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 Aktivita podporena grantom ESA v ramci vyzvy 6.vyzvy PECS

Nazov: Proposal for Slovak universities curriculum

adaptation toward S2P market (SK-S2P-Edu)
Kontrakt: ESA Contract No. 4000139660/22/NL/SC/rp

 Partnert:

- Technicka  univerzita v  Kosiciach,  Fakulta
elektrotechniky a informatiky

- Univerzita Komenského, Fakulta matematiky, fyziky a
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- Ustav experimentalnej fyziky, Slovenska akdémia vied

- Astros solutions, s.r.o. #\sTros
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Experti — definicia poziadaviek a revizia ! o

modifikacii (akadémia a priemysel )



Zakladna myslienka
Hlavneé faktory:

- Slovensko zvacsuje svoj vesmirny priemyselny sector, vratane domény kozmicke;
bezpecnosti (Space Safety domain)

- Slovensko je asociovanym clenom ESA - Space safety (S2P) je jednym z vybranych
programov

- Existuje mnoho aplikacii datovej analytiky a strojového ucenia (data analysis and
machine learning ... Al) => a bude ich pribadat'

PRETO ... potrebujeme absolventov pripravenych pre pracu gj v tejto domeéne, a to pre:

- Vedecko vyskumné pozicie, ngjma studentov astrofyziky
- Technické pozicie (napr. IT studentov, ¢i dalsich relevnatnych technickych disciplin)

AVSAK ... v aktualnych Studijnych planoch niektoré témy chybajd, alebo potrebuji doplnit
(BONUS: SK-S2P - Pred touto aktivitou vznikla Stadia mapujaca S2P sector pod vedenim Astros Solutions)

=> Skombinujme nase znalosti a skiisme nedostatky v programoch odstranit'!



Ciele

Analyza studijnych planov na 2 univerzitach (FEI TU KoSice a FMFI UK
Bratislava) v studijnych programoch v odboroch informatiky a astrofyziky a
navrh modifikacii pre posilnenie zrucnosti s dérazom na oblast S2P (ale nielen
), s podporou expertnych vstupov od UEF SAV a Astros Solutions

Rozmenené na drobné:

Analyza poziadaviek z pohladu priemyslu a akadémie na absolventov astrofyziky
a informatiky (najma v kontexte datovej analytiky a strojového ucenia)

Analyza existujacich studijnych planov

Identifikacia nedostatkov a navrh modifikacii v ramci studijnych planov pre ich
odstranenie

Navrh implementacného planu zavedenia modifikacii



Postupnost' pripravy vystupov




\/stupy expertov

« \/ kontexte S2P — Space Weather (kozmické pocasie), Space Debris (kozmicky odpad), Planetary
Defence (planetarna obrana), a to (najma) pre astrofyziku a IT odbory

* Priemysel (Astros) —
abolventov, odhad vyvoja pracovného trhu
Akadémia (UEF SAV) — pozadované znalosti

absolventov, existujuce kurzy v SR a zahranici
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Figure 2 - Identified competencies statistics from the reviewed vacancies. As input served the ANNEX 1.

analyza pracovnych pozicii v segmente SZP ocakavane znalosti a zrucnosti

SpaLE IpaLE EgIEE.
2) Academia needs in Space Weather d
Space Weather The aim is to provide hands on experience httas/Jandenwijs
2.1) Extractions from SK-S2P final report SWE data on space weather predictions and on aanbod kuleuven,
science and aspects of space sdence. belf2022 /sdlahil
Here are the main outcomes from Slovakla National Space Safety Proj | g 1ations &/GORIZAF htmdl
domain of Space Weather (SWE) extracted from [AD-01). activetahzdoslstal
The research on space weather (SWE) has one of the longest history Logen_dpd2lic
topics in Slovakia. The leading scientific institution in Slovakia in th - - n ”
Experimental Physics of the Slovak Academy of Sciences. The most pi Multivariate The aim is to give the participants amore | hittos://surserdiv,
for the future contribution to ESA S2P SWE and also to international ¢ Statistics thorough understanding of statistical | dilcourse/2022:2
methods with special emphasis on revealing | 023/02409
e Own measurements - Contribution to Space Weather Ser the structure of multidimensional data.
products obtained from sensors located at Slovak observat
Data Center. Machine Learning | This course presents many machine learning | https://opas pepp
it tu fifen/coursel
* Cooperation n Space - Partcpation in R&D projects within t :" Fatiem ;:m‘:nmﬂ:; ';T::;':::: = 3120{ g
Weather Sensor Systems (D35) and Aurora mission. Utilizatic cognition baerved data T#0_2120/2298
development, construction, and testing of space-based instrur ot a
©  Digital Solutions - Development of Data-driven processing an Deep learning The purpase of this course is ta give the httos/feurserdtu.
mission and SWE Core Activities Utilization of state-of-the-art student a detailed understanding of the diicourse/2022:2
and data engineering solutions. deep artificial neural network models, their | 023/02456
training, computational frameworks ﬁ:r
2.2) Main to from point on fast graphical
units, their limitations and how to formulate
To fulfill the goals and milestones of the SK-52P roadmap briefly mer learning in a diverse range of settings.
detall presented in [AD-01] as well as to continuously improve the pa
il':v:: g:::::lms in ESA 52P SWE from the academia point of view Advanced kmage | The simiis to give knawledge of sdvanced A
] Analysis methods and models for analyzing image | di/course/2022-2
Table 2.2. Requirements to graduates according to goals of academia | data, and give competence in applying these | 023/02506
techniques in different applications.
Goals of Requirements to graduates
Academia
Provide The gmd\n(es shall have a solid theoretical background in all SWE domains:
sclentific solar physics {evolution of the Sun, internal structure, energy source,
expertise in all magnetic fields, solar activity, atmosphere and features, solar storms,
SWE domains. spectroscopy, imaging, plasma physics)

heliospheric current sheet)

detection technigues)

- heliospheric physics (CME, solar wind, heliospheric magnetic field,

- space radiation (composition and spectrum of cosmic rays, origin,
propagation and acceleration of cosmic rays, extensive air showers,

- lonospheric physics (solar radiation and formation of lonosphere,

Earth'’s atmosphere and its dynamics, lon chemistry, plasma motion,
electric flelds, ionospheric phenomena, aurora, airglow, radio

&
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Analyza stavu — FMFI| UK

* Preskimané bakalarske a magisterské programy vo fyzike a informatike in Physics and
Informatics overview => identifikovanych 7 vhodnych programov pre adaptaciu (z 21)

« Kompilacia aktualnych planov identifikovanych programov a vysledkov vzdelavania

» Popis kurikal identifikovanych dolezitych kurzov

Table 2 - Number of courses in different categories for each program. Figure 3 - The summary of the curriculum analysis for master’s degree Astronomy and Astrophysics,
Computer Sciences, and Applied Informatics programs

program

bsc-phys | bsc-tech | bsc-app bsc-cs bsc-ds msc-aa msc-app | msc-cs total msc - aa msc - Cs
keyword o =
ai 0 0 S 2 3 (o] 4 4 18 \‘
astro 0 0 0 0 0 20 0 0 20 y % ‘ \\ |
astroph 0 0 0 0 0 19 0 0 19 &
bigdata o 0 2 3 9 0 2 8 24 h
development | O 0 3 S 3 0 8 2 8
graphics 0o 0o 4 4 2 0 15 S 30 b
hardware (8] (o] 1 0 1 (o] 0 1 3 &f
informatics 0 0o n 12 6 [¢] 17 29 75
math 15 8 S 15 9 1 S 18 76
ml (o] (o] 1 (o] 0o [o] S S n
net (0] 0 2 2 2 0 0 3 9 msc - app
(0} (0] (o] 1 (0] 0] (0] 1 2 4
physics 39 22 0 0 4 2 1 2 70 \\\“
programming | 2 3 7 16 n 4 12 19 74 \
robot 8] 0 4 0 0 0 1 (o] S “
software 0 1 0 0 1 o 2 0 4
statistics 1 1 2 7 10 1 3 17 42
technical 1 3 1 0 0 2 0 0 7 v i
web 0 0 4 4 2 0 3 2 15 S
TOTAL = = 2

57 5
courses




Priklad FEI TUKE (1): “gap”

« 6 programov — Informatika,
Kyberbezpecnost, Pocitacove
siete, Hospodarska informatika,
Inteligentné systémy, Pocitacové
modelovanie

« I|dentifikacia  rozdielov  oproti
poziadavkam

« Viac ako 70 “(suborov) tém" v 16
skupinach od programovania, cez
DA, Al, ML, po hardvér ... plus
trochu fyziky :)

* Najviac datovej analytiky, Al, ML — oba programy
na KKUI FEI TUKE

Group of L Coverage in courses Missing / Not
covered in ?
Software development Web apps development (front end, I, CS: not specifically addressed, but CcM
back end frameworks) covered in multiple courses
CN: Web Technologies
Bl: Applications of web technologies
1S: ications of web i
UML modelling I, CS: Fi of Software -
Bl: Information Systems Analysis and
Design 1 and 2
CN: partially coverad in Object-oriented
programming, and in Basics of software
enginesring
CM: partially covered in Object-oriented
programming, and Modeling and Prototyping
of Systems
GUI design and user experience I, CS: User interfaces and user experience, 5]
Modeling and Prototyping of Systems
Bl: Information Systems Analysis and
Design 1
CN: Basics of software engineering (basics.
3s part of design of the whole system)
CM: Modeling and Prototyping of Systems
(as part of software design life cycle)
Testing and validation of the I, CS: Software Projects Management, 18
applications Foundations of Software Engineering
BI: Information Systems Analysis and
Design 1. Integration and deployment of
software applications,
CN: partially covered in Basics of software
enginesring
CM: Modeling and Prototyping of Systems
(basics, testing / validation as part of the
whole system life cycle)
Data analysis working with different tools for access | 1,CS,81,1S,CM: All ML related courses + CN -
and processing data, including courses for different formats in
standard tools such as MS Office communication networks
(data in Excel)
working with different formats,
processing of missing values, data
clearing
languages for data analysis, mainly BLIS: Business analytics, Knowledge CM.CN
Python + important packages discovery, Machine learning, Languages for
(pandas. sci-kit) data analysis (Bl) / Programming in Python
(IS} + other previously mentioned ML/DI
courses
1.CS: previously mentioned MUDI courses
explorative data analysis — data BLIS: Business analytics, Knowledge 1.CS.CM.CN
understanding and attributes discovery, Languages for data analysis (Bl)
charactenzation. missing values
identification, data clearing
understanding data mining as a BIIS: Business analytics, Knowledge 1.CS.CM.CN
process, often called knowledge discovery
discovery process — with goal and
data understanding steps, data
preparation / preprocessing steps,
modeling / mining step, model
validation)
visualization techniques - for better BI: Business analytics, Knowledge 1.CS.CM.CN

data understanding. and also
of models and final results

discovery, Data visualization

1S: Busir analytics, K ¥
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Priklad FEI TUKE (1): modifikacie

« 9 existujacich kurzov je
odporucenych pre znovupouzitie v
inom programe (vacsinou datovo
analyticke, od KKUI k ostatnym)

« 5 kurzov pre znovupouzitie po
Uprave / doplneni tém (aj DA,ML, 3]
napr. fyzika a matematika)

« 2 nové kurzy - smerujuce Kku:
1. zakladom fyziky Ci technologii pre
S2P, 2. aplikaciam DA, ML, Al v S2P

1.Introduction to Space Research and Technology
2.Data analysis in Space Research Domain

Co este chyba do konca projektu:
=> Priprava implementacného planu

Missing Topics

Change

Course

Description

Study
program/semester

Languages for data

Exsting course

Languages for

Addition of this course from Bl as an OE

1, CS. CM, CN (2™ Year, Bc,

analysis, mainly Python + re-use Data Analytics (optional) course should provide an ST)
important packages (OE) ion of basic python i
{pandas, sci-kit) skills with some specific python
+ packages used for data analytics. such
Python programming as packages for
fundamentals ing of data frames, vi
data transformations, and more. For
CM, CN it will also serve as a source for
python programming fundamentals.
continuous integration and Course update and ion and of software 1.CS.CM, CN (1¥ Year,
automation tools e.g., and deployment of applications - this course in BINS MSc, ST)
Jenkins,, B, IS: Integration re-use software programs provide combination of
and deployment of software applications practical skills for integration tools and
applications (CE) containerization, especially for
+ development of data processing /
containers/containerization mining and visualization tasks.
of applications using Therefore, re-use of such course might
Docker, orchestration tools be beneficial for various reasons and is
2.g., Rancher, Kubernetes, also interesting extension for knowledge
+ of cloud technologies, combined with
microservices data mining. Moreover, microservices
+ and DevOps basics will be added to this
DevOps course as additional topics, as both are
important in such development and
production environments.
explorative data analysis — Exsting course | Business Addition of this course from Bl, ISas a 1.CS.CM, CN (37 Year, Be.
data understanding and re-use Analytics (OE) O course should provide an extension | WT)
attributes characterization, of python programming with more
missing values specific skills aimed towards data
identification, data clearing science and machine learning. This
+ includes creation
understanding data mining of standard ML workflows. training ML,
as a process, often called and evaluation of ML models. The
knowledge discovery introduction of ML is suitable for those
process — with goal and who did not have any previous course
data understanding steps, and need some for their next study.
data preparation / might be useful for CN program for this
preprocessing steps, purpose.
modeling/mining step, and
model validation)
+
Introduction to machine
learning methods and
selected visualization
methods
Tinear and quadratic Course update | Numencal Our idea is to update basic course for All programs already have
discriminant analysis Mathematics, 3ll programs with missing topics of this course, it is only
+ Probability discriminant analysis, principal updated (in 2™ Year, Be,
methods for canonical Theory and components, Fourier analysis and sT)
discriminant analysis, Mathematical Monte Carlo simulation principles.
principal components, Statistics (C) Thanks to these enhancements,

factor analysis

+

Fourier analysis and its
application

+
probabilistic statistical
models and Monte Carlo
methods

through mandatory course in quite early
stage of study, all graduates will have
basic knowledge on such topics, also
for their reuse in their next study and
wiork on their theses, if they will use
similar methods for their solutions.
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Cast'...ainé

« "Netradicné” formy popularizacie astronémie ©
=> Studenti IT analyzuju astro/geo data v ramci zaverecnych prac

( netvrdim ze Uplne dobrovolne = také je nase zadanie, ale .... Metody Al, ML,
DL, sU prenositelné aj do ich buducej praxe ... a postupom casu sa strach z
neznameho vytraca)

* Zaposlednych 5 rokov — viac ako 30 zaverecnych prac s takouto temou
« Spolupraca s: UEF SAV, PF UPJS, FMFI UK, Ustav fyziky atmosféry CAV,
University of Helsinki, SARAO Juzna Afrika, ... (plus dalsi cez kolegov v uz
uvedenych institiciach)
12



SCSS-Net: Solar Corona
Structures Segmentation by

Deep Learning - SDO data
(hore) a SOHO (Dole)
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Astronomicky
ustav
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Detekcia paralelnych erupcnych vlakien
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Preprocessing (subregions cut + gray scale)
Skeletonization / thinning (+ prunning) Probabilistic Hough Transformation + enhancement 13



Klasifikacia typov zakrytovych dvojhviezd a urcenie fyzikalnych
vlastnosti systéemu




Klasifikacia typov radiovych galaxii

National Research | South African Radio
Foundation | Astronomy Observatory

input: | (None, 64,64, 1)
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Detekcia TLE v snimkach kamier AMOS ... a (preco nie aj) meteorov

...a aj roznych typov ozvien z meteorického radaru

e

event 0.87

\

meteor 0.69
\

r

meteor 0.45




Detekcia bleskov v radiovych spektrogramoch aich

charakterizacia
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Zaver(ecné myslienky)

* QOkrem toho sme riesili Ci riesime aj iné zaujimavée témy (predikcia
lonosférickych scintilacii, predikcia geomagnetickych buarok, analyza
zmeny koncentracie o0zonu a oxidu dusika pri prelete meteorov,
klasifikacia udalosti v seizmickych meraniach, ...)

NieCo na zaver ? ... mozno par myslienok

« |T a metddy Al, ML, DL davaju sancu priblizit' astrondomiu mnohym z tejto
oblasti....napr. aj spojit' celozivotné hobby a pracu ©

* Netreba zabudat' na to ze bez rady experta mdze byt posun vpred pri
takomto prepojeni velmi tazky (osobna skidsenost)

« Astronomickeé krazky a propagacia astronomie (a vo vseobecnosti fyziky)
t'ahaju mladych ked' nie vzdy k prirodnym vedam, tak aspon nie dalej ako k
tym technickym

* Nie vsetko sa vzdy podari ... ale netradicha forma popularizacie
astronomie formou zaverecnych prac na KKUI FEI TUKE bude pokracovat'!



