ucenie



Konvoluché neuronové siete

NajcastejSie vyuzivana na rozoznavanie obrazu

Prehlbenie siete - pouzitim menej parametrov

Zmensenie velkosti snimky

Konvolucna vrstva

Vzorkovacia vrstva

1

1

1

0

[ T e
=T ST ST B =]
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Vstup 5x5

42

25

12| 3

Konvolucny filter
3x3

(posun 1h, 1v)

42 [ 15

B 65

3| 5

Max pooling 2x2

Vystup 3x3




Solar Dynamics Observatory

Atmospheric Imaging Assembly - vyhotovuje snimky sinka kazdych 10
sekdnd v 10 vinovych dizkach.

EUV Variability Experiment - meria spektrum extrémne ultrafialového
Ziarenia.

Helioseismic and Magnetic Imager - meria sinecné magnetické pole.

HMI Dopplergram HMI Magnetogram HMI Continuum AIA 1700 A
Surface movemen f Magnetic field polarity Matches visible light 4500 Kelvin
Photosphere Photosphere Photosphere Photosphere

AlA 4500 A AlA 1600 A AlA 304 A AA 171 A AlA 193 A

6000 Kelvin 10,000 Kelvin 50,000 Kelvin 400,000 Kelvin 1 million Kelvin

Photosphere Upper photosphere/ Transition region/ Upper transition Corona /flare plasma
Transition region Chromosphere Region/quiet corona

AlA 335 A AlA 094 A AIA 131 A

2.5 million Kelvin & million Kelvin 10 million Kelvin
Active regions Flaring regions Flaring regicns







Anotacie

Region Growth CHIMERA




Preprocessing

Rotate image
Input image (90°. 180°. 270°) Convert to
(1024x1024) grayscale

Crop background \ ze (256x256)

h augmetation

06686

Horizontal flip t Random Gamma dom Brightness
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SCSS-Net

Solar corona structures segmentation — zalozeny na U-Net architekture

Deconvolution

» Convolution Block Block

Convolution Block > Deconvolution

Block

Dropout (0.5} Dropout {0.5)

Deconvolution

Convolution Block < Block

Deconvolution

Convolution Block ——»
Block

Dropout (0.5) |Dropout (0.5)

Convolution Block

Convolution B

[ Qutput (256 x 2
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Postprocessing

Model Input Model Output

Conversion to
Prediction original image

12



= 4

Bez prahu

Prah = 0,5

Prah =0,7
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Vyhodnotenie



Vlastné SPoCA Region CHIMERA
Growth

15



Vlastné SPoCA + Vlastné
16



of the
ROYAL ASTRONOMICAL SOCIETY b7

MNRAS 508, 3111-3124 (2021) https://doi.org/10.1093/mnras/stab2536

SCSS-Net: solar corona structures segmentation by deep learning

Simon Mackovjak “,'* Martin Harman,? Viera Maslej-Kresiidkova 2 and Peter Butka *?

ID«;mrmmm of Space Physics, Institute of Experimental Physics, Slovak Academy of Sciences, 040 01 Kosice, Slovakia
2Department of Cybernetics and Artificial Intelligence, Faculty of Electrical Engineering and Informatics, Technical University of Kosice, 042 00 Kogice,

Slovakia

Accepted 2021 September 3. Received 2021 August 11; in original form 2021 May 14

ABSTRACT

Structures in the solar corona are the main drivers of space weather processes that might directly or indirectly affect the Earth.
Thanks to the most recent space-based solar observatories, with capabilities to acquire high-resolution images continuously,
the structures in the solar corona can be monitored over the years with a time resolution of minutes. For this purpose, we
have developed a method for automatic segmentation of solar corona structures observed in the EUV spectrum that is based on
a deep-learning approach utilizing convolutional neural networks. The available input data sets have been examined together
with our own data set based on the manual annotation of the target structures. Indeed, the input data set is the main limitation
of the developed model’s performance. Our SCSS-Net model provides results for coronal holes and active regions that could
be compared with other generally used methods for automatic segmentation. Even more, it provides a universal procedure to
identify structures in the solar corona with the help of the transfer learning technique. The outputs of the model can be then used
for further statistical studies of connections between solar activity and the influence of space weather on Earth.

Key words: methods: data analysis —techniques: image processing — Sun: corona —software: development.

github.com/matinus99/sun-segmentation
github.com/space-lab-sk/scss-net




Dakujem za pozornost

sSpo/Ala 171 2020-12-15 Q0:36:34 UT SDO/AIA 193 2020-12-15 Q0:27:17 UT
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Area of Overlap
Area of Union .

TP

loU =

IoU =

Metriky

Dice =

TP 4+ FP 4+ FN

2TP

2TP + FP 4+ FN
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Vysledky v Cislach

Aktivne oblasti

Trénovacia Testovacia .

.. .. Dice |loU
mnozZina mnoZina
Vlastné 360| 0,44 | 0,28
SPoCA 360| 0,68 | 0,51
SPoCA + vlastné 360| 0,56 | 0,39

Koronalne diery

Trénovacia Testovacia .

.. . Dice |loU
mnozZina mnoZina
Vlastné 353|0,83(0,71
SPoCA 353| 0,35 0,21
Chimera 353/ 0,85 0,73
Region growth 353(0,88| 0,78

20
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According to the US National Space Weather Programme the definition is:
conditions on the Sun and in the solar wind, magnetosphere, ionosphere and ther-
mosphere that can influence the performance and reliability of space-borne and

ground-based technological systems and can endanger human life or health.

ARNOLD HANSLMEIER: “THE SUN AND SPACE WEATHER”, ASTROPHYSICS AND SPACE SCIENCE LIBRARY, VOLUME 277, 2002 ISBN 1-4020-0684-5
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https://www.youtube.com/watch?v=mgUZwoR0gcE&ab_channel=NASAVideo





https://www.youtube.com/watch?v=RIcf3Z262t7c&ab_channel=4KCLIPSWITHOUTCOPYRIGHT





Kozmické

Typy KZ: - sine¢né (solarne)

L4 4
- anomalne L 1
: Z z F Fluxes of Cosmic Roys
- galaktické (extrasolarne) *: 10
- ultra-vysoko-energetické (UHECR) % .. Ay , ,
i i &4 (1 particle per m*~secand)
£
10! k
10 F
=10 ¢ 5
L ':"‘ Knee
.! (1 particle per m*—year)
-13f s, T
10 | 5_.
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-16 "1
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SWORDY,S. P., The energy spectra and anisotropies of Cosmic Rays, Space

https://www.extremetech.com/wp-content/uploads/2015/06/CosmicRay-640x356.png h . ! !
Science Reviews 99:85-94. Kluwer Academic Publishers, 2001.




Magnetosfera Z

Celkové magnetické pole Zeme, ktoré je mozné pozorovat nazyvame geomagnetické pole.

Zlozky geomagnetického pola:

- vnutorna (interna): - hlavné (main) pole
- krustalne pole

Polar cusp

- vonkajSia (externd)

Magnetotail

Solar wind
The geographic North Pole is a
magnetic south pole.

Magnetic
field lines

Neutral

plasma
Stream of turbulent sheet

shocked plasma

Bow shock Magnetotail

GVISHIANIA, A. D., LUK'YANOVAA, R. YU. Geoinformatics and observations Magnetopause

of the Earth’s magnetic field: The Russian segment, Physics of the Solid Earth,
2015, Vol. 51, No. 2, pp. 157-175, Pleiades Publishing, Ltd, ISSN 10693513, 2015

LANZA, R., MELONI, A. The Earth’s Magnetism - An Introduction for Geologists, Springer Berlin Heidelberg New York, 2006.
ISBN 978-3-540-27979-2.




https://www.youtube.com/watch?v=58FZ60CI6mk&t=1s&ab_channel=EuropeanSpaceAgency%2CESA
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Sate
CHAMP

Optical bench with
Fluxgate Magnetometers Star sensors
and Star Sensors

\ | Accelerometer (inside the
Overhauser . spacecraft at center of mass)

Magnetometer Digital Ton Driftmeter
and Langmuir Probe S-Band Antenna

Absolute Scalar Magnetometer Deployable boom Solar panels GPS antennas S-Band antenna

Startracker assembly Laser retroreflector
Optical bench Accelerometer (inside)

Vector Field Magnetometer Coarse Earth & Sun sensor S-Band antenna

https://earth.esa.int/eogateway/missions/swarm
10
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International Geomagnetic Tsyganenko
Reference Field (IGRF)

120'W  60°W o 60°'E  120°E 180°
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http://www.geomag.bgs.ac.uk/research/modelling/IGRF.html https://geo.phys.spbu.ru/~tsyganenko/modeling.html
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COR

Cut-Off Rigidity model (COR model) is a model for simulation of cosmic rays propagation in
the Earth's magnetosphere. The model provides an evaluation of cut-off rigidities for stations
at Earth surface or detectors measuring on orbits inside the magnetosphere.

Asymptotic cone - Proton intensities for position 48.38°N 21.43°E

Intensities evaluated from AMS01 (1998) spectrum Tsyganenko 05
90°N 4097
3687
60°N
3278
2868
30°N
2458
w
g
= -
0 2049 ¢
%]
c
[=]
B
1639 &
30°s
1229
819
60°S
410
90°s 0
180° 150°W 120°W 90°W 60°W 30°W 0° 30°E 60°E 90°E 120°E 150°E 180°
Total intensities to 2rt (halfsphere): 3395.57 per m? s~! © Evaluated position
Parts of magnetopause with
IEP SAS 70% or more of maximum intensity

els.org/ »



Geografic position: 48.38°N 21.43°E
2004/06/24 00:00:00

YYYY/MM/DD  HH:MM:SS
32 “ 3.4 3.6
Rd
aR =0.01
Rd = 3.3 GV
Re = 3.76 GV
Ru=4.27 GV

Model: Tsyganenko 05

Direction ID: 000

0.75 A

0.50

0.25

W 0.00 F=esese s = = =

—0.25 A

—0.50 A

—0.75 A

-1.00

7

f

-1.00

T
=0.75

T
-0.50

T
-0.25

The spectrum of allowed and forbidden rigidities (left panel)
The incoming direction is signed by the red point (rigth panel)

IEP SAS

1.00
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Yssm (Re)

Zssm (Re)

Particle's speed: 291081920.0 m/s (0.971 c)

Travel time: 1.331s

Trajectory of the Cosmic Ray particle in the Earth's magnetosphere
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https://ichef.bbci.co.uk/images/ic/1024x576/p04xkf20.jpg
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lonosférickeé scinti

acie

 SU to narusenia satelitného signalu

spOsobené nepravidelnostami v
strukture ionosféry

* Rozlisujeme 2 typy:
* S4 — zmena amplitudy
 0p —zmena fazy

Tonospheric Scintillation

I
=
=
=
c
L=

llustracia prechodu satelitného signalu pokojnou a turbulentnou

Vizualizacia amplitudovej a fazovej scintilacie
ionosférou

Zdroj: https://www.septentrio.com/en/company/septentrio-gnss-
Zdroj: NASA (https://www.nasa.gov/mission_pages/cindi/scintillation.html#.YNi5OiBR1PY)

technology/iono-ionospheric-scintillation-monitoring



Vyskyt ionostérickych scintilacii

* Najcastejsie su v nizkych a vysokych zemepisnych Sirkach

Solar maximum Solar minimum

o E
< )
[=) c

= 9

S =

=

Globalna distribucia silnych ionosférickych
scintilacii
Zdroj: https://www.septentrio.com/en/company/septentrio-
gnss-technology/iono-ionospheric-scintillation-monitoring

Mapa slabnutia scintilacii ako funkcia zemepisnej Sirky a miestneho casu

Zdroj: BasuSS. (https://agupubs.onlinelibrary.wiley.com/doi/pdf/10.1029/RS023i003p00363) 3



Hlbokeé ucenie

e Automaticka extrakcia priznakov
* Potrebuju velké mnozstvo dat
* NarocCnejsie na vypoctove naroky

[}
QO
o=
1]
E
—
O
y—
-
[}
(ol

Not Car

Feature extraction + Classification Output Amount of data

Porovnanie plytkych a hlbokych neurdnovych sieti Viykonnost hibokého ucenia vzhladom na
Zdroj: U. Odi, T. Nguyen (DOI: 10.15530/urtec-2018-2901881)

mnozstvo trénovacich dat
Zdroj: Alom et al. (DOI: 10.3390/electronics8030292)



https://doi.org/10.3390/electronics8030292

/iskavanie dat

Mapa rozmiestnenia GNSS prijimacov v Kanadskej arktickej ionosférickej sieti
Zdroj: (http://chain.physics.unb.ca/chain/)



Tvorba datasetu

e Scintilacie ovplyvnuju:
* Cas a rocné obdobia
e geomagneticka aktivita
* slnecny cyklus

* nizSie vrstvy atmosféry (napr.

formou bleskov)

* Dataset:
* OMNIWeb
* NRLMSISE-00
* |RI-2016

* Velkost datasetu: ~600 000
riadkov x 175 stlpcov

Terrestrial Atmospheric ITM Processes

Solar Energetic Particle Chain

lon/Neutral
Escape

Energetic

Particles \

Neutral Upwelling
From Heated
Region

Solar Wind/Magnetospheric Chain

lon-Driven

Wind Polar
lonosphere
Solar Cavity
Wind

0/N;
Disturba

N 7 s
< ‘a Drive nloniGon,,
n .
Plasmasphere ! - (({( 3
Filling P ey, 5

lonosphere Trough

-
Fountain Bl
Effect Heating-
~_ Gravity DnvenWmd
g W

55 Corotatlon

E-Driven
Downward
Flow

Neutral Wind i = __
Drags lons Down 3 -

Field Line 'No aly

Neutral Wind
Drags lons
Field Li e

lonosphere Crest ;

'.' Plume

lons

=
—

Lower
Atmospheric Chain

Neutrals

Model zobrazujuci komplexnost ITM (ionosféra-termosféra-mezosféra) systému Zeme

Zdroj: NASA/ J. Grobowsky (https://www.nasa.gov/mission_pages/sunearth/science/itm-processes.htmij




Analyza dat

Column sigmaPhi projected to vertical [radians] for all satellites, latitude: 58.759277, longitude: -94.0866
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Vizualizacia dat ’



Analyza dat

Example of ionospheric scintillation
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Vizualizacia ionosférickej scintilacie v nasich datach



Korelacna analyza

e Odstranenie priznakov s hodnotou korelacie >= 0,8
* Pocet priznakov klesol zo 175 na 50
* Predikciao 1, 5, 15 a 60 minut dopredu

1 min 5 min 15 min 60 min

Pearson

Spearman

Kendall

Tabulka zobrazujuca korelaciu medzi momentalnou fazovou scintilaciou a a fazovou scintilaciou oyl S,iS
a 60 minut dopredu



Rozdelenie datasetu

Train, Validation, and Test Set
«  train set
validation set

test set
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Rozdelenie datasetu na trénovaciu (70%), valida¢nu (10%) a testovaciu (20%) mnozinu ¥
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Experimenty

* Pouzité pristupy:
* Modely doprednych neurdnovych sieti bez Specialnych vrstiev
e Autoregresné modely ‘
e Konvolucné a rekurentné modely

/N\w prediction 1 hour ahead

190 features

(N2

Sigma phi scintillation



Predikcia o 1 minutu dopredu

Prediction of sigmaPhi 1 minute ahead
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Predikcia od o 1 minutu dopredu pomocou doprednej neurdnovej siete bez §peciéInYE’I_ﬁ“vrstiev
MAE: 0,0033; presnost: 92%, navratnost: 93%

3
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Predikcia o 5 minut dopredu

Prediction of sigmaPhi 5 minutes ahead

e true
prediction

al [radians]

=
@
=
=]
]
a
]
L
@
i
=]
=
=
o
3+
£
=il
n

% £ . + i 1
o5 i A % . N o
R B e L

12-10-16 18-00 13-10-16 00-00 13-10-16 06-00 13-10-16 12-00 13-10-16 18:00 14-10-16 00-00 14-10-16 06-00 14-10-16 12:00 14-10-16 18-00
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Predikcia od 0 5 mindtu dopredu pomocou neurénovej siete s konvoluénou a LSTM vrstvou :
MAE: 0,0064; presnost: 50%, navratnost: 55% R
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Predikcia o 15 minut dopredu

Prediction of sigmaPhi 15 minutes ahead

e true
prediction
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Predikcia od o 15 minUtu dopredu pomocou neurdnove;j siete s konvolué¢nou a LSTM vrstvou :
MAE: 0,0064; presnost: 53%, navratnost: 31% R
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Predikcia o 60 minut dopredu

Prediction of sigmaPhi 60 minutes ahead
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Predikcia od o 60 minutu dopredu pomocou neurénove;j siete s konvoluénou a LSTM vrstvou :
MAE: 0,0068; presnost: 30%, navratnost: 10% B
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al

Scintillation level for GNSS satellites over Kolonica (Slovakia), 2020-05-01 00:01:00
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Airglow

» Svetelné ziarenie hornej atmosfery
* Doésledok slnecného UV z Z|aren|a

e Globalny, nepretr2|ty a VfCSInOU
homogénny jav.

- Tazko pozorova eln

Zelené a Eervené svetlo v blizkosti horizontu je - e
airglow. Fotka pochdadza z observatoéria Parana[ e e

Cile.

Autor: Y. Beletsky (LCO)/ESO

Pohlad na vrstvy airglow-u z ISS. zdroj: NASA 17



Modelovanie airglowu pocas troch slnecnych cyklov

Viac informacii v clanku: Mackovjak et al. (2021a) https:/doi.org/10.1029/2020JA028991

Airglow photometric measurements, green line (557.7 nm), Abastumani (Georgia)

90% missing data

Intensity [R]

.. 1 hour average
0% missing data —e— 2 months average

<
Q
o
=
5
®
ek
D
Q
S
=
5
Q



https://doi.org/10.1029/2020JA028991
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0 overview E Repositories 7 im Projects

Popular repositories

tweeks_detection Public

This is the repository for automated detection of tweeks and spherics on
spectrograms.

@ Jupyter Notebook  Y¢1 %1

space-lab-sk.github.io Public

SPACE:LAB GitHub Page

Y1

damon-€s Public

This is repo for AMON-ES documentation, data samples and source code.

@ Jupyter Notebook

Link: https://github.com/space-lab-sk

@ Packages

I Stars

summer-schools Public

This is the repo with lectures from SPACE:LAB summer schools.

@ Jupyter Notebook w1

airglow_data-driven_model Public

This is the airglow data-driven model repasitary.

@ Jupyter Notebook

scss-net Public

This is the repasitory for SC55-Net: Solar corona structures segmentation by
deep learning

@ Jupyter Notebook
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