H=SPAC:

7th INTERNATIONAL CONFERENCE

ON RESEARCH, TECHNOLOGY AND EDUCATION OF SPACE

Proceedings of the
7th International Conference on Research,
Technology and Education of Space

April 7-8, 2022, Budapest, Hungary
at Budapest University of Technology and Economics

Organized by
Faculty of Electrical Engineering and Informatics
Budapest University of Technology and Economics
and
Hungarian Astronautical Society

Editors
Laszlo Bacsardi and Kalman Kovacs

MANT 2022



Conference proceedings

H-SPACE 2022

7th International Conference on Research, Technology
and Education of Space

April 7-8, 2022, Budapest, Hungary

BME building T’, Hall IE. 007

Magyar tudosok krt. 2., Budapest, H-1117 Hungary

Organizing and Editorial Board
Co-Chairs: Dr. Kalman Kovacs, Dr. Laszlo Bacsardi

Members:

Prof. Jozsef Adam, Dr. Balazs Bartoki-Génczy, Dr. Tibor Balint,
Ferenc Horvai, Prof. Janos Lichtenberger, Dr. Lorant Féldvary,
Prof. Laszl6 Pap, Dr. Andrea P6doér, Prof. Gabor Stépan,

Dr. Szabolcs Rozsa

Honorable Patrons:

Prof. Ivan Almar, Prof. Charaf Hassan

This publication has been supported by BME VIK, MANT
and KKM.

Editors: Dr. Laszl6 Bacsardi and Dr. Kalman Kovacs
Publisher

Hungarian Astronautical Society

1044 Budapest, Ipari park u. 10.

www.mant.hu

Budapest, 2022

Responsible publisher: Istvan Arnocz, Secretary General

© All rights reserved.

ISBN 978-963-7367-29-8



WELCOME from the Organizing Committee
Welcome to the 7th edition of our H-SPACE conference series!

We are happy to welcome you at the 7th International Conference
on Research, Technology and Education of Space. Special welcome
to those participants who join the H-SPACE conference for the first
time.

The event is organized by the Faculty of Electrical Engineering and
Informatics at the Budapest University of Technology and Econom-
ics (BME) — in cooperation with the Hungarian Astronautical Socie-
ty (MANT), which is the oldest space association in Hungary. The
organization of the conference series started in 2015, at a time of
growing opportunities arising from ESA recently granting member-
ship to Hungary and the need for a joint presentation of space ac-
tivities pursued at BME. The selection of the date of the event pays
tribute to the successful deployment to orbit and mission of the
first Hungarian satellite, the Masat-1, which has been launched on
February 13, 2012.

In last August, the Hungarian government accepted our national
space strategy which is available on the website of the Department
for Space Activities of the Hungarian Ministry of Foreign Affairs and
Trade at space.kormany.hu. In October, our national astronaut
program — the Hungarian in Orbit (HUNOR) — has been announced:
Hungary plans to send an astronaut to space in 2024 with Axiom
Space. The recently published Hungarian Space Kaleidoscope
2021/2022 contains more than 60 companies, research institu-
tions and university departments working in the Hungarian space
sector. In September 2022, Budapest University of Technology and
Economics will start the first class of its space engineering MSc
curriculum. In parallel to this, the Ministry of Foreign Affairs and
Trade coordinates a nationwide postgraduate education program in
four different domains including engineering.

The topic of this year’s conference is “New trends in the space sec-
tor”. The agenda of the conference addresses scientific, technologi-
cal and educational issues of space research and space activities.
The conference is open for both local and international profession-
als and provides an opportunity to showcase Hungarian scientific,
technological, educational and outreach activities, related to space.

The Organizing Committee has internationally recognized members:
Prof. Jozsef Adam, Dr. Balazs Bartéki-Génczy, Dr. Tibor Balint,
Ferenc Horvai, Prof. Janos Lichtenberger, Dr. Léorant Foldvary, Prof.
Laszl6 Pap, Dr. Andrea Pédér, Prof. Gabor Stépan, Dr. Szabolcs
Roézsa. We are grateful for their contributions to the success of the
conference.



On the first day, we will host in person presentations which will be
live streamed for online participants. The second day we will host
online presentations. The conference will have four main sections: a
Plenary with invited presentations. Session Science and Technology
I-II and Session Education and Outreach.

This year’s invited presentations will be the following:

o “Space ecosystem building: case study Slovakia”, by Michal
Brichta, Head of Industrial Branch of the Slovak Space Office

. “The effects of the war on the global space policy” by Balazs
Bartoki-Gonczy, Head of Outer Space and Social Sciences Re-
search Center University of Public Services, Hungary.

o “HUNOR Hungarian Astronaut Program Briefing” by Balazs Za-
bori, HUNOR program manager, Centre for Energy Research,
Hungary

) Nationwide cooperation in space education — The UniSpace

Hungary Consortium, by Bianka Parragh, Programme Director,
Head of Space Economy and National Competitiveness Re-
search Group, University of Public Services

o “Space Engineering Curriculum at the Budapest University of
Technology and Economics”, by Laszlé Csurgai-Horvath and
Laszl6 Bacsardi, BME

This book contains the abstracts of the presentations. In the com-
ing months, selected full papers will be published in the official
conference proceedings which will be available on our website,
space.bme.hu. On this website, the proceedings and selected pa-
pers of the previous issues can be found as well.

We hope you will enjoy your time in Budapest and the H-SPACE
conference could help to learn about new scientific and technologi-
cal results and strengthen your network. We hope to welcome you
again at the next edition of H-SPACE, at the H-SPACE 2024, which
will be organized in February, 2024.

Laszlo Bacsardi Kalman Kovacs
co-chair co-chair
Vice President of MANT President of MANT
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Location:Building I, ground floor, IE.007
Budapest University of Technology and Economics
Magyar tudésok krt. 2., Budapest, H-1117
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Hassan Charaf, Dean, Faculty of Electrical Engineering and
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Kalman Kovacs, President, Hungarian Astronautical Society
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The effects of the war on the global space policy
Balazs Bartoki-Gonczy, Head of Outer Space and Social
Sciences Research Center University of Public Services,
Hungary

14:40 Invited presentation
HUNOR Hungarian Astronaut Program Briefing
Balazs Zabori, HUNOR program manager, Centre for Energy
Research, Hungary

15:05 Invited presentation
Space ecosystem building: case study Slovakia
Michal Brichta, Head of Industrial Branch of the
Slovak Space Office

15:30 Coffee break



Session Chair: Kalmdn Kovdcs
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Technology I

Experiments on MRC-100 PocketQube

Tibor Herman and Levente Dudas

QO-100 video signal transmitting
Anna Gertrud Fabian and Rébert Varga

Miniaturized and modular flow chemical reactor for space
applications

Ferenc Darvas, Ferenc Boncz, Janos Takacs

and Gergé Mezoéhegyi

GNSS interference events at Hungarian airports
Bence Takacs, Daniel Garcia, Mercedes Reche and Rita Somogyi

Nationwide Ground Motion Map of Hungary Based on Sentinel-1
PSI Data
Péter Farkas, Gyula Grenerczy and Sandor Frey

The Jovian Plasma Dynamics and Composition Analyzer (JDC)
— a sensor of the Particle Environmental Package (PEP)
Maté Kerényi, Philipp Wittmann and Martin Wieser

Radio astrometric support for the JUICE mission to Jupiter
Sandor Frey, Judit Fogasy, Krisztina Perger, Krisztina Gabanyi
and Janka Kémives

Hungarian Participation in JUICE Mission of ESA
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Istvan Horvath and Sandor Szalai



April 8, Friday

Location: online
Registered participants will receive the link for online participation.

Session Chair: Laszlé Pap

10:00—12:15: Technical presentations — Session Science
and Technology II

Rain Field Sensing Supported by GPS Signal Attenuation
Laszlé Csurgai-Horvath, Janos Bito, Péter Horvath,
Balint Péter Horvath and Arpad Laszl6 Makara

Application of Artificial Intelligence in Satellite Communications
Arpad Laszl6 Makara and Laszlé Csurgai-Horvath

Limits of ion-trajectory controll using electric field
Andras Reichardt, Arpad Makara and Laszlé Csurgai-Horvath

A wide-band spectrum monitoring system as a scientific payload
for MRC-100 3-PQ(Pocket Qube) student satellite
Yasir Humad and Levente Dudas

InSAR monitoring results of Transcarpathia in the GeoSES Project
Balint Magyar and Roland Horvath

Using quantum algorithms for Earth Observation data processing
Doaa Subhi and Laszlé Bacsardi

Topic discovery in the diaries of Antarctica winteroverers with
multilingual deep sentence encoders
Marton Makrai, Bea Ehmann and Laszl6 Balazs

Distant Psychological Monitoring of ICE-Groups: Quantitative
and Qualitative Content Analysis Approaches

Bea Ehmann, Anna Altbacker, Borbala Toélgyesi

and Laszl6 Balazs

Investigating Cognitive Changes in Space Analog Paradigms
Borbala Toélgyesi, Anna Altbacker, Irén Barkaszi, Bea Ehmann

and Laszlo Balazs

12:15 - 13:15 Lunch break



Session Chair: Sandor Frey

13:15—15:15: Session Education and Outreach II

Invited presentation
Nationwide cooperation in space education — The UniSpace
Hungary Consortium
Bianka Parragh, Programme Director, Head of Space Economy
and National Competitiveness Research Group, University of
Public Services

Invited presentation
Space Engineering Curriculum at the Budapest University of
Technology and Economics
Laszlé Csurgai-Horvath and Laszlé Bacsardi, BME

IRF SpaceLab — a Swedish example of opening research
infrastructure for external users
Maté Kerényi and Stas Barabash

Székely Miké T3Ki-rover
Maria Pet6

Flérian Vamosi and Laszlo Vamosi
Astronomy activities at the Mihaly Tancsics Grammar School
of Kaposvar

How Tech Companies can help to Teach Space
Florian Vamosi, Miksa Vamosi and Andrew Yake

Simulated Mars Rover Model Competition — Years of Pandemic
Challenge
Pal Gabor Vizi and Attila Sipos

15:00 Closing remarks
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A wide-band spectrum monitoring system as
a scientific payload for MRC-100 3-P
(Pocket Qube) student satellite

Yasir Ahmed Idris Humad*, Levente Dudas
yasirahmedidris.humad@edu.bme.hu,
dudas.levente@vik.bme.hu
Budapest University of Technology and Economics (BME),
Budapest, Hungary

Today, the development of student satellites, which are classifi-
ed as nano-satellites, is becoming increasingly common in a va-
riety of applications. Student satellites came as an excellent al-
ternative for huge satellites in numerous applications and space
exploration, which is due to their small sizes and low costs as
well as the short time period needed for their manufacturing.
Unlike the traditional space missions, nano-satellites rely on
commercial off-the-shelf (COTS) components to decrease costs
and speed up development. Generally, the nano-satellite term
designates satellites in the 1 — 10 kg mass range. However, the
modern proposed class is the Pocket Qube Satellite which rest-
ricts developers to a volume of approximately 5 x 5 x 5 cm for 1
unit and 0.1 — 1 kg mass range. Many Pocket Qube Satellite ex-
periments can be found in the Microwave Remote Sensing Labo-
ratory at the Department of Broadband Infocommunications and
Electromagnetic Theory at BME.

The main aim of this paper is to present the capability of desig-
ning 3-PQ (Pocket Qube) student satellites for scientific payloads
with limited size, weight, and power consumption. The planned
scientific payload of MRC-100 is a wide-band spectrum monitor-
ing system(30 — 2600) MHz This system is able to measure the
upper HF and, VHF band, UHF band,5G band, 4G band, GSM
band, and UMTS band at the laboratory environment as a pro-
totype (first phase). The realized prototype panel of the spectrum
monitoring system is now working, is able to measure RSSI
(Received Signal Strength Indicator) values on three different RF
bands, it can be used as a conventional scalar spectrum analy-
zer with less than 120 mA current consumption from 3.3 V no-
minal regulated bus voltage and 40x40 mm PCB (Printed Circuit
Board) size.

* corresponding author
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Keywords:
Student Satellite, PocketQube, Radio Frequency Smog,
Spectrum Monitoring System.
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Application of Artificial Intelligence
in Satellite Communications

Arpad Laszlé Makara*, Laszlé Csurgai-Horvath
makara.arpadlaszlo@edu.bme.hu,
csurgai-horvath.laszlo@vik.hme.hu

Budapest University of Technology and Economics, Faculty of
Electrical Engineering and Informatics,
Department of Broadband Infocommunications and
Electromagnetic Theory, Hungary

In connection with satellite-Earth communications the changes
in the atmosphere affect the quality of the radio link. For the re-
liable and uninterrupted data transmission the alternating of
the modulation and, in many cases, the coding is advantageous.
In real-time, these methods are called Adaptive Coding and Mo-
dulation Methods (ACM). The most straightforward strategy is to
change the coding or modulation if we find that the amount or
quality of the transmitted data is inadequate. This means that
there may be periods when due to the channel impairments the
maximum capacity of the transmission channel can not be achi-
eved.

The solution to this problem is to predict at least some of the
typical transfer quantities. The available solutions are usually
regression problems [1,2,3], relying on artificial intelligence to
estimate either signal-to-noise ratio or attenuation. There are
differences in each technology and the algorithms used, but al-
most all of them are based on a training method using formal
measurements.

In our previous work, we presented a procedure, that performs a
new classification method. We do not predict a specific signal-to-
noise ratio or attenuation, or the best expected modulation or
coding.

Our method works acceptably for two-state forecasting [4],
namely the state of fade/non fade. Predictions implemented in
this way are expected to perform similarly well with fewer reso-
urce requirements than before.

* corresponding author
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In this paper, we present a brief overview of the possible soluti-
ons and we perform a comparison of the different solutions. The
base of the comparison is the conditions of the training of the Al
used, its reusability and the possibilities of applying the pre-
dicted output.

Keywords:
artificial intelligence, satellite communication, deep learning,
prediction, ACM
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Astronomy activities at the Mihaly Tancsics
Grammar School of Kaposvar

Florian Vamosi*, Laszlo Vamosi
florian@ultima.space, Vamosi.Laszlo@tancsics.hu
Mihaly Tancsics Grammar School of Kaposvar, Hungary

As a High School with specialized scientific classes, we think it’s
very important, to have some after- school activities with the to-
pic of Astronomy and Space. High School is most probably the
latest stage that students can be guided towards STEM. Our
school has been building these activities from 2016.

We have participated in all of the European Astro Pi Missions,
with great success. We organize events for the interested stu-
dents to look into telescopes and take our telescopes to the
meets and star parties of the Vega Astronomical Association. We
also regularly launch High Altitude Balloon experiments.

In the past years Astro Pi missions our students have detected
the weakest points of the Earth’s magnetic field, imaged lake Ba-
laton from space, proved the Earth’s shape is globular and de-
tected signs of civilization from the International Space Station.
More than 300 students (and adults for that matter) look thro-
ugh our telescopes every year. We usually show them the Moon,
planets and some brighter Deep-sky objects. During the star
parties of the Vega Association, we usually have our biggest te-
lescope out, a 16” Dobsonian and observe very faint objects as
well, with the most advanced students. As well as observing, we
also teach the astrophysics part to the most interested students.
Thanks to this since 2016 we always had a student in the IOAA
Hungarian national finals.

Our Weather Balloons are also usually launched from the Vega
summer star parties. During these experiments, we have recor-
ded data of the radiation in the stratosphere, imaged some of
the planets and the moon, collected follow-up data for the mag-
netic field experiments with the Astro Pis and brought the “first
Hungarian Near-Space Telescope” (a not remotely, but operatio-
nal instrument) to around 25 kilometers in altitude. Our most
successful 2021 experiment reached more than 36 kilometers in
altitude.

* corresponding author
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The biggest project we've undertaken yet in this field is just aro-
und the corner, however. The school has successfully received
funding to acquire a mobile planetarium with the capacity of
around 20 students per lecture. This will be the only planetari-
um in town, thus making these kinds of lectures available to
more students in Kaposvar, than ever before.

Keywords:
Astronomy, education, High-Altitude Balloons, Astro Pi,
planetarium
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Distant Psychological Monitoring of
ICE-Groups: Quantitative and Qualitative Content
Analysis Approaches

Bea Ehmann*, Anna Altbdcker, Borbala Tolgyesi,
Laszlo Balazs
ehmann.bea@ttk.hu, altbacker.anna@ttk.hu,
tolgyesi.borbala@ttk.hu, balazs.laszlo@ttk.hu
Research Centre for Natural Sciences, Budapest, Institute of
Cognitive Neuroscience and Psychology, Hungary

Wherever mankind goes to explore outer space (orbital missions,
future Moon and Mars settlements), crews are and will always
be isolated and confined groups, encapsulated in extreme
environments (ICE Groups). In the present state of the art of
space psychology, terrestrial space analogs are accepted as valid
sources of investigation. There are two types of such facilities:
space analog environments (e. g. Antarctic winterovering stati-
ons) and space analog simulations (e. g. Mars-500 and Sirius
projects in Moscow). Distant monitoring of ICE-Group psycho-
dynamics in these facilities is important because this forms the
base of psychological countermeasures for future manned space
missions.

Psychological states and processes of ICE groups are traditio-
nally monitored by tests and questionnaires, and in recent years
by content analysis. Content analysis is reasonable for use in
psychological research because a great variety of linguistic
markers, detectable in verbal behavior (diaries, correspondence,
online communication, etc.), may allow for drawing consequen-
ces as to the psychological states and processes of individuals
and groups. The software-based psychological content analysis
permits seeing “deep into the text”, where we can detect patterns
imperceptible to the naked eye (Ehmann, 2002).

Our research group has been using psychological content analy-
sis methodology in several international terrestrial space ana-
logs for more than a decade. Our presentation discusses the ma-
in approaches to the field and demonstrates some of our results
in this context. One traditional approach is a thematic content
analysis where space psychologists compared crew diaries writ-
ten by crews in terrestrial analogs and the International Space

* corresponding author
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Station (Stuster, 2010). Another traditional approach is psycho-
logical construct-based analysis, for example, the investigation
of coping mechanisms (Suedfeld, Brcic & Legkaia, 2009). Word
frequency-based analysis was used in our analysis of video dia-
ries of Antarctic winteroverers in cooperation with ESA
(Ehmann, et al, 2018). Corpus linguistic-based analysis was
made in the Mars-500 terrestrial simulation in cooperation with

the Institute for Biomedical Problems where, among others,
changes in crew autonomy and time consciousness were studied
(Gushin, et al., 2012).

More recently, we have also performed a qualitative content
analysis on the Antarctic winteroverers sample to explore emoti-
onal time patterns and cultural differences between Concordia
and Halley crewmembers. The swift progress of Natural Langua-
ge Processing (NLP) methodology promises ever more elaborated

and automatized, objective, non-invasive, and standardized
insight into the psychodynamics of ICE-groups whether down
here on Earth or onboard a spaceship.

Keywords:
Terrestrial space analogs, ICE-groups, distant psychological mo-
nitoring, content analysis
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Experiments on MRC-100 PocketQube

Tibor Herman*, Levente Dudas
herman.tibor@vik.bme.hu, dudas.levente@vik.bme.hu
Budapest University of Technology and Economics, Hungary

MRC-100 is the upcoming PocketQube mission of BME (TU Bu-
dapest), with new and extended measurements and experiments
led by the same Andras Gschwindt who was the project manager
of the previous satellites of BME. The 3PQ (5x5x15cm) satellite
will provide opportunity to several other universities to carry out
measurements with their equipment in space alongside our own
ones. The primary mission will be a wide range electrosmog
measurement from 30 MHz to 2.6G Hz, with just one measure-
ment antenna as a challenge. In order to transmit the large
amount of data gathered from the measurements, the spacecraft
will have an S-band transmitter with 30dBm output power,
alongside the VHF telemetry transceiver. To minimize the effects
of antenna radiation pattern and thus improve the radio link a
redundant attitude determination and control system (ADCS)
will be implemented with optical, magnetic and kinetic sensor
determination and magnetic control.

Remote sensing such small objects is a challenge for radars that
track them around the planet. To propose a solution for the
problem, a new satellite beacon system will also be implemen-
ted, which will provide the ground stations accurate TLE (Two-
line Element) data based on GPS location of the spacecraft. [1]
We will also experiment with receiving Automatic Identification
System (AIS) packets and relay them to our ground station. This
system is responsible for tracking vessels out on the sea (not
exclusively), where the coverage does not reach mainland beca-
use of the propagation properties of the frequency used. To inc-
rease this coverage, cheap satellite relays (e.g. a PocketQube)
could be a solution. [2]

The project is integrated into the education system, as the deve-
lopers are either university students or lecturers of BME. Our
guest experiments come from different universities, institutes
and companies of Hungary and their payloads include Sun and
Earth horizon sensors by Konkoly Observatory, a RAM based

* corresponding author
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event detector by the University of Debrecen, a compact total
ionizing dose measurement by 27G-Technology Kft., thermal in-
sulation material experiment by H-ION Kft. and further experi-
ments by the University of Szeged and the Széchenyi Istvan Uni-
versity. The preliminary launch date is the end of 2022, so the
development is quite critical timewise.

Keywords:
pocketqube, satellite, electrosmog, earth observation, remote
sensing
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GNSS interference events at Hungarian airports

Bence Takacs*1, Daniel Garcia?, Mercedes Rechev?,
Rita Somogyi3
takacs.bence@epito.bme.hu
daniel.garcia@pildo.com
mercedes.reche@pildo.com
rita.somogyi@hungarocontrol.hu
1Budapest University of Technology and Economics, Hungary
2Pildo Labs, Spain
SHungaroControl, Hungary

In the frame of PBN4HU (Performance Based Navigation for
Hungary) project, funded by CINEA (European Climate, Infra-
structure and Environment Executive Agency), satellite-based
procedures were developed and published for seven civil and
three military airports in Hungary. Following ICAO
(International Civil Aviation Organization) Annex 10 recom-
mendations for GNSS signal monitoring, ICAO EUR Doc 25 for
spectrum check performance and ICAO State Letter 089 (2020),
a network of permanent GNSS (Global Navigation Satellite
Systems) stations were deployed at those airports to monitor the
performance of EGNOS (European Geostationary Navigation
Overlay Service) augmented positioning.

In addition to satellite positioning, the GNSS frequency ranges
are also monitored by GNSS receivers with spectrum monitoring
capability in order to detect and log all the interference events
that might affect aviation activity. Although international laws
declare that in the frequency ranges dedicated to satellite positi-
oning, no signals are allowed to broadcast, a great many events
have been recorded over the past few years when GNSS satelli-
tes could not be tracked even though there was a clear view to
the sky. These situations are mainly attributed to low-cost GNSS
jammers, which broadcast signals to block or interfere with sig-
nals from real GNSS satellites making positioning impossible
nearby. Even though the devices are entirely illegal, their
number has been soaring. The majority of the users apply them
with the intention to block the positioning of the receivers built
in their own vehicle. On the other hand, they are not aware of
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the fact that their activity might have a serious impact on other
applications, as well. First and foremost, safety-of-life applicati-
ons, such as aviation, are somewhat sensitive to this kind of
issue.

From what has been discussed above, GNSS vulnerability has
recently become one of the gravest concerns. Our presentation
summarizes the main features of interference events recorded in
the Hungarian E-GNSS network and their impact on the perfor-
mance of satellite-based augmented positioning.
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Nowadays the vision of a tech company is not just to change the
world with their unique ideas. The route to get to this goal is
more and more part of the vision itself. Most of the technologies
that we use and build upon to make this change originate in one
way or another from the Space industry. The skill required to
build products that make this change is also heavily based aro-
und the education of STEM. We as a company focusing on the
digitalization of aquaculture benefit from many of these techno-
logies. Our product team finds it important to popularize STEM
in High Schools and tries to achieve it using Space as the topic
to “break the ice” and get students interested.

Our products involve the development of both hardware and
software solutions. We have connections with multiple schools
in our area and occasionally give some lectures on programming
and building small electronics projects. Some of the founders of
our company participated in the European Astro Pi challenge in
their time at High School.

The Astro Pi Mission is a great way to teach students the im-
portance of coding, and teamwork in both scientific experiments
and product development projects. Problem solving is probably
the most important part of programming. Mission Space Lab lets
students code their own experiment and run it on the ISS for
3 hours. This makes students think what information they want
to get back and why thus enhancing their creative skills.

In the fall of 2021, we decided to mentor an Astro Pi Mission
Space Lab team as a coding club. The students decided to use
the newly upgraded Astro Pis to identify and analyze clouds with
the help of machine learning. They will take into account clouds,
the patterns and colors of ground to identify which areas are the
best for placing ground-based telescopes. Because of the strict
data cap, all images will be filtered and nighttime images with
no useful data will be deleted.
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The team right now is in phase 2, coding their experiment. Our
experts are helping them with their questions, testing code, and
checking compliance with the rules. We are hoping to get anot-
her Hungarian experiment to flight, after the successful missi-
ons in 2017, 2019 and 2020.
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JUICE - JUpiter ICy moons Explorer — is ESA's most significant
flagship interplanetary mission. The spacecraft is scheduled to
launch in August 2023 and will arrive to Jupiter in 2031, where
it will spend three years observing Jupiter’s giant gaseous planet
and its three largest moons, Ganymede, Callisto and Europe.
The Space Technology Group has developed a power supply for
the Particle Enviroment Package (PEP) instrument. PEP sensors
examine the plasma environment of the Jupiter system. PEP
measures the density and fluxes of positive and negative ions,
electrons, exospheric neutral gas, thermal plasma and energy
neutral atoms. The nominal on-board voltage on the spacecraft
is 28V. The Space Engineering Group was responsible for the
development of the Direct Current Converter (DCC) power
supply unit for PEP's computer, communication channels and
sensors. The task was a major challenge due to the high degree
of reliability expected, and reliable operation had to be ensured
even in extreme conditions. We present the development and
implementation of DCC. The development of a special test equ-
ipment, Electronic Ground Support Equipment (EGSE), which
simulated the operation of PEP, was also required to test DCC.
EGSE was developed by SGF Ltd. It made it possible to control
DCC. In this article, we present DCC, quality assurance
methods and EGSE testing. This article reviews the structure of
the DCC unit, design requirements and specifications that had
to be met. We present the important steps of quality assurance,
the technological specification of the production, the EGSE, as
well as stress tests and integration.

Keywords: JUICE, DCC, PEP
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One of the main objectives of the GeoSES** project to monitor
anthropogenic and natural geo-processes, using space geodetic
technologies and concentrating on Transcarpathia and the Hun-
gary-Slovakia-Romania-Ukraine cross-border region.

In the framework of the presented project, our study utilizes one
of the fastest developing space-borne remote sensing technology,
namely InSAR, which is an outstanding tool to perform large
scale exploration of ground displacements and to conduct rela-
ted observational and monitoring tasks. Performing such moni-
toring task, we analyzed ascending and descending Sentinel-1
Level-1 SLC acquisitions since 2014 until 2021 over the in-
dicated region.

We also present an automated processing chain of Sentinel-1
interferometric wide mode acquisitions and related pre-
processing workflow to generate long-term ground deformation
data. To retrieve displacement time series from co-registered
SLCs stacks, we have performed multi-reference Interferometric
Point Target Analysis (IPTA) [1] using singe-look and multi-look
phases using the GAMMA Software [2]. According this, phase
terms related to both topography and orbit, as well as the non-
linear large scale phase component, including the APS and the
height dependent phase component have been evaluated and
refined though an iterative process. After considering such
phase terms, to retrieve recent deformations of the investigated
area, SVD LSQ optimization has been utilized to transform the
multi-reference stack to single-reference phase time-series such
could be converted to LOS displacements within the processing
chain. The derived results are through regional scale and local
examples of the introduced cross-border region as well.
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** Hungary-Slovakia-Romania-Ukraine ENI Cross-border Coope-
ration Programme (2014-2020) “GeoSES” - Extension of the ope-
rational "Space Emergency System"
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Optimal cognitive function is crucial for astronauts during
spaceflight, however, weightlessness is an extreme environment
for humans and can have health consequences even under a
short period of time (De La Torre, 2014; Takacs et al, 2021). It is
therefore important to explore potential spaceflight related nega-
tive effects and to identify tools and procedures to effectively
counteract them. Because of the difficulty of studying changes
in microgravity space analog paradigms are often used which
can effectively model the majority of space related changes un-
der terrestrial conditions. Results from space analog experi-
ments not only provide useful insights into how the brain works
in space, but also help us to better understand the results of
experiments on the ISS too as they provide a controlled environ-
ment in a more affordable and available way for scientists. Furt-
her, they are also beneficial for the preparation for future space
missions as they offer an opportunity to test and validate coun-
termeasures which helps in mitigating the negative impacts of
long-duration space missions.

One such Earth-based condition is the isolated, confined, and
extreme (ICE) environment paradigm which can be used to in-
vestigate how mental health or psychological state is affected by
different stressors (Ehmann et al, 2018). Another space analog
is the bed rest paradigm, in which volunteers lie in bed for shor-
ter or longer periods in a position tilted 6° towards the head
(Head Down Tilt Bed Rest - HDBR). HDBR causes similar phy-
siological changes in the human body as microgravity as it mi-
mics headward fluid shift, cardiovascular, sensory-motor decon-
ditioning, etc (Pavy-Le Traon et al, 2007). Thus, HDBR is suitab-
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le for investigating cognitive functions and changes in neural
activity in space analog environments. Our research group stu-
dies cognitive changes in extreme environments, including in
these space analog paradigms. We have investigated cognitive
performance in the Artificial Gravity Bed Rest ESA study to bet-
ter understand how HDBR and space can affect cognition. Our
results may offer insights into how we can use artificial gravity
to mitigate the negative effect of weightlessness.
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The Swedish Institute of Space Physics [1] (IRF) have been
developing scientific payload for space missions for over 50
years [2]. During this time, the institute’s test facility has
evolved to comprehensive infrastructure, capable of test-
ing, qualifying and calibrating these instruments.

As a response to the growing space industry and the inc-
reasing demand for space environmental testing, the insti-
tute is in the process to open up its laboratory — the IRF
SpaceLab [3][4] — for external users. The main goal of the
lab remains to serve the research projects at IRF, but the
remaining capacity is now offered for external customers.
Users can perform individual tests or complete campaigns
combining mechanical, TVAC, solar balance and TID tests,
and benefit from the decades of know-how accumulated by
IRF’s staff. In the meantime, IRF SpacelLab generates
income for the institute, dedicated to cover maintenance
costs and further expansion of the facility.

However, as a governmental research institute, providing
services for a fee is legal grey zone, and administrative
bottlenecks had to be solved before IRF SpaceLab could be
fully opened.

Besides these difficulties and their solutions, the presenta-
tion aims to introduce the institutes history and current
activities, describes the current test facilities and reveals
the near- and long-term expansion plans.

* corresponding author

31



Keywords:
Space physics, environmental testing,
commercialization

References:

[1] irf.se

[2] irf.se/en/about-irf/history/

[3] spacelab.irf.se

[4] Brigitte Neuland, Maike ; Kerenyi, Maté ; Wieser,
Martin; Olsen, Jonas; Barabash, Stas.: SpaceLab Kiruna -
New facilities for space instrumentation testing and
development in Europe. 21st EGU General Assembly,
EGU2019, Proceedings from the conference held 7-12
April, 2019 in Vienna, Austria, id.12398

32



Limits of ion-trajectory controll using
electric field

Andras Reichardt*, Arpad Laszlé6 Makara,
Laszlo Csurgai-Horvath
andras.reichardt@vik.bme.hu,
makara.arpadlaszlo@edu.bme.hu,
csurgai-horvath.laszlo@vik.bme.hu
Department of Broadband Infocommunication
and Electromagnetic Theory,

Budapest University of Technology and Economics,
Budapest, Hungary

In this paper we are dealing about controllability of ion swarms
in a small satellite ion thruster. Small satellites are a new and
forward-looking trend of satellite development. Such a small de-
vice’s life time is mainlz effected by its ability to change its po-
sition and location. Most of small-satellites do not have a propel-
ling system. Ion-thrusters are a possible system that have small
fuel consumption, long lifetime and high reliabiliy. Their dis-
advantage is that ion particles have to be condition to achieve
precise control.

Ion thrusters are small ion canons where ions of ionized gas are
accelerated and shooted outward to achive thrust force. These
ions have to be controlled to achieve steering capability. It was
earlier shown[1l] that these ions can be forced to follow a pre-
determined path through the nozzle of the thruster. We use
electrodes mounted on the nozzles’ surface to controll ion
movements. Level of controll depends on the speed and total
energy of ion-packets. Voltage of controll-electrodes are calcu-
lated using a machine learning algorithm based on the previous-
ly defined ion-path through the nozzle. [2]

In this paper we examine the limits of the controllability of ions
using only electric field generated by controll electrodes’ poten-
tial. It is inspected what the limits of pre-defined path are. The
error is the difference between pre-defined path and the simu-
lated trajectory [3].
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Based on this, we modify the electrodes potential, to minimize
the error, in quadratic mean with machine learning algorithm.
We tested two scenarios: using only electric field or using both
electric and magnetic field.
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In recent years, chemistry and drug discovery related research in
space has gained progressively increasing popularity. This trend
could be somewhat predicted, considering that in parallel to the
rapid development of the space industry, chemistry related rese-
arch and applications have become organic part of space rese-
arch and also space manufacturing.

Performing drug discovery in space offers a huge opportunity for
us, both on Earth and also for future space travellers. Microgra-
vity may ensure faster, more efficient reaction routes, even novel
active pharmaceutical ingredients which are difficult to synthesi-
ze on Earth. The on-demand pharmaceutical production in
space, that will be a huge support for example, for long-term
space travellers, seems to be an important technology to be deve-
loped, due to the known pharmaceutical stability problems oc-
curring in space.

For this purpose, flow chemical reactors are designated which
are operable under microgravity, completely automated and re-
motely controllable, and can ensure the required reaction para-
meters, efficient mixing of fluids and reliable operation. The tech-
nology itself, however, has not yet been well-established under
microgravity conditions, mainly due to the lack of: scientific
background for chemical technologies in space; appropriate
reactor design; assembling; and also, implementation.
Thalesnano has developed a miniaturized and modular flow che-
mical reactor that is able to perform liquid-liquid, gas-liquid, he-
terogeneously catalysed, photochemical but also electrochemical
reactions, and targeted for microgravity a