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Welcome from the chairs
Dear Participant,
we are happy to welcome you at the 2nd Symposium on Space
Educational Activities!
The 2nd Symposium on Space Educational Activities follows the
first symposium held in Padova, Italy in 2015, and will continue
to be an excellent forum for university students, professors and
professionals from all over Europe to present and discuss their
educational space-related projects and programs. We will have a
keynote presentation, six plenary lectures including an astronaut talk, more than 80 oral and poster presentations. Besides
providing an opportunity for dissemination of information about
educational and research activities, the symposium allows sharing experience among students and young professionals from
different countries and networking with international researchers. To help the networking, we have planned enough time for
lunch breaks and coffee breaks. All of our participants are invited to the Welcome reception on Wednesday, a special Yuri’s
night party on Thursday and a Gala dinner on Friday evening
with a 3-hour-long cruise on River Danube.
The symposium is organized by the Federated Innovation and
Knowledge Centre (EIT), part of the Faculty of Electrical Engineering and Informatics at the Budapest University of Technology and Economics (BME) – in cooperation with the Hungarian
Astronautical Society (MANT), which is the oldest space association in Hungary. The event is carried out under the supervision
of European Space Agency’s Education Office. Our Technical
Program Committee has recognized international members including László Csurgai-Horváth, Lóránt Földváry, Alessandro
Francesconi, Sándor Frey, Piero Galeone, Ferenc Horvai, Anton
Ivanov, Alexander Kinnaird, Michelle Lavagna, Antonio de Luca,
János Lichtenberger, Ali Nasseri and Szabolcs Rózsa. We are
grateful for their contributions to the success of the conference.
We also thank the hard work of the members of the Organizing
Committee with a special thanks to its secretary, Zsuzsanna
Hartl-Beck.
Please note that the symposium has three different publications.
This “Book of abstracts” contains all of the accepted abstracts of
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oral and poster presentations. We have published a handbook
which provides useful information about the symposium itself.
Proceedings containing the submitted full papers will be published electronically few weeks after the symposium.
Following more than a year of thorough planning, we hope that
you will enjoy your time during the symposium and we can welcome you in Budapest again in the future.
Ad astra!

László Bacsárdi
chair of the Organizing
Committee
Secretary General of MANT

Kálmán Kovács
co-chair of the Organizing
Committee
Director of BME EIT
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Organizations behind the symposium
BME Space Forum
The Federated Innovation and Knowledge Centre (BME EIT) was created at the
Faculty of Electrical Engineering and
Informatics of Budapest University of
Technology and Economics (BME) in
2009 to stimulate the research and
development activity and to assist the
exploitation of research achievements at
the Faculty. Currently, BME EIT operates the BME Space Forum which mission is to harmonize and
coordinate the activity of departments at BME participating in
space activities by a common vision and strategy, to recognize
the joint human and technical resources and amazing achievements, to make internal and external knowledge transfer more
efficient, and to utilize opportunities lying in synergies granted
by joint capabilities and unified representation. The common
aim of BME Space Forum members is to become the bridge between academic research and production, service application,
and to participate all phases of research/developmentinnovation and application processes of space activity. Currently, 12 Departments of 4 BME Faculties participate voluntarily in the activities of Space Forum.
website: eit.bme.hu
ESA Education Office
ESA's Education Office is responsible for the Agency's corporate education programme
bringing together young people
from many dif-ferent nations.
The aim is to help young Europeans, aged from 6 to 28, to gain
and maintain an interest in science and technology, with the
long-term objectives of contributing towards the creation of a
knowledge-based society and ensuring the existence of a qualified workforce for the Agency that will ensure Europe’s continued
leadership in space activities.
website: esa.int/Education
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Hungarian Astronautical Society (MANT)
The Hungarian Astronautical Society (MANT in Hungarian) is a civil
organization in Hungary that
gathers space researchers , users
of space technology and everyone
who is interested in the interdisciplinary and state-of-the-art uses and research of outer space.
The society was established in 1956 in Budapest, and it is the
only Hungarian member of the International Astronautical Federation 8IFA) since 1959. The aim of MANT is to raise public
awareness about space activity and space applications. The society also provides an opportunity for space enthusiasts to meet,
exchange ideas and work together. MANT, through its members
from various fields of science, organizes conferences, youth forums, summer space camps, issues periodicals , releases media
material and holds lectures about space research and connected
scientific fields.
website: mant.hu
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PROGRAM
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APRIL 11, WEDNESDAY
08:3010:00

Registration

Building
K, first
floor

Registration desk is open 8:3012:00 in building K (first floor); and
13:15-17:00 in building I (ground floor)
10:0010:30

Opening ceremony

Master of the
ceremony:
László Bacsárdi

10:3011:15

Keynote lecture

ESA’s Education
Programme: From
inspiration to handson
experiences

European
Space
Agency

ISS - A laboratory in
Space

European
Space
Agency

Kai-Uwe Schrogl
11:1512:00

Plenary lecture 1 - Astronaut talk
Reinhold Ewald

Building
K, first
floor
Saloon
room

12:0012:45

Lunch break

K floyer

12:4513:30

Walk from building K to building I

13:3014:45

Session 1

Session chair: Piero
Galeone

Katharina Schüttauf and Alexander
Schmidt

The educational programmes with involvement of DLR´S Mobile
Rocket Base

German
Aerospace
Center
(DLR)

Armelle Frenea-Schmidt,
Bertrand Bocquet, Baptiste Barre and
Francois Andrusyszyn

MATRIOCHKA, Adventure and Achievement
of a two-stages rocket
made by French
students from
ESTACA

Estaca
Space
Odyssey

Paolo Marzioli, Alice Pellegrino,
Lorenzo Frezza, Federico Curianò,
Federica Angeletti, Andrea Gianfermo, Fabrizio Piergentili and Fabio
Santoni

Lessons learned from
STRATONAV on BEXUS 22: Educational activities on
stratospheric balloon
experiment development

Sapienza
University
of Rome

Gints Dreifogels, Endija Briede and
Jānis Šate

Educational Value and
Lessons Learned From
the Student
High Altitude Balloon
Programme IRBE

Ventspils
University
College
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I.B.028

The Norwegian-ESA Student Program Fly
a Rocket! - Pilot Cycle
Report

Christoffer Stausland, Alexander
Kinnaird, Jøran Grande and
Alexander Biebricher
14:4515:15

Coffee break

15:1515:45

Plenary lecture 2

I floyer
Educational and research
opportunities of picosatellites : the
Hungarian SMOG-1 and
ATL-1

Levente Dudás

15:4517:00

NAROM AS

Budapest
University of
Technology
and Economics

Session 2

Session chair: László
Csurgai-Horváth

Thorben Könemann

Microgravity Research on
Earth - The Bremen Drop
Tower

ZARM

Gilberto Grassi, Alessia Gloder, Leonardo
Pellegrina,
Mattia Pezzato, Alvise Rossi,
Riccardo Mantellato, Lorenzo
Olivieri, Matteo Duzzi, Francesco
Sansone, Francesco Branz, Enrico
C. Lorenzini and Alessandro
Francesconi

STAR: an University
Students Drop Tower
Experiment

European
Space
Agency

Matteo Duzzi, Mattia Mazzucato,
Riccardo Casagrande, Luca Moro, Filippo
Trevisi, Fabrizio Vitellino,
Matteo Vitturi, Angelo Cenedese,
Enrico C. Lorenzini and Alessandro
Francesconi

PACMAN experiment: a
Parabolic Flight Campaign
student experience

University of
Padova CISAS G.
Colombo

Simon Mawn

Rocket and Balloon Experiments for
Students – Project
Milestones

ZARM
Drop Tower
Operation
and Service
Company

Manel Caballero, Victor Ubieto and
Guillem Castro

Sounding Rockets to
Reignite Passion for
Space Exploration

Cosmic
Research
- ESEIAAT
UPC

I.B.028

I.B.028

Wrap of the day
18:0021:00

Welcome reception

Trófea
Restaurant

Welcome reception is included in the
registration fee. It will be a buffet style
dinner with unlimited drinks (nonalcoholic and alcoholic drinks).
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APRIL 12, THURSDAY
09:0009:30

Registration

I floyer

Registration desk is open
9:00-17:30
09:3010:00

Plenary lecture 3

How to build a DIY new
space company

C3S Ltd.

I.B.026

Gábor Marosy
10:0011:00

Session 3

Session chair: Sándor Frey

I.B.026

William Crofts and
Julia Hunter-Anderson

Achieving Successful Satellite Engineering with an
Undergraduate ProjectBased Team

The University
of Warwick

Mario Merino

NanoStar University Network: Hands-on higher
Aerospace Education
through Nanosatellite
Student Challenges

Universidad
Carlos III de
Madrid

Saskia Sütterlin,
Manfred Ehresmann,
Georg Herdrich and
Nicolas Heinz

PAPELL: Experiments, Prototyping and Mechanical
Engineering

University of
Stuttgart

Ricard González-Cinca,
Natacha Callens and Philip
Carvil

ESA/ELGRA Gravity-related
Research Summer School

European
Low Gravity
Research
Association

11:0011:20

Coffee break

I floyer

11:2012:20

Session 4

Session chair:
Alexander Kinnaird

Alice Pellegrino, Paolo
Marzioli, Fabrizio Piergentili and Patrick Seitzer

LEDSAT: educational
LED-based small SATellite
for testing new techniques
based on passive optical
methods with a cooperative target

Sapienza
University of
Rome

David Murphy, Lorraine
Hanlon and Ronan Wall

EIRSAT-1: The Educational
Irish Research
Satellite

University
College Dublin

David Murphy, Lorraine
Hanlon, Daniel Vagg, Sheila McBreen and David Lynn

EduCube: The 1U Educational CubeSat

University
College Dublin
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I.B.026

12:2013:30

Lunch break

13:3014:00

Plenary lecture 4

I floyer
The ESA Academy Programme

Piero Galeone
14:0014:45

European
Space
Agency

Session 5

Session chair: László
Pap

Lukasz Wilczynski and
Piotr Weclewski

European Rover Challenge –
a giant leap to the space
sector career

European
Space
Foundation

Daniel Nilsson

Lessons in Introducing
Young Engineers to the
Space Industry

WILDA
Spårning AB

Erik de Schrijver

ASGARD Balloon and
BIFROST Parabolic Flight
Programmes: Building Appetite and Nurturing Talent
For STEM in Upper Secondary School
Students

Space
Education
Services

I.B.026

I.B.026

14:4515:15

Coffee break

I floyer

15:1516:00

One minute poster presentations

16:0018:00

Poster session with wine tasting

I floyer

18:0018:05

Wrap of of the day

I.B.026

20:0024:00

Yuri’s Night

Schönherz
Dormitory

Moderator:
László Bacsárdi

The cost of Yuri’s Night is not included in the registration fee. The
event has no entrance fee, but you
have to pay your drinks. Credit card
payment will be available.
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I.B.026

APRIL 13, FRIDAY
09:0009:30

Registration

I floyer

Registration desk is open
9:00-12:00
09:3010:00

Plenary lecture 5

The ESEO Project: history and
educational legacy

Antonio De Luca
10:0011:00

10:0011:00

European
Space
Agency

Session 6/A

Session chair: Antonio De Luca

Nicola Melega, Alberto
Corbelli, Valentino Fabbri,
Davide Cinarelli, Alessandro
Tambini, Alessandro Avanzi and
Roberto Cocomazzi

Assembly Integration and
Testing of the ESEO Proto
Flight Model

SITAEL

Alberto Lucci, Alfredo Locarini,
Dario Modenini and
Paolo Tortora

Ground Segment Solutions for
the ESA ESEO Educational
Mission

University of
Bologna

Jenny Kingston, Chiara Palla and
Stephen Hobbs

Educational Activities in Development and Testing of the
Cranfield De-orbit
Mechanism for the ESEO
Satellite

Cranfield
University

Indrek Sünter, Henri Kuuste,
Johan Kütt, Tõnis Eenmäe and
Ilmar Ansko

Optical Characterisation of the
ESEO Optical Payload

University of
Tartu

Session 6/B

Session chair:
János Lichtenberger

Belén López Martí and On
Behalf Of The Esasky And
Cesar Teams

Teaching Astromony with
ESASKY

ESA/ESAC

Lorenzo Olivieri, Matteo
Duzzi, Gilberto Grassi, Riccardo
Mantellato, Francesco Sansone
and Alessandro Francesconi

Conjugating educational activities and technology development: the example of TED
project

University of
Padova

Lucy Berthoud
and Andrew Glester

Space Universities Network supporting the Space
Science and Engineering Higher Education Community in
the UK

Cranfield
University

Marek Chodnicki, Edmund
Wittbrodt and Adam
Dąbrowski

“Space&Satellite Technologies” Intercollegiate Masterdegree Courses of Study in Tricity (Poland)

Gdansk
University of
Technology
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I.B.026

I.B.026

I.B.027

11:0011:20

Coffee break

11:2012:40

Session 7/A

Session chair: Antonio De Luca

Alfredo Locarini, Dario Modenini
and Paolo Tortora

GPS-based Navigation
Solution for the ESA ESEO
Educational Mission

University of
Bologna

Márton Borsi, Dániel Skriba,
Antal Bánfalvi, László CsurgaiHorváth, József János Szabó and
Zsolt Váradi

The ESEO Power Distribution
Unit

Budapest
University of
Technology
and Economics

Christopher Bridges, Peter
Bartram, Jonas Holtstiege,
Graham Shirvile and David
Bowman

Lean Qualification of the
AMSAT-UK Software Radio
Payload

Surrey Space
Centre

Viktor Qiao, Tamás Kőnig, Antal
Bánfalvi, József Szabó,
Árpád Kis and Zsolt Váradi

The Langmuir Probe experiment (ESEO-LMP)

Budapest
University of
Technology
and Economics

Balázs Zábori, Attila Hirn,
András Gerecs and Tamás
Hurtony

ESEO-TRITEL experiment to
measure the cosmic radiation

MTA Centre for
Energy Research

Session 7/B

Session chair: Lorenzo Olivieri

Nicole Viola, Stéphanie LizyDestrez, Nigel Bannister, Richard
Ambrosi, Hugo Williams, Benedicte Escudier, Emmanuel Zenou,
Giorgio Saccoccia
and Eugenio
Gargioli

The SEEDS International PostGraduate Master Program for
Space Exploration:
Education and Training for
Europe’s Future in Space

University of
Leicester

András Ordasi

Scientific dissemination through an astronomer’s eyes

MTA CSFK
Konkoly
Observatory

Tym Pakulski and Alex Linossier

Design of a Cost-Effective
Robotic Manipulator for an
Educational Mars-Analogue
Rover

TU Berlin

Luigi Gennaro Izzo and Giovanna
Aronne

MULTITROP: an educational
project on root tropism interactions

University of
Naples

Nigel Bannister

Active Learning in Space Science, Physics, Astronomy and
Engineering with
NASA’s General Mission
Analysis Tool

University of
Leicester

11:2012:40

I floyer
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I.B.026

I.B.027

12:4013:45

Lunch break

13:4514:15

Plenary lecture 6

I floyer
Be a star in ESA’s Universe

Titia Skevofilax
14:1515:30

European
Space
Agency

Session 8

Session chair: Kálmán Kovács

Renato Amorim, Rohan
Chotalal, Katarzyna Ciechowska,
Adam Dabrowski, William Ferguson, Thomas van ‘t Klooster,
Verena Kunberger, Darian van
Paridon, Sean Pepper,
Jakub Porębski, Marius
Schwinning, Yuchen Shang,
Kelsey Doerksen and Maxime
Valençon

Student Perspectives on the
2017 ESA Concurrent Engineering Challenge

Delft
University of
Technology

Robert Garner
and Joseph Dudley

Removing Roadblocks from the
UK space skills pipeline: A student and young professional
perspective

UK Students
for the Exploration and
Development
of Space

Dorottya Milánkovich,
István Arnócz
and László Bacsárdi

A strategy to support new
careers in space sector

Space
Generation
Advisory
Council

Loris Franchi, Daniele Calvi and
Sabrina Corpino

Concurrent design approach in
academic environment: activities and lessons learned

Politenico di
Torino

Claudia Lindner, Henryk
Hodam, Annette Ortwein,
Johannes Schultz, Fabian Selg
and Andreas Rienow

Towards a new Horizon for
Planetary Observation in
Education

RuhrUniversity
Bochum

15:3016:00

Closing ceremony

Master of the ceremony:
Kálmán Kovács

18:0021:00

Gala dinner

Building
Q, Simonyi
room

Európa
ship

Gala dinner is included in your
registration fee. It will be a 3hour-long dinner on a ship with
an unforgettable cruise on River
Danube.
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APRIL 14, SATURDAY
EUROPEAN STUDENT FORUM 2018, ORGANIZED BY THE SPACE
GENERATION ADVISORY COUNCIL (SEPARATE REGISTRATION IS
NEEDED)

POSTER PRESENTATIONS (DISPLAYED DURING ALL
THREE DAYS, DEDICATED POSTER SESSION
ON APRIL 12 AFTERNOON)
Daire Sherwin, Joseph Thompson,
Victor Ubeda, William
O’Connor and David McKeown

Wave-based attitude control of EIRSAT
-1, 2U cubesat

University College Dublin

Ireland

Victorio Úbeda, Daire Sherwin,
Joseph Thompson, David McKeown
and William O’Connor

Modelling EIRSAT-1 dynamics &
actuation to validate & test a novel
attitude control system

Universidad de Castilla La Mancha

Spain

Timon Schild, Joesph Thompson,
Daire Sherwin, William
O’Connor and David McKeown

Design of an Attitude Control
Testbed for a CubeSat with Flexible
Appendages

Trinity College Dublin

Ireland

Joseph Thompson, David Murphy
and William O’Connor

Double-dipole antenna deployment
system for EIRSAT-1, 2U cubesat

University College Dublin

Ireland

Kira Grunwald, Manfred Ehresmann
and Georg Herdrich

PAPELL: Student team lead tenets and
challenges in an international project

Small Satellite Student
Society University of
Stuttgart / KSat e.V.

Germany

Ricardo Gomes, Cass Hussmann and
Afzal Suleman

Development of a reliable and low cost
miniaturized Reaction Wheel System
for CubeSat applications

Universidade de
Lisboa - Instituto Superior
Técnico

Portugal

Yun-Hang Cho and Viktor Fedun

Sheffield University Solar Balloon
Lifted Telescope (SunbYte - BEXUS 25)

University of Sheffied

United Kingdom

Alex Sullivan, Sebastian Grau,
Ferdinand Fürstenau, Brian Treacy,
Tym Pakulski, Tim
Gräfje, Jens Großhans, Martin
Buscher and Cem Avsar

Verification of 3-ayis control
for a pico satellite using fluid
dynamic actuators

TU Berlin

Germany

Florian Wolz, Marion Engert,
Tobias Wahl and Tobias
Zaenker

Results of the Rate Conrolt System
RaCoS on REXUS 22 and Suggestions
for Further Develoments

RaCoS, University of
Würzburg

Germany

Andreas Bauernfeind

PYROLESS Recovery System

TU Wien Space Team

Austria

Adrian Buzdugan

WOLF REXUS experiment

KTH Royal Institute of
Technology

Romania

Cristian Ambrosini, Alessandra
Bellina, Loris Bogo, Stefano Di
Marco, Filippo Marconi,
Vittorio Netti, Denis Soso and
Giorgio Tesser

Spring Driven Expandable
Reflector for Deployable
Antennas

University of Padova

Italy
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Patrick Burkhardt, Martin
Kossagk, Benjamin Legrady,
Philipp Lukas, Sven Schönfeld,
Stefan Schreiber, Christian
Schunk and Jan Walter

LOTUS-D LIGHT OPTICAL
TRANSMISSION-EXPERIMENT OF
UNIVERSITY STUDENTS

TU Dresden

Germany

Adam Dabrowski, Karol
Pelzner, Jacek Goczkowski,
Agnieszka Elwertowska and
Szymon Krawczuk

HIGH-QUALITY EXPERIMENT
DEDICATED TO MICROGRAVITY
EXPLORATION, HEAT FLOW AND
OSCILLATION MEASUREMENT
FROM GDAŃSK

Gdansk University of
Technology

Poland

Ralf Engelhardt, Jonathan Oelhafen,
Stefan Ehard, Andreas
Kollmannsberger and Klaus
Drechsler

Manufacturing, Testing and Flight of a
Carbon Fiber Reinforced Plastic Rocket
Module with Integrated Fiber Optical
Temperature Sensors

Technical University of
Munich, Chair of
Carbon Composites

Germany

Lena Bötsch and Maximilian von
Arnim

ROACH-RX – EXPERIMENT ON
ADHESION AND LOCOMOTION
TECHNOLOGIES ABOARD REXUS

KSat e.V.

Germany

Ihsan Kaplan, Johann Lange and
Fabian Laukotka

COLLECTING MICROMETEOROIDS AND OTHER COSMIC-DUSTPARTICLES

Hamburg University of
Technology

Germany

Bence Góczán, Márk Németh and
Levente Pápay

Testing for High Altitude Balloon
Missions

Simonyi Károly
College for Advanced
Studies

Hungary

Christian Bach, Jan Sieder-Katzmann
and Martin Tajmar

Designing and Testing of a Bi-liquid
Rocket Engine with Graduate Students

TU Dresden

Germany

Daniel Macía, Hugo CarrenoLuengo, Manel Soria, Joan Adrià
Ruiz de Azúa,
David González and Daniel
García-Almiñana

PROOF-OF-CONCEPT OF THE “GNSS
DIrect & REflected Combination Tester” (G-DIRECT) PAYLOAD FROM A STRATOSPHERIC SOUNDING BALLOON EXPERIMENT OVER
LAND SURFACES

UPC

Spain

Jedrzej Gorski and Romuald Redzicki

Freon Decay Experiment on Board of
BEXUS-21 Flight

Wroclaw University of
Science and Technology

Poland

Tony Hogan, Benedict Taylor, Marina Shcherbakova, Benjamin Olsen,
Naomi Dobson,
Sophie Clarke and Samuel
Croote

Development of a Wildlife Tracking
Satellite for International
Space Station Deployment

The University of
Warwick

United Kingdom

Anastasia Kokori
and Angelos Tsiaras

Increasing public participation in
exoplanetary research through Citizen
Science and user-friendly tools

Aristotle University of
Thessaloniki

Greece

Agustin Sanchez-Lavega,
Teresa Del Rio-Gaztelurrutia,
Santiago Perez-Hoyos, Ricardo
Hueso, Jose F. Rojas and M.
Asuncion Illarramendi

Astronomy and Planetary Science
educational activities using small
telescopes at the Aula EspaZio Gela of
the University of the Basque Country

Universidad Pais Vasco
UPV/EHU

Spain

Martin Reiswich and Fabian Baader

Student research on extraterrestrial
ice penetration technology

FH Aachen UAS

Germany
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Clemens Riegler

Project Daedalus, reentry inspired by
nature

Daedalus

Austria

Rob Lemmens, Martin Schouwenburg, Bas Retsios
and Chris Mannaerts

Using ILWIS Software for teaching Core
Operations in Earth Observation

University of Twente,
Faculty of GeoInformation Science and
Earth Observation,
The Netherlands

Netherlands

Rob Lemmens,
Ellen-Wien Augustijn, Marie-Jose
Verkroost and Stanislav Ronzhin

Space Education with The Living Textbook, A web-based tool using a Concept Browser

University of Twente,
Faculty of GeoInformation Science and
Earth Observation,
The Netherlands

Netherlands

David Gonzalez,
Daniel Garcia-Almiñana, Manel Soria
and Miquel Sureda

THE ROLE OF HIGHER EDUCATION
INSTITUTIONS IN THE PROMOTION OF
SPACE-ORIENTED ACTIVITIES. THE
ESEIAAT-BarcelonaTECH EXAMPLE

Universitat Politècnica de
Catalunya

Spain

Dániel Szendrei, Andrea Strádi,
Nóra Szabadi and István Arnócz

Spacepaprika – a workshop based
educational program

MANT

Hungary

Carlla Martins, Eduardo Guimarães
and Ingrid Silva

The Improvement of Science Learning
Through Astronomy

Federal University of
Amazonas

Brazil

István Sárhegyi, Balázs Rábely,
Kornél Szabó
and Domonkos Surman

Spin-offs of the International
Space University’s Space Studies
Program

New Space Consulting Kft.

Hungary

Nikolaos Sarantinos, Panagiotis
Longinos, Panagiotis Charlaftis,
Alexios Argyropoulos, Adrianos
Filinis and Vassilis Kostopoulos

Behaviour of Polymers in Microgravity

Applied Mechanics Laboratory, University of
Patras, Greece

Greece

Virgiliu Pop and Cristina Stancu

Exo-Ro: Involving High-schoolers in
Robotics and Astrobiology by Means of
a Rover Competition

Romanian Space Agency

Romania

Benoit Sauty, Corentin Bisot, Clement Blaudeau, Lucas
Chaumeny, Thomas Starck, Elliott
Benisty, Gaspard
Beugnot, Olivier Guaitella and
Vasco Guerra

About in situ resource utilisation for
oxygen production on Mars using nonthermal CO2 plasmas.

Polytechnique - Centre
Spatial Etudiant

France

Álvaro Romero Calvo, Lidia
Parrilla Benítez, Tim H.J. Hermans,
Miguel Ángel Herrada Gutiérrez and
Elena De Castro
Hernández

Ferrofluid Dynamics in Microgravity
Conditions

Área de Mecánica de
Fluidos, Departamento
de Ingeniería Aeroespacial y Mecánica de
Fluidos, Universidad
de Sevilla

Spain

Florine Enengl, Moinak Banerjee,
Nandan Dutta Chaudhury, Anton
Franzén, Anton Kåbjörn, Alberto
Alonso Pinar, Federico Rorro,
Chaitanya Prasad Sishtla
and Mykola Ivchenko

Plasma measuRements wIth Micro
Experiment - PRIME

KTH Royal Institute of
Technology

Sweden
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Organizing Committee
Chair: László Bacsárdi
Co-Chair: Kálmán Kovács
Secretary: Zsuzsanna Hartl-Beck
Delegates from ESA Education Office:
Piero Galeone and Alexander Kinnaird
Delegate from the Hungarian Astronautical Society:
Anna Krisztina Székely
Volunteer coordinator: Levente Pápay
Technical Program Committee
László Bacsárdi – Chair, Associate professor,
University of Sopron
Kálmán Kovács – Co-chair, Associate professor,
Budapest University of Technology and Economics
László Csurgai-Horváth - Associate professor,
Faculty of Electrical Engineering and Informatics,
Budapest University of Technology and Economics
Lóránt Földváry - Associate professor, University of Óbuda
Alessandro Francesconi - Associate Professor of Space
Systems, University of Padova
Sándor Frey - Senior scientist, Research Centre for
Astronomy and Earth Sciences, Hungarian Academy of
Sciences
Piero Galeone - Head of the Tertiary Education Unit,
Education Office, European Space Agency
Ferenc Horvai - Ministry of National Development,
Hungary
Anton Ivanov - Senior Scientist, École Polytechnique
Fédérale de Lausanne
Alexander Kinnaird - Education Office, European Space
Agency
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Keynote lecture
ESA’s Education Programme: From inspiration
to hands-on experiences
by
Kai-Uwe Schrogl
Prof. Dr. Kai-Uwe Schrogl is the
Chief Strategy Officer of the European Space Agency (ESA, Headquarters in Paris, France).
From 2007 to 2011 he was the
Director of the European Space
Policy Institute (ESPI) in Vienna, Austria, the leading European think tank for space policy.
Prior to this, he was the Head of the Corporate Development and External Relations Department in the German
Aerospace Center (DLR) in Cologne, Germany. Previously
he also worked with the German Ministry for Post and Telecommunications and the German Space Agency (DARA)
in Bonn, Germany.
He has been a delegate to numerous international forums
and has served from 2014 to 2016 as chairman of the Legal Subcommittee of the United Nations Committee on the
Peaceful Uses of Outer Space, the highest body for space
law making, comprising 73 Member States. He also was
chairman of various European and global committees (ESA
International Relations Committee and two plenary
working groups of the UNCOPUOS Legal Subcommittee,
the one on the launching State and the other on the
registration practice, both leading to UN General Assembly
Resolutions). He presented, respectively testified, at hearings of the European Parliament and the U.S. House of
Representatives.
Kai-Uwe Schrogl is the President of the International Institute of Space Law, the professional association of space
law experts from 48 countries, Member of the International
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Academy of Astronautics (recently chairing its Commission
on policy, economics and regulations) and the Russian
Academy for Cosmonautics as well as Corresponding Member of the French Air and Space Academy. He holds a doctorate degree in political science and lectures international
relations as an Honorary Professor at Tübingen University,
Germany.
Kai-Uwe Schrogl has written or co-edited 17 books and
more than 140 articles, reports and papers in the fields of
space policy and law as well as telecommunications policy.
He launched and edited until 2011 the “Yearbook on Space
Policy” and the book series “Studies in Space Policy” both
published by ESPI at SpringerWienNewYork. He sits on
editorial boards of various international journals in the field of space policy and law (Space Policy, Zeitschrift für
Luft- und Weltraumrecht, Studies in Space Law/Nijhoff;
previously also Acta Astronautica).
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Plenary lecture 4
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A strategy to support new careers
in space sector
Dorottya Milánkovich*, István Arnócz,
László Bacsárdi
Space Generation Advisory Council, Vienna, Austria
dorottya.milankovich@spacegeneration.org
istvan.arnocz@spacegeneration.org
laszlo.bacsardi@spacegeneration.org
The space sector is facing the global problem of the lack of new
space experts. In countries where aerospace engineering as curriculum does not exist, this problem is even harder since regular
university programs do not offer a global overview about the
possibilities in the space sector. In Hungary, the Space Generation Advisory Council with the Hungarian Astronautical Society
is working on this issue providing several opportunities for university students and young professionals and helping them in
career orientation towards space related areas and other STEM
fields. Our activities combine different methods and approaches
of knowledge sharing for inspiring the next generation. We have
a special focus on university students by offering them out-ofclass activities. In this paper, the strategy of this process with
special events and opportunities will be described based on four
years of experience.
Keywords:
spacegeneration, education, STEM
References:
[1] http://www.spacegeneration.org (accessed: Nov 20, 2017)
[2] http://www.urakademia.hu (in Hungarian, accessed: Nov 20,
2017)
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About in situ resource utilisation for oxygen
production on Marsusing non-thermal
CO2 plasmas
Corentin Bisot, Gaspard Beugnot, Nicolas Starck,
Clement Blaudeau, Elliott Benisty, Lucas Chaumeny,
Benoıt Sauty, Olivier Guaitella, Vasco Guerra
Polytechnique - Centre Spatial Etudiant, France

Though Mars may have been habitable billions of years ago, it
certainly isn’t now. But developing a supply of oxygen on the
Red Planet would go some distance towards sustaining a human
colony on Mars. The solution proposed by NASA (MOXIE),
mostly a CO2 electrolysis device, barely even exploits the specificities of the atmosphere there. Finding ways to benefit from the
extremely low pressure and the temperature averaging around
–60º C can potentially improve our usage of the 96 percents of
CO2 in the atmosphere. Non thermal radio frequency plasma
can, under a precise set of circumstances close to the surface
conditions of Mars, dissociate quite easily the CO 2 into O2.
However, this set of settings has yet to be determined, and the
influence of many external parameters remains to be tested. Here we report the conception and optimisation of a low pressure
non thermal CO2 plasma with quantification of the influence of
the different parameters.
We show that pulsing the discharge allows us to lower the temperature of the device and thus improve the dissociation rate
and the energy efficiency. Then the study of different parameters
(injected power, frequency and duration of the pulse, temperature/pressure/flux of the gas) gives us the optimal settings for the
plasma in itself, and are as we believed really close to the natural conditions on Mars. We then study the influence of external
parameters such as the adjonction of a set of catalysts (iron
oxide or nitrogen among others) to maximise the dissociation
rate and the energy efficiency. Another major issue we tackle is
the gas separation since we want to extract the newly formed O2
from the CO2, O2 and CO mixture that we get out of the plasma
reactor. For all of these measurements we use an infrared spectroscopy device in the Plasma Physics Laboratory.
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It is to be noted that the O2 produced would not only allow austronauts to breathe but it could also fuel rockets enabling a potential trip back to Earth or further space exploration. NASA actually sees the second option as the most likely use given the
yield of their system. When many engineering aspects are managed, such as gas injection or dust filtering, which will probably take a few years, we can hope to be able to propose a comprehensive alternative to the existing systems for air recycling and
oxygen production on Mars given the exquisitely well adpated
composition of Martian atmosphere.
We want to thank Olivier Guaitella (Plasma Physics Laboratory
in Polytechnique-CNRS Paris Sud) for being the mentor of this
student project and always leading us in the right direction in a
benevolent way.
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Achieving Successful Satellite Engineering
with an Undergraduate Project-Based Team
William E Crofts1*, Julia Hunter-Anderson2
1University

2University

of Warwick, UK, w.e.crofts@warwick.ac.uk
of Warwick, UK, J.Hunter-Anderson@warwick.ac.uk

The University of Warwick’s Satellite Engineering Team (WUSAT)
is currently in its twelfth year of operation. This paper highlights
the remarkable story of a Final Year Master of Engineering undergraduate project. Borne out of an engineering department
that does not include Aerospace Engineering as one its specialisms, the development and achievements of the WUSAT programme demonstrates the ability of high-quality students, who
have studied classical engineering subjects, to successfully
apply their knowledge to any specific engineering application.
In its explanation of how this has been achieved, this paper
describes the origins of WUSAT and how, despite having no previous Space experience at the outset, the team has managed to
work on ESA supported projects for eight of its twelve years. It
shows how, despite having minimum funding, an extensive partnership support group, based on the principle of mutual benefit,
has allowed the team to function successfully. The structure of
the team, its philosophy, and the wider WUSAT Programme of
operation is also discussed. The use of Systems Engineering,
and particularly the application of Concurrent Engineering principles, are shown to be a key feature in producing good working
practice within the team structure and in the handover between
successive teams. Detail of each of the four WUSAT missions to
date is given. These highlight the operating principles of the project-learning philosophy, and indicate the enormous experience
received by WUSAT team members prior to their graduation.
Extended benefits of the WUSAT programme include its significant outreach capability, its proud record of supporting
women in engineering, and its ability to provide high-level
promotion to our students, our department, our university, and
an extensive range of partner companies and collaborating institutions.
* corresponding author
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A discussion on potential future developments to the WUSAT
Programme is also given. This explores possible ways of improving continuity between teams, improving funding income, and
increasing the mutual benefit between WUSAT and its extensive
range of partners.
Keywords:
CubeSat Engineering, Project-based Learning, Concurrent
Engineering.
References:
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Active Learning in Space Science, Physics,
Astronomy and Engineering with
NASA’s General Mission Analysis Tool
Nigel Bannister
Department of Physics & Astronomy, University of Leicester, UK
nb101@le.ac.uk
Astrodynamics is the study of the motion of artificial satellites,
subject to both natural and artificially induced forces [1]. Aside
from its relevance to spaceflight, it provides opportunities to demonstrate the application of fundamental concepts such as gravitation, Newton’s law of motion, and Kepler’s laws; it is as applicable to a description of the motion of natural bodies in the
universe, as it is to the planning of space missions.
At High School, a simple treatment of orbits based on the balancing of gravitational and centripetal forces leads to familiar
results such as Kepler’s laws, that can be appreciated in two dimensions. But in reality the subject involves time-varying parameters in three spatial dimensions, and extension to three or
more bodies leads to rapidly increasing complexity which can be
challenging to explore in the traditional 2D learning environment of blackboard and paper.
The availability of validated tools developed for the research and
industrial space community can transform the way astrodynamics and related subjects can be taught. The University of
Leicester has adopted NASA’s General Mission Analysis Tool
(GMAT) [2] to support astrodynamics training at Level 6 (BSc)
and Level 7 (MSc). In Constructivist terms, GMAT can provide
information which challenges the existing cognitive framework,
in an effective and engaging way, providing the learner with an
opportunity to create, test and evaluate their own hypotheses.
Bruner’s the theory of “discovery learning” [3] suggests that the
learner is more likely to recall and understand concepts which
they have discovered independently. Appropriately designed simulation can therefore offer an environment within which these
explorations can take place, but implementation must be considered with care: Kirschner et al. [4] put forward evidence suggesting that unguided or minimally guided instruction is ineffective, arguing strongly for the superiority of guided instruction.
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This talk will describe the pedagogical basis for the implementation of GMAT in teaching and training activities at undergraduate and postgraduate level. It will outline the structure of a training workshop, providing examples of specific astrodynamics
problems and exercises which are covered in the workshop, and
the way in which the skills acquired by students have been used
elsewhere in the training programme.
Keywords:
Astrodynamics, Simulations, GMAT, Orbital Mechanics,
Pedagogy
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ASGARD Balloon and BIFROST Parabolic Flight
Programmes: Building Appetite and Nurturing
Talent For STEM in Upper Secondary School
Students
Erik de Schrijver1,2
1Space

Education Wemmel, Belgium, eds@earthling.net
Jette, Belgium, eds@sint-pieterscollege.be

2Sint-Pieterscollege

Generally speaking, hands-on space education projects offered
at secondary school level tend to use space as a context or reference frame, while the students' experiments themselves only
get to fly on drones or 'cansats', usually to altitudes on the order
of a few tens of meters, up to about 1000 m. Furthermore, these
projects tend to be modeled after sports competitions, with a
'winner' being declared after the flight and following closing
presentations, more than after genuine space projects.
This approach has the advantages of low technological threshold, low cost and wide accessibility, well suited to the massive
secondary school population of over 42 million students in ESA
member states alone. However, experience with the Asgard high
altitude balloon programme (flying annually since 2011) has
shown that numerous upper high school students (and their
schools!) benefit little in the long run from the competitive nature of existing programmes, and far more from a recurrent hands
-on project organised along the lines of actual space projects, as
has been the norm for hands-on space education at tertiary level
for many years. Indeed, such realistic simulations are far more
effective at wetting a student's appetite for engineering or research and are therefore more likely to guide a student's tertairy
education choices towards STEM (Science, Technology, Engineering and/or Mathematics).
In this paper progress made by secondary schools through
(recurrent) participation in Asgard and Bifrost (parabolic flight)
will be illustrated and experiments designed and built by students discussed to highlight the variety of fields in which
knowledge and knowhow was gained by the students involved.
The Asgard balloon flights themselves will also be treated, with
special attention to the technical constraints (mass, power, …)
and the calendar involved. Bifrost parabolic flights will likewise
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be covered, with attention to available space for experiment
racks, duration of the microgravity phases and quality of the
microgravity environment, etc. Special attention will also be given to the flight capabilities of the Cessna Citation II used in the
Bifrost Programme, including zero-G, lunar-G and Martian-G
parabolas, as well as sustained 2G hypergravity flights.
It should also be noted that the Bifrost format could be used to
offer parabolic flight to science and engineering students at a
reasonable cost, making it accessible to universities or similarlysized organisations with an interest in hands-on space education.
Keywords:
parabolic flight, high altitude balloon, education, microgravity,
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Assembly Integration and Testing of the ESEO
Proto Flight Model
Nicola Melega*, Alberto Corbelli, Valentino Fabbri,
Davide Cinarelli, Alessandro Avanzi,
Alessandro Tambini, Roberto Cocomazzi
SITAEL, Italy
nicola.melega@sitael.com
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The ESEO mission, European Student Earth Orbiter [1], is
based on a 50kg microsatellite bus equipped with 7 payloads
developed by different universities across Europe. ESEO should
be inserted in a sub 600 km SSO LEO and its nominal mission
is due to last 6 months with a possible extension period of additional 12. The project started in 2013 with a training period for
the students of about 2 months and it is now on its final stage.
Major achievements on platform side are related to the completion of a large set of tests foreseen on the initial ESEO EBB set
and on the PFM set, both functional and environmental
including:









Functional and environmental (vibration, thermal vacuum
and EMC) test at qualification level on the subsystem EBBs
Qualification and acceptance of the high pressure Titanium
Tank (Leak Before Burst scheme), functional test on the fluidics and performance test on the cold gas microthrusters
Vibration test at qualification level for the ESEO Structural
Model (SM)
Functional and environmental (vibration, thermal vacuum
and EMC) test at acceptance level on the subsystem PFMs
Calibration and performance test of the AOCS sensors
Functional test on Power Subsystem together with performance and endurance test on the Battery Packs and functional and performance test on the Solar Arrays

* corresponding author
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Onboard Software validation
EMC test at system level

A similar philosophy was implemented by the payload teams;
they initially performed a series of tests on their EBBs which
were installed inside the ESEO flatsat in a later stage; the flatsat
is currently used for software integration testing, validation and
to run mission scenario prolonged tests at system level.
This paper will describe the MAIT phase of the ESEO satellite
with special emphasis on the interactions with the payload
teams and their involvement up to latest implementation of inflight procedures.
Keywords:
microsatellite, multi-payload, cold-gas propulsion, LEO
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Astronomy and Planetary Science educational
activities using small telescopes at the Aula
EspaZio Gela of the University of the Basque
Country
Agustín Sánchez-Lavega*,
Teresa del Río Gaztelurrutia, Santiago Pérez-Hoyos,
Ricardo Hueso, José Félix Rojas,
M. Asunción Illarramendi
Dpto. Física Aplicada I, Universidad del País Vasco UPV/EHU,
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We introduce the Aula EspaZio Gela [1], a facility active since
2009 at the Engineering School of the University of the Basque
Country (Spain) dedicated to teaching Space Science and Technology and Astronomy and Astrophysics at the Master and Doctorate level, and to promoting the development of this field in
both public and private sectors [2]. Along the different courses, a
series of practical observations and studies on astrophysics and
planetary sciences have been conducted with Master students
using telescopes with diameters in the range 28-50 cm [3-5].
The students have participated as co-authors of the publications
or in presentations at meetings, which encourages them to continue their scientific career towards PhD studies. Dedicated
observations with these telescopes with the participation of the
planetary amateur community have also been employed in scientific research and publications.
Keywords:
Space Science, Planetary Science, Astronomy
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Behaviour of Polymers in Microgravity
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The rigorous development of the space sector constantly imposes new challenges that demand innovative solutions to enhance the capabilities of space exploration and expand human
presence in planets other than earth. Regarding the development of materials and structures, promising techniques such as
3D printing have been utilized in order to establish processes
capable of manufacturing parts and infrastructures directly in
space and hence reduce the cost of transporting resources from
earth. The course of development in the field so far points to one
sound statement: The future of space structures is “deployable”.
The concept of reducing the volume of a large structure by
rendering it foldable and deployable has attracted great interest
especially for applications such as: solar panels, satellite antennas, spaces trusses and even space habitats in space or planetary settlements.
Pneumatically actuated/deployed structures that exploit the
overpressure provided by a fluid (usually gas) to form into their
designed shape attract, among the available techniques, the vast
scientific and commercial interest. Their main advantages are: a
low risk of failure during deployment, they can bear complex
geometries and a high compaction ratio. However, their greater
disadvantage is the low stiffness and damage tolerance. The lower stiffness could be countered with the use of a thicker shell
for the inflatable structure. The damage tolerance however,
would require the structure to retain a significant proportion of
its initial stiffness and shape even at a case of internal pressure
* corresponding author
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loss, which could occur due to a micrometeorite or space debris
impact and puncture of the outer shell. The proposed technique
delivers a solution to this issue. The working principle of the
method is to deploy pre-impregnated fiber reinforced polymer
composites into space and exploit sun’s UV radiation for curing,
thus creating a lightweight, high-stiffness, thinshelled structure.
The assessment of the method took place via the participation in
the ESA Education’s Fly your thesis 2017 campaign. During the
parabolic flights, uncured glass fibre reinforced polymer tubes
were deployed, and cured during the micro-gravity intervals
using a UV light-source. In addition, uncured polymeric samples
and fibre reinforced polymer laminates were cured during themicro-gravity intervals in order to be compared against reference
specimens that were manufactured on Earth with the same
equipment at 1g gravity acceleration.
Keywords:
Deployable structures, UV polymers, composite structures,
materials, manufacturing
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After many years of research, the composition of the upper atmospheres is still relatively unknown. This applies especially to
the remains to meteors hitting the earth’s atmosphere. As BEXUS provides an easy access to those atmospheric layers up to
30 km, an inexpensive experiment shall be designed to collect
those remains. Due to the fact that not much research has been
done, the origin of those meteoroids and their age as well as their chemical structure is still widely unknown.
While some particles may come from our closest neighbours,
some may even be interstellar. Through asteroid research and
analysing the meteorites reaching earth’s ground, we can suspect that some meteoroids are also made out of iron-nickelcompound. Collecting those meteoroids can easily be done by
using magnets to attract them. Covering the magnets with a
sticky material can help to hold onto the meteoroids as well as
giving a chance to collect even non-magnetic particles.
Compared to the bigger meteoroids, the micrometeoroids we
want to collect will probably never reach the earth’s ground.
This is due to the fact that those particles are in the order of 50
µm. Therefore, they are sensitive to the winds at high altitude
and insensitive to the earth’s gravitation. In consequence, those
micrometeorites are mostly unknown, as they are hard to reach
and even harder to collect.
Keywords:
BEXUS, micrometeoroids, cosmic dust, basic research
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Nowadays space systems are becoming more complex, dynamic,
interconnected and automated. Because of these trends and the
increasing involvement of stakeholders, decision makers are
facing difficult decision-making processes. Even though most of
the costs are expended in the latest phases of the space mission
life cycle, the majority of them are driven by the choices taken
during the earliest design phases, which is also characterized by
the lowest level of knowledge about the system [1]. For these
reasons several design approaches have been developed and
applied within the space industry. With respect to the classical
sequential design, a promising alternative design approach is
offered by Concurrent Engineering.
This design approach provides better performances, taking full
advantage of modern information technology. In this approach,
the complete design team, composed of the various technical domain specialists, starts working concurrently on the different
aspects of the project at the beginning of the design process [2].
Systems and Technologies for Aerospace Research team of the
Mechanical and Aerospace Engineering Department at Politecnico di Torino applies this approach both in teaching and designing of space missions.
In this paper the benefits of the design approach are analyzed
within an academic concurrent design facility. In fact, challenges such as short learning curve, intensive student turnover and
synchronization of the design session with academic schedule,
can be managed thanks to the concurrent approach.
In September 2017, the developed approach and infrastructure
have been tested and validated through the participation to the
* corresponding author
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first ESA Academy Concurrent Engineering challenge. The goal
of this paper is to describe development, hardware setup, software approaches, knowledge management and application of a
modular concurrent design facility, addressing the topic of the
integration of the concurrent design approach into educational
activities.
At last, principal outcomes obtained from design sessions are
presented in terms of lessons learned from both management
and technical aspects, highlighting student’s learning opportunities and possible improvements of this approach when applied in an academic environment.
Keywords:
Concurrent Design, Academic Concurrent Design Facility,
Lessons Learned
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TED (Tethered Electromagnetic Docking) is a system proposed
by a group of researchers and students of the University of Padova for close rendezvous and docking between spacecraft. It
consists in a small tethered probe ejected by the chaser, reaching the proximity of the target with a controlled deployment,
and then magnetically guided by a receiving electromagnet
mounted on it. Because of the generated magnetic field, automatic self-alignment and mating are possible; then, as the tether is
rewind, the chaser is able to dock with the target.
To perform a preliminary verification of TED, three groups of
students have been involved in the project and contributed to
the microgravity evaluation of its critical technologies: in the framework of ESA “Drop your Thesis!” 2014 and 2016 campaigns
the experiments FELDs (Flexible Electromagnetic Leash Docking
system) and STAR (System for Tether Automatic Retrieval)
focused on the test of the tether deployment and control, while
PACMAN (Position and Attitude Control with MAgnetic Navigation), in the framework of ESA “Fly Your Thesis! 2017” parabolic
flights campaign, tested proximity operations by means of electromagnetic interactions. In this paper, a description of TED concept and its development roadmap is presented, introducing the
critical technologies tested by FELDs, STAR and PACMAN experiments. The main results of the microgravity campaigns are
then exposed, with a particular focus on the importance of the
collected. data in the assessment of TED feasibility. The second
* corresponding author
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part of the paper is focusing on the educational outcomes of the
three experiments, introducing statistics on (1) students participation, (2) scientific publication production, and (3) influence of
the educational programs on the students’ career.
Keywords:
Tethered electromagnetic docking, microgravity, “Drop your
Thesis!”, “Fly your Thesis!”
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The BEAR manipulator is a small, multi-functional robotic arm
for the Berlin Educational Assistant Rover [BEAR], developed at
the Department of Space Technology of the Technical University
of Berlin. Besides providing an alternative application for the
Department's research activities in space hardware miniaturization and autonomy, BEAR and several other Space Rover Projects serve as a platform for educating future systems engineers.
Deriving requirements from student challenges such as the DLR
Spacebot Cup and the European Rover Challenge, the BEAR
manipulator is primarily intended for object manipulation and
visual inspection tasks. The arm's five degrees of freedom are
instrumented for closed-loop control and allow versatile, be it
slow, interaction with the field robotics environment. Moreover,
the manipulator's simple mechatronic design and control
architecture — based on geared stepper motors with encoder
feedback for high-torque base joints combined with servomotors
for fine end- effector control — streamlines integration onto
BEAR while enabling the system's reconfiguration for other rovers and uses as a stand-alone research platform for manipulator control. The manipulator is currently configured for teleoperation, but it is fully instrumented for future autonomous activities.
This paper traces the BEAR manipulator's development from a
conceptual link model to ongoing AI&T activities. We describe its
structural and mechatronic design, as well as its control
architecture, before commenting on performance. The impact of
challenging programmatic constraints typical of student projects
is examined throughout the development process, with a particular emphasis on cost-effective design using limited manufacturing capabilities, and high personnel turnover.
Keywords: manipulator, rover, robot, education
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This paper describes the design and manufacture of test apparatus to measure the performance of attitude control systems for
small scale spacecraft. Of particular interest are CubeSats
which have flexible appendages that may affect the performance
of the attitude control. This works has been motivated by the
need to provide testing and verification for the EIRSAT-1 project,
which is a 2U CubeSat selected as part of the ESA’s Fly Your
Satellite program.
Due to strict mass constraints, appendages such as solar panels
and antennas designed for CubeSats are required to be extremely lightweight. However, the lack of structural material makes those elements very flexible. As a result, attitude changes of
the main satellite structure can induce long-lasting vibrations in
the appendages, which in turn impact on the accuracy of the
satellite’s pointing.
One of the three payloads on EIRSAT-1 is a novel control scheme called Wave Based Control (WBC). It is specifically designed
for position control of flexible systems. Extensive simulations of
WBC applied to flexible spacecraft [1] have shown rapid performance with increased robustness to system uncertainties over
conventional control techniques. Comprehensive testing of WBC
on CubeSat hardware is required before launch.
Here we present a testbed designed to verify the correct functionality of EIRSAT-1 Attitude, Determination and Control System
(ADCS). It consists of a simple yet versatile instrumented low
friction rotary platform which communicates to a host PC run* corresponding author
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ning Matlab. The testbed will provide a robust testing tool for
EIRSAT-1 but also enable future educational activities in designing attitude control systems.
To further allow for testing and comparison of attitude control
systems a stripped-down modular CubeSat model with large flexible panels and more powerful actuators than available on
EIRSAT-1 is also presented. This allows for testing to over a
larger range of operating conditions which may occur in future
missions.
Keywords:
CubeSat, Attitude determination and control, Testbed, Fly Your
Satellite, EIRSAT-1
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Generally the attitude control systems of CubeSats use magnetorquers as the main attitude control component and these have
a full range of control at polar orbits, becoming less effective at
lower inclination orbits. Stringent mission and payload designs
in CubeSats, require faster and more accurate pointing systems.
These requirements can only be achieved by using reaction
wheels for attitude control purposes.
The paper presents the design and development of a Reaction
Wheel System (RWS) with a total mass of approximately 200
grams and a minimum service life of two years, which takes into
account worst case launch conditions for real world rockets. The
proposed design features will enable new classes of missions
currently difficult to achieve. This RWS is designed for the ECoSat-III, the Enhanced Communications Satellite, currently under development at the University of Victoria by a team of students from different backgrounds, which has won the 1st place
in the Canadian Satellite Design Challenge (CSDC), whose main
focus is to perform outreach to the community and with students to promote science, engineering and space.
The optimal design, reliability analysis, and construction of a
miniaturized reaction wheel prototype using a commercial offthe-shelf brushless DC (BLDC) motor is presented. The hardware design is described, with emphasis on the disk-rim flywheel
design and on the RWS arrangement for minimum power consumption during the required orbital maneuvers. The flywheel’s
mass, maximum radial and tangential stress is minimized sub* corresponding author
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ject to constraints on the required moment of inertia, flywheel’s
thickness and type of material used. The required torque and
the maximum external disturbance torque acting on the satellite
were estimated. A full dynamic simulation of the RWS is also
presented.
The controller design for the BLDC motor and the determination
of the mean time to failure of the system was also one of the objectives of this study. This ends in a fully functional prototype,
which satisfied all constrains and requirements, to further be
integrated on ECOSat-III mission.
Keywords:
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Currently, the ability to track worldwide migration of small animals for the preservation of biological ecosystems using space
systems is severely limited. [1] The current location and data
collection system used for studying and protecting the environment, ARGOS, has been operational since 1978 and utilises the
Doppler effect to locate a source anywhere on Earth. [2] By midsummer 2018, ICARUS (International Cooperation for Animal
Research Using Space) aims to provide additional capability
byproviding a space system which tracks wildlife creatures globally using a GPS tagging system; whereby a signal is picked up
by the satellite, the data is processed and sent to the ISS before
being transmitted via a downlink to a ground station.[1]
WUSAT–3 aims to demonstrate a novel direction-finding space
system which can be used to track the location of a low power
signal originating at the Earth’s surface.
This system could then be used to track global migration of animals using lightweight, low power tags as a complimentary
system to ICARUS that will provide interesting options for comparison. Furthermore, a successful demonstration of this technology may provide validation for future development of a network of low cost satellites with increased ground coverage and
reduced tag weight.
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WUSAT–3 is a 6-year project that aims to design, optimise and
test a 3-unit CubeSat which can be launched into Low Earth
Orbit (LEO) for a 28-day mission providing a proof of concept for
the tracking system. The mission will be considered a success if
the CubeSat can successfully locate a pseudo tag and transmit
the calculated location data to a ground-station. WUSAT–3 is in
its 3rd year whereby each of the CubeSat subsystems are undergoing concept refinement and technological development. A Concurrent Systems Engineering approach has been implemented
to aid rapid development of subsystems simultaneously.
This involves building on the initial designs of the structural
chassis, ADCS, power and payload communications developed
in Year 2. Furthermore, the design and development of
subsystems previously omitted from Year 2 including thermal
evaluation, data handling and bus communications are being
completed. In addition to the design and validation of these
subsystems, the project team will establish orbit trajectories
required for Mission Analysis, recognise the importance of enduser requirements and implement them into the mission specification. This poster will present the development of the
subsystem designs, the mission analysis and the Systems
Engineering methodology to deliver the project outcomes.
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This paper describes the design, building and testing of an antenna deployment system for EIRSAT-1, a 2U cubesat being
developed under ESA’s Fly Your Satellite programme by teams of
students from University College Dublin and Queen’s University
Belfast. With ESA’s support, and subject to meeting ESA’s stringent requirements, the project is to design, build, test, launch
and operate a satellite with three payload experiments. It is hoped to be launched late in 2019.
The deployed antenna is a standard, double-dipole arrangement.
The deployment mechanism is being designed, built and tested
by student teams. It is the only mechanical device on board
EIRSAT-1 and clearly its proper functioning is critical to the
mission. Therefore it is the focus of a lot of attention from the
rest of the design team and from the ESA design review experts.
Although the main ideas are similar to those of commercially
available systems, a number of special design features have been incorporated resulting from dissatisfaction with aspects of
earlier designs.
Like other systems, the design uses coiled metal tapes for the
antennae. Up to deployment, these are held in place within
spring-actuated doors, held closed by dyneema lines, which in
turn are in contact with electrical resistors. Deployment is achieved by heating the resistors, which melts the lines, releasing
the sprung doors and allowing the antennae to uncoil. Microswitches detect the release of the antenna coils. Various redundancies are incorporated into the design, for back-up and safety.
The strongest design constraint, arising from its location outside
the main 2U cubesat frame, is that the height of the entire mo* corresponding author
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dule, including a cover, must be 6.5 mm or less. In the initial
designs, this meant that the width of the deployed antenna was
3 mm, making it very flimsy. A proposed redesign will allow this
width to be almost doubled.
The paper will describe the design history, the construction, the
component testing, and the proposed test plan for the completed
antenna deployment system, and the educational experience in
following this path.
Keywords:
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Within the frame of the ESA European Student Earth Orbiter
(ESEO) educational programme, Cranfield University has developed a De-Orbit Mechanism (DOM) payload, which has provided
a valuable learning opportunity to its students. ESEO is a microsatellite mission to Low Earth Orbit (LEO), which will carry a
suite of university student-built payloads. The Cranfield DOM
payload has been developed as a low-cost solution to allow small
LEO satellites to comply with space debris mitigation guidelines,
which require removal of satellites from protected orbit regions
(including LEO) within 25 years of the end of the operational
mission. The DOM achieves this by increasing the aerodynamic
drag acting on the host satellite, by means of lightweight Kapton
drag sails that are deployed at the end of the mission, enhancing
the natural orbital decay and reducing the lifetime until the
satellite re-enters and burns in the atmosphere.
The DOM payload has been designed and developed by Cranfield
MSc and PhD students, and the flight model is currently fully
assembled and tested. This paper describes the design, development and testing activities performed by the students. These activities included requirements analysis, reference to ECSS standards, producing technical documentation, prototyping, defining
and performing functional and environmental tests, flight hardware manufacture and assembly, and participating in formal
ESA milestone reviews. The paper also discusses the learning
experiences achieved within this project, and further educational benefits that are anticipated for the remainder of the ESEO
programme.
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After the 5-years development, the successful launch by ESA
Vega-1 rocket and during more than 1062 days of operation of
the first Hungarian Satellite called Masat-1 (10x10x10 cm cubesat), we continue the satellite development in Hungary in educational way (by university students) at BUTE: SMOG-1 and ATL-1
satellites.
SMOG-1 is 1-PocketQube sized (5x5x5 cm) satellite (there is no
1 PQ working satellite in space yet). The main aim of SMOG-1 is
to monitor the radio frequency pollution around the Earth caused by human beings in the digital broadcasting terrestrial TV
band (460-860 MHz), where several high-power TV transmitters
radiate its signal not only to the receiver’s direction, but to the
space, causing serious radiated RF interference to the communication system of Low-Earth-Orbit satellites.
On-board SMOG-1, there will be a Total-Ionizing-Dose measurement system as secondary payload. TID measurement system
can be monitor the high-energy ionizing radiation from the Sun
(this can kill the on-board electronics) to be able to forecast and
estimate the operation lifetime of the satellite.
The third payload on-board SMOG-1 is a Lifetime-DecreasingSystem by special magnetic material under the solar panels on
all sides of the cube: the lifetime of 800 km Sun synchronous
orbit by Soyuz rocket from Russia in 2019 Q4-2020 Q1 is more
than 20 years. The planned operational lifetime of SMOG-1 is
more than 3 months, so the time of space debris can be decreased by LDS.
* corresponding author
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ATL-1 will be a 3-PQ sized satellite (5x5x15 cm). In a cooperation with Advanced Technology of Laser Ltd, the main aim of
ATL-1 is measuring the thermal insulating capabilities of special
ceramic-based battery insulating materials on-board ATL-1 in
space, in vacuum.
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This paper presents the educational value and lessons learned
from the student High-Altitude Balloon (HAB) programme IRBE.
IRBE is Ventspils University College electronics engineering student-made near-space HAB programme. During IRBE programme since 2015, three successful near-space missions have been
launched. The paper will focus on main aspects of HAB mission
results both technical (system engineering) as well as educational lessons learned, including the management, planning and
motivation. Main goal of programme is to attract more students
to space technologies and provide hands-on educational experience for young engineers through development of innovative
short period projects to improve their know-how in space technology.
Within IRBE programme students annually launch HAB mission
with additionally developed scientific payload. The main goal of
first mission was to take near-infrared images using a modified
general purpose digital camera to assess quality of agricultural
fields and determine urbanized areas. More than 1000 images
was taken and processed [1]. In second mission to achieve higher finding precision, two separate payloads were launched, providing balloon-to-balloon communication. The main goal of third
mission in 2017 was to measure four different atmospheric gases: NH3, CO, CO2, O3 to determine gas composition in low atmospheric layers [2].

* corresponding author
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In order to inspire and motivate students during development of
HAB mission, competitive mannerwas introduced combining IRBE programme with HAB competition organized by Global Space
Balloon Challenge (GSBC). The GSBC is the world’s largest HAB
event, where teams in various locations around the world simultaneously launch their balloons. Last year 498 teams from 63
countries on 6 continents participated in event [3].
Within three years IRBE has received 2 awards: first place in
Best Design GSBC 2017 and second place in Best Scientific Experiment GSBC 2015. Student participation in IRBE programme
has shown excellent synergy with engineering studies ensuring
a good platform for development of course works and final thesis. In addition, process of full HAB mission cycle (launching,
returning, mission data analysis), not only teaches the basics of
science and engineering, but also provides critical lessons of
teamwork, organization and planning.
Teaching of these skills are not usually fully covered in traditional engineering curriculum. Besides educational objectives,
IRBE programme has proved itself as efficient tool for space
technology outreach. The project received a lot of attention from
national media and attracted the local community to space
science.
Keywords:
HAB, GSBC, Lessons Learned, near-space, IRBE
References:
[1] IRBE-1 (InfraRed Balloon Experiment) infrared images
application in national economy, https://balloonchallenge.org/
winner_docs/IRBE-1_scietific_report.pdf (Last retrieved: Nov 8,
2017)
[2] IRBE-3 team overview,
http://community.balloonchallenge.org/t/irbe-3-fromlatvia/1226 (Last retrieved: Nov 8, 2017)
[3] GSBC webpage, https://www.balloonchallenge.org/about
(Last retrieved: Nov 10, 2017)

61

EduCube: The 1U Educational CubeSat
David Murphy1*, Lorraine Hanlon2, Daniel Vagg2,
Sheila McBreen1, David Lynn1
1University

College Dublin, Ireland,
david.murphy.5@ucdconnect.ie
lorraine.hanlon@ucd.ie
sheila.mcbreen@ucd.ie
david.lynn@ucdconnect.ie
2Parameter Space, Ireland, daniel.vagg@parameterspace.ie
EduCube is a 1U educational CubeSat which has been developed and built in-house at University College Dublin to meet the
demands of the MSc in Space Science & Technology programme.
EduCube features EPS, C&DH, Comms, ADCS subsystems as
well as a thermal experiment that uses real space-qualified thermal management coatings. To date, five EduCubes have been
assembled by UCD and are in active use for student education.
The focus of EduCube has been on education rather than on
flight-readiness. Five of the six faces are made from clear acrylic
to allow students to see inside the EduCube even when fully assembled. The front face of the cube has LEDs indicating various
modes, functions, and activity of the subsystems. All
subsystems have USB connectivity and can operate independently of the CubeSat allowing students to evaluate and learn
the functions of a specific subsystem.
The EduCube ground station software is written in Python and
provides a graphical WebUI allowing students to monitor and
control the functions of their EduCube. Communication between
the ground station and EduCube can be performed using a Payload Launch Adapter (PLA) which doubles as a ground station
transceiver. The EduCube fits inside the PLA and spring-loaded
contacts connect a power and serial data umbilical to the EduCube. When the EduCube is removed, or “deployed”, from the
PLA, the transceiver may be used to communicate wirelessly.
Keywords:
cubesat, education, hardware
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EIRSAT-1:
The Educational Irish Research Satellite
David Murphy*, Lorraine Hanlon, Ronan Wall
University College Dublin, Ireland
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The Educational Irish Research Satellite, ‘EIRSAT-1’, is a collaborative space project that aims to build, launch and operate
the first ever Irish satellite. The EIRSAT-1 spacecraft is a 2U
CubeSat incorporating three novel experiment payloads: GMOD,
a gamma-ray detector; EMOD, a thermal management coating
demonstration; and WBC, an attitude control algorithm. The
spacecraft is currently under construction at University College
Dublin.
The project will provide hands-on training and education for undergraduate and graduate students in all major aspects of satellite development, under expert guidance from academic and industry mentors. The project is supported by several industrial
partners including Resonate Ltd, ENBIO, SensL, Parameter
Space and Nammo Ireland.
GMOD, the Gamma-ray Module, incorporates Silicon Photomultipliers (SiPMs), produced by Sensl, and a Cerium Bromide
(CeBr 3 ) scinitillator. It is primarily based on the design of a
Gamma-Ray Detector (GRD) which was developed at the Space
Science Laboratory at University College Dublin under contract
to ESA. GMOD will also demonstrate an Application Specific Integrated Circuit (ASIC) known as SIPHRA which was developed
by Integrated Detector Electronics AS based on the requirements
of operating the UCD GRD in space.
EMOD, the ENBIO Module, incorporates thermal management
surface treatments developed by ENBIO Ltd. The surface treatments are known as SolarWhite and SolarBlack and were
developed for ESA’s Solar Orbiter spacecraft. EIRSAT-1 will provide the first measurements of SolarWhite and SolarBlack per* corresponding author
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formance in space. WBC, Wave Based Control, is a novel control
algorithm which has been developed at UCD. The WBC
approach excels at controlling flexible or under-actuated
systems and will be evaluated by controlling EIRSAT-1’s attitude. All payloads contain Irish technology which will be demonstrated in space for the first time, marking an important step in
their space heritage.
The project will have a significant impact on educational programs and future skills by placing space flight know-how into
students’ hands for the first time. There will be a wider societal
impact, through an exciting outreach & STEM program. The launch of an Irish CubeSat is a stated aim of the Irish Space Industry Group who have recognised the importance of developing
heritage to enable growth in the space sector in Ireland, with a
plan to double the workforce in that sector by 2020.
The EIRSAT-1 project is carried out with the support of the Education Office of the European Space Agency, under the educational Fly your Satellite! Programme.
Keywords:
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The European Low Gravity Research Association (ELGRA) and
the European Space Agency (ESA) Education Office co-organize
a summer school on gravity-related research since 2016. This
Summer School explains the interest and benefits of performing
research at different gravity levels, and offers an overview of the
current research under microgravity and hypergravity conditions in life and physical sciences.
Over four and a half packed days university students attend stimulating lectures in the ESA Academy’s Training and Learning
Centre in ESA-ESEC, Belgium, and work within small groups to
devise ideas for prospective experiments. Gravity-related research is introduced to these future scientists and engineers by
showing the possibilities of studies and research careers in the
European space sector.
The professional trainers are ELGRA and ESA experts from across Europe, freely sharing their experience and know-how with
the students, including their day-to-day work and research experience in biology, human physiology, and physics. Many different scientific topics are addressed in the school, such as Solidification, Fluids, Heat and mass transfer, Gravity machines
and animal models, Cell biology, Artificial gravity as astronaut
countermeasure, Growth of plants, Space adaptation, etc.
Keywords:
microgravity, hypergravity, research
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The development of the European Student Earth Orbiter (ESEO)
was announced by the European Space Agency Education Office
for students interested in the space exploration. The ESEOTRITEL Team is joined to this international cooperation supported by the Centre for Energy Research, Hungarian Academy
of Sciences. The development of the TriTel 3D silicon detector
telescope began in the Centre for Energy Research several years
ago in order to determine the average radiation quality factor of
the space radiation field for dosimetric purposes. In the year
2011 it was operated onboard the European Columbus module
of the International Space Station (ISS) and was installed in the
Russian segment of the ISS as well.
The ESEO version of TriTel will fly higher than the ISS version,
at an altitude of 500-600 km. At this altitude the Earth's geomagnetic field is much lower and the spectrum of the radiation
field is also different. In the ESEO-TriTel experiment the anisotropies in the radiation field, the effects of the Earth shadow
and the South Atlantic Anomaly (SAA) will be analyzed and the
results will be compared with the fluxes calculated with the
standard AP-8 and AE-8 trapped proton and electron models. In
the near future the frequency of manned space flights will probably increase, we can think of the continuous human presence
in the near-Earth region (low Earth orbits) or the proposed human Mars expedition.

* corresponding author
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That is why the cosmic radiation field is interesting not only in
the near-Earth region but at higher altitudes or in the interplanetary field as well.
The present paper addresses the brief overview of the ESEOTRITEL payload and its development status in the frame of the
ESEO project.
Keywords:
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European Rover Challenge – a giant leap to the
space sector career
Lukasz Wilczynski
European Space Foundation, Poland
Lukasz@spacefdn.com
European Rover Challenge is an integrated program towards
technological development specifically in a topic of space exploration and utilization. The main part consists engineering project where university teams build robots to compete on extraterrestrially-inspired arena. What is more important, in a background of competitions, ERC is a continuous effort to educate next
generation of multidisciplinary engineers, boost innovation in
research and business and popularize general knowledge and
latest technology advancements, all conceptually placed into future space exploration. Space exploration and utilization is the
leading topic because it is representing new, unknown frontier
in both human knowledge and technologies and has well proven
ability to consolidate people towards sci-fi level ambitious goals.

The main goal of ERC project is to provide support for earlystage career development of entry-level professionals representing different disciplines. Students are familiarized with space
engineering project specifics, typical requirements and best
practices used in the industry. The challenges attract many ambitious, proactive people and make perfect place for networking.
This environment creates unique community working together
towards common interests and visions. Responsibility of ERC is
to maintain this community and its common focus.
The project is placed between academia and industry so it is excellent opportunity to improve cooperation between both. Naturally, the goal for organizers is to boost people engagement and
innovation and provide them with correct environment for new
research (new research groups) and business (start-ups) creation. Furthermore, as project represents continuous activity with
annual trials, it is well suited for validation of concepts and
benchmarking of local, national and international roadmaps especially in topics of early professionals development, various
technologies and operations aspects.
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As mentioned above, ERC is also an excellent tool for STEM popularization stimulating creativity, imagination and courage towards solving most complex challenges of humanity.
All the time, ERC is evolving powered by ambition of its community and recent trends. It should always present challenges of
two levels: one, suited with current market needs, showing possibilities to enter markets and career paths in near future (e.g.
elements of already planned missions), and second, presenting
bold concepts towards non-existing markets and technologies,
boosting imagination and extreme innovation (e.g. space mining).
Furthermore, career development programme should also adapt
to changing skills needs driven by industry. Aspects like fast decision taking, rapid learning/adaptation, leadership, VUCA
(volatility, uncertainty, complexity and ambiguity) needs to be
injected into challenge tasks.
Keywords:
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EXO-RO: Involving High-schoolers in Robotics
and Astrobiology by Means of
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The European Space Education Resource Office Romania
(ESERO Romania), in synergy with the Romanian Space Agency
(ROSA) organize a national rovers competition aimed at youngsters of highschool age - now on its second edition. Mixed
(boys and girls) teams of maximum four kids build and control a
rover that navigate a terrain analogous to an extraterrestrial planet looking for signs of life and determining the suitability of the
environment for human life. In the ESERO tradition, outer space
is being used as an exciting context and entry point for STEM,
kids having to develop and use skills in robotics, programming,
biology, chemistry and other fields. In 2015, the Exo-Ro inaugural edition took place at the "Muddy Volcanoes" site in the Buzau county, while 2017 sees the competition taking place underground, at the Targu Ocna salt mine.
Keywords:
Robotics, STEM, Education, Astrobiology
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Ferrofluids are colloidal suspensions of magnetic nanoparticles
in a carrier liquid. It is beneficial, for both fundamental research
and future applications of ferrofluids in space, to obtain reliable
measurements of the dynamics of ferrofluids in microgravity [1].
This field remains unexplored since experiments in microgravity
are expensive and the access to associated facilities is limited. In
this work, the free surface displacement of a ferrofluid solution
is measured in microgravity conditions in the ZARM Drop Tower
in Bremen as part of the Drop Your Thesis! 2017 programme
run by ESA Education. The ferromagnetic solution is subjected
to a controlled magnetic field while an initial percussion is imposed.
The ferrofluid solution was produced with a commercial waterbased ferrofluid. The solution filled two Plexiglas containers up
to a quarter of their height. A copper coil was placed around
each container and imposed a constant magnetic field on the
ferrofluid solution. A monoscopic fringe reflectometry detection
system and a complementary lateral visualization were employed to measure the position of the free ferrofluid surface. The
complete set-up was given an initial percussion which produced
a vertical acceleration profile. This experiment was launched five
times in the ZARM Drop Tower in Bremen with different magnetic field intensities.

* corresponding author
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From the video data, a 3D representation of the free surface of
the ferrofluid and relevant dynamical parameters are extracted.
Simultaneous acceleration, temperature and current intensity
measurements are employed to generate a CFD simulation,
which is compared with the measurements of the real free surface. The validated CFD model leads to more reliable simulations
of the dynamics of ferrofluids in microgravity, with multiple applications in fields like ferrofluid sloshing control or magnetothermal convection in Space.
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FREDE 2015 experiment aims at providing a better understanding of how chlorofluorocarbon compounds (CFCs’ - a group of
refrigerants commonly known as Freon’s) disintegrate in contact
with UV radiation present in Earth’s atmosphere under high and
low altitude conditions, especially with the test compound brought to altitudes that range up to 28 km above Polar Circle.
Depletion of the Earth’s ozone layer (O3) and the increase in the
greenhouse effect is well known fact related to CFCs’ emissions.
In order to perform research of the CFC compounds’ behavior in
the Earth’s atmosphere, project FREDE 2015 was designed to
carry out two major experiments: one in a laboratory and the
other using a stratospheric balloon.
A set of experiments conducted in a ground laboratory was essential to form a thesis which concerns actual decay time of the
selected CFCs, kinetics and the products of their chemical
reactions. These reactions are mainly influenced by cosmic radiation. All this information were crucial for the success of the experiment performed during balloon flight campaign.
Selected compound (CFC-12) mixed with inert gas was contained in a separate 4 airtight gas bag which served as a reservoir
for the CFC samples exposed to atmospheric conditions. The experiment required for each bag to be connected with a measurement chamber through a dedicated pneumatic system. In the
measurement chamber an array of sensors (Electron Capture
Detector) monitored the CFC’s concentration level as well as the
temperature and the pressure for each test sample. The collected set of information was stored in the memory of the on-board
computer while a backup copy was sent to the ground station.
To prevent an undesired air contamination the test sample was
cleaned in so called Zeolite Filter.
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FREDE Experiment was successfully launched on board of BEXUS-21 mission from Esrange on 7th of October 2015. Obtained
results confirmed that design apparatus performs well in stratosphere. However difficulty in simulation of flight conditions in
ground laboratory prevents us from execution of proper comparative analysis.
Project FREDE 2015 is a result of an interdisciplinary collaboration between students from several major faculties at the Wroclaw University of Technology and one faculty at the University of
Wroclaw. Goal of the project is to bring a fresh perspective in the
area of ozone depletion process, climate change, as well as stratospheric in-situ measurements.
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Since 2013 the Microsatellites Laboratory of the University of
Bologna is involved in the ESA ESEO Educational Mission, as a
provider of the GPS Navigation Payload. This sub-system, specifically designed for microsatellite platforms, aims at providing
real time on-board high accuracy position fixes with reduced
manufacturing time and cost. Following the design philosophy
that usually drives the development of small satellite subsystems, this payload partially includes commercial components, such as the single frequency GPS L1 C/A Novatel frontend, and custom-designed boards, like the main

Navigation Computer, that hosts two positioning algorithms and
handles power and communication. In fact, in order to match
the simpler hardware architecture, required to obtain costeffective solutions, and the need to achieve a high level of navigation accuracy, COTS-based receivers shall implement a quite
sophisticated processing S/W running on a dedicated computing unit.
The navigation component of the application software is designed to include two algorithms with different levels of accuracy.
The Kinematic Mode, based on a least squares algorithm, allows
to achieve navigation accuracy in the order of 10-15 m 3D rms,
which satisfies the typical requirements of most small LEO missions. The second and more precise algorithm, included in the
Reduced Dynamic Mode, implements an Extended Kalman Filter
that fuses the a-priori information to the likelihood of observations. In this case, the expected accuracy is around 1 m 3D rms,
which fits the needs of more demanding missions, such as formation flying or SAR missions. Due to the inability of a single* corresponding author
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frequency front-end to compensate for the higher order ionospheric delay, a combination of pseudo-range and carrier phase
observables is used, namely GRAPHIC (Group And PHase Ionospheric Calibration).
The GPS Payload underwent a thorough verification phase through several environmental and functional tests, aimed at validating both the hardware and software design. In particular, validation and tuning of the reduced dynamic filter were addressed
with the aid of GPS signal simulators.
This paper describes the GPS Payload development process and
test campaign performed on the two elegant breadboard (EBB)
models. The protoflight model (PFM) is in the final development
and validation phase and will soon be ready for integration
within the ESEO platform. An insight on the navigation algorithms implementation and their performance assessment will
also be provided. The next steps of the project include PFM
completion and delivery, Test Readiness Review, integration and
launch, currently foreseen in Q3/Q4 2018.
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Since 2003, the Microsatellite and Space Microsystems Lab at
the University of Bologna (UniBo) has extended his research activities to the design of a ground segment (GS) for Small Satellites Low Earth Mission (LEO). In the framework of the European
Student Earth Orbiter (ESEO), an ESA Education Office project
for the development of a micro-satellite mission, to be launched
in LEO, with SITAEL S.p.A. as the Industrial System Prime
Contractor, the first-generation ground system has been upgraded to support the ESEO microsatellite operations. UniBo is in
charge for the design and development of the mission control
centre; the implementation of the primary ground station for telemetry and telecommand (TMTC) operations and of the secondary one for the downlink of payloads data.
The Primary TMTC GS operates in UHF band for uplink and
downlink. It makes use of two Yagi antennas: one, in the amateur band (430-440 MHz), for performing TMTC radio communication with the ESEO satellite and another, operating in the
commercial UHF band (400 MHz), for future applications. With
respect to the first-G/S implementation, the current one is now
following the SDR paradigm, which allows fast and economical
reconfiguration of the ground station thanks to the wide frequency band of RF front-end and since the signal is digitally processed at software level.
The Secondary Science Data GS operates in S-band, thanks to a
3m parabolic dish antenna with a septum dish feed. A dedicated
control room is also available, furnished with technical equipment to support the mission monitoring and control related
activities: in this respect, the design of a spacecraft monitoring
and control (M&C) system is essential to efficiently perform the
operations. To this end, an intuitive and easy-to-use graphical
* corresponding author
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user interface was developed which helps the S/C operator to
handle TMTC data. It has a threefold purpose: a) the selection of
the desired commands b) the visualization of the satellite telemetry data and c) the connection to a database for storing the
downlinked data and retrieving the various commands and
satellite parameters.
The full paper will report the updated status of the Ground Segment facilities, implementation details of the Mission Control
Center and how, even if developed within ESEO programme, the
G/S is being designed to operate a wider range of small and micro satellite LEO missions with minor modifications.
Keywords:
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ESEO
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How to build a DIY new space company
Gábor Marosy
C3S Electronics Development LLC, gabor.marosy@c3s.hu
“It was 2007, when my student, Gabor has knocked on my door.
He said, we should develop the first Hungarian satellite… The
rest, as they say, is history. The following years were arduous
and hectic in addition to university or work. Nonetheless, we
gladly sacrificed our time for the sake of the common goal.” said
Gyula Horváth, project coordinator of the Masat-1 project, at the
H-SPACE conference, on the 2nd anniversary of the satellite’s launch and successful operation.
13th of February 2012 was the day, when each and every one of
us, who participated in this project in any way, were apprehensively waiting on news whether the European Space Agency’s
Vega launcher would get Masat-1 successful into orbit. And it
did! The first Hungarian satellite has spent 1061 days up there,
capturing gorgeous images, each more beautiful than the previous one, at times speeding at 8 km per second. It orbited the
Earth more than 15000 times. The 60-70 thousand engineering
hours put into it have really paid off!
It was around this time, when the idea came up to establish a
company, where we can grow professionally and put our experience and knowledge to work. In that same year C3S LLC was
created, and also that year, in May 2012, C3S signed the Hungarian Space Cluster’s Accession Agreement. They coordinate
the Hungarian space-oriented companies. In the beginning there
were only a few of us in the company; today we have around 30
highly skilled, smart, and dedicated colleagues, not to mention
our permanent partners.
In 2015 we joined ESA’s PLATO mission. Its objective is to find
and study a large number of extrasolar planetary systems, with
emphasis on the properties of terrestrial planets in the habitable
zone around solar-like stars. It consists of 26 telescopes on a
single platform. C3S participates in the design and manufacturing of the Ancillary Electronic Unit (AEU), which is responsible
synchronising the operation of and powering the telescope
system.
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Two additional larger projects run in parallel: development of the
Hungarian RadCube satellite started back in 2016, whose purpose is to monitor space weather and cosmic radiation in real
time. C3S is developing the platform which is 3 times the size of
Masat-1. In 2017 C3S joined the SMILE mission, which will explore the interaction between solar wind and Earth’s magnetosphere. We are developing the power supply unit for the Soft XRay Imager (SXI), powering the imager and other subsystems.
Our future goals include initiating additional small satellite missions and joining large satellite missions. All this could and can
be achieved by continuing growth in our areas of expertise and
expanding said areas; the indispensable foundation for this is
high-quality education.
Our presentation shows the road from a small satellite mission
at a university to building a successful company joining today’s
NewSpace trend.
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In this paper we propose HEDGEHOG (High-quality Experiment
Dedicated to microGravity Exploration, Heat flow and Oscillation
measurement from Gdańsk) REXUS experiment to investigate
vibrational and heat flow phenomena during the whole (ascent,
microgravity phase, descent and recovery) flight of a sounding
rocket.
First, a proposed system of cantilever beams is discussed to study dynamic behaviour of dummy payload. Dimensioning has been chosen as a results of initial FEM analysis. Secondly, a novel
approach to measuring heat flux has been proposed, according
to team leader’s pending patent. A inverse heat transfer problem
(IHTP) has been solved for SMARD (REXUS-18 experiment) data
[1] to enable for dimensioning of the experiment. Finally, an initial design is briefly described.
We put high emphasis on the fact that it is an educational, technical but also student project. Since Polish space sector is relatively young (Poland joined ESA in 2012), the need for student experiments is immense. This is congruent to Polish Ministry of
Development’s Responsible Development Plan [2] where space
industry is explicitly named as a key branch. All these circumstances result in interesting opportunities for technical university students interested in space and satellite technologies.
As a team performing a space project, we face various challenges, ranging from technical – design and construction of a proper scientific experiment, up to organizational – search for spon* corresponding author
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sors, management of social media, communication inside a group. There have been known cases of proper companies being
formed out of similar successful space project experience. Our
team has been accepted to REXUS 11th cycle Selection
Workshop and is awaiting ESA Education Office decision.
Keywords:
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Previous research on Citizen Science (CS) projects agree that it
can serve as a way of both increasing levels of public understanding of science and public participation in scientific research. Historically, the concept of CS is not new, it dates back to
the 20th century when citizens where making skilled observations, particularly in archaeology, ecology, and astronomy. Citizen
science benefits a variety of communities, such as scientific researchers, volunteers and STEM educators [1]. Participating in
CS projects is not only engaging the volunteers with the research goals of a science team, but is also helping them learning
more about specialised scientific topics. In the case of astronomy, typical examples of CS projects are gathering observational data or/and analysing them. Recently, the idea of CS has
been improved due to technological progress and the arrival of
Internet.
The phrase “astronomy from the chair” that is being used in the
literature highlights the extent of the convenience for analysing
observational data [2]. A significant factor of a CS project is the
meticulous develpoment of dedicated tools [3]. In this direction,
the Holomon Photometric Software (HOPS) is a user-friendly
photometric software for exoplanets, where graphical representations, statistics and models are brought together into a
single package. HOPS can be used as part of a CS project in
analysing transiting exoplanets and producing light-curves. In
this way, it could contribute to the scientific data analysis but it
could be used also as an educational tool for learning and visualizing photometry analyses of transiting exoplanets, where the
public can engage with exoplanetary research and data analysis.
For the past year, we have been applying the project in collaboration with experienced amateur astronomers and the University
of Thessaloniki.
* corresponding author
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Following this first stage, we aim to approach additional audiences, such as amateur astronomy clubs and schools, in order to
expand the number of participants and increase diversity and
inclussiveness. In this context, we are developing an online platform where everyone can interact with the scientific community,
get involved in exoplanetary research and get information. A key
element of the platform is educational video and audio material
with the aim of familiarising and training the inexperienced
users.
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The European Student Earth Orbiter (ESEO) is a micro-satellite
mission to Low Earth Orbit and is being developed, integrated,
and tested by European university students as an ESA Education Office project. AMSAT-UK and Surrey Space Centre are contributing to the mission with a transceiver and transponder similar to that of FUNcube-1 with the addition of utilising an Atmel
AT32 processor for packet software-redundancy, baseband processing, forward error correction, and packet forming; acting as
a step towards software defined radio using automotive microprocessors [1]. As on the FUNcube-1 satellite, the telemetry
formats and encoding schemes presented utilize a large groundnetwork of receivers on the VHF downlink and conforms to 1200
bps and a new 4800 bps redundant downlink for the rest of the
spacecraft. The uplink is on L-band using bespoke partialCCSDS frames.
This paper describes the lean satellite design approach introduced by Cho et al. [2] for hardware and software development and
testing of the protoflight model (PFM) payload computer. Furthermore, it assesses the compliance of the project to customer
and ESA specifications and discusses the applicability of these
standards. Finally, lessons learned are elaborated to provide guidance for future small satellite projects. Through multiple student projects, it was possible to successfully develop a protoflight model using the lean satellite design approach which entailed an improvement of customer specification compliance
from 81% to 86% comparing to the engineering model.

* corresponding author
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In software, utilising the Google Test Suite for verification of the
SDR functions and FreeRTOS tools allowed students to optimize
processor load margins to 30% when operating parallelized ADC
and DAC, and CAN-open telemetry chains and exploring stable
memory operations. A further finding was that there is an overall compliance of 82% to the CubeSat standard and 57% to the
analysed set of ECSS specifications could be achieved. The unfunded and student-based nature of the project places significant challenges on projects when compared to conventional
missions – but this was outweighed by the ESEO opportunity to
begin with. Following this, we recommended to further promote
the development of a new ISO standard for lean satellite design
as initiated by Cho et al. [3] which could ease the development
process and reliability of small space projects that struggle to
fully comply to ECSS or CubeSat specifications. ESA have since
defined a subset of ECSS Specifications for educational and
CubeSat missions.
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LEDSAT (LED-based small SATellite) is an educational spacecraft currently under development at Sapienza – University of
Rome (Italy) and selected to be part of the 2nd edition of the “Fly
Your Satellite!” (FYS) Programme [1], managed and organized by
the Education Office of the European Space Agency (ESA). This
1U CubeSat will be deployed in orbit by the ISS between the end
of the 2019 and the beginning of 2020.
The project is part of the Sapienza Space Systems and Space
Surveillance Laboratory (S5Lab) hands- on educational activities
[2] and it will be supported also by students involved in the Sapienza’s Post-graduate Course in Space Mission Design And Management. The LEDSAT educational project was conceived by
the S5Lab research team, with the support of the Italian Space
Agency (ASI), in the framework of the IKUNS and ASI-INAF projects, and the Astronomy Department of the University of Michigan (USA). The CubeSat mission focuses on the in-orbit testing
of Light Emitting Diodes (LEDs) able to autonomously illuminate
the spacecraft with both pre-determined and ground-commanded flashing sequences [3]. In particular, the primary mission objective is related to the detection, identification and orbit
determination of LEDSAT by means of the optical data acquired
by a network of six observatories involved in the project. Furthermore, the secondary mission objectives is to verify the chance of getting information about the CubeSat attitude through
* corresponding author
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specific flashing sequences. Indeed, the implementation of a different patter for each CubeSat face could lead to the reconstruction of the spacecraft tumbling motion, by analysing the light
curves related to the satellite observations. Finally, LEDSAT will
test a light-based communication method that could be implemented as back-up for the radio-frequency standard transmission, in case of a critical failure of the communication
subsystems.
LEDSAT can be considered a “calibration target” for the current
methodologies of spacecraft optical tracking, since it offers the
unique opportunity to compare the obtained optical data to the
real flight data provided by the instrumentation. Moreover, the
satellite could demonstrate the potential of LED panels implementation for CubeSat identification, tracking and back-up
communications.
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The space industry and its developments are present in a range
of various organizations including universities and other public
institutions such as ESA and DLR. In addition, there are several
private companies such as Airbus. Less known however, tends
to be the vast range of startup companies working in the space
industry and, based on a personal perspective as a CEO of one
of these startups, work should be done to overcome this.
WILDA Spårning is a startup founded by the ESA Business Incubation Centre and having recruited several engineers to offer
them their first job in just the last two months it is, as many
startups, well positioned to introduce young engineers to the
space industry. Based on this experience some lessons have been understood about what the future role of startups could be in
introducing young engineers to the space industry.
Many new engineers have a limited contact network in the space
industry. Finding a job as a new engineer is associated with
many challenges due to limited experience and few contacts
within the space industry. Working at a startup could help to
bridge these challenges.
Many new engineers lack experience in project management.
Among the engineers that have been requited previous experience in working on projects are highly limited. In a startup the
engineer will inevitably work close to management personnel
and hence get valuable insight and experience in funding, planning and management of a project. In addition to these, and
many other lessons, it should be noted that the startups also
have much to gain.
A startup is constantly challenged to find enough funding for its
projects and personal experience indicates that few find it possible to hire experienced engineers. Employing young engineers
and introducing them to the space industry would hence be a
89

win-win situation for both the startup and the engineer. However, this is all based on the limited view from one startup in one
country. That is why I introduce the nonprofit organization The
Startup Group as a platform for sharing lessons between startups and empowering our collective voice as a part of the space
industry.
Keywords:
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STRATONAV (STRATOspheric NAVigation) is a scientific project
conceived by a team of Italian students from Sapienza – University of Rome. It was proposed for the ninth cycle of the REXUS/
BEXUS Programme (Rocket- and Balloon-borne Experiments for
University Students). The project started in 2015 in the framework of the educational activities of the Sapienza Space Systems
and Space Surveillance Laboratory (S5Lab) [1]. The experiment
was focused on the performance verification of the VHF Omnidirectional Range (VOR) radio-navigation system on-board a stratospheric balloon, in order to evaluate its compliance with the
future stratospheric aviation navigation systems.
The experiment development, started after a Selection Workshop
held in December 2015, has been supported by several reviews
organized by the REXUS/BEXUS Programme organizing space
agencies.
The first reviews (Preliminary and Critical Design Reviews, PDR
and CDR) were aimed at evaluating the experiment design, by
verifying its compliance with the BEXUS bus, with the payload
vehicle structure and with the requirements aimed at safely launching the experiment.
* corresponding author
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The main criticalities of this phase were related to improvements
needed to finalize the design process and to the teamwork attitude of the team members. The experiment manufacturing was
completed between June and September 2016. The most important challenges connected to this phase were related to the preparation of the selected components for the balloon flight, such
as the modification of the VOR receiver in order to permit its remote control. The integration was evaluated through two further
technical reviews. STRATONAV was then successfully launched
on 5th October 2016 from the Esrange Space Center in Kiruna,
Sweden, on-board the BEXUS 22 stratospheric balloon. The experiment managed to fulfill all the mission objectives during the
five hours of stratospheric flight.
This paper describes the STRATONAV development cycle, by
focusing on the practical experience gained by the students. After a brief presentation of the project, the experiment development cycle is described. For each project phase, the main completed activities are reported and the most important lessons
learned are presented.
Keywords:
VOR, Navigation, stratosphere, BEXUS, hands-on activities
References:
[1] Curianò et al, “Educational Activity of Sapienza Space
Systems and Space Surveillance Laboratory – S5lab”,
1st Symposium on Space Educational Activities, Padua, Italy,
December 2015.

92
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LOTUS-D (Light Optical Transmission-Experiment of University
Students – Data) was an experiment conducted by students of
the TU Dresden, which should establish an optical communication link with a high-altitude-balloon. Because of the high data
rates which can be achieved by simultaneously reducing the
required power, optical communication becomes increasingly
important in aerospace engineering. The small volume and mass
of the subsystems are further advantages compared to conventional radio communication systems. Due to these advantages, optical communication is used for more and more
satellites. In addition to inter satellite communication, the communication between satellites and ground stations is also important, but is often interfered with by weather conditions. The
LOTUS-D experiment should determine the influence of different
atmospherical and technical conditions on an optical communication link from a ground station to a high-altitude-balloon.
By means of a modulated LED a predefined data sequence was
send into the direction of the balloon gondola. A telescope was
used to parallelize the LED light beam. The data sequence
should have been received at the balloon gondola and compared
with the original data sequence, to calculate a bit error rate. Depending on different weather conditions, modulating frequencies
and the distance the bit error rate should have changed. The
purpose of the experiment was to gather that data and to show a
significant relation between the determining factors and the
achieved bit error and data rates. A pointing system which used
a combination of GPS data and image recognition software was
used to direct the telescope and therefore the LED light beam
directly at the gondola.

* corresponding author
93

The experiment was not able to establish an optical communication link between the ground station and the high-altitudeballoon, even though it worked under laboratory conditions.
This talk is about the used experiment setup, the challenges
that were faced and the reasons why the communication link
could not be established.
Keywords:
science, education, BEXUS, technology, communications, optics
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Structural parts of rockets are exposed to substantial mechanical and thermal loads. Sounding rockets as used in the REXUS
program consist of several identical structural modules carrying
the scientific payload. The design of a REXUS module includes a
cylindrical outer shell and thick, monolithic load input rings
with a defined assembly interface. Up to now all REXUS modules are made out of aluminum. [1]
Reducing the structural weight allows higher payloads, higher
apogees or reduced fuel consumption. Carbon fiber reinforced
plastics (CFRP) have higher specific stiffness and strength compared to aluminum and therefore bare a high lightweight potential [2]. Fiber optical sensors (FOS) allow for integration into the
CFRP laminate and structure-internal measurements due to
their small size and fiber shape. The task of this project was to
develop of a manufacturing concept for a CFRP module with integrated FOS. This included a structural analysis, qualification
and testing of the structure together with an implementation of
a FOS measurement system for temperature measurements during flight.
The concept comprises two separate manufacturing steps for the
load input rings and the cylindrical shell. The rings were manufactured by pressforming of long fiber thermoplastic material
(LFT), the shell structure by Thermoplastic Automated Fiber
Placement (TP-AFP). TP-AFP allows an in situ consolidation of
the shell on the previously manufactured rings without additional adhesive or mechanical fasteners. Polyetheretherketone
(PEEK) was chosen as matrix material due to its good mechanical properties under thermal loads and its compatibilty with the
chosen processes.
* corresponding author:
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A finite element (FE) structural analysis of the module based on
given loading conditions defined the geometrical dimensions of
shell, rings and the required joining area. The laminate layup
was optimized to fulfill the required module stiffness. Coupon
level characterization of the LFT and TP-AFP materials at room
temperature and service temperature were carried out to obtain
input parameters for the structural analysis. Sub-component
tests of the in situ joint between shell and ring material as well
as screw insert pullout tests covered critical aspects of the module design. Full-scale tests were performed for a defined spectrum of vibrations and a maximum bending load.
Capsuled fiber Bragg grating (FBG) sensors were integrated into
the TP-AFP laminate during manufacturing. This will allow temperature measurements in between the plies during flight.
The experimental payload of the module will consist of a fiber
optical measurement device to operate the FBGs, electrical reference sensors, a computer for data storage and downlink and a
power board. CFRP module and experimental setup will be part
of REXUS mission 23 scheduled for launch in March 2018.
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Matriochka is a rocket built by a student team from ESTACA, a
leading French school in space engineering. This project was a
challenge because the rocket was designed and built by ourselves in our free time. Matriochka has two main specificities: two
stages (Stimulus & Reflex) and a reusable stage. The rocket was
launched during the C’Space, the French launch campaign for
amateurs. Clubs from all over the world come each year to launch rockets, cansats and balloons. This main event is organised by CNES, the French space agency and Planète Sciences.
Matriochka was an atypical project for the C’Space because since 1997, 10 two-stage rockets were designed for this campaign
but only 5 were launched and only 2 were allowed to ignite the
second stage (the first one was a Japanese rocket in 1997).
Therefore Matriochka was the third one with a second stage ignited and the first one with all securities compliant to CNES
requirements. Then, Matriochka was also unusual because of
fins configurations: profiled fins for Stimulus (1 st stage) and circular fins for Reflex (2nd stage). Unfortunately the software used
by the CNES was not able to validate these concepts. We had to
create new validation methods and test extensively to convince
them. Moreover, Stimulus was designed as a reusable stage: robust structure, limitation of the consumable products, maintenance minimisation between two launches... In fact Reflex was a
rocket itself and we would like to offer Stimulus to embed
rockets from other clubs as 2nd stage!
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That is why Stimulus was made flexible. We can adapt the fins
(size and position) for the stability and we designed standard interfaces between both stages. Last particularity was the context.
Actually engineering work and 90% of the rocket was performed
by the team (carbon composite, aluminium manufacturing,
nosecone customization, assembling...) and 10% provided by
sponsors and crowd funding.
Matriochka was launched successfully in Tarbes (France) on the
23/07/2017 and all data (measurements and videos) validated
the concept: stages’ separation, recovery systems, flight sequential with safety conditions and stability of both stages. Finally,
everyone learnt so much in technics, management, system engineering, manufacturing, outreach... For us the project was an
adventure and the result was a reward from all of efforts provided! Now we are ready to use these results, maintain the launcher and launch again. To summarize Matriochka was a mix
of challenge, humility, work and fun!
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The Center of Applied Space Technology and Microgravity
(ZARM) founded in 1985 is part of the Department of Production
Engineering at the University of Bremen, Germany. ZARM is
mainly concentrated on fundamental investigations of gravitational and space-related phenomena under conditions of weightlessness as well as questions and developments related to
technologies for space. At ZARM about 100 scientists, engineers,
and administrative staff as well as many students from different
disciplines are employed. Today, ZARM is one of the largest and
most important research center for space sciences and technologies in Europe.
With a height of 146 m the Bremen Drop Tower is the predominant facility of ZARM and also the only drop tower of its kind in
Europe. ZARM’s ground-based laboratory offers the opportunity
for daily short-term experiments under conditions of highquality weightlessness at a level of 10-6g microgravity. Scientists
may choose up to three times a day between a single drop experiment with 4.74 s in simple free fall and an experiment in
ZARM’s worldwide unique catapult system with 9.3 s in weightlessness. Since the start of operation of the drop tower facility in 1990, over 8000 drops or catapult launches of more than
250 different experiment types from various research fields like
fundamental physics, combustion, fluid dynamics, planetary
formation / astrophysics, biology and materials sciences have
been accomplished so far. In addition, more and more technology tests have been conducted under microgravity conditions at
the Bremen Drop Tower in order to prepare single space instruments or appropriate space missions in advance.
Beside an introduction about ZARM and its various activities
like ZARM’s contributions to very interesting programs / opportunities for Bachelor, Master and/or PhD students - [1[ Drop
Your Thesis!“ by the European Space Agency (ESA), [2]
DropTES“ (Drop Tower Experiment Series) by the United Nations
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Office for Outer Space Affairs (UNOOSA) and the German Aerospace Center (DLR), and [3] the German- Swedish Student
Program REXUS / BEXUS“ (Rocket / Balloon Experiments for
University Students) by DLR and the Swedish National Space
Board (SNSB) - a comprehensive insight into the technology and
the operation of the Bremen Drop Tower will be presented. Furthermore, a novel type of drop tower system called GraviTower
Bremen will be introduced. A prototype of such a system is currently under construction at ZARM. This GraviTower Bremen Prototype (GTB-Pro) represents an actively driven drop tower
system that is capable to perform over 100 short-term microgravity experiments per day.
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EIRSAT-1 is a 2U cubesat being developed under ESA’s Fly Your
Satellite programme by teams of students from University College Dublin and Queen’s University Belfast. With ESA’s support,
and subject to meeting ESA’s stringent requirements, the project
is to design, build, test, launch and operate a satellite with three
payload experiments. It is hoped to be launched late in 2019.

The third payload, recently added, is to test Wave-Based Control
(WBC) as an attitude control algorithm for space flight. WBC is a
relatively new control system originally developed in University
College Dublin. After launch from the International Space Station, EIRSAT-1 will use a standard, commercial, flight-approved,
attitude control system for the first part of the mission. Later it
will be instructed from Earth to switch over to WBC, and the
subsequent attitude control performance evaluated.
The satellite will be actuated by two-axis magnetorquers,
comprising on-board current coils, whose magnetic field interacts with the Earth’s geomagnetic field to produce torques for
attitude control. There are several challenges. First there is the
common spacecraft challenge of 3-D dynamics with six variables, three for orientation and three angular velocities, whose
equations of motion are coupled and non-linear. The next difficulty is that the available control torque is confined to a plane
normal to the geomagnetic field, which, due to the inclination of
the ISS orbit, continually changes in direction and magnitude.
* corresponding author
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Furthermore, the direction of the magnetic dipole generated on
board is restricted to two dimensions rather than three, which
further restricts the dimension of the space of available control
torques at any given time. Finally, the magnitude of the resulting torque is miniscule relative to the moments of inertia of the
2U cubesat. A simulation environment has been set up using
Matlab and Simulink modelling software. The 3-D dynamics of
the spacecraft are calculated with quaternion attitude representation; the geomagnetic field is modelled with spherical
harmonics approximations; and empirical models are used to
simulate disturbance torques due to atmospheric drag, solar radiation pressure, gravity gradient, and magnetic dipoles generated by other electronic components of the satellite.
This environment is used to simulate and assess attitude control under different control laws, including PD (proportionalderivative) and Wave-Based Control, for different satellite orbits.
Also the effects of different actuator configurations and actuator
limits can be investigated.
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On Earth, plants experience a large number of environmental
factors influencing root growth and orientation. The movements
of plant roots are mostly attributable to tropisms, that are a directional growth response guided by a directional stimulus
(Gilroy, 2008). Tropisms allow plants to adjust their growth as a
function of environmental stimuli aiming at growth optimization
and stress avoidance. By deepening our knowledge regarding
root growth strategies and tropism interactions, good prospects
in optimizing plant cultivations in Space and also on Earth can
be achieved.
Gravity is the principal factor guiding root orientation ever since
plants colonised the land. However, several different tropisms
have been identified for plant roots. The most extensively studied tropisms include gravitropism, phototropism, hydrotropism, chemotropism, halotropism and thigmotropism (Esmon et
al., 2004). However, evidences suggest that other environmental
factors influence root growth, such as electric fields, magnetism
and sound (Gagliano et al., 2017). In most cases, tropism functioning is documented to a certain extent but the remaining part
of the pathways still remains unknown. Although most research
focuses on isolated tropisms and cut out interactions between
different tropisms, it is clear that in natural circumstances the
final growth strategy relies on the integration of proportional influences of all tropic signals.
In our experiments, different directional stimuli were combined
to investigate on the relative importance of each attractive factor
in root growth orientation and their interaction. Gravity is
known to be a strong directional stimulus that masks the effects
of other tropisms. Consequently, we lowered gravitropism magnitude using a uniaxial clinostat to negate the constant tropic
* corresponding author
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influence of gravity and investigate on the interaction with light
and/or nutrients. These tests are part of a broader research on
plant tropisms, which involves also an experiment in microgravity (MULTITROP) performed on the ISS within the Italian Space
Agency Educational programme.
Our results are valuable for the design of plant growth chambers
on the ISS and for the cultivation of crop species in controlled
environments such as those of Bioregenerative Life Support
Systems in Space. Back on Earth, a better knowledge of the priority that plants give to nutrients, water, light and gravity when
exploring the soil and building their root architecture would provide to farmers more efficient and less resource consuming cultivation strategies.
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Higher education on Space Engineering and related areas can
largely benefit from a more hands-on approach, where students
participate in real space projects. Practical experience is essential in the learning process for subjects such as project management, systems engineering, and analysis and design of spacecraft subsystems. Additionally, group projects allow students to
develop and hone their soft-skills for their professional careers.
Due to their affordable cost, availability of information and resources, and the non-negligible opportunities for an actual launch,
nanosatellite projects are an ideal educational platform for universities to realize all the above. These projects can be used to
motivate, attract, and retain the best talent to aerospace-related
studies. Nanosatellites based on the CubeSat standard have also
become a platform of choice for small-scale research, technology
demonstration, and business demonstration projects. For these
reasons, a larger number of universities are embarking themselves into the design, construction and launch of nanosatellites,
and the number of them has increased in the last years (a total
of 449 CubeSats are due to be launched in 2017 [1]).
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The NanoStar Network, a consortium of 7 universities of
southern France, Spain, and Portugal, plus two aerospace clusters, has the main goal of developing and putting into practice a
nanosatellite-based education methodology to train the future
aerospace leaders.
This will be implemented by, firstly, creating a catalogue of
shared of the resources from the different members; secondly,
defining a common set of tools, software, and methodology; and
thirdly, by establishing an international set of student competitions and challenges around the design, manufacturing, testing,
and launching of nanosatellites. The NanoStar Network project
for the period 2018-2020 has successfully passed the first stage
in the selection process for EU SUDOE funding, aiming to
deploy a first round of inter-university challenges around a nanosat fly-by mission to the Moon.
This communication presents the NanoStar Network and the
2018-2020 project, covering the project schedule and goals, the
expected results, the possible synergies with similar programs
and ESA academy, and the plans for the perennization of the
effort after the conclusion of the project.
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The European Student Earth Orbiter (ESEO)[1] is equipped with
an optical payload to produce colour images of Earth in the visible spectrum, mainly for public outreach purposes. However,
such a payload could also be used for quantitative measurements, for example in monitoring plankton blooms, vegetation,
or changes in the polar ice caps.
The payload consists of a wide-angle framing camera and a telescopic camera for imaging with improved ground resolution.
The primary (framing) camera of the payload is based on the
ESTCube-1 design[2] with a 4.4 mm telecentric lens, VGA CMOS
RGB colour sensor and an IR cut-off filter. With a field of view of
46º x 35º, from a 500 km orbit the ground resolution of the primary camera is around 635 m per Bayer pattern pixel. The
secondary camera is telescopic, has a Zeiss C Sonnar T* 1.5/50
lens, a 2592 x 1944 pixel CMOS RGB colour sensor[3] and an IR
cut-off filter. For the secondary camera, the field of view of 6.63º
x 5º from an altitude of 500 km yields a ground resolution of
about 22 m per Bayer pattern pixel. Both cameras are equipped
with efficient baffles.
The cameras have passed unit-level electrical, functional tests,
vibration test, thermo-vacuum cycles and EMC tests[4]. This paper presents the results of pre-delivery characterisation of thermal noise (in the range –20 … +40 C), linearity, and spectral responsivity (in the range 350 … 1000 nm) of used CMOS sensors,
as well as focusing and baffle efficiency measurements of the
proto-flight models of the ESEO cameras.
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Presently, no competitive or commercial solution is available to
perform autonomous rendezvous and docking between smallsatellites. Therefore, in the last years there has been an increasing interest in developing different technologies for proximity
navigation and rendezvous manoeuvres, addressing the main
issues of fuel consumption and the strong impact of close range
navigation subsystems on satellites mass budget and complexity. One promising solution is represented by relative magnetic
navigation, where the chaser relative position and attitude can
be controlled thanks to magnetic interactions with the target vehicle.
PACMAN experiment is a technology demonstrator that has been
developed by a team of university and PhDs students in the framework of ESA Education Fly Your Thesis! 2017 programme
and supported by the University of Padova. The experiment has
been selected to fly during the 68th ESA Parabolic Flight Campaign, currently scheduled to take place this December. The main goal of the project is to develop and validate in low-gravity
conditions an integrated system for proximity navigation and
soft-docking based on magnetic interactions, suitable for smallscale spacecraft.
This will be accomplished by launching a miniature spacecraft
mock-up towards a free-floating target that generates a static
magnetic field; a set of actively-controlled magnetic coils on* corresponding author
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board the spacecraft mock-up, assisted by dedicated localization
sensors, will be used to control its attitude and position relative
to the target. The realization of PACMAN experiment will allow to
study the behaviour of a miniature spacecraft subjected to controlled manetic interactions in low-gravity conditions and to validate the theoretical/numerical models that describe such interactions.
This paper presents an overview from the concept and design of
the experiment to the Parabolic Flight Campaign tests. The experiment working principle will be illustrated, along with the design and assembly phases. Particular attention will be made towards the problem solving approach. Alternatives and backup
solutions are introduced as part of the lessons learned during
the entire programme. Finally, the analysis of retrieved scientific
results will be showed.
Keywords:
CubeSat, Autonomous Rendezvous and Docking, Relative
Magnetic Navigation, parabolic flight, low-gravity
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Space Weather refers to a collection of physical processes, usually beginning at the Sun, but also including other extrasolar
sources of electromagnetic radiation and particles, and ultimately affecting human activities on Earth and in space. Radiation and particles interact with the Earth's (geo)magnetic field
and outer atmosphere in complex ways, causing concentrations
of energetic particles to collect and electric currents to flow in
regions of the outer atmosphere (magnetosphere and ionosphere). It is every day more evident the importance of an intensive
monitorization and characterization of these radiation reaching
our planet.
Here we propose PACKMAN (Particle Counter K-index Magnetic
Anomaly), a low cost portable Instrument made with Commercial Off the Shelf (COTS) components that can be installed at
multiple stations and operated around the globe to study space
weather from the ground or in the stratosphere through highaltitude balloons. PACKMAN is a flight qualified TRL-8 instrument that consists of: (i) particle counter module; and (ii) a magnetometer module coupled with environmental sensors to study
two primary aspects of space weather. In particular particle showers (alpha-, beta-, gamma, muons-radiation), and magnetic field perturbations resulting from the interaction of these charged
particles with the magnetosphere of the Earth. To study the perturbation of the Earth’s magnetic field in all three axes, PACKMAN has three fluxgate magnetometers in a triaxial orientation.
* corresponding author
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Most of the instruments available to study space weather are
very much limited to specific research facilities and their data
availability in the public domain is scarce and is a limiting factor
for a wide spread research in this field. PACKMAN provides a
real-time data communication to a common cloud server which
facilitates easy access to the data. PACKMAN can also serve as
an auroral monitoring station, with calibrated fluxgate magnetometers. This serves as an excellent tool for forecasting auroras
at high latitudes. Having a network of PACKMAN operating around the world, at various latitudes, and in a range of altitudes
would provide very valuable information for a better understanding of space weather.
At present there are four PACKMAN units that have been developed at INSPIRE ((INStrumentation for Planetary Investigation,
Resources and Exploration) Lab, at the Luleå University of Technology, in Luleå, Sweden, and are operating at various latitudes.
The data are compared to various ground based and orbiter
instruments such as the Geostationary Operational Environmental Satellite (GOES). One of the location where PACKMAN
sensors is operating is inside the Boulby Potash Mine, U.K. It is
situated 1,1 km below the surface in an environment that is
quiet in terms of very low background radiation. In the process
of understanding the scientific objectives the data shall be used
to educate the public on space weather.
Keywords:
Space weather; TRL; Radiation; Stratosphere; COTS
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The experiments conducted, prototypes developed and mechanical engineering undertaken during the student project PAPELL
„Pump Application using pulsed electromagnets for liquid reLocation” are depicted, with special consideration to the related
education aspects.
PAPELL has been selected for an ISS flight within the
„Überflieger” competition of the German Aerospace Center (DLR).
Therefore PAPELL will be conducted for one month by ESAastronaut Alexander Gerst in 2018. The experiment is set up in
a NanoCube with the dimensions 10 x 10 x 15 cm³, posing severe limitations to the mechanical setup.
The objective of the experiment is the demonstration of a pumping system without any movable components. This is achieved
by using a ferrofluid as working medium and magnetic fields to
move the liquid. This is possible through the magnetic nanoparticles, e.g. made of iron oxide, suspended in the ferrofluid. The
liquid is magnetically neutral unless a sufficiently strong magnetic field source is present.
This principle will be demonstrated in two distinct experimental
areas. The first area will be used as a proof of concept for arbitrarily moving ferrofluid on a grid of electromagnets and, if successful, producing graphical shapes and symbols for outreach
* corresponding author
113

purposes. The next phase of the experiment will be executed in
the second experimental area with the objective to move secondary bodies in a pipe system. Initially gas bubbles are transported within individual ferrofluid droplets. After that solid spheres
are introduced by injectors into the pipe system and sorted in a
three-way valve according to their color.
The challenge for a ferrofluid experiment with camera observation is the inherent property of the ferrofluid to stain most surfaces. In this paper several experiments run to determine a suitable coating material are detailed, with special attention to the
educational aspects of conducting proper scientific investigation
within a student team.
The staining problem was solved in close collaboration with the
NeptunLab of the University of Karlsruhe, which developed Fluoropor, a coating with a powerful Lotus effect that repels ferrofluid. Tests with COTS Teflon coated materials proved to be unsuccessful.
As the project schedule is limited to a development time of oneyear measures for rapid prototyping and short iteration cycles
need to be implemented. Well-structured organization, frequent
communication and clear responsibilities are critical to a project
success. A steep learning curves maximizes the training the involved students gain by their participation in this project.
Keywords:
international space station, iss, student experiment, ferrofluid,
pumping mechanism, education
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This paper will detail educational aspects as well as communication, leadership and bureaucratic challenges encountered during the development of the ISS experiment PAPELL (“Pump
Application using Pulsed Electromagnets for Liquid reLocation”).
The experiment is a student project conducted mainly by members of the Small Satellite Student Society University of Stuttgart and the Institute of Space Systems. It is a technology demonstration of a non-mechanical pumping system, this means
that fluids are transported without direct physical interaction.
This is achieved by switching individual electromagnets to produce local magnetic fields. The working medium is a ferrofluid,
which responds to the generated fields. Ferrofluid itself is magnetically neutral liquid, when no external magnetic field is applied. Suspended nano-scale iron oxide particles are aligned by
an external magnetic field source. The fluid is then attracted to
this source and flows accordingly.
Consequently it is expected that a low wear, low maintenance,
high-lifetime pumping mechanism can be achieved, as no solid
surfaces are in direct contact, negating friction and abrasion effects. Ideally, the pump produces fewer vibrations than conventional pumping systems resulting in reduced disturbances
on other payloads and less overall noise.
The experiment was a winning proposal of the “Überflieger” competition of the German Aerospace Center, where three German
student experiment were selected for transportation to the International Space Station in 2018.
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The experiment is to be developed in one year and needs to fit
the boundary conditions given by a DreamUp NanoCube
(10 x 10 x 15 cm³) and limited power supply of 4,5 W. Challenges were encountered with respect to a tight schedule, changing
boundary conditions and a young student team. For this, a wellstructured project plan has been established, frequent meetings
were held and modern forms of communication allowed for short
response times and design iterations. The student team with
approximately 30 members is segmented in three distinct
working groups, mechanics, electronics and software – where
clear responsibilities are vital for project success.
Good leadership and systems engineering is achieved, when
conflicting interest (e.g. power consumption, volume demand
etc.) are openly discussed and resolved by determining a suitable compromise.
External challenges are given by export and safety regulations,
which had to be met, when exporting the experiment to testing
facilities of NanoRacks in the United States. Here direct and
frequent communication with responsible personnel of the University, shipping companies and customs is important, to allow
for smooth progress.
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The PRIME project aims to demonstrate a miniaturised scientific
payload for plasma measurements in the lower ionosphere. The
Free Falling Unit (FFU) payloads are ejectable from the RMU.
Each module consists of recovery and experiment units, which
are electrically and mechanically separate, so that the recovery
unit can be adapted in the future to different experiments. The
geometry of the FFU is designed to be compatible with future
‘DART’ rockets, from the company T-Minus Engineering.
The recovery unit consists of a parachute along with its
deployment mechanism and localisation system, i.e. GPS and
transmitters used to send information for recovery. The experiment unit will consist of the Langmuir probes, voltage sweeper
implemented within the FPGA, DAC, amplifiers, current-tovoltage converter and ADC, and associated memory.
There will be two FFUs with four cylindrical Langmuir probes
each. Three of the probes will be fixed bias and one will be in
swept bias. The probes will measure electron plasma current to
deduce plasma parameters at the sub-meter scale. These measurements will then be validated against incoherent radar scatter
data (EISCAT) and models.
Keywords: Multi-Needle Langmuir Probe, Plasma parameters,
REXUS
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Daedalus’ goal is it to build and successfully test an alternative
form of descent mechanism for drops from very high altitudes.
Since parachutes are not always useable and sometimes hard to
handle in space applications, there is a need for new and innovative ways to descend through an atmosphere without using
any propellant at all.
Inspired by the bionic design of the maple seed which gently
falls to the ground using its ingenious natural design, Daedalus
is building a “SpaceSeed” applying the same idea of a gentle
descent for Aerospace missions. Such a Mechanism can be more
robust towards supersonic reentry then a parachute and can
also less effected by the space environment or heat compared to
a parachute.
This can be especially useful when looking towards the challenges a future mars mission would bring to the table, but applications of this are numerous, for example could designs like this
also have terrestrial usages like weather probes which would be
able to withstand harsher winds than a parachute could. This is
directly usable for turbulent atmosphere like on Venus or even
* corresponding author
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Jupiter. In addition, Sample Returns from LEO could be made
with similar designs again removing the challenges one would
face with a parachute or an actively propelled landing system.
Daedalus wants to prove that this alternative is usable for real
life applications on earth and other planets.
Keywords:
parachute, reentry, demonstrator
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This project presents the proof-of-concept of the new costeffective Earth remote sensing G-DIRECT payload, suitable for
small satellites such as CubeSats [1,2]. This new instrument
has been designed at ESEIAAT-UPC (http://eseiaat.upc.edu/ca)
during a Final Degree Project, and it will be tested for first time
during a stratospheric sounding balloon experiment in the frame
of the INSPIRE programme (http://www.terrassa.upc.edu/
contingut/programa-inspire).
The processing technique implemented in the G-DIRECT payload can provide accurate GNSS Radio-Occultation (GNSS-RO)
observations of the atmosphere. Simultaneously, GNSS Reflectometry (GNSS-R) measurements of the Earth surface can be
collected for grazing angles, when coherent scattering effects
provide strong forward scattered GPS signals. Results from this
experiment will be investigated to determine the degree of signal
coherence over land surfaces from a high altitude, and low
speed platform. This scenario will provide a unique opportunity
for research, and conclusions could be useful to improve our
understanding on the use of GNSS for remote sensing.
* corresponding author
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The experimental set-up has been developed using COTS components. Thermal-vacuum tests will be performed at the NanoSatellite and Payload Laboratory (https://nanosatlab.upc.edu/
en). The OBDH subsystem uses an ARM A-53 CPU with 1.2 GHz
clock rate for housekeeping and scientific data management,
and data storage in a SD card. A passive thermal control is implemented to optimize power consumption and mass. A GPS receiver and a Kalman filter-based IMU provide timing and positioning information for applications such as radio-occultation. The
G-DIRECT instrument is connected to an active limb-looking antenna to receive GPS signals. The up-looking single-patch antenna is connected to the GPS module, and receives only the direct
signal. The GNSS satellites transmit signals at Right Hand Circular Polarization (RHCP), and thus, this is the selected polarization for the up-looking antenna. On the other hand, the limblooking antenna receives reflected and direct (RO) signals. The
reflected signals are mainly Left Hand Circular Polarized (LHCP),
however for elevation angles larger than the Brewster angle, the
RHCP component becomes dominant. In this specific experiment
at grazing angles, the selected polarization is RHCP allowing to
combine GNSS-RO and GNSS-R measurements using a singleport antenna. G-DIRECT will be configured to work in a single
nominal operational mode (conventional GNSS-R) in the flight
range up to 30,000m. The flight duration is expected to be 3h,
and the trajectory is expected to cover several land-surfaces
types.
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The TU Wien Space Team is a student led group with emphasis
on aerospace engineering at the TU Wien. Our main focus lies
on the design of experimental rockets, rocket engines, mini
satellites and much more. Our projects are meant for civil use
only. Our experimental rockets are designed to separate axially
at apogee (highest altitude). For recovery the pressure inside the
rocket increases, the rocket separates and releases the parachute. To increase the pressure inside the rocket pyrotechnics are
mainly used.
The motivation of the TU Wien Space Team to develop a Pyroless
Recovery System (PRS) was the launch event, C’Space in Tarbes,
France. Planéte Sciences [2] organizes this event annually and
the TU Wien Space Team has been participating since 2011. The
regulations from Planéte Sciences at this event does not allow
any pyrotechnical equipment. In the past years we have used
CO 2 capsules opened by a valve. The problems were that the
valve required a high momentum to open, and due to the high
pressure and small cross section of the valve the gas did not release instantaneously. To overcome these disadvantages the new
PRS was developed. The PRS is designed to store pressurized
gas (e.g. CO2, air) and release it at a certain time. As the name
already suggests this system works without pyrotechnics.
The PRS has two pistons, a forward and a tail piston, inside the
cylinder which are connected with a shaft. The forward piston
has a bigger diameter than the tail piston. Different areas of the
pistons and constant pressure inside the cylinder lead to different forces. The Pyroless Recovery Mechanism (PRM) restrains
the piston from moving. If the PRM turns into the open position,
the pistons move to the end of the cylinder, the chamber opens
and sets the stored gas free. The PRS has several advantages
compared to the valve design. The PRS requires only very low
torque to open and the restraining force can be adjusted during
design.
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Furthermore, the PRM opensimmediately and the big opening
area releases the gas instantaneously. So far two launches with
successful recoveries have been accomplished with this PRS.
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The UK Government’s National Space Policy1 recognises the potential benefits of space to society and the UK economy, and
identofies that space is part of today’s national critcal infrastructure. It codifies the government’s ambition to grow the UK
space sector to £40 billion (~10% of géobal) by 2030, and sets
the path to meet this goal. It lists four key principles that should
be supported by any national space strategy, including
‘supporting the growth of robust and competitive commercial
space sector’.
A critcal component of a growing and healthy industry is the
availability of a skilled and educated talent pool. This has been
repeatedly identified by government and industry alike as the
number one issue facing the sector at present. The importance
of the availability of this pool cannot be understated, with the
classic example of Silicon Valley demonstrating what the librant
entrepreneurial environment that a combinaton of high
numbers of skilled individuals and access to investment capital
can be attained. Previous natonal strategies2 have stated the importance of ensuring a sufficient takent pool is present, and the
UK Space Agency (UKSA) has created its own Education, Skills
and Outreach3 (ESO) policy to address the issue. However, only
a few limited actions to improve the skills of graduates or
promote the interest in space of current students are identified
in the UKSA’s policy (identifying stakeholders and discussing
the Space Placement in INdustry (SPIN) scheme).
This paper presents a new perspective of the skills pipeline
issue, based on the experiences of students looking for career
opportunites in the space sector and young professionals currently in work. This evidence has been gathered by UKSEDS
(UK Students for the Exploration and Development of Space),
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the UK’s national student space society, over a number of years,
and includes the results from surveys, interviews and experiences of the organisaton’s membership. Current issues and potential roadblocks preventing the growth of the talent pool required
for the government’s growth goal are identified. These include
the limitaton of problem-based learning on UK degree courses
and the lack of availability of opportunites for students to gain
the requisite experience asked for by companies for early career
roles. A number of potential solutions are described and evaluated based on their efficacy. Some, such as the SpaceCareers.uk website, are currently being implemented by UKSEDS
and similar organisations in the UK, and others have been identified from the work og other organisations around the world.
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In order to reduce the residual angular rate in the roll axis after
the yo-yo de-spin and motor separation of the spin stabilized
REXUS sounding rocket, the student experiment RaCoS was
built. The experiment RaCoS (Rate Control System) was successfully tested on REXUS 22 in March 2017 at Esrange Space
Center. Even though a malfunction of the REXUS rocket during
the motor separation occurred, the system worked flawlessly
and was able to revise the unexpected higher angular rate in the
roll axis.
The results - primarily the achieved angular rates and accelerations - measured by the experiment itself will be discussed and
compared with the data measured by the REXUS Service Module. The experience gained during the construction can be
used to improve the system and upgrade the RCS to a full attitude control system (ACS) using the same principle but with a
more complicated pneumatic and mechanical setup. A different
controller as well as more cold gas thrusters, each individually
triggerable, would also be needed. Concrete suggestions for the
realization of a three axes rate and attitude control system under the limiting size factor will be discussed.
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The experiment “Robotic in-Orbit Analysis of Cover Hulls”,
ROACH, examines the utilization of electrostatic adhesion as novel means of locomotion in space. The experiment’s goal is to
maneuver a rover, that has a size of 10 x 10 x 10 cm³, inside of
a sounding rocket during microgravity and in vacuum. It is
developed by members of the Small Satellite Student Society
(KSat e.V.) assisted by the Institute of Space Systems (IRS) from
the University of Stuttgart.
ROACH is funded and supported by the German Aerospace Center (DLR), which provides students with the opportunity to launch experiments aboard REXUS sounding rockets in cooperation with the Swedish national space board (SNSB). The program’s purpose is collecting scientific data and educates the participating students.
The project is inspired by solving the challenge of the threat
posed to spacecraft by the increased space debris and micrometeorites. Hulls of spacecraft are additionally subject to fatigue, e. g. due to radiation. This can potentially damage or
destroy the spacecraft. Traditional countermeasures are limited
to the use of additional protection material. This, however, inreases the spacecraft mass, which drives the costs and limits
the payload mass. Crewed space stations can be maintained by
humans, but extravehicular activites are always risky for hu* corresponding author
127

mans and a workload to be avoided. Based on the ROACH experiment, future maintenance robots are enabled to act autonomous in damage assessment and performing (minor) repairs.
The primary challenge of such a rover is the successful attachment on a spacecraft hull. Electrostatic adhesion is expected to achieve this. A metal-coated Kapton foil adheres to nearly
any surface, both conducting and non-conducting, by applying
high voltage. The adhesive force can be used to attach the rover
to a surface and enable its movement. The adhesive connectioncan be created and removed without any residual traces. Various materials and operating voltages were tested for their practical usability and adhesion performance.
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Two sounding rockets and two stratospheric balloons are launched each year from Esrange Space Centre in the polar region
of northern Sweden. The payload on board these vehicles
consists of scientific experiments which are conceived, designed
and built over several months by student teams participating in
the REXUS/BEXUS (Rocket and Balloon Experiments for University Students) programme. The project life-cycle is based
on that of professional space missions and incorporates a training week, several reviews, an integration and test phase and
the launch campaigns, as well as the result analysis and
dissemination.
While passing these milestones, the students team always have
a constant companion to complete and to update: their SED
(Student Experiment Documentation). This document is a guideline based on the programme organisers’ engineering and management experience and has been improved over the last decade
during which the programme has been running. ZARM (Center
of applied space technology and microgravity) has supported
student teams for 5 years and gives an insight into the REXUS/
BEXUS milestones which are not merely a design step, but
rather they are composed of interesting events taking place at
various space-related locations. As the SED is inseparable from
the milestones and the most essential document for experiment
preparation, this paper additionally outlines the SED content.
The Milestones and the SED reflect the programme idea of how
to document, design, build and test an experiment which
performs successfully on board a REXUS or BEXUS near-space
vehicle.
Keywords:
REXUS/BEXUS, Milestones, Rocket, Balloon, SED
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The space exploration and astronomy is the most spectacular
discipline from all, however not many of us can talk simply
about our research field despite of the huge interest from the
public. This part of the science still can amaze and make the
common people think and because of this we have the obligation
to speak about it clearly. Unfortunately as I see this is one of the
biggest defect in the hungarian education.
I had the luck to give lectures almost at every observatory in my
country in the last ten years about astronomy and space exploration and I would like to share my experiences on that field. I
would like to provide an insight to the most popular topic about
space, and tell about how can we present our complex but fascinating results with the feeling of a cool science fiction. Since
the technology evolved in the last decades in a gear what we've
never experienced the common people have got farther and farther away from the science and the unreliable media sources
takes away more and more credit from the scientist and nowadays it is a really hard task to distinguish the fiction from reality.
These reasons put a heavier duty to us to make the unbelievable
results palpable and make the unimaginable but reachable goals
realistic. There are many great initiative in the world and many
admirable plans to make this easier, but I feel that the world needs so much more. I would like to introduce some of my ideas to
magnify and enlighten the importance of astronomy and space
exploration for example by the organization of the scientific
dissemination in a much more associated and interdisciplinary
way than it is now but taking care of the integration of the
things which work well.
Keywords:
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Sun surveillance from the ground is often difficult as the thick
atmosphere of the Earth blocks and distorts much of the
incoming light. Learning about the Sun is critical in modern society, when solar flares have the potential to cripple telecommunication and global navigation systems. In the UK alone, €22mn
was invested in the Space Situational Awareness program emphasising the need to better understand and predict solar events
[1] [2]. Project SunbYte (Sheffield University Nova Balloon Lifted
Telescope) aims to revolutionise the industry of solar observations by using a high-altitude balloon to lift a telescope to an altitude of 25-35km, where SunbYte has the potential to capture
images of much better quality.
As the existing ground and space telescopes are large, complex
and expensive, the number of scientists who have access to
such resources are quite limited. Even though experimental studies using high- altitude balloon telescopes have been previously
conducted, these are, in terms of cost, inaccessible to many
mainstream research institutions across the world.
SunbYte is a University of Sheffield student led project with
academic and industry partners—Northumbria University, Queen’s University of Belfast, University of Hull, Andor Ltd, Astrograph Ltd and Alternative Photonics. Combining the latest
practices in manufacturing, astrophysics science and engineering, the team aims to deliver a low cost high quality method
of imaging the Sun.
The experiment was launched on BEXUS 25 from ESRANGE,
Sweden in Oct 2017 as part of the REXUS/BEXUS programme.
This paper will discuss the Engineering subsystem created to
move a solar telescope using a two axis gimbal. It will assess the
scientific impact and lessons learnt from a management and
technical perspective. The REXUS/BEXUS programme is realised under a bilateral Agency Agreement between the German
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Aerospace Center (DLR) and the Swedish National Space Board
(SNSB). The Swedish share of the payload has been made available to students from other European countries through the
collaboration with the European Space Agency (ESA).
Experts from DLR, SSC, ZARM and ESA provide technical support to the student teams throughout the project. EuroLaunch,
the cooperation between the Esrange Space Center of SSC and
the Mobile Rocket Base (MORABA) of DLR, is responsible for the
campaign management and operations of the launch vehicles.
Keywords:
solar astronomy; sun tracking; University of Sheffield; telescope;
Balloon;
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Space exploration poses extreme technical challenges that help
push the boundaries of human knowledge. Multiple tangible benefits stem from this activity, reaching telecommunications, medicine, agriculture and more. Because of the apparent long-term
effectiveness of this activity, space exploration is often regarded
as an unreasonably expensive endeavor by most. Obviating the
development of space exploration could have tragical consequences for humans in the mid and long term. Such might be the
lack of resources 1 and ultimately, overpopulation and extinction.
In this context, Cosmic Research was founded to change
people’s perception about space exploration. Created as a nonprofit, this multidisciplinary team of engineering students aims
to launch a homebuilt rocket into space. Our ultimate goal is to
generate enthusiasm about space exploration. Our activity is
focused on the development of sounding rockets that help us
democratize knowledge about this subject and ultimately, reach
the Karman Line – 100 km.
The project was started by four students in the spring of 2016,
and five rocket launches have been performed since then. In August 2016 we tested our own avionics in a commercial kit and
two months later, our first solid motor mixture was manufactured and tested successfully. Following those tests, in March
2017 we launched our very first homebuilt rocket into 2 km.
Named after the second female American in space, Resnik was
built on a self-made carbon-fiber airframe. It carried a custom
telemetry system enabling dual communication with a ground
console, in a 10-km range. The rocket reached an apogee of
1930 m and a top speed of Mach 0,8 – about 1000 km/h. It set
* corresponding author
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a new record for Spanish student rocketry. The association next
step will be launching a rocket into the stratosphere within next
year. A motor test bench has already been developed for this
mission.
As for educational activities, the association has started the project “Cosmic Research Learn” that intends to bring space closer
to students. For that purpose, a new rocket named Ansari was
assembled and launched carrying a payload made by local students 2 . The Ansari rocket, as it was called, deployed a CanSat
– a can-sized mini-satellite payload – developed by high school
students at an altitude of 1,5 km. The students gained practical
experienced on the behavior of electronic components in high
altitude environments. In addition to CanSat projects, Cosmic
Research manages its own rocketry wiki and attends numerous
events aimed at the young.
Keywords: education, rockets, space, exploration, spaceshot,
students.
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Since summer semester of the academic year 2016/2017, two
faculties of Gdansk University of Technology (Faculty of Mechanical Engineering and Faculty of Electronics, Telecommunications and Informatics) together with the Gdynia Maritime University (Faculty of Electronics) and the Polish Naval Academy in
Gdynia (Faculty of Command and Naval Operations) have opened intercollegiate master-degree studies called: Space and
Satellite Technologies (TKiS). Each of these faculties offer for
their candidates and conduct special education in case of certain speciality.
This initiative is supported by Polish Space Agency and received
additional funding from the National Centre for Research and
Development. Under the project entitled: Adaptation of the
second-degree studies Space and Satellite Technologies, to the
needs of the labor market, people involved in the space industry
were included in the didactics.
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Developments in media technology have triggered the rethinking of educational materials beyond electronic text books
[1]. Interactive web sites let students explore and navigate course content more easily and at different abstraction levels. They
also allow teachers and students to communicate more directly
and to identify improvements of the teaching materials.
We developed The Living Textbook, a tool with which students
can interactively explore the content of our Geo-Information Science and Earth Observation course and its key concepts. The
basis for this tool is a collaborative website (a wiki) with course
content, accompanied with an interactive diagram (a concept
browser) showing the key concepts as circles and their relationships as arrows between them. The concepts in the diagram
are connected to the course text via clickable links.
The Concept Browser is designed to optimally convey the conceptual structure of the course content to the student. This is
achieved by a web-based implementation, allowing students to
filter and zoom into concepts and navigate from one concept to
the other, grasping named relationships between them. Usability
tests with eye-tracking show that our tool is intuitive and
effective.
In a collaborative process, teachers have connected their expertise by using an easy-to-use graph editor. This resulted in a
geo-domain ontology as a basis for the Concept Browser. It can
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136

be connected to other domains and bodies of knowledge (such
as http://gistbok.ucgis.org/) through Semantic Web techniques
[2]. This opens up opportunities for teachers and students to
connect to relevant external resources and course content
within the same user interface.
Keywords:
technology, education, wiki, ontology, concept browser

References:
[1] GU, X., WU, B. & XU, X. (2015) Design, development and
learning in e-Textbooks: what we learned and where we are going. J. Comput. Educ, 1, 25-41.
[2] Janowicz, K., Scheider, S., Pehle, T., & Hart, G. (2012)
Geospatial Semantics and Linked Spatiotemporal Data – Past,
Present, and Future, Semantic Web Journal, Volume 3, Number
4, 321–332.

137

Space Universities Network - supporting the
Space Science and Engineering Higher
Education Community in the UK
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The world space economy is expected to grow to $400 billion by
2030 and to provide 100,000 jobs. Training space engineers and
scientists is critical to fulfilling this need. The UK-based “Space
Universities Network” (SUN) was formed in 2016 with the aim of
enhancing the quality of learning and teaching by providing support and resources to the Space science and engineering higher
education community.
SUN’s objectives are to facilitate the creation of a skilled
workforce of graduates who can meet the challenges of enabling
the future scientific and commercial exploitation of space. The
network addresses this need by helping to inspire students to
join the space sector and ensuring they are well equipped at
University to contribute. SUN enables the developing, sharing
and promotion of effective practice and innovation in the delivery of university-level space science and engineering curricula.
It will do this through workshops, offering opportunities for networking to support the space teaching community and a webbased
repository
of
resource:
www.spaceuniversitiesnetwork.ac.uk. In one year, over 40 members from 20 Universities in the UK.
This is not an exclusive ‘club’, all Institutions of Higher Education interested in Space in the UK are invited to join, and collaboration with other organisations, including Space Industry is
encouraged. Indeed, the subject of the second SUN workshop
has an industry-academia theme: “What does the Space Industry want from graduates?” The website and network will be officially launched at the UK Space Conference in May 2017. This
paper describes the process that led to the foundation of SUN,
its objectives, modes of operation, prime activities, and future
projects. Once firmly established, it is hoped to expand the network through partnerships with similar organisations in other
countries.
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Workshop based education events are a new form in Hungary to
attract people into space studies. The event 'Űrakadémia' is held
by Hungarian Astronautical Society (MANT) and Space Generation Advisory Council (SGAC) in every year and it’s not just created a network of young professionals and university students
but also the project tasks live towards. One of these task was
called ‘Spacepaprika’. The project is based on the following
bases.
Recently the manned Mars mission is on the topic of space
agencies. Even if we are capable to bring humans to interplanetary missions with our technology, the astronauts’ healthcare is
still an unsolved problem. As far as we know the astronauts who
have been in space for more than 6 months have significantly
higher risk of type 2 diabetes. [1] Our medicines become out of
date usually in one year on Earth but on the deck of the ISS it’s
more rapid. [2] An interplanetary mission to Mars lasts at least 3
years, using a Hohmann-transfer orbit [3]; so the medicines have to be made on the spaceship.
Studies have shown that rats, genetically modified to not have
TRPV1 receptor, lived longer and became more resistant to type
2 diabetes. TRPV1 is responsible for temperature and capsaicinsensation. A certain amount of capsaicin can stimulate the receptor and can cause the same result as in the TRPV1 lacking
rats. [4] One way to make medicine substance is to grow plants
* corresponding author
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that can be used also for food supplement. Using the advantages
of the capsaicin the recommended plant would be paprika. For
growing vegetables the astronauts are using the VEGGIE and
the APH system on the ISS, the paprika is also a compatible vegetable to these system.
The project demonstrates that the Űrakadémia successfully
gathers people from different specialization who are already interested in space studies and want to be involved in more deeply. The Űrakadémia team also organizes events in every
second month and considering it's success it is a good starting
point to evolve and satisfy the needs of those who want more
then being interested.
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The International Space University (ISU) was established in
1987 by two astronauts, Robert D. Richards (founder of Planetary Resources Inc.) and Peter Diamandis (founder of Singularity
University, X Prize Foundation and Human Longevity), in the
United States of America. The ISU’s Central Campus and global
headquarters are located in Illkirch-Graffenstaden near Strasbourg, France. Its operation is funded by major space agencies
(e.g. NASA, ESA, JAXA, Roscosmos, DLR etc.) and private enterprises that are interested in the space research (e.g. Boeing,
Airbus, China Academy of Science, SES etc.). The Space Studies
Program (SSP) is a graduate level professional development program conducted by ISU, which celebrated its 30 th anniversary
this year. In 2017, SSP was organized in Cork, Ireland, for participants interested in the field of space exploration and space industry. Since its establishment, around 4200 enthusiastic
people from more than 100 countries have participated in different programs at ISU. Today, the majority of the attendants are
astronauts, space engineers or directors of companies operating
in the space and airline industries.
Their educational philosophy is based on three keystones, which
are called the 3 ‘I’s (international, intercultural, interdisciplinary). The program’s main advantage is that due to its interdisciplinarity, participants may arrive from all branches of science.
The curriculum of SSP covers several fields, such as policy and
law, business and management, human performance in space,
space engineering, space sciences, humanities and space applications.
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The SSP is usually held between June and the end of August,
but in each case it lasts exactly for 9 + 1 weeks. The SSP provides the participants with such abilities and expertise that are
essential for dealing with space related projects in either the
public or private sector. In 2017, participants were able to work
on four distinct projects: ARESS, Astropeneurs, Future of the
ISS and the NetSpace.
All of the projects analyzed different areas of the space industry
and examined the respective questions from various aspects.
These projects are not autotelic and they have demonstrable
long-term positive effects, which outreach the confines of SSP.
Apart from developing the participants’ skills, these detailed studies are detachedly significant spin-offs of the ISU’s program.
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Solid dish antennas are a widespread technology nowadays,
employed in many communication systems. Despite this, the
mass and volume of this type of antenna are sometimes not
compatible with the characteristics of space systems and their
operating environment. This prevents their use in many more
applications in which, actually, solid dish antennas could be
very useful. Deployable antenna structures seem to offer a promising solution to this problem by combining an optimized
structure with the same features of a solid dish.
This paper presents a new design for a parabolic reflector that
extends its surface through a radial opening, umbrella-like
mechanism. The light structure and the compact initial configuration of the reflector make this device a great option for those
applications in which the physical constraints are a particular
issue. The deployment is initiated by a single actuation system
which releases the arms, making the reflector to expand its surface by nine times, compared to the stowed configuration. Furthermore, this design is characterized my an innovative system
that exploits a central fixed parabola on the launch configuration. This guarantees operativeness also in the event of unexpected behavior of the deployment system, overcoming the need
for other antennas for redundancy, otherwise required to assure
that the correct functionality of the system is not compomised.
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This kind of technology could be used, for instance, to implment
an aerial stratospheric telecommunication system composed of
high-data-rate microwave radio link, for interception of communications and radar signals, for military and intelligence, Earth
observation in low and midrange-frequency radar, deep space
observation and remote sensing. This paper presents a detailed
3D prototype design, deployment simulation and experimental
test results. In addition, the major reliability parameters of parabolic reflectors, namely surface accuracy, stiffness of the dish
and deployment actuation, will be analyzed and discussed in
order to highlight their potentialities for future space and planetary missions.
The potential of this new concept was recognized by SNSB/
DLR/ESA who selected it for a flight experiment on its REXUS/
BEXUS project. During the flight in the stratosphere, the
deployment mechanism will be tested and the performance of
the mesh will be verified under extreme conditions, by comparing the results to those of an identical rigid system.
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The use of tethers in space has been proposed to carry out several different tasks, including, for instance, electrodynamic
drag devices, spacecraft tugging or novel docking systems. Light
tether deployers developed and flown so far have lacked certain
operational capabilities; in particular, a tether retrieval has never been performed by small automated spacecrafts. In this
context, Space Tether Automatic Retrieval (STAR) is an experiment carried out by five engineering students from the University of Padua, with the main objective to design, build and test
in microgravity a novel concept of space tether deployer with retrieval capability.
The experiment was therefore proposed and selected for the
Drop Your Thesis! 2016 educational programme, held by the
European Space Agency Educational Office. The Drop Your Thesis! programme offers university students the unique opportunity to perform scientific experiments in microgravity conditions using the Bremen Drop Tower facility, operated by ZARM.
To demonstrate the deployer’s functioning, a braided line was
successfully deployed and retrieved in microgravity during each
of the five tests that were conducted at the facility.
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The prototype of the deployer is inspired to passive deployers
already developed for past space missions, such as SEDS-I and
SEDS-II, integrated with a reeling device to enable the tether retrieval capability. More specifically, the experimental setup is
composed by four main subsystems: a spring-based launch device to start the deployment phase; a length and length rate
measurement system to measure the amount of deployed tether
by means of optical sensors; a dedicated active braking
mechanism to control the tether deployment velocity by means
of a feedback control on length-vs.-time reference trajectory; and
a retrieval system to eventually rewind the tether around the
spool and reset the system to the initial state. This paper
presents the development and the microgravity testing of the
Space Tether Automatic Retrieval experiment, and assesses the
educational return of the project.
Keywords:
space tether, tether retrieval, drop your thesis, drop tower,
university students
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In September 2017 the inaugural ESA Concurrent Engineering
Challenge was held, giving 88 Master’s and PhD-level students
from twelve ESA Member and Associate States a powerful platform to experience systems engineering in an intense, fast
paced, and real-world environment. Within four days, the teams
of physics and engineering students in Politecnico di Torino,
Universidad Politécnica de Madrid, University of Strathclyde and
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ESA’s European Space Security and Education Centre (ESEC)
each developed a preliminary design for a satellite mission to
map the Lunar south pole for water-ice as a precursor for the
Moon village concept. The ESA team is submitting this poster to
the SSA Symposium to share experiences and to discuss the
educational value of the challenge.
Concurrent engineering is a design methodology that embraces
parallelisation. Teams were divided into ten subsystem groups of
two to three students each. As the subsystem’s design progressed, key parameters were regularly updated and shared with
the team using ESA’s Open Concurrent Design Tool (OCDT) for
use in their designs. Concluding each day, a web conference
between all institutions provided the opportunity to discuss the
progress and learn from each other’s design decisions. The Challenge concluded with the final presentations and critical discussion of all satellite designs.
The Challenge facilitated a deep and practical understanding of
the key benefits and applications of concurrent engineering. The
Challenge enabled the students to apply their knowledge to a
unique problem, whilst encouraging a rich exchange of ideas across various disciplines. Through doing so, students enhanced
their skills in team-work and open communication in a novel
and engaging way.
Lessons learned during the Challenge were carried back by the
students to their respective universities and projects. New lectures and practical tutorial possibilities were created as returning
students offered their experience to aid lecturers in need of resources in teaching this new concept; for example in Cranfield
University where presentations and workshops were delivered.
The Concurrent Engineering Challenge was an excellent introduction to some of the design methodologies used in the space
sector, giving students valuable skills that will benefit them for
the rest of their lives.
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Teaching astronomy with ESASky
Belén López Martí
on behalf of the ESASky and CESAR teams,
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ESASky (http://sky.esa.int) is a science-driven discovery portal
providing simplified access to astronomical data from space missions. It allows users to quickly visualise data from all ESA
space missions, as well as missions from other agencies, and to
quickly retrieve science-ready data from the corresponding mission archives, without assuming any prior knowledge of the mission and/or data characteristics. The tool’s advanced visualisation capabilities and its ease-of-use make it very appropriate for
Astronomy students of all levels. In this talk, we will demo the
main functionalities of version 2.0 of the tool and will present
some educational activities that make use of ESASky, which have been developed in collaboration with the Cooperation through
Education in Science and Astronomy Research (CESAR) project
at ESAC (http://cesar.esa.int).
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Our team of university students from Simonyi Károly College for
Advanced Studies is developing a universal balloon platform for
small payloads. Our targets are university research groups and
our goal is to provide a reliable and affordable platform and launch service for their experiments.
The development of the platform called Reusable High Altitude
Balloon (ReHAB) has reached a point where we are running excessive testing on the complete system. For almost a year since
our last balloon launch we have fixed several issues with the
flight system and been developing a wide variety of test tools.

Our test environment contains several PC simulation tools for
HIL tests, internal communication bus analyzer, thermal
chamber and GPS signal generator. Most of the test hardware
and software were developed by our team in the in the vision of
create a small testing facility where university research teams
can test and validate their payload for high altitude balloon
flights.
During the development and testing process of the platform we
have tried to follow the standard space technology development
timeline. The device development started with the Breadboard
Models (BB) of the individual modules. After the technology was
validated through preliminary testing, the Elegant Breadboard
Model (EB) was created. We ran the module tests on the individual subsystems before assembled our Engineering Model (EM).
Currently the system level testing is running and we are preparing the platform for environmental tests in the thermo
chamber. Our team developed special test tools for every development state.
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After the validation of the EM the Flight Model (FM) is going to
be assembled and prepared for a test flight without a science
payload. The FM will have the same hardware and software
components the EM has, but all PCBs will be professionally manufactured and flight qualified parts will be added.
On the Symposium we would present the details and outcome of
our testing process. Sharing what we have learned hopefully can
help other university teams to efficiently prepare their payload
for high altitude flights.
Keywords:
technology, high altitude balloon, education, testing
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Mobile Rocket Base (MORABA), a department of German Aerospace Center’s Space Operations and Astronaut Training provides the national and international scientific community with
opportunities to prepare and implement rocket- and balloonborne experiments. The fields of research include aeronomy, astronomy, geophysics, material science and hypersonic research.
Further, MORABA supports educational programs for scientific
experimentation as well as engineering disciplines.
This paper presents MORABA’s involvement in the educational
programs “STudentische Experimental- RaketeN”, designated
STERN, and REXUS / BEXUS. On the one side, STERN supports students from aerospace universities across Germany to
design, build, test and launch their self-developed rockets.
On the other side, the REXUS/BEXUS programme allows European students to carry out scientific and technological experiments on research rockets and balloons. We discuss the different technical views and outputs of the MORABA activities. In
conclusion, the range of different topics makes the programmes
very effective and enhances various skills of the participating
students, partners as well as MORABA.
Keywords:
STERN, REXUS, BEXUS, sounding, balloon
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The ESA Academy programme is the overarching framework of
activities provided by the ESA Education Office for university
students from ESA Member and Associate States. The purpose
of this programme is to complement and enrich the students’
traditional University education through a suite of activities,
enabling direct transfer of knowledge from agency, academic
and industry professionals, hands-on and training experience as
well as access to world class facilities.
The ESA Academy aims to improve students’ skills and boost
their motivation, enabling them to pursue further opportunities
within ‘Space’ and/or within other Science, Technology, Engineering or Mathematics (STEM) subjects and to bridge the gap
between studies and professional life.
The two core pillars of the ESA Academy are the Training and
Learning Programme and a suite of hands-on programmes. These pillars are supported by ESA Education facilities located in
ESA’s European space Security and Education Centre (ESEC),
Belgium such as the Training and Learning Centre (TLC) and its
educational Concurrent Design Facility (CDF) and, soon, a dedicated CubeSat testing facility.

The TLC has been operating since March 2016 and offers a portfolio of courses based on 4-5 days training sessions for groups of
22 University students. Training sessions are delivered by experts from ESA, academic institutions, and from space industry,
and cover different domains of ESA expertise, from spacecraft
operations and communication to space law or human space
physiology.
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Attendance at the training sessions is by competitive application, and selected students are sponsored for travel and accommodation.
The hands-on programmes of the ESA Academy include educational satellites (CubeSats and a microsatellite programme), and a
number of programmes for gravity related experiments developed by students and to be operated on platforms reproducing,
on Earth, either reduced or hyper gravity conditions, such as
Parabolic Flights (Fly your Thesis!), Drop Tower tests (Drop Your
Thesis!), Hypergravity Centrifuge (Spin Your Thesis!), and experiments of human physiology in hypergravity conditions (Spin
Your Thesis! Human Edition). The ESA Academy also supports
programmes in collaboration with international partners, such
as REXUS/BEXUS (Rocket/Balloon Experiments for University
Students) and Fly a Rocket! (a ‘crash course’ in rocketry and
space engineering).
Thousands of European University students have been involved
in ESA Academy opportunities. The ESA Education Office aims
to continue boosting motivation and improving skills through
the whole package of programmes and activities offered by the
ESA Academy.
Keywords:
European Space Agency, Education, Hands-on programmes,
Training & Learning Programme.
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The Power Distribution Unit (PDU) is the part of the Electrical
Power Subsystem of the ESA-ESEO (European Student Earth
Orbiter) satellite mission, developed by the Laboratory of Space
Technology at Budapest University of Technology and Economics, Department of Broadband Infocommunication and Electromagnetic Theory.
The main goal of the PDU is to supply electrical power to the
payloads and subsystems and to prevent overload of the main
power bus. Further goal is to involve a newly developed integrated current limiter circuit (RHFPMICL1) into the design. Each
payload and subsystem is connected to the main power bus by a
dedicated latching current limiter (LCL) circuit. The current limit
and the under-voltage protection level of the LCLs are configured
individually for each unit as defined by the requirements. Furthermore the PDU utilises control circuits - called Fire and Select
– in order to activate the NEA units (non-explosive actuators) by
providing an isolated command interface to the TMTC
subsystem (Telemetry and Telecommand).
The PDU consists of two identical units (main and redundant),
both containing one main PCB – called motherboard – and several daughter boards that are vertically assembled into the
motherboard with a unique assembly method. The PDU units
are interfaced with each other in a way that each LCL can be
commanded by both PDU controllers. Furthermore both PDU
units are connected with the main and redundant Power
Management Unit thus increasing the fault tolerance of the
spacecraft.
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The control function of the power distribution unit is managed
by an FPGA (one per board), using CRC protected communication interfaces and combinational logic network in it. The FPGA
commands the LCLs with ON and OFF commands that defines
the power status of the referred load, then collects and processes the limiters telemetry. The FPGA, ADC, and the multiplexers
are located on the motherboard and they are powered by an individual switching-mode power supply called AUX-PS.
In our oral and poster presentation we give an overview of the
high level operation of the manufactured Power Distribution
Unit. The mechanical construction will be described with particular attention on the assembly method of the daughter
boards. The development and testing of the BME-LCLs, the
electrical design of the AUX-PS and the controlling method of
the PDU will be presented.
Keywords:
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The ESEO Project is one of the hands-on programmes of the
ESA Academy. Likewise other ESA Academy initiatives, it aims
to improve students’ skill; to boost their motivation to engage in
the space domain and to create unique opportunities that enable them to directly engage in experiences that can help to bridge
the gap between university study and professional life.
The origins of the project are dated back to beginning of the
2000s; at that time, the project was called SSETI-ESEO, and it
was coordinated by an association of students, as part of the
Student Space Exploration and Technology Initiative (SSETI).
Since then, several changes occurred in the project: a few affected the configuration of the satellite, others the mission profile
and the project organisation. However, the key common aspect
remained the commitment to involve students from several ESA
Member States engaging them in a common programme in order
to develop the mission of a satellite in Low Earth Orbit. Many
students got the opportunity to prepare their Master thesis related to the ESEO project; several others based theirs PhD studies
on the project.
Many training sessions were organised for the participating students.Since the outset of the project, more than 500 European
students and about 30 academic staff joined the ESEO initiative
in different project phases, being involved in the early engineering activities as well as in the manufacturing and testing of
the flight hardware. For many of them this hands-on experience
was a valuable experience asset to pursue a job position in the
European aerospace industry.
Keywords:
European Space Agency, ESEO, Education, Hands-on
programmes.
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With the experience of almost three years teaching Astronomy in
the public schools of Manaus city, Amazonas, the volunteers of
the social project Projeto Cosmos analyzed the enthusiasm and
commitment of the students in the lectures and workshops of
astronomy and astronautics that the project brought to the
schools. In contrast to this observation, teachers reported that
their students' performance in subjects such as mathematics,
chemistry and physics was insanitary and most of them did not
even like the subjects.
At that time, the volunteers began to develop activities and didactics that explored more natural sciences and mathematics in
the context of astronomy. The first planned activity was to teach
ratio and proportion by playing with the size scales of the planets of the Solar System and the distances between them. The
second was to explore the chemical elements through the history of the origin of the universe and the birth of stars and planets. And the final one was through rocket building workshops
approach concepts of kinematic physics, dynamics, hydrodynamics and hydraulics.
We then applied the scientific methodology to verify how receptive the students were to the concepts when they were approached through astronomy. In addition to qualitatively measure
students' enjoyment of participating in activities, even if they
were based on subjects considered uninteresting, we quantitatively measured how the new approach and methodology helped
the learning of natural sciences and mathematics and how it
increased its performance in the subjects.
Keywords:
astronomy, education, natural sciences, mathematics
* corresponding author
159

The Langmuir Probe experiment (ESEO-LMP)
Viktor Qiao1, Tamás König1*, Antal Bánfalvi1,
József Szabó1, Árpád Kis2, Zsolt Váradi1
1Budapest

University of Technology and Economics, Hungary
konig.tamas7@gmail.com
2Geodetic and Geophysical Institute, RCAES, HAS, Hungary

The Langmuir Probe experiment (LMP) is a payload developed at
the Laboratory of Space Technology from the Department of
Broadband Infocommunication and Electromagnetic Theory
(Budapest University of Technology and Economics, Hungary)
for the ESEO satellite mission, which is an ESA project dedicated to facilitate and encourage the involvement of students in
an actual space mission. Several students and young professionals from many European universities participated in the development procedure.
The LMP is an onboard scientific instrument of the satellite, its
objective is to determine the parameters of the plasma in the upper regions of the Earth’s atmosphere (i.e., ionosphere). A Langmuir probe is a device that can determine the electron temperature, the electron density and the ion density of the plasma by
obtaining its current-voltage characteristic since the characteristic curve depends on these plasma parameters. The obtained plasma parameters provide important in-situ data for scientific studies targeting plasma anomalies in the near-Earth
environment (like the South Atlantic Anomaly) and for complex
studies when combined with other data sources (like solar activity and ground-based measurements). [2]
The payload consists of two main parts: the Langmuir Control
Box (LCB) and the Langmuir Detector (LDE). The LDE is a titanium electrode on the outside of the satellite that is dipped into
the plasma (at sufficient distance from the satellite structure so
that the plasma can be considered ‘undisturbed’). The LCB is an
aluminum box which houses the electronic boards of the experiment; it provides a mechanical and an electrical connection to
the satellite structure and is also connected to the LDE. The
three PCBs contained within the LDE, are the analog amplifier
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circuit (AMP), the on-board computer (OBDH) and the power
supply (PS). The AMP has a dual function: firstly, it controls the
potential of the probe and secondly, it converts the detector’s
current signals to processable voltage levels for the OBDH. The
OBDH is a microcontroller based circuit which digitizes, stores
and forwards the measured data to the satellite’s main computer. The PS is a multi-output switched-mode power supply
which provides the necessary supply voltages for the AMP and
OBDH panels. [1]

In our oral and poster presentation, we will give a brief summary
of the development, manufacturing and testing of the individual
electronic boards and also the integrated LMP experiment,
focusing on the phases of the development in which the students of the university took part.
Keywords:
ESEO-LMP, Langmuir probe, onboard experiment, satellite,
plasma properties
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Fly a Rocket! was initiated as an ESA Education program in collaboration with the Norwegian Center for Space Related Education and the Norwegian Space Center to give students on lower
levels of higher education an introduction to space physics and
space engineering. Each cycle of the program consists of three
phases: an online pre-course where each student reads up on
the related subjects and conducts two assignments on the online content. During the second phase, the students travel to
Andøya Space Center and NAROM to complete a five-day long
student rocket mission, where the students have introductory
lectures, build and launch a three meter long student rocket
reaching a height of 9 km, and analyze data coming from the
rocket flight. In the last phase, the students collaborate on writing a report of the project, what they have done during the
second phase and the results they found during the flight analysis. The pilot cycle has now been completed, and the results of
an extensive evaluation of the cycle will be given.
Keywords:
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the promotion of space-oriented activites
The ESEIAAT-BarcelonaTECH example
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Higher Education Institutions have a significant role in the development of new space opportunities as well in the awareness
about benefits coming from space activities. This paper shows
how our School, which offers aerospace studies since 2004, has
fostered space-related activities amongst its students.
Aerospace students expect a challenging learning environment
and the opportunity to participate in hands-on activities. To fulfil these expectations we have developed a two-folded activity:
1. Student projects under the umbrella of INSPIRE3 program.
2. Professor oriented activities inside the regular course’s
development or research activities.
The main guidelines of INSPIRE3 program [1], which started at
2007, are:
- Subjects proposed by group of students and projects are managed by themselves.
- All projects must include the manufacturing of a real and
fully operative prototype.
- Projects must be self-sustained by knowledge transfer between successive generation of students.
- All projects must contain dissemination activities in order to
show.
Some of the projects with a successful development are:
- Cosmic Research [2], which aims to reach space with a
rocket completely self-developed by student. They also have a
relevant activity mentoring Highschool students that take
part in CANSAT competitions.
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- Terrassa Ground Station (TGS) [3]: a fully functional ground
station with up/down link capabilities. We have used it this
year to track the qb50 project Cubesat deployed by Open
Cosmos.
- NEar Space Lab (NESLAB): stratospheric balloons are an affordable way to carry out experiments in near space conditions. Currently we have a well stablished launch campaign that
are used to perform different kind of experiments. They receive
the “Best picture award” of the Global Space Balloon Challenge
20016.
On the other hand, among professor’s oriented projects, we
should mention:
- Students participation of EU-H2020 Space projects, such as
DISCOVERER project (737183 grant).
- Theoretical development of H2020 innovative proposals inside
the subject Aerospace Project Management, a compulsory
course in the Master of Aerospace Engineering.
- Development and test of GNSS Radio-Occultation and GNSS
Reflectometry experiments.
- Participation in the Fly your satellite! and Fly your thesis!
ESA programs (3Cat-4 and Helix_ADS) [4].
After 10 years running all these activities, we can see their outcome: the creation of successful spin-off companies, supported
by ESA through Business Incubation Centres (BIC) in Barcelona
(HEMAV, Venturi Unmanned Technologies and Bound4Blue)
and Harwell (Open-Cosmos Ltd) [5]. INSPIRE program was awarded by the Catalan Government with Vicens-Vives Award in
2016.
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The SpacE Exploration Development Systems (SEEDS) postgraduate International Master program provides young engineers
and scientists with an opportunity to prepare for Europe’s future in space, including human and robotic exploration. Initially
conceived by Politecnico di Torino and Thales Alenia Space-Italy
in 2005, the program now includes three academic partners
(Politecnico di Torino, Italy; ISAE-Supaero, France; and University of Leicester, UK) all of whom have a long heritage of space
activities at industrial and academic level. In addition, there is
significant industry and agency involvement, through the participation of Thales Alenia Space Italy and ESA-ESTEC in the
program.
The course comprises two phases: an initial period of intensive
didactic training in space science and engineering topics using
delivery modes including lectures, workshops and practical activities, followed by a six month research project. Both phases
pursue a multidisciplinary approach, where all specialized disciplines are integrated to enable students to acquire the system
view and then to accomplish the conceptual design of a selected
case-study based on a set of Level 1 requirements.
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A distinguishing feature of SEEDS is the six month project, performed by students from all three academic institutes who
spend this final period of their course working together under
the supervision of academic and industrial tutors. The overarching Intended Learning Outcome of the project is to provide
students with an appreciation of the systems engineering
approach to space mission design and development, through its
application to a well-defined project related to a specific human
space exploration mission.

The project includes a preparatory period during which the students identify top-level requirements (which can include scientific and technology demonstration elements), followed by the definition of system architecture, concept of operations, and conceptual/technical design activities, performed at the four European sites (Torino, Toulouse, Leicester and Noordwijk), culminating in the production of a detailed technical study report and
presentation, and (in the case of the 2016-17 project), several
technical papers being delivered by students at events including
the International Astronautical Conference. Nine academic years
of activities have passed and nine project works have been successfully completed, dealing with various space exploration themes. The tenth edition of the course is currently under way,
with a project related to the Deep Space Gateway.
In this presentation we describe the SEEDS Program,
highlighting some specific examples of our training and project
work, and reflecting on lessons learned from this experience.
Keywords:
Masters; Space Systems Engineering; Employability; Skills
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"Man must rise above the Earth – to the top of the atmosphere
and beyond – for only thus will he fully understand the world in
which he lives". The famous quote by the Greek philosopher
Socrates anticipates the importance of space travels and earth
observation techniques for the research of coupled humanenvironment systems. The projects “Columbus Eye - LiveImagery from the ISS in school lessons” and its follow-up project
“KEPLER ISS” bring the view of Astronauts on our Earth into
classrooms. Videos are provided by NASA’s High Definition
Earth Viewing (HDEV) experiment aboard ESA’s Columbus module [1]. The raw video material is analysed and processed into
interactive, interdisciplinary and intermedia learning modules
that students can use in classes or autonomously.
Besides classic work sheets and desktop applications, two
augmented reality apps were developed that the students use
with their smartphones [2].The learning material teaches about
several STEM elements of earth observation, e.g. the physics behind atmospheric correction or the mathematics behind statistical analysis, but also how it is used for environmental monitoring [3]. Combining ISS videos with new media serves as a way
to teach the students about the human-environment systems,
scientific methods, and as a way to further curiosity and thereby
interest in STEM.
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The presentation will introduce the didactic and technical paradigm for integrating ISS-based earth observation into
classrooms. Additionally, it will depict the next step: Changing
the perspective from observing the Earth to Moon and Mars.
Students will learn about the evolution and current interaction
between the Earth and its Moon using a mixture of classical
school materials and new media, including an Augmented Reality app. In the next step, they apply a digital elevation model of
the Moon’s surface. Hence, they will act as space exploration researchers by trying to detect possible locations for future lunar
station. In doing so, they will be trained in geographic information systems and propaedeutic exercises.
The presentation finishes with a short outlook on the school
contest “self-eSTEAM", starting in mid-2018. It calls for school
classes and study groups in Germany to create art based on scientific experiments aboard the ISS. The goal is to combine the
two major fields of STEM (Science, Technology, Engineering and
Mathematics) and the Arts and Humanities for education.
Keywords:
education, earth observation, ISS, horizons, school contest
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The University of Twente develops the Integrated Land and Water
Information
System
(ILWIS,
http://52north.org/
communities/ilwis/). ILWIS is an open source, C++ based, Earth
Observation and GIS software. ILWIS delivers a wide range of
features including import/export, digitizing, editing, analysis
and visualization of geodata. ILWIS software is renowned for its
functionality and user- friendliness, and has established a wide
user community over the years of its development. ILWIS is currently being renewed and transformed into a more modular platform called ILWIS-Objects along with a redesigned plug-in platform and APIs. Researchers, trainers and students can now
easily implement, store and share their methods via software, in
addition to their written reports.
ILWIS is well-suited for education, as it contains a highly interactive drag-and-drop and touch-enabled desktop application,
based on map thumbnails and linked views: changes in the data
properties window are immediately visible in the map window.
The underlying framework, ILWIS-Objects, supports the extension of functionality through Python scripts and the creation of
new connectors to data formats, programming languages and
software libraries. This creates a low threshold for researchers,
students and teachers to make tailored applications and demonstrators.
The ILWIS workflow builder is an advanced tool which facilitates
the creation of flexible workflows, allowing any geo-professional
to simply apply raster and vector operations to geodata by drag
and-drop on a canvas. The workflow builder assists the user by
* corresponding author
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visual validation of each part of the workflow and by metadata
annotations clarifying the semantics of the elements. The ILWIS
workflow builder stands out in supporting the handling of aggregated workflows, loop constructs and conditional statements in
order to support the larger GI workflows and make them
insightful for people who want to reuse/reproduce them.
Keywords:
Technology, Education, Remote Sensing, Earth Observation,
Workflow
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Modern day 1U CubeSats require precise attitude actuation
typically provided by systems of three or four reaction wheels.
However, those are inefficient in terms of volume utilization,
rendering larger payloads difficult to integrate.
Pico satellite fluid dynamic actuators (pFDAs) are being researched at Technische Universität Berlin (TUB) as an alternative
means of attitude control with improved volume utilization.
pFDAs have been developed to be integrated on printed circuit
board based side panels of CubeSats, allowing for redundancy
about the individual axis of the CubeSat by doubling the
number of pFDAs along a common spacecraft axis. TUPEX-6 is
a student driven mission to demonstrate pFDA technology onboard a 1U CubeSat in a microgravity environment.
The primary purpose is to show redundant attitude control
using four advanced pFDAs in a tetrahedron configuration. The
project aims to launch on the Rocket Experiment for University
Students (REXUS) 25/26 mission in Spring 2019. Team members are attending the DLR hosted selection workshop at the
end of November 2017. If accepted, TUPEX-6 will have at least
120 seconds to collect the necessary data verifying the utility of
pFDAs for 3-axis control.
* corresponding author
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Project work is collaborated by students from the German Master of aerospace engineering and international Master of space
engineering programs at TUB under the Chair of Space Technology within the Department of Aeronautics and Astronautics.
Students from the German program are developing the communications ground station for data collection, mechanical interface with the rocket and deployment mechanism. The international program students are focusing on the free-flying unit and
developing the subsystems necessary for space flight. A core
team of seven students from both programs manage the overall
project with oversight from a committee of teaching assistants
within the department.
Another goal is to provide students comprehensive hands-on experience progressing a mission through phases of a project.
Thus, the development schedule closely follows the semester
schedule of the programs with a different phase completed each
semester. The project is currently in phase Band will close with
a PDR in February 2018 as a presentation to senior members of
the department. Cooperation between the German and international programs provides a unique opportunity for close intercultural exchange on technical and personal levels for students.
The team is composed of 32 students from 8 countries
(Germany, India, Indonesia, Ireland, Mexico, South Africa, South Korea and USA) with diverse experience in physics, aerospace, electrical and mechanical engineering.
Keywords:
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Recent Analysis of scientific data from Cassini and earth-based
observations gave evidence for a global ocean under a surrounding solid ice shell on Saturn's moon Enceladus. Images of
Enceladus' South Pole showed several fissures in the ice shell
with plumes constantly exhausting frozen water particles,
building up the E-Ring, one of the outer rings of Saturn. In this
southern region of Enceladus, the ice shell is considered to be
as thin as 2 km, about an order of magnitude thinner than on
the rest of the moon.
Under the ice shell, there is a global ocean consisting of liquid
water. As Cassini found out in a plume fly-throughs, the water
contains several ingredients known to be sources of early life on
earth.
Scientists are discussing different approaches to further investigate the possibilities of taking samples of liquid water. One
of the most promising technique is melting through the ice using
a melting probe and take a water sample. FH Aachen UAS developed a prototype of maneuverable melting probe which can navigate through the ice that has already been tested succesfully
terrestrial environment. This means nearly no atmosphere and
environmental pressure, low ice temperatures of around 100 to
150K (near the South Pole) and a very low gravity of 0,114 m/
s^2 or 1100 µg.
Two of these influencing measures are about to be investigated
at FH Aachen UAS in 2017, low ice temperature and low ambient pressure below the triple point of water. Low gravity cannot
be easily simulated inside a large experiment chamber, though.
Numerical simulations of the melting process at RWTH Aachen
* corresponding author
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however are showing a gravity dependence of melting behavior.
Considering this aspect, VIPER provides a link between largescale experimental simulations at FH Aachen UAS and numerical simulations at RWTH Aachen.
To analyze the melting process, about 90 seconds of experiment
time in reduced gravity and low ambient pressure is provided by
the REXUS rocket. In this time frame, the melting speed and
contact force between ice and probes are measured, as well as
heating power and a two-dimensional array of ice temperatures.
Additionally, visual and infrared cameras are used to observe
the melting process. Mixing very hot (melting probes, up to 70°
C) and very cold (ice container, -70°C) inside the very limited
space of a standard rocket module, while ensuring an acceptable precision for measurements led to a sophisticated experiment
design.
Keywords: science, technology, education, space, rexus,
sounding rocket, ice melting
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Wave-based control is a relatively new way to design controllers
for under-actuated mechanical systems. It has several attractive
properties, including robustness to un-modelled system dynamics, robustness to non-ideal actuator behaviour, reduced sensing requirements, and an ability to cope well with system flexibility and resulting vibrations. It has been successfully applied
to flexible robots, cranes, and materials handling, for example.
But it is also particularly well-suited to space applications, including attitude control of large space structures and debris control using elastic tethers. Currently a wave-based toolbox is being
developed under a contract with ESA where the main application is robust control of launchers with significant structural flexibility and sloshing of on-board liquid propellant.
It is now planned to have the first in-flight, space-test of wavebased control on EIRSAT-1, which is a 2U cubesat being developed under ESA’s Fly Your Satellite programme by teams of students from University College Dublin and Queen’s University
Belfast. With ESA’s significant support, and subject to meeting
ESA’s stringent requirements, the project is to design, build,
test, launch and operate a satellite with three payload experiments, where wave-based control is the third experiment.
The plan is that EIRSAT-1 will use a space-qualified, commercial, off-the-shelf attitude determination and control system for
the first part of the mission. Later a command from ground will
switch attitude control from the commercial board to wavebased control, to test and evaluate its performance in this application. Because of design constraints, the actuation is by two175

axis magnetorquers, which restricts the magnetic dipole to a
plane, rather than the preferred 3 dimensional space. Furthermore, the inclination of the ISS orbit means the satellite experiences a continuously changing geomagnetic field. Thus the
space of available control torques is quite limited. Furthermore
the available torque magnitudes are minisucule in the context of
the moments of inertia of the 2U cubesat.
Extensive computer simulations have been carried out in modelled space environment which predict good performance even
within these strong constraints. Changes in attitude are slow,
but workable. Detumbling has also been tested. Shortly hardware testing will begin. A challenge here is that the torque from the
magnetic actuators are so small that complete experimental
testing on the ground is very challenging.
The paper will describe what wave-based control is, the experience of developing its application to the cubesat, and the results
of simulations with sample responses.
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WOLF (WObbling controL system for Free falling unit) is a
student experiment developed in the frame of REXUS/BEXUS
programme, scheduled for launch in March 2018 on board of
the REXUS24 sounding rocket.
The primary objective of the project experiment is to
demonstrate a system to suppress the wobbling of Free Falling
Units (FFUs) ejected from a spinning rocket. Multiple FFUs
ejection from a single carrier provides means of multipoint
measurements in the upper atmosphere, where spin stabilization is a common attitude control scenario. Lateral rates
introduced by rocket coning, ejection tip-off or other effects
result in wobbling of FFUs, while for many missions flat spin is
required. A reaction wheel based control system is proposed to
suppress the wobbling. A single reaction wheel with rotation
axis perpendicular to the nominal spin axis of the FFU,
actuating with a control law, based on the phase of the FFU
wobbling, is effective in reducing the lateral rates during short
flight time of the rocket.
An analytical model of the motion of a cylindrically symmetric
FFU was derived, and had been verified by numerical simulation
and a prototype test with a gravity-offloaded system,
representative of the FFUs. The experiment to demonstrate the
system in flight is based on two identical FFUs, launched inside
a rocket module. Both FFUs will carry the wobble control
system, a parachute based recovery system and a wire boom
deployment system. After dewobbling the FFUs, the wire booms
with spherical probes will be deployed and the deployment
process will be recorded by means of a miniature camera.
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Additionally, the rocket dynamics will be observed with an
inertial measurement unit (IMU) and a magnetometer. The
wobbling control system will be important for future
experiments with electric field booms, but also generally
applicable for payloads that require spin stabilization and
benefit from flat spin. This contribution describes the setup of
the WOLF experiment, and, in case of successful launch prior to
the meeting, presents the flight data in comparison with all the
numerical simulations and the prototype test data.
Keywords:
WOLF; Free Falling Unit(s) – FFU(s); REXUS; wobbling control
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