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Science

Experiments
Simulations
Machine Learning
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Own measurements Cooperation in Space Digital solutions

Lomnicky Stit Observatory (2634 m) Our instruments: DOK-S Our deep learning model for

automatic segmentation
of solar corona

Space missions: MAGION 2, 3, 4,5

SDO/AIA 193 2021-07-05 10:27:29 UT

@ LAB Mackovjak & Kresnakova / How to automate Space science / DAM / 8 March 2023 / Kosice



DEN ESAH

NH SLOVENSKU

"ESH DRY
IN SLOVAKIR”

16.03.2023
Congress Hotel Centrum, KoSice, Slovakia
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I- o steelpa rk 1703 2023 Kulturpark, Kukuéinova 2, Kosice

PARK VEDY

MINISTERSTVO .'
SKOUSTVA, VEDY, 5
VYSKUMU A $PORTU
SLOVENSKE] REPUB!:IKV

2 SLOV[NSKA

VESMIRNA KANCELARIA

Popularizacny dei uréenych pre Studentov a verejnost
Touch of Space: awareness raising event for students and public

VSTUP VOLNY
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LET'S IMAGINE SPACE SCIENCE AS THE FOLLOWING PIPELINE:
SPACE PHENOMENA—>DATA—>INFORMATION—>KNOWLEDGE.

IS [T POSSIBLE TO AUTOMATE ALL THESE STEPS? IF YES, WHO
SHOULD DO IT, PRYSICISTS, ENGINEERS, INFORMATICIANS,
DATA SCIENTISTS, MATHEMATICIANS, OR SPACE SCIENTISTS?




SPAGE PHENOMENA—DATA—>INFORMATION—KNOWLEDGE
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SPAGE PHENOMENA

Deflected
solar particles

jcoming solar
particles

>DATA—INFORMATION—KNOWLEDGE

| S Dolar D Magnetic field

Auroral oval

Plasma sheet
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Neutral sheet

Magnetic shield
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SPACE PHENOMENA—>DATA—>INFORMATION—>KNOWLEDGE

Standard Model ~_—»

(ME core

_ | ! Large coronal loop
Magnetic /| | ~, . (magnetic flux rope)
Reconnection

Sites of particle
acceleration

Hot flare
loop

_Particle
transport

Q\Flare : &e AU ' o

“

i 2 2023/03/09iaa L SOFOLASCO

LAB Mackovjak & Kresnakova / How to automate Space science / DAM / 8 March 2023 / Kosice



SPACE PHENOMENA—>DATA—>INFORMATION—>KNOWLEDGE
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http://www.youtube.com/watch?v=VP4xB5bH1ic

Aurora is consequence of Coronal Holes.

Are you sure?

Prove it!

LAB
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SPACE PHENOMENA—{DATA— INFORMATION—KNOWLEDGE

Charge-Coupled Device



http://www.youtube.com/watch?v=_djfA0ermCM

SPACE PHENOMENA—DATA—>INFORMATION—KNOWLEDGE
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SPACE PHENOMENA—DATA—>INFORMATION—KNOWLEDGE
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SPACE PHENOMENA INFORMATION—KNOWLEDGE



http://www.youtube.com/watch?v=VP4xB5bH1ic

SPACE PHENOMENA—> DATA—INFORMATION—KNOWLEDGE

How to automate Space Science: Step |.

Construct detector for space phenomena

\7

Eliminate all obstacles for observations (put it to Space)
Ensure continuous data acquisition

Transfer, calibrate, and store data

N 20 27

Create interface for data access
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SPACE PHENOMENA—>DATA—{INFORMATION}—>KNOWLEDGE

Region growth
SCSS-net

O AN O MIT I8 2w
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http://www.youtube.com/watch?v=INGJu9yFl9s

SPACE PHENOMENA—>DATA—{INFORMATION}—>KNOWLEDGE

Co Colaboratory

https:/github.com/space-lab-sk/scss-net



https://github.com/space-lab-sk/scss-net

SPACE PHENOMENA—{DATA—INFORMATION—KNOWLEDGE

How to automate Space Science: Step |l.
-> (reate examples of desired information (i.e. labels)
=> Train reliable Machine Learning (ML) model
=> Use ML model for whole dataset
S

Extract the information
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SPACE PHENOMENA—>DATA—>INFORMATION—KNOWLEDGE

Imagine a circle that contains all of
human knowledge

With a bachelor’s degree, you gain a
specialty:

Once you're at the boundary, you focus:

4

And that dent you've made is called a
Ph.D.

By the time you finish elementary
school, you know a little:

A master's degree deepens that
specialty

You push at the boundary for several
years

Of course, the world looks different to
YOu now

By the time you finish high school, you
know a bit more

Reading research papers takes you to
the edge of human knowledge:

Until one day, the boundary gives way:

So, don't forget the bigger picture:

https://www.reddit.com/

LAB
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SPAGE PHENOMENA—>DATA—>INFORMATION—KNOWLEDGE




SPACE PHENOMENA—>DATA—>{NFORMATION—>KNOWLEDGE]

How to automate Space Science: Step |ll.
-> Use Google and Open Al

=> Human intelligence is irreplaceable (for now :))
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. Mathematicians
Space scientists

Data scientists

SPACE PHENOMENA—>DATA—>INFORMATION—KNOWLEDGE

Cngineers Physicists

Informaticians
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SPACE::LAB summer school

Interconnection of Space and IT community ::LAB summ ) #technologies

matpl: tlib

2019: Machine learning and Space data

2020: Develop your own virtual observatory TensorFlow
B, python™  #slack

2021: Space, Cloud & Deep learning &l A :

pandas

2022: Merging Space & IT o PyCharm

? Sourcetree @sC,.Py Keras

Jupyter 7 Bitbucket

O O O O O
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How to automate space science?
[SPACE PHENOMENA—>DATA—>INFORMATION—>KNOWLEDGE

e Digitalize Space phenomena

e Employ Data-driven approach

e Join Human and Artificial Intelligence

Follow us: ‘ ‘ o m O ‘ LAB
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