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Preface

The 3™ Symposium on Space Educational Activities (3" SSEA) was hosted at the University
of Leicester, UK, from 16" — 18" September 2019. The event represented the continuation of
a successful programme which began at the University of Padova, Italy in 2015, followed by
the 2™ Symposium hosted by the Budapest University of Technology and Economics,
Hungary, in 2018.

In common with the previous events, the 3™ SSEA provided an international stage for students,
academics and representatives of space agencies and the space industry to discuss current and
future space educational activities in Europe and beyond. More than seventy oral presentations
and posters covered space educational activities at university level, as well as opportunities for
learners and educators in high school. Talks at the 3" SSEA showcased student projects, some
involving real missions in which students were involved in designing, building and operating
spacecraft; the use of ground and airborne facilities (such as drop towers and parabolic flights)
in space education; technologies for training the next generation of space engineers and
scientists; how universities and employers can work together so that graduates have the skills
needed by industry, and the challenges faced by women and under-represented groups seeking
to enter, or already working in, the field. Keynote talks were presented by Dr Maggie Liu
(“Working in the space industry as a woman and a minority”’) and Dr Suzie Imber (“Adventures
in Space”). The Symposium included an evening lecture open to members of the public as well
as conference delegates: the talk was given by author and TV presenter Dallas Campbell, who
captivated the audience with a presentation on “How to make a spacesuit” — bringing his own
replica of Neil Armstrong’s A7L Apollo space suit).

Top Left: Aine O’Brien (left) & Jess Goldie (right) demonstrating a liquid nitrogen-cooled superconductivity levitation
experiment at the welcome reception.. Bottom Left: Dallas Campbell presenting the Symposium public lecture, with his
replica of Neil Armstrong’s Apollo spacesuit. Right: The ESA Academy team underneath the National Space Centre’s Soyuz
module during the Symposium dinner. (L-R: Alex Kinnaird, Natacha Callens, Esther Susana Rufat Meix, Piero Galeone).
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Symposium Organisation

The Symposium was organised by the University of Leicester in partnership with the National
Space Academy, and UKSEDS (UK Students for the Exploration and Development of Space),
and the ESA Education Office.

LEICESTER involvement in space science, with a presence in space unbroken

since 1967. It has held, and continues to hold, major roles in missions

for agencies including ESA, NASA, ISRO and JAXA, covering astronomical, planetary, and

Earth observation science missions including ESA’s XMM-Newton, EuMetSat and

BepiColombo missions, and the joint NASA — ESA James Webb Space Telescope. Its research

includes X-ray and observational astrophysics, radio and space plasma physics, planetary

science, instrumentation, and the development of new radioisotope power systems for space

exploration. Our education and training programme includes undergraduate and postgraduate

degrees with strong space science themes, and opportunities for students to work with
researchers and the international space industry.

UNIVERSITY OF The University of Leicester has a long and distinguished history of

The National Space Academy (NSA) is a not-for-profit organisation

which engages young people with Science, Technology, Engineering

and Maths subjects using the inspirational context of space,

facilitating pathways into the sector by working with industry and

DEMY education. It teaches high school and college students, trains teachers,

and works with industry and academia to develop the next generation

of space science talent. Over 55,000 students and 6000 teachers have participated in NSA

masterclasses and training programmes in the UK and overseas since 2008 and NSA is a lead

organisation in the UK's Government's strategic programme of collaboration in space science

with China. The NSA’s main office is located in Leicester’s National Space Centre (NSC), a

major visitor centre and educational resource covering space science, space research and

astronomy. The NSC houses real rockets, space exhibits and interactive displays, along with
the UK’s largest full dome planetarium.

‘ The University of Leicester and National Space Academy are
Sp ace ParkLe/cester partners in Space Park [eicester — a project to create a major

hub for space and space-enabled industry. Development and delivery of education and training
for the space sector is a key objective of the venture, and the Symposium represented the first
education and training event for Space Park Leicester.

UKSEDS is the UK’s national student space society. For over 30 years
UKSEDS has supported students and young professionals across the
country by running events, providing resources, and teaching them new
skills. UKSEDS alumni work throughout the global space sector in government, industry, and
academia. At events and in schools all over the UK, UKSEDS volunteers inspire and educate
children and the public, building support for space, and online our careers resource,
SpaceCareers.uk, is the number one website of its kind, serving hundreds of visitors every day.
UKSEDS’ substantial contributions to the event included programme organisation, hosting of
the Symposium’s web site and registration system, and provision of UKSEDS team members
to run sessions.

UK STUDENTS FOR THE EXPLORATION AND DEVELOPMENT OF SPACE
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&\\\%\5 esa education programme bringing together young people from many

different nations. The aim is to help young Europeans, aged from 6
upwards, 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 secure Europe’s continued leadership
in space activities.

\\K\W& The ESA Education Office is responsible for the Agency’s corporate

Organizing Committee

Nigel Bannister (University of Leicester): Co-Chair

Aine O’Brien (UKSEDS): Co-Chair + Diversity & Inclusion
Anu Ojha (National Space Academy): Co-Chair

Kierann Shah (National Space Academy): NSA Representative & D&I
Joseph Dudley (UKSEDS): Publicity & Web Management

Anne Edwards (University of Leicester):  Organisational Support
Colette Godfrey (University of Leicester): Organisational Support
Gillian Butcher (University of Leicester): Venue Coordination + Diversity & Inclusion

Robert Garner (UKSEDS / UKSA): Publications Management

Piero Galeone (ESA): ESA Education Office

Alexander Kinnaird (ESA): ESA Education Office

Laszlo Bacsardi Budapest U. Technology and Economics
Lorenzo Olivieri: University of Padova

Technical Program Committee

Laszlo Bacsardi — Budapest University of Technology and Economics
Nigel Bannister — University of Leicester

Kathie Bowden — UK Space Agency

Christopher Bridges — University of Surrey

Chris Brunskill — UK Satellite Applications Catapult
Gillian Butcher — University of Leicester

Sabrina Corpino — Politecnico di Torino

Piero Galeone — ESA Education Office

Robert Garner — UKSEDS/UKSA

Suzie Imber — University of Leicester

Alexander Kinnaird — ESA Education Office
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Anu Ojha — National Space Academy

Lorenzo Olivieri — University of Padova

Mervyn Roy — University of Leicester

Kierann Shah — National Space Academy
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Hugo Williams — University of Leicester



Student Volunteers

The organisers wanted students to benefit from all aspects of the symposium, not only through
presenting and listening to talks, but by providing opportunities to develop other skills. Most
of the sessions in the symposium were chaired by students from the institutes participating in
the Symposium, and throughout the event, volunteers from UKSEDS and University of
Leicester’s Astronomy and Rocket Society ensured smooth running of the sessions and support
for delegates. We thank the following students for their help:

Jessica Goldie (UKSEDS / University of Leicester)

Rachael Dixon (UKSEDS / University of Edinburgh)

Joshua Ford (UKSEDS / University of Leicester)

Hannah Biddle (University of Leicester)

Laura Martin (UKSEDS / Liverpool John Moores University)
Lilli Helps (UKSEDS / University of Leicester)

Jacob Smith (UKSEDS / Cranfield University)

Briani Reynolds (University of Leicester)

Supporting Organisations

We are grateful to the UK Space Agency (UKSA), ESERO-UK, and the Royal Astronomical
Society for providing support for the event.

:,) UK SPACE ]T)he [tJK Stp;lceBAgech gEUKSA)&iSI aclln fgelc%tive agency of .]‘;Iie
; trategy,
7/ %\ AGENCY epartment for Business, Energy ndustrial Strategy, responsible

for all strategic decisions on the UK civil space programme and
providing a clear, single voice for UK space ambitions. UKSA is leading UK civil space policy
and increasing the UK’s engagement with global initiatives. It is building a strong national
space capability, including scientific and industrial centres of excellence and co-ordinating
strategic investment across industry and academia. UKSA is working to inspire and train a
growing, skilled UK workforce of space technologists and scientists for the whole space sector.

The UK Space Education and Resource Office (ESERO-UK)
10 Years | helps teachers use the context of space to open doors for young

-~ s\ people aged 4 to 19, by delivering engaging, world-class teaching

UK

in STEM. ESERO-UK have recently started a programme with
UKSEDS, called Student Space Ambassadors, train to students
who want to work as STEM Ambassadors, volunteering their
enthusiasm and time with young people to help bring STEM subjects to life and demonstrate
their value in life and careers. ESERO-UK offers high impact CPD to teachers, both online and
face-to-face. This high quality training and support is based on the latest developments in
education and research. ESERO-UK’s CPD is supported by an online library of over 700 free,
space-related resources available to educators across the UK. These resources are chosen for
their high quality and relevance for the national curriculum. They are produced by
organisations including ESERO-UK, Royal Society of Chemistry, ESA, Royal Observatory
Greenwich and the National Space Academy. We are based in the National STEM Learning
Centre in York. Working alongside STEM Learning Ltd, ESERO-UK is able to provide
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influence, funding and services to improve the teaching of STEM subjects in schools and
colleges, and inspire young people through engagement and enrichment activities.

The Royal Astronomical Society (RAS), founded in 1820, represents UK
astronomy nationally and internationally, encouraging and promoting the study
of astronomy, solar-system science, geophysics and closely related branches of
science. Its more than 4,000 members (Fellows), a quarter based overseas,
consists of primarily professional astronomers and geophysicists, with a
significant number of students, advanced amateurs, as well as historians of astronomy and
geophysics. The RAS Organizes scientific meetings and events throughout the country,
publishes international research and review journals, recognizes outstanding achievements by
the award of medals and prizes, and supports education through grants and outreach activities.
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3" Symposium on Space Educational Activities, September 16-18, 2019, Leicester, United Kingdom

Music therapy for human spaceflights: psycho-
physiological responses of musical stimulus under
hypergravity stressors

Luque Alvarez', Luis Taméas Nagy”
Széchenyi Istvan University, , E6tvos Lorand University,
Faculty of Art, Doctoral School of Linguistics,
Gy6r, Hungary Budapest, Hungary
luisluquewp@gmail.com nt.nagytamas@gmail.com

Abstract—Music has been historically reported in spaceflights as inducing on astronauts positive psychological and
physiological effects in a similar manner to Guided Imagery, a technique often used by professionals in multiple settings
such as sports, to reduce stress and anxiety, and improve focus prior to or during an activity, Listening to music has also
been reported by trained spaceflight crews during their pressurization checks of the vehicle prior to launch. Once
launched they encounter hypergravity conditions that put physiological and psychological stress upon the body, however,
it is not documented the effect of this practice of listening to music acts to reduces stress. With commercial spaceflight
tourism on the horizon, where a wider population will be exposed to these larger hypergravity stresses for longer periods
of time, the potential for non-invasive countermeasures to reduce possible stress would be advantageous. The aim of this
study was to understand if music could be used during hypergravity stress to induce a positive psychological state and
reduce markers of physiological stress. The experiment was kindly supported by the European Space Agency (ESA)
Education Office and the German Aerospace Center (DLR) as part of the ESA Spin your Thesis — Human Edition 2018.

Keywords—human spaceflight; music therapy; hypergravity

I. INTRODUCTION AND METHODS

According to the established experiment’s protocol on the Short Arm Human Centrifuge (SAHC) at DLR, we based on the
principles of The Bonny Method (GIM) used in Guided Imagery using music selection as a stimulus instead of an image.
Music was devised for use during a controlled hypergravity environment of 1Gz and 1.5Gz. Questionnaires were applied
on the selection aiming to approach the subject’s musical and psycho-cultural profile. 11 subjects volunteered for the study
and were split into two groups according to their music styles affinity (with music [n=6] and without music [n=5].
Psychological POMS tests and physiological markers including muscles tone (MyoTone Pro), galvanic skin resistance and
stress hormones cortisol/cortisone measurements were performed before, during, after each centrifuge and compared
between groups. According to the music period, harmonic, rhythmical character/ density and subjects preferences, two
music samples were selected, edited and played separately on each centrifuge for 5 minutes. The first music sample a
documentary soundtrack and the second music sample a slow movement (adagio molto e cantabile) from a classical
symphony, both samples written in the key of B flat major containing harmonic modulation sequences from the classical,
romantic and xx. century musical periods, including strings acoustic instrumentation in the classic orchestral formation and
electronic instruments/effects.

o e [Figure 1: Comparison of muscle properties in the control group
Muscles Pre. | After1G | oo Ere. [ (AfteraG (B (n:§ ; yvithout music).to the music group (n=6 ; in green).
o Oscillation Frequency (in Hertz), before (Pre) after 1G and after
group without music Music group ) !
o 1.5G Mean +/- SEM, each value is the mean of left and right
iceps . . .. *
Brachil e | 1ss2 | 1sas | 1sse | 1ass | 1s1ss (Sides per subject. Significant P value when *p<0.05.
Long
II. RESULTS
Masseter 1583+ ) .
195106 ‘34047 : (1:-0323 ey i 140173 I:iﬁz ¢ [Psychological POMS (profile of mood states) tests and music
o T ' ~  |pleasantness questionnaires results in the Music group
=mwer — T participants showed a pleasantness .tendenc.y to prefer slower
Femoris | 15622086 | " Z0 0B | t6on 1535 | were | 1589 [rhythmic and lower rhythmical density music such as the slow
p03) classical symphony movement. After the two centrifuges, music
Reclns: | oo | aess | amm o o 2gs |pleasantness questionnaire revealed that 2/5 preferred the
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documentary soundtrack and 4/5 preferred the classical slow movement. One of the subjects has remarked to strongly unlike
the slow classical’s composer on the pre-centrifuge questionnaires, curiously, the subject has found pleasant both samples
after the centrifuge. The music group has decreased psychological tension levels from “43” points before the spin to “18”
points after the spin marking a decrease of 25 points in comparison with the control group with “33” points before the spin
and “23” after the spin marking a decrease of 10 points. Only the control group without music have included a subject who
has increased psychological tension after the two centrifuges. Muscle tone (Myoton pro) results in music group have sown
especially in the masseter muscle a tendency to decrease after the musical intervention. The masseter was physically the
closest measured muscle to the music stimuli. According to the other two participating teams protocol, after each music
sample, the subjects performed 5 minutes of squats exercises that may have influenced the results. Subjects that experienced
hypergravity with music were less stressful or a least without significant differences in tension points and showed a
tendency to decrease the stress. Galvanic skin resistance and hormonal tests are currently under treatment due to their
complexity and data amount.

III. CONCLUSIONS

Hypergravity and music have affected all the psychological and physiological parameters. Music has decreased the stress
feeling in this extreme environment, however, further experiments could provide significant outcomes statistically. It is
proposed to test music intervention adapted to parabolic flights (hypergravity vs. microgravity), analog simulations or
under permanent microgravity. Further studies may consider to include a wider historical musical selection for a longer
time and the psycho-physiological measurements of instrumental practice. The continuation of music research in space
could conduct to select music periods/styles that are specifically useful to control mood states, avoid sleep disorders,
extend/improve mental and physical performance on astronauts. In long-term spaceflight music therapy could be one of the
most important psycho-physiological countermeasures.
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Fly a Rocket Campaign! A Unique ESA Academy
Hands-on Project

Davide Bellicoso

Politecnico di Milano
Milan, Italy
Email: davide.bellicoso@mail.polimi.it

Abstract— The Fly a Rocket! Campaign is an ESA hands-on
project in collaboration with the Norwegian Space Agency and
the Norwegian Center for Space-related Education (NAROM)
which allows university students at their first or second year of
Bachelor degree to build, launch and operate their own first
sounding rocket from the Andoya Space Centre located in
Northern Norway. This paper gives a general overview of the
second edition of this programme, as it took place throughout
winter 2018 — spring 2019. Being selected to be member of the
Telemetry and Data Readout team, the author’s task was to set up
and operate the telemetry station, including manually tracking
the rocket and downloading its data, making sure that the
students received and collected data from the rocket. For this
reason, this paper will focus particularly on the activities
followed by the Telemetry and Data Readout team members.

Keywords— sounding rocket; education; Andoya; ALOMAR

I. INTRODUCTION

The project was designed to offer University students early
in their studies the chance to learn about rocketry and launch
their own rocket from Andoya Space Center.

Through their participation in the programme, students
were meant to gain experience in how to:

- Reproduce a scientific project: scientific objective,
building and testing instrumentation, retrieve
telemetry data, analysis, and conclusions;

- Work on a real rocket project as a team and interact
with industry experts and other students from several
different nations.

Students taking part in the Fly a Rocket! Campaign also
learn about:

- How a rocket engine works using solid, liquid or
hybrid propulsion technology;

- Basic rocket theory — be able to derive the rocket
equation;

- Rocket aerodynamics and stability — the physics
behind a sounding rocket and know the forces acting
on a rocket;

- The use of rockets, balloons and ground based
instruments as a technology platform to study
processes in the atmosphere;

- Sensors and basic electronics;

- Orbital mechanics and use of satellite navigation.

II. THE ROCKET

The student rocket is a version of the Mongoose 98
optimized for didactic purposes. The Mongoose 98 has a length
of 2.708 metres and a width of 102.8 mm. It is mostly made of
carbon and glass fiber. Its total weight is 18.762 kg, of which:

- 1.3 kgis payload;

- 4812 kg is the Pro98-N2501-P Cesaroni solid
propellant motor, which burns for 6.09 seconds,
giving an average thrust of 2,501.8 N;

- 8.496 kg is solid propellant;
- 4.154 kg is the dry weight of the rocket.

An electronic plate is mounted along the elongated axis,
and on this plate the encoder, the transmitter, 2 S-band
antennas, the battery and the sensors are mounted.

The suite of instruments flown on the rocket included an
external and internal temperature sensors, a pressure sensor, a
magnetometer, a two-axis accelerometer, a light sensor, a
GPSIMU for latitude, longitude, altitude, velocity and three
axis acceleration, an array mounted on the inside of the
nosecone, counting 10 different temperature sensors.

III. TEAMS OVERVIEW

The 23 students involved in the project were split into four
different working teams, each composed by an appropriate
number of people, with different and peculiar tasks.

A. Telemetry and Data Readout

The Telemetry and Data Readout team was in charge of
preparing the Student Telemetry Station (NAROM TM) to
receive, visualize and record sensor and housekeeping data
transmitted from the Student Rocket.
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The team worked both on the hardware and the software
part of the Telemetry Station. The hardware part was composed
by:

A horn antenna;
b. Two receivers;

c. A combiner, which took the best signal from the
receivers;

d. A bit-synchronizer, which reduced the noise;

e. The decoder.

Combiner

Elevation &
Azimuth Readout

Bit Synchroniser

Antenna Elevation &
Azimuth controls

Figure 1. NAROM Telemetry Tower

While the software used were Matlab, to export data
collected into format suitable for plotting, and DEWESoft, to
tell the telemetry station what data were of interest and how it
should have arranged them in displays. This was also the phase
of more overlapping between groups: the Payload and Sensor
teams members shared with the Telemetry team the equations
to implement in DEWESoft. Those equations represented the
calibration of the sensors, thus related the voltage sampled by
the instrument to the physical value measured during the flight.

The group also operated the Student Telemetry Station and
assisted the operations of the Main Telemetry Station (a second
telemetry station which the students where just in charge of
operating, not building), according to the Countdown
Procedure handed out at the Pre-flight meeting.

In addition to this, the team studied how they could
measure the slant range using phase shift, measured with a

phasemeter. Which is to say, how is it possible to exploit
doppler effect due to the movement of the rocket in respect
with the ground station to measure the length of the trajectory
flown.

B. GPS and Simulations

The GPS and Simulations team was responsible for
building the GPS sensor and running simulations including the
rocket’s trajectory and the position of the Centre of Gravity
and the Centre of Pressure.

C. Payload

The Payload team accounted for the final assembly of the
rocket’s payload. Additionally, the Payload team built the
umbilical (for power and transmission at the launchpad),
assembled the wiring for the encoder and transmitter boards,
and built two of the temperature sensors.

D. Sensors experiments

The Sensor team made all the sensors (except the two of
the Payload team). In addition, they prepared and launched
two weather balloon PTU probes prior to the rocket
launch.

IV. PRE-COURSE

Before the launch campaign, the students were expected to
complete two individual assignments. In order to do so, they
had been strongly recommended to attend the online course
offered by NAROM. The pre-course taught the students about:

- Rocket engines: the rocket principle, the rocket
equation, total impulse, the nozzle, rocket motor
efficiency, the engine types (solid, liquid, hybrid, ion
thruster);Basic rocket theory — be able to derive the
rocket equation;

- Rocket dynamics: aerodynamics and forces acting on
the rocket, simulating a rocket launch;

- Satellite orbits: Kepler’s laws, six basic orbital
parameters, orbit equations in a plane, examples of
orbits.

Those assignments, especially the second one, were
challenging on purpose, as to promote cooperation between the
participants through online platforms.

V. LAUNCH CAMPAIGN

The launch campaign took place at the Andoya Space
Center, one of the most popular facilities worldwide for
sounding rockets and aerostatic balloons, with an illustrious
history, counting over 1,200 sounding and sub-orbital rocket
launches in its 57-year lifespan.

The students stayed at the Space Centre from the 7 to the
13™ of April 2019.

Day 1 — travel day, welcome and practical information;
Day 2 — introductions, rocketry lectures, tour of the Andoya
Space Center, start of the student rocket work;
Day 3 — lectures on balloons and radiosondes, continue

https://doi.org,/10.29311,/2020.03



working on the rocket, MATLAB lecture;

Day 4 — payload testing, whale museum;

Day 5 — presentation of data from simulations, pre-flight
briefing and safety brief, rocket operation, post-flight meeting,
evaluate data, prepare for presentation, Gala dinner;
Day 6 — presentations of data collected;

Day 7 — travel day.

A. Lectures

During the week in Andoya, the students attended a number
of lectures, given by experts, regarding technical aspects such
as rocket physics, transmitting data, balloons, radiosondes and
ALOMAR Observatory but also some others aimed at raising
students’ consciousness of how wide the spectrum of Space
activities is, for instance how is like to work at an operative
rocket range, or to be an operator in Kourou (French Guiana).

Most of the lectures were in common for all the teams.
Some of them were specifically shaped for tasks peculiar of
each team.

B. Labs work

The teams worked on their tasks in near rooms so that they
could interact when they had to. The labs work on the rocket
started the day after the students arrived at Andoya. Each of
the four groups was followed by one or more NAROM
experts.

A key factor characterizing the labs work was the attitude
“The students take the work™: they were really pushed to work
on the rocket, make it ready to fly with all the sensors working
and being able to have data back on the ground. The students
believed that all was their responsibility, even though the
technicians from NAROM tended to correct their mistakes
without giving the feeling that the rocket would have flown
because they oversaw the students’ activities.

C. The day before the launch

The day before the launch, the students used NAROM
telemetry station to verify the health of the payload, in order to
be sure that each sensor was working and they received data
from it. It was a critical moment, since some issues occurred
with the temperature sensors on the nose of the rocket, but
eventually, checking each connection, the Sensors team solved
the problem.

D. Launch day

Before the launch, the students attended a safety brief in
which Andoya experts explained in detail all safety matters.

The launch was at first one hour delayed due to a plane
transit above the launch area.

All the students were provided with a countdown
procedure, nominally 1 hour long. As a matter of fact, the
countdown stopped at minus 15 minutes because the telemetry
stations didn’t receive data from the payload, while the rocket
was at the launchpad.

The reason was that the rocket experienced connection
issues with the umbilical cords. The problem took half an hour
to be solved, by removing the rocket from the umbilical cords,
restarting the power system and attaching the rocket to the
cords again.

E. PTU sondes

Prior to the rocket launch, the students launched two PTU
sondes (aerostatic balloons with pressure-temperature-humidity
sensors) to verify the weather conditions were good enough to
go for the rocket launch.

F. The excursions

During the week in Andoya, the students could take part
into several exciting excursions:

1) The whale museum;
2) The lighthouse;
3) The near city of Andenes.

They could also use their spare time to go hiking to the
mountains surrounding the Space Centre.

G. Post flight analysis

The data collected thanks to telemetry (the rocket was not
recovered) were immediately worked by the students. Each of
them was given a particular case study, which related two
aspects of the flight, for instance altitude vs velocity, battery
vs temperature, light vs altitude and so on.

The rocket reached an altitude of almost 8 km, a maximum
velocity of 2.0 Mach, and a peak in the acceleration in the
travelling direction of 17g.

After the first moments, in which the rocket spun on its
axis many times per second, the rocket spin reached its
minimum soon after apogee.

Rocket spin
'é Max. altitude
0 30 60 90

seconds after launch

Figure 2. Spin vs time

The case study the Telemetry Team was expected to
analyse was the difference in signal received by NAROM
Telemetry station (the one set up by the students) and, instead,
the MAIN Telemetry station (the one the students just
operated). The outcome was that more powerful antennas
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locking automatically on the rocket (MAIN Telemetry
station) are able to maintain a more stable telemetry link than
smaller, manually pointed ones (NAROM Telemetry station).

Framelock NAROM TM

] Lock
|=566426

1Search
1=8717

Time [s]

Framelock MAIN TM

Lock
=507048

Search
=785

Time [s)

Figure 3. Telemetry case study
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Indirectly, thanks to the light sensor but also the study of
the launch video frame by frame, the students found the clouds
to be at an altitude of 1100m.
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Figure 4. Light vs time

Drag calculations allowed to derive the drag coefficient of
the rocket, which was obtained to be 0.7.
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Abstract— Since 2015, pupils (secondary level, grades 7-10) are
able to conduct analogy experiments to explore at the school
laboratory of the University of Cologne how to detect and analyze
exoplanets. The experiments deal with various methods for the
search for exoplanets (transit-method, direct imaging and
astrometry), spectral analysis, the temperature of a star and the
habitable zone, the greenhouse effect, the atmospheric pressure,
the albedo, the influence of the solar wind and ultraviolet
radiation on the probability of the existence of life. The
experience gained has led to a continuous development of the
experiments and the entire project, e.g by taking into account
preconceptions of the pupils. In particular, the experiment about
the transit-method was revised in the so-called FREI-project. The
FREI-project is a remote-controlled laboratory (RCL) which
allows to perform various physics experiments via the Internet.
As a consequence, the exoplanet experiment — located at the
University of Cologne — can be integrated into regular lessons by
teachers around the world, since live streams and light curves are
transmitted over the Internet. This article gives a brief overview
of the individual experiments at the school laboratory and the
experiences gained. In addition, the extension of the original
transit-method experiment in the student laboratory to a FREI-
experiment is described.

Keywords—exoplanets, analogy experiments, transit method,
FREI-project, physics teaching

[. INTRODUCTION

Physics is not a very popular subject at school in Germany
and most of the pupils — especially girls — are not interested in
the contents specified in the curriculum [1, 2]. In response to
this fact, physics education in Germany should be context-
oriented [3]. The results of the Relevance of Science Education
(RSE) study [2] show that female and male pupils are usually
interested in different contexts: For example, only boys are
interested in “technical contexts”, while girls are much more
interested in “Body and Health” [2]. If physics education
wants to become more suitable for both boys and girls, it has to
take into account the interests of both sexes. As the ROSE
study [2] shows, the context “The possibility of life outside
earth” is the most popular one for girls and boys. In order to
motivate both girls and boys for physics, this context should be

explicitly included in the school-lessons. How this can succeed,
the authors of this article examine in a first step in the school
laboratory “Our Spacecraft Earth” at the University of
Cologne.

II. THE EXOPLANET PROJECT AT THE SCHOOL LABORATORY
“OUR SPACECRAFT EARTH”

In 2015, the first version of the exoplanet project for the
school laboratory was developed [4,5]. In this project, pupils
come to the university for a day to conduct analogy
experiments on finding and examining exoplanets. In
particular, the state variables density, composition of the
atmosphere and the temperature at the exoplanet are
considered in more detail. In order to determine the density,
information about the radius and the mass of the exoplanet is
needed. Information about the radius is obtained from the
transit method [6]. An upper limit for the mass is obtained
from the radial-velocity method [6] which has been added in
an improved version of the original project.

atmospheric pressure,

n ,m Albeds Ty
Bianes : L St greenhouse effect
DU, SO 3
i
¢ Com| ! ition of
Density p T Habitable Zon position o
plamiars BRI SONE the atmosphere

Fig. 1: Important state variables of exoplanets.

The composition of the exoplanets’ atmosphere can be
measured by the spectrum of the star within the primary and
secondary transit [6].
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The location of the habitable zone is particularly influenced by
the temperature of the star and the distance between the
exoplanet and the star. Furthermore, the temperature at the
exoplanet is influenced by the albedo of the planet, the
atmospheric pressure and the greenhouse effect [6]. The
temperature of the star can be determined by observations, for
example from the spectrum and Wien’s displacement law. The
albedo results from the light curve which is measured by the
transit method [8]. An experiment on the albedo has not been
part of the first version of the project.

In addition to this other experiments deal with dangerous
radiation like the solar wind and ultraviolet-radiation.

This article focusses on the transit method. Further
information about the other experiments can be found in [4,5].

III. THE TRANSIT-METHOD IN AN ANALOGY-EXPERIMENT

When an exoplanet moves around the star, it temporarily
covers a portion of the star for an observer on earth. By
measuring the intensity of the star over time, many exoplanets
have already been discovered [7].

A. The first version of the experiment

The aim of the experiment is the development of the transit
method by the pupils. In addition, the pupils should test the
method in an analogy experiment. As especially the
development of the method is not easy, the pupils are
supported by a bachelor-student. The setup of the experiment is
shown in figure 2.

Fig. 2: Setup of the first version.

A motor is used to move a ball — the “exoplanet” — around a
lamp — the “star”. The intensity of the “star” can be measured
with a solar cell. Using a computer program, the voltage
generated by the solar cell can be plotted against time. The
experiment is limited by the fact, that pupils get to know the
transit method but not the limits of the method. Therefore a
second version of the experiment has been developed.

B. The second version of the experiment

As part of a seminar at the University of Cologne, the setup
of the transit experiment has been expaned by students of the
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University of Cologne and the authors of this article. The
reason for this expansion was the desire to show the pupils that
not every exoplanet can be detected with the transit method.
Therefore a second lamp was added to the setup (compare
figure 3).

Fig. 3: Setup of the second version.

The intensity is measured by a solar cell, which can be
directed by a motor on the respective lamp. The difference
between these two ,,stars® in the inclination of the ,,exoplanet.
While the ,,exoplanet® of ,,star” A (left lamp in figure 2) moves
between ,,star” and solar cell, the ,,exoplanet® of ,,star B* (right
lamp in figure 2) has an inclination of 90° and it does not
darken the lamp from the solar cell’s point of view. The
experimental setup allows to compare the lightcurves of both
situations (see figure 4 and 5).
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Fig. 4: Light curve of “star” A measured with CASSY Lab
by LD Didactic.
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Compared to the first version, the pupils do not see the
structure of the second version at the beginning of the
experiment, as this setup is placed in a different room. They
only get information from the measured light curves. Typically,
the pupils say that there is only an “exoplanet” moving around
“star” A, as the intensity gets lower at regular intervals. At the
next step a cognitive conflict is used when the pupils go to the
room where the experiment is located and see that both “stars”
have an “exoplanet” moving around it. Furthermore, they are
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able to observe why the “exoplanet” of “star B” can’t be
detected with the transit method. The current setup has some
advantages over the old construction, like the possibility to
understand the limits of the method.
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Fig. 5: Light curve of “star” B measured with CASSY Lab
by LD Didactic.

A disadvantage is that a supervisor has to move the solar
cell to generate the cognitive conflict. As a result of this, a
third version has been developed as a FREI-experiment.

IV. THE FREI-PROJECT

A. General information about the FREI-project

FREI is an abbreviation for “Fernsteuerung von realen
Experimenten i{iber das Internet” [Remote control of real
experiments via the Internet]. The project was developed at the
Institute of Physics at the University of Applied Sciences
Cologne (TH Cologne) as a way of giving rising numbers of
Bachelor-students in Engineering the opportunity to perform a
decent number of experiments in practical-work-classes, while
reducing the time and manpower needed at the same time [10].
[11]. Remote-controlled experiments have a good learning
effect when the experiment does not require a hands-on
approach [10]. More technical details specifically for a
remotely-controlled forced mechanic oscillation experiment
can be found in [11].

The FREI-experiments can be controlled via the Internet.
The user needs to register and log in to the FREI-Website
www.frei-web-th-koeln.de. Afterwards the user can join one of
the setup courses with a password to get access to the
experiments required for the practical-work-class and book a
timeslot to perform the experiment. In this time the user gains
exclusive access to a website that contains the input controls
and output data of the chosen experiment. Many experiments
also provide live data from a webcam.

The user’s inputs are sent to a server that checks the request
and forwards it to the lab-computer at the TH Cologne. There
the data is used by a LabView-VI to set the required
parameters in the experiment or perform certain actions.

Furthermore, the website can request measurements in the
same way. The measurement data is recorded by digital
multimeters which the LabView-VI can read out directly. All
those steps are necessary to make sure that no input sent by a
student leads to an error in the controlling VI. Also, it prevents
the student from having direct access to the computer at the TH
Cologne.

For an experiment to be built for the FREI-project it needs
to have an actor for any adjustment you want to set and a
sensor for any data you want to get. The controlling VI needs
to be accessible via the Internet all day with a fixed IP address
so that the server can route data between the website and the
lab-computer.

B. The third version of the transit-experiment as a FREI-
experiment

The analogy-experiment for the transit-method is especially
suited for remote control [9]. The pupils are not supposed to
see the set-up before the measurements are completed and they
have made a presumption if there is a “planet” orbiting the
“star”. Only after that they are supposed to control their guess.

For this reason, the third version of the transit experiment is
built in three boxes. Each box contains a diffuse spherical lamp
that is orbited by a plastic ball using an electro-motor. A solar
panel is placed on the wall of the box to provide data for the
lamp’s intensity. The webcam is positioned directly next to the
solar panel so that the image transmitted to the website is
synchronized with the data gained by the solar panel.

The trajectories of the “planets” on “stars” 1 and 2 both
have no inclination from the observer’s perspective, but the
setups are different regarding their scale. “Starsystem” 2 is 1.5

ﬁ

Fig. 7: Central controlling unit.
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Fig. 8: Functional principle of the Exoplanet-FREI-Experiment. Reproduced and modified from [10] with permission.

times bigger than “starsystem” 1. The difference can be seen in
the intensity graph by a lower dip during the transit in system
2. The inclination on “star” 3 is 90°. This is achieved by
placing the observing units (solar panel and webcam) on the lid
of the box.

To activate the correct inputs and output, a LabView-VI
sends requests to a Central Controlling Unit (CCU) via USB.
This unit contains three driver modules — one for each of the
motors — which can be accessed by the driver module’s
software via USB. The lamps’ and the solar panels’ circuits are
broken by a relay so that they can be activated on the switch of
the maker. Each relay’s maker is therefore connected to one of
the driver module’s outputs. At last the output of the CCU is
connected to the digital multimeter that is linked to LabView
(compare Fig. 8).

On the FREI website the pupils can choose one of the three
“stars” to direct their “telescope” at. After starting the

measurement, a diagram visualizes the intensity data. After
stopping the measurement, the users are able to activate the
webcam and thereby look directly at the set-up.

In contrast to the first two versions of the experiment the
pupils’ perspective is limited to the webcam’s point of view.
Because of that it is easier for them to understand why the
“planet” orbiting “star” 3 can’t be found using the transit-
method. On the other hand, the pupils don’t see the set-up with
their own eyes if the experiment is performed via the internet.
They also do not have the opportunity to touch it or point at
certain things.

First experiences with the third version have shown that it
works pretty well and the biggest factors in pupils’ learning
success is the support by the supervisor and the concepts the
pupils already know.
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Fig. 9: FREI-Exoplanet-Website during the experiment.
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C. Notes on the use of the third version in the school
laboratory and in regular lessons at school

In a first step, the FREI experiment will be further tested
and improved in the school laboratory. It will initially replace
the second version of the transit experiment and form its own
station in the experiment cycle at the school laboratory.
Following the testing and further development, the experiment
will also be made available to teachers via the Internet for their
regular lessons. The experiment can be used as a demonstration
experiment as well as a student experiment. It should be noted
that only one user at a time can perform the experiment. The
method “student experiment” can be realized as part of a
learning cycle or as homework. Worksheets are developed for
all these options.

V. OUTLOOK

The current version of the FREI experiment consists of
three different setups which deal with different aspects of the
transit method and the light curve. In a next step, the
experimental setup will be further supplemented so that
additional aspects can be taken into account. For example, with
the help of the FREI experiment, the search for exomoons
should be considered more closely. In addition, the
experimental setup can be extended so that the phase effect of
exoplanets can be considered.
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Abstract—Small satellites have become one of the most
relevant technologies nowadays, however their purpose is mostly
academic. This paper summarizes a project of a CubeSat that
begins its journey on a Geostationary Transfer Orbit (GTO) and
ends up performing flybys to the Moon’s south pole, aiming to
gather observations of lunar craters, in order to find iced water
crystals. This mission gives an innovative and low-cost solution
for an interplanetary mission, demonstrating the capability of
CubeSats.

Keywords—CubeSat; Moon; NANOSTAR; Student Design
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1. INTRODUCTION

In the late 1990s, a spacecraft called Lunar Prospector
sensed large amounts of hydrogen at the Moon’s poles. After
two years, NASA developed the Lunar Crater Observation and
Sensing Satellite (LCROSS) mission that reached out and
touched the hydrogen detected on the Moon. The lunar soil was
analysed, and it was proven that there are, in fact, ice crystals
of water on the Moon’s poles [1].

With the growing interest of sending humans to the surface
of Mars, finding big quantities of water on the Moon would
allow the creation of an important lunar outpost [2].

Past and future missions such as LunaH-Map, Lunar
IceCube, Lunar Flashlight and LunIR provided important data
during the project presented in this paper.

This paper is organized as follows: section II describes all
the subsystems of the satellite. In section III, the risk analysis
and mitigation are introduced. Finally, the conclusions about
this project are presented in section IV.

II. MISSION ANALYSIS AND SATELLITE DESIGN

A. Mission Analysis

The mission designed has 7 different phases. Firstly, the
satellite is placed in the desired orbital location from its initial
position. Then, one loop sequence is established with the
objective of raising the orbit apogee and approach the satellite
to the lunar orbit. After the loop sequence, the satellite must be
placed in the desired orbital location to start the lunar transfer
that will place the satellite in the Moon’s south pole,
performing the first flyby. Then, it will perform one orbit
change and it will propagate to the new orbit apogee where it
will start the manoeuvre to perform a second and closer flyby.
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After this last orbit change, the satellite will orbit the Moon and
begin transferring data to Earth.

The total Delta-V required with margin, is around 1319m/s.

The trajectory of the mission was carefully analyzed using
the General Mission Analysis Tool (GMAT).

B. Payload

A camera is used to take pictures of the lunar surface;
however, it is not enough to check whether the hydrogen
found on a specific crater on the Moon is in the form of water
(H20) or hydroxyl (OH). So, one needs to add spectrometers
to the payload that examine light emitted or absorbed by
materials to help identify their composition. The Neutron
Spectrometer System (NSS) and the Near-Infrared Volatile
Spectrometer System (NIRVSS) are the spectrometers used.

C. Space Propulsion Subsystem

The selected propulsion system is the BGT-XS5, a green
monopropellant chemical thruster designed by Busek. This
thruster operates with AF-M315E, a very stable propellant that
provides 10% higher Isp, and 45% greater density than the
highly toxic hydrazine, therefore allowing a smaller and
lighter propellant tank. The system has 1U volume and can be
scaled by adjusting the size of the propellant tanks. With
nearly 225s of specific impulse and 500mN of thrust, the
estimated time to reach the Moon is of approximately 42-43
days. Given the calculated Delta-V, and applying the
Tsiolkovsky equation, the estimated propellant budget is
6.6kg.

D. Attitude, Determination and Control Subsystem (ADCS)

This subsystem is composed of a Cube ADCS 3-axis
Integrated Unit (IU) from CubeSatShop that combines different
attitude and navigation components into a single part with the
aim to provide a simple solution to the satellite’s requirements
[3]. Some components of this IU include reaction wheels with
pointing accuracy of 8.727e-3rad (0.5°), gyroscopes and
accelerometers.

The TU has a Cube Computer module, which is used as
main on-board computer and main storage (2GB) for the data
generated by the camera.

E. Communications Subsystem and Ground Segment

The CubeSat X-band patch antenna from EnduroSat is used
in this subsystem. It has operating frequency between
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8025MHz and 8400MHz and radio frequency output power up
to 4W. From the same manufacturer it was chosen the X-band
transmitter with the same frequency range.

The NSS (New Space Systems) GPS Receiver from
CubeSatShop allows a more reliable transmission signal, with
knowledge of time and other features.

The final link budget for the satellite is 33.7dB, which will
be established by a ground station from ESA located 77km
west of Madrid, Spain.

The satellite’s antenna transmission speed is 10000bps, so
to transmit the estimated 10MB of data of each flyby one will
need about 8400s. According to GMAT, each contact periods,
while orbiting the Moon, will be around 40000s, so each
transmission will be done easily after each flyby.

F. Electric Power Subsystem (EPS)

For the satellite designed in this paper the average power is
36W and the peak power is S1W, these values are in excess.
One must size a triple junction Gallium-Arsenide (GaAs)
photovoltaic system using the above power budget values,
GMAT, constants from the literature and equations from [4].

The solar panel needs to provide 70W during daylight for
the entire orbit, which is equivalent to a total area between
0.14m? and 0.21m>. The Custom PMDSAS panel from
Pumpkin SpaceSystems is a great choice, because it has coarse
sun and external temperature sensors include, and each cell
provides 1W, so to get 70W one needs 72 cells for symmetry.

Energy storage is important to provide backup power for
long missions. The ideal battery capacity for the satellite
presented in this paper is 46.71Wh to 93.42Wh, being the
Intelligent Protected Lithium Battery from Pumpkin
SpaceSystems a good option.

To control and regulate the power in all subsystems it is
used the NanoPower P60 from GOMspace.

G. Mechanical Design and Structure

After several iterations, a 6U configuration was obtained
which allows to accommodate all the satellite’s components
with 14kg of total mass. The structure from EnduroSat is a
good choice.

More than half of the satellite’s volume is for the chemical
propulsion system, because it requires a large amount of
propellant to reach the Moon.

When the satellite is executing a flyby, a sliding door will
open, exposing the camera and the spectrometers. The ADCS
is located on the centre of gravity, so that the reaction wheels
perform less effort during manoeuvres.

Inside the satellite, there are gimbals that fold the solar
arrays in order to retract them to the satellite’s external
structure. The solar arrays can reach high temperatures, so they
must be placed away from the payload and other subsystems.

The antenna is placed in the opposite side of the payload, so
it can be more easily pointed towards Earth after each flyby.

H. Thermal Control Subsystem

The Multi-Layer Insulation (MLI) is a well-known type of
passive thermal method that is used to reduce the heat
exchanges by radiation between the external surfaces of the
satellite and the environment. The MLI consists of several
layers, where the surfaces turned to the space and the satellite
are made of Kapton and the layers between the two surfaces
are made of Mylar, which is highly resistant and dimensionally
stable by high temperature action.

III. RISK ANALYSIS AND MITIGATION

The damage of electronic components due to Van Allen
radiation belts has a very high probability, however with the
use of component redundancy it only represents a very low
impact.

If the altitude of the first flyby exceeds the required
margins for the second one, it will be necessary a more
profound trajectory analysis, this represents a medium
probability and impact.

If the satellite is unable to transmit data to Earth, it will
attempt to communicate with another ESA ground station. The
ADCS failure can be overcome with redundancy, e.g. more
reaction wheels. These two risks have a very low probability
with high impact.

The thruster failure has a very high impact on the mission
and cannot be mitigated, however the probability is very low.

Battery cell failure has low probability and impact because
of the high redundancy (8 cells).

IV. CONCLUSIONS

The preliminary design gives an important path that must
be followed regarding the satellite project, where an iterative
process must be done in order to get the final optimal solution.

The satellite mission that was given in this paper resulted in
the winning solution for the NANOSTAR Project.
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With little access to practical opportunities within the space
industry for UK students, we have founded the UK Analogue
Mission (UKAM) to provide motivated students with the
platform to develop their skills and knowledge for their future
careers. We believe that by utilizing our network and expertise,
we can use UK-led space analogue missions to connect students
from various disciplines and elevate the potential of the next
generation of students.

There is a rise in popularity and demand for analogue
missions across the globe. Organizations in Austria and Israel
[1][2] are using these initiatives to raise human spaceflight
awareness to the public, as well as providing opportunities for
students involving habitat design, experiments, and mission
planning.

Our goal is to increase the UK's human spaceflight
capabilities and collaborate on the global stage with our own
British astronauts. The strength of this was demonstrated by Tim
Peake and his Principia mission which invited hundreds of
students to the Science Museum in London and spurred a new
wave of interest into UK spaceflight activities. The UK Space
Agency (UKSA) Space Environments and Human Spaceflight
Strategy [3] was further evidence of this, where David Parker
argued that the UK should be “exploiting the unique
opportunities for growth which human spaceflight and associated
research programs can offer”. Analogue missions provide a
valuable niche and enrich the desire to go to space.

Setting aside the importance this platform has for students,
analogue  missions simultaneously benefits technology
demonstrations to raise Technology Readiness Level (TLR) in
preparation for future space exploration. Exposing students to
these demonstrations is a great way to stimulate inspiration to
develop current and future innovations for the advancement of
the space industry.

With this ever-evolving industry and the rapid acceleration of
innovation and technology, analogue missions provide a rich
platform for students, young professionals, and organizations to
come together for unique collaboration opportunities. Utilizing
resources and expertise across all disciplines, we will elevate the
UK space industry onto the international playing field.
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1. INTRODUCTION

Science, Technology, Engineering, Arts and Mathematics
(otherwise known as STEAM) have seen a large rise in
popularity over the last few years. With this, there has been an
increase in the number of organizations dedicated to providing
STEAM learning resources, outreach events, education
programs and more to ensure the enthusiasm for these subjects
does not waiver. That being said, there are still limited
opportunities for students and young professionals to get
involved in practical activities that contribute to research and
development (R&D) to drive innovation and technology.

One of the topics known to engage the general public is
human spaceflight. Moving forward, this can be a strong tool
used to help inspire the next generation of enthusiasts to
follow an education, and consequently a career in STEAM
subjects. Astronauts are generally thought to be the
‘glamorous’ part of space exploration and this is what the
younger generations typically think of when they consider
activities in space. Educators can use this passion as a starting
point to teach the public about the other uses of space and the
possibilities available to get involved in STEAM in general.

A way in which we can harness this passion for space
education is analogue missions. An analogue mission is a
situation, environment or event on Earth that replicates the
conditions of outer space, or another celestial body. These can
be used to test the performance of new technologies destined
for other planets or put the human body through similar effects
as living and working in off-world environments, helping us
learn, practice and prepare for the future. Analogues also
allow us to understand the organizational challenges involved
when living in outer space. Astronauts in space and living on
other worlds may seem like something that is not readily
accessible to the general public, but by using analogue
missions, we can demonstrate the technologies involved in
human space exploration, here on Earth.
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The problem we address in this paper combines the need
for more STEAM education activities, lack of practical
opportunities for young people in innovative STEAM projects
and the absence of a UK human spaceflight program. We
present our solution to this as the UK Analogue Mission, a
not-for-profit company founded in 2018 to address the gaps in
the UK space industry and provide a platform for
technological advancements in space technology.

IL. STEAM

The number of people studying STEAM subjects in Higher
Education in the UK has generally increased over the last few
years. From the academic year 2013/2014 to 2017/2018, the
number of students studying STEAM subjects per year has
increased by nearly 73,000 as shown in figure 1. This has been
due to a rise in government initiatives and new organizations
looking to promote career paths in technical disciplines.

1.200.000

1.100.000

.000.000

900.000 —Total

800,000 —~—Male
—Female
700,000

600.000

500.000 - = =

HE qualifications obtained

400.000
2013/14 2014/15 2015/16  2016/17  2017/18
Academic Year

Figure 1 - Number of students in Higher Education Programs [4]

Despite this rise, it was reported in the Engineering UK
2018 report [5] that 61% of businesses in the UK are not
confident that there will be enough highly skilled candidates to
fill their job vacancies in the future. To aid in solving the
problem of the increasing demand for these candidates,
opportunities should be made more readily available to
students, to participate in practical projects and to further their
skills to complement academic knowledge. In the space sector,
opportunities of this kind are particularly rare and occasionally
not well advertised, as outlined in a paper presented at the
SSEA 2018 [6]. This is something that must improve promptly
for alignment with the government strategy laid out in 2017
[7]. One of the main focus points was the crucial role of
education in narrowing skills gaps through driving skills,
economic growth, and productivity. This was heavily
welcomed by the engineering community.

Practical STEAM projects as an aid to the educational
curriculum provide students with the opportunity to enhance
their ‘soft skills’. These projects can help teach creative
problem solving, critical thinking, project management, team
collaboration, and systems-level thinking. The kind of skills
mentioned here are often difficult to demonstrate in a
classroom environment, but competitions such as the

Spaceport America Cup [8], European Rover Challenge [9]
and University Rover Challenge [10] provide excellent
opportunities to put ‘soft skills’ to use along with educated
knowledge. The drawback to these competitions for UK teams
is that they are often held abroad and involve high costs to be
competitive.

By increasing the number of practical STEAM
opportunities available to young people; conducting outreach
events to raise the awareness of these programs and
communicating the advantages of getting involved, we can
inspire the next generation to continue with their studies and
begin to close the identified skills gap within the industry.

111. Human SpacerLicat N THE UK

To date, there have been six British-born people who have
been into space, most notably Helen Sharman who flew on the
Mir Space Station, Michael Foale, a NASA astronaut who
participated in six spaceflights and Tim Peake who famously
was the first British ESA astronaut.

Helen Sharman flew to the Mir Space Station in 1991 on
the Soyuz TM-12 mission, as part of Project Juno, a joint
Soviet Union-British mission funded by a host of British
companies. She spent a total of eight days on-board
performing mainly agricultural experiments. In the eight years
following Helen’s mission, she was self-employed as a
Science communicator and was awarded the Order of St
Michael and St George (CMG) in 2018 for her services to
Science and Technology Educational Outreach.

Until recently, the UK government did not contribute
funds to ESA’s human spaceflight activities. In 2008, the UK
Science Minister at the time gave impetus for the UK to
change this and to have an astronaut ‘icon’, to inspire the next
generation into studying technical subjects [11], which lead to
Tim Peake flying to the International Space Station as part of
the Principia mission in 2015. A report published by the UK
Space Agency (UKSA) [12] measures the impact that
Principia had and states that more than 33 million people
engaged with the mission. A part of this included 34
educational projects delivered by UKSA which benefited from
over £3,000,000 of funding and engaged nearly 3 million
people. The Principia report also revealed that the awareness
of the economic benefits of the space industry rose to 43% of
the UK public.

The rise of the level of engagement and the amount of
interest in space from Tim Peake’s mission highlights the
value of using human spaceflight as a centrepiece to enhance
passion for space in the general public. To build on the
enthusiasm generated by Principia, the UK should look to
continue and increase the number of space educational
activities by using Tim’s mission and human spaceflight as a
focal point, to teach and engage the public about the UK space
program as a whole.
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Tim Peake on his post-flight tour in 2015. Credit: UK
Space Agency

The development of a UK human spaceflight program
would be in line with the space environments and human
spaceflight national strategy, published by the UK Space
Agency in 2015 [13]. Highlighted goals of this strategy
include utilizing space environments platforms, exploiting the
public fascination for human spaceflight for the benefit of
encouraging young people to enroll in STEAM subjects, and
delivering science and technology for the advantage of
terrestrial downstream applications. These aforementioned
goals are very much aligned with those set out at UKAM and
so the development of a UK human spaceflight program is
something that we strongly advocate for. Alongside UKAM,
there is already an active foundation in place to establish this
with companies such as Blue Abyss [14], who have plans to
develop a space extreme environment research, training and
test centre, with the UK also having a strong presence in the
research field of space medicine.

IV. ANALOGUE MISSIONS

Analogue Missions are activities or projects carried out on
Earth that aim to simulate conditions off-world. These can
include but are not limited to: the Moon, Mars, and asteroids.
These types of missions simulate environmental conditions
similar to those on other celestial bodies, to test technology
and overcome operational challenges.

Analogues vary in environmental conditions and research
focus depending on the organization conducting the mission.
For example, the “aquanauts” at NASA’s underwater base
“NEEMO” learn how to conduct experiments and perform in a
“low-gravity” environment [15]. NEEMO analogue vision
contrast from that of the Mars Society’s Mars Desert Research
Station (MDRS), which focuses on biological and geological
studies, but also serves as a testbed for technological
demonstrations including the “University Rover Challenge”
[10, 16, 17]. This challenge looks to improve rover
capabilities and tests their potential in performing teleoperated
or autonomous tasks that may assist future astronauts in their
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work. There are also analogues that aim to be
multi-disciplinary in their work, such as the Austrian Space
Forum (OeWF) “AMADEE” missions, which undertake a
wide array of research domains; this took place most recently
in 2018, in Oman [18]. The OeWF has over 15 years of
analogue experience, providing fields such as astrobiology and
mission operations with valuable insights over the past decade.
The OeWF have, and continue to undertake a multitude of
public events, projects, and internships alongside their
analogue missions, which all demonstrate how analogue
missions can benefit STEAM education and outreach. For
example, student teams from Oman and Austria were selected
and trained for the AMADEE-18 mission, where they helped
experiment definition and teleoperations, as well as conduct
data analysis and presentation at future science workshops.
Further, public engagement was achieved through
live-streamed participation with several science centers in
Austria and Oman. The mission social media campaign
achieved a reach of millions on Twitter, as well as several
thousand likes on Facebook, suggesting popularity and
successful engagement [18].

Austrian Space Forum (OeWF) AMADEE-18 mission.
Credit: OeWF/Florian Voggeneder

Analogue missions are becoming increasingly popular; this
has been demonstrated by “D-Mars” in Israel, who established
themselves in 2017; they have since undergone several
analogue missions to the benefit of both professionals and
young students [19]. Such projects serve as strong educational
facilitators for younger enthusiasts, but also provide
researchers from varying disciplines to test their research and
technology. With both “Old Space” and “New Space” players
proposing missions to the Moon and Mars, such technology
and operational challenges are necessary to be explored and
understood on a deeper level. Examples of these missions
include NASA’s “Artemis” Program to the Moon, and
SpaceX’s goal of “enabling people to live on other planets”
[20, 21]. Analogue missions allow technological and
operational testing needs to be met and researched in low-cost
and relevant fidelity conditions and can be beneficial in:

e Assisting multidisciplinary research (including
human factors, engineering, sciences)
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e Influencing new technologies and their application
within society,

e Fostering international collaboration,

e Exploring the benefits of human and robotic
exploration

e Inspiring the younger generation and the public. [22]

V. TecHNOLOGY DEVELOPMENT

Analogue Missions present a unique opportunity for
futureproofing, technology demonstration (TD) and research.
They have the potential to demonstrate off-world
human-machine interfaces with realistic, simulated
circumstances. Stressful situations, confinement, interpersonal
experience, and unfamiliar environments all have the ability to
affect human performance and hence user-operated
technologies.

TD is an important component of human spaceflight
missions, with the Space Technology Mission Directorate and
the Advanced Exploration Systems [23] [24] programs being
run onboard the ISS. Technological Research and
Development will undoubtedly be present in at least the first
human missions to other celestial bodies, helping to pave the
way for future technologies such as In-Situ Resource
Utilization (ISRU) and Environmental Control and Life
Support Systems (ECLSS), making it vital to have experience
through Analogue Mission simulation. This also provides
opportunities for collaboration or fund generation through
companies, organizations or universities wishing to conduct
relevant demonstrations or research, whilst potentially offering
them publicity and exposure. In this context, TD is usually
conducted through pre-determined experiments to test the
capabilities of technologies and the effect of the human
condition in their performance.

The type of technology that can be demonstrated during
an analogue mission is dependent on the type of mission. This
includes the mission concept and intended outcomes, the
location of the mission and the analogue mission crew. The
location is a crucial factor because it defines the compatibility
of the environment with the technology i.e. whether the
mission is designed for a Lunar or Mars simulation. The
mission crew is another important factor to consider for the
analysis of team structure, individual training, and experience.
For example, a mission in which the participants are confined
within their habitat dictates the usefulness of the testing that
can be completed; there would also be vast differences in the
technology applicable to a mission on a glacier, and a mission
in the desert.

Some examples of the types of technology demonstrated
from current analogue missions, such as AMADEE, MDRS,
DMARS, and NEEMO [10, 15, 16, 17, 19, 25], include:

e Navigation Systems
Geographical survey drones
Biomedical sensors
EVA suits
ISRU or surveying rovers

3D printers

Geological survey hardware

Hydrological survey hardware
Astrobiological/Biotechnology research payloads
Volatile Organic Compound (VOC) sensing systems
Habitats

Mobility Vehicles

Communication Systems

Agricultural Technologies

These examples demonstrate the rationale for analogue
missions as a testbed for any technology with off-world
applications that can give benefit to or benefit from a human
component.

Whilst the UK has developed and contributed to
technologies within unmanned space exploration missions in
recent years, such as ExoMars, Bepicolombo, and InSight,
there is a lack of demonstration platforms involving a human
component. There is an exception in the Airbus Stevenage
Mars Yard - a testing ground for the ExoMars rover, but this
remains reasonably exclusive and designed for the testing of
autonomous systems. A UK-run analogue mission could
provide a more accessible, diverse platform for TD, applicable
to technologies designed with a human interface.

There is great potential for TD to provide STEAM
outreach opportunities, by allowing students of various ages to
provide technologies, ideas or experiments to a mission, as
showcased by the OeWF with their Junior Explorers’
Experiments [18]. These opportunities allow students to
develop their ‘soft skills’ such as critical thinking, team-work,
and problem-solving, and provide students in education with
relevant, hands-on skills that can be carried forward into
higher education or advance their careers.

VI. UK ANALOGUE MISSION

At UKAM, we aim to be this platform for engaging
students in STEAM education. Our goal is to first invite
students from the various disciplines to work with our
architects when building our habitat. The purpose of this is to
highlight the requirement for specialists in different fields
when building space habitats. UKAM has readily identified a
lack of awareness within STEAM disciplines for the
applicability of their knowledge within the space industry. In
addition, UKAM has designed several mission competitions
targeted at UK universities tailored to captivate students
across all disciplines. With this in mind, UKAM is working
hard to collaborate closely with a variety of universities not
only through partnerships but also through utilizing the habitat
for the purposes of attaining specific course credits when
participating in missions and projects. The involvement of
universities is essential in increasing student engagement as
this is the frontline for student access, it is in this light that
UKAM is offering tailor-made in-house lectures for STEAM
subjects by utilizing our specialist network within the space
industry. It is through our large array of networks that we hope
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to connect our students with the next stages of their future
space careers.

VII. CONCLUSION

The challenges that lie ahead in regard to STEAM
education and involvement have been presented and we have
highlighted the major role that human spaceflight and
technology development can play in overcoming these
challenges. As a solution to this, we have introduced the UK
Analogue Mission (UKAM) which has the aim of simulating
crewed spaceflight missions, providing practical opportunities
in exciting and innovative projects, reigniting the passion for
human spaceflight within the British public and promoting
international and interdisciplinary STEAM collaboration.
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Abstract—CADMUS was a student-made experiment with the
aim of measuring the flux of muons at different altitudes and
experimentally verifying time dilation, one of the effects
predicted by the Special Relativity Theory. It was developed in
the frame of the REXUS/BEXUS Programme and flew to the
stratosphere on a high-altitude balloon in October 2017. This
paper discusses its development, from inception to launch, from
the perspective of space educational activities.
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I. INTRODUCTION

The Cloud chamber for high Altitude Detection of Muons
Under Special relativity effects (CADMUS) was a student-
made experiment consisting of a cloud chamber and a video
recording system, with the aim of measuring the flux of muons
from the ground up to the stratosphere, and through the
computation of muons’ half-life, verifying one of the effects
described by Albert Einstein’s Special Relativity Theory: time
dilation.

The idea was born during the fall of 2016 out of a small
group of Engineering Physics’ bachelor students, and it was
then presented to the REXUS/BEXUS Programme, which
allows university students to fly their experiment ideas to the
border of space, either with a sounding rocket or with a
stratospheric balloon. This programme entails an exigent
process of selection and supervision ensuring that students
succeed throughout the development of the experiment.

The team behind CADMUS was composed of five second-
year university students, two of them studying Engineering
Physics, two of them studying Engineering Physics and
Mathematics, and the fifth one studying Aerospace Engineering
and Telecommunications Engineering. Thus, the idea was to
have a team with a strong background on physics to define the
proper performance requirements for such an experiment to
produce valuable data, and to later conduct the scientific
analysis of the results, but also with the engineering
background required for the design and development of the
experiment, specially with regard to the particularities of near-
space missions.

The selection committee of the REXUS/BEXUS
Programme chose the experiment to fly on the stratospheric
balloon of mission BEXUS 24 in December 2016. The project

entered then into a one-year phase of design and development,
passing a Preliminary Design Review (PDR) in March 2017, a
Critical Design Review (CDR) in May 2017, an Integration
Progress Review (IPR) in August 2017, and an Experiment
Acceptance Review (EAR) in September 2017. CADMUS was
finally launched on the 18" of October of 2017 from the
Esrange Space Center near Kiruna, Sweden.

Although the experiment could be controlled and its
systems performed nominally during the flight, due to
unforeseen causes that are explained in Section 4, no quality
images of traces of muons could be captured, and thus, the
scientific goal of measuring the flux of muons was not reached.

Through the sections of this article, the idea behind the
experiment, its design and development, as well as a
description of the launch campaign and its results, are
presented. Each section tries to compare the described
processes to the educational background of the team members
in terms of university courses’ syllabus. Also, a particular
section focusing on outreach and educational activities
performed during the project is included.

About REXUS/BEXUS:

The REXUS/BEXUS programme is realised under a bilateral
Agency Agreement between the German Aerospace Center
(DLR) and the Swedish National Space Agency (SNSA).
Through the collaboration with the European Space Agency
(ESA), the Swedish share has been made available to students
from all ESA Member or Cooperating States. 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. Experts from DLR, SSC, ZARM, and ESA provide
technical and logistic support to the student teams throughout
the project.

II. THE EXPERIMENT

Muons are elementary particles, from the family of leptons,
which primarily originate at 15 km of altitude due to the
interaction of cosmic rays with the atmosphere. They are
unstable -with a half-life of 2.2 ps- and negatively charged
particles.

Given their short half-life of 2.2 us, by applying Newton’s
laws of motion it can be shown that it is impossible to detect
muons at sea level, since they should have disintegrated long
before reaching the ground. In other words, Newton’s laws of
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motion tell that a particle moving at about the speed of light,
such as a muon, will take more than 2.2 us to travel 15 km.
However, muons are actually detected at sea level.

This challenging fact is explained by the Special Relativity
(SR) Theory. One of the effects described by this theory is time
dilation, which can be described as time seeming to pass
slower for observers at a different system of reference with
respect to objects moving at velocities close to the speed of
light. This would explain why muons are able to reach the
ground: as they are travelling close to the speed of light, their
half-life seems to pass more slowly than 2.2 ps for us, and thus,
they are able to travel longer distances. By measuring the flux
of muons at different altitudes, their half-life can be calculated.

This SR effect and, more generally, the overall SR Theory
are normally not included in the syllabus of secondary
education courses in Physics. Basically, the courses focus in the
introduction of Newtonian physics to students. At university
level, Relativity theories are covered in the degrees of Physics
and Engineering Physics. Relativity is normally taught as an
elective course in the third or fourth year of the degree.
Although teaching the principles of such theory to pre-
university students is clearly beyond the scope and possibilities
of those courses, exposing students to the limitations of
Newton’s theories can be beneficial, specially in terms of
understanding how scientific theories evolve and how they
represent the best approximations that we have so far for
explaining certain complex phenomena. Experimenting with
the time dilation effect that muons undergo can be thus, a good
introduction to those limitations of Newtonian physics.

With a similar goal, and to a greater extent, CADMUS
experiment wanted to empirically reconfirm the time dilation
effect in muons, by measuring the flux of muons mentioned
before. In order to do so, a cloud chamber was built. A cloud
chamber is a type of particle detector which consists of a
pressurised chamber, filled with alcohol, cooled at the bottom
and heated at its top. The gradient of temperature across it
generates an atmosphere of supersaturated alcohol vapour. Due
to this atmosphere, charged particles such as muons leave
traces as they traverse the chamber. Depending on the type of
particle, the trace will be more or less straight and thick. There
are many designs of cloud chambers, some being quite
rudimentary and some others being more complex. Also, apart
from cloud chambers, simple electronic muon detectors can be
built. Some articles such as [1] and [2] propose simple ways in
which particle detectors can be easily built, suitable for the
context of a secondary school laboratory and also a university
one. The design of the cloud chamber of CADMUS is
explained in Section 3.

III. ENGINEERING DESIGN

In this section, the design of the experiment is described
grosso modo. It is divided into diverse subsections
(mechanical, electronics, thermal, software) in which the focus
is set into different experiment’s subsystems.
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A. Mechanical design

The experiment is composed of three different structures: the
primary structure, the secondary structure, and the tertiary
structure, each of them serving specific purposes.

The primary structure is the skeleton of the experiment. It
withstands all the payloads of the experiment, and it allows the
connection of the experiment to the gondola of BEXUS 24,
where other mission experiments are placed. The secondary
structure protects the experiment from the outside, both from
impacts and extreme temperatures. It is compounded of 6
aluminium panels that cover all the primary structure. Over the
aluminium panels, thicker Basotect® panels are placed to
thermally protect the experiment. These panels are also covered
by a thin layer of thermal blanket. The tertiary structure is
internal and consists of mountings that support the electronic
subsystems and the recording camera.

Fig 1: Design of the experiments primary structure (in
grey) and tertiary structure (in red, yellow, and green). The
cloud chamber is also visible in lighter gray.

Finally, inside the experiment, the cloud chamber also occupies
an important place. Below the cloud chamber, there is a
structure specifically designed to contain the cooling dry ice.

The aluminium bars of the primary structure and the
aluminium panels of the secondary structure were designed
using CAD tools -in particular, SolidWorks-, and were sent to a
factory for its production. In fact, the use of CAD tools such as
SolidWorks is taught in universities in first-year courses
covering technical drawing, in degrees such as Aerospace
engineering, Industrial engineering, and Mechanical
engineering, among others. Thus, the team had the necessary
background to produce such designs, and the project was a
good opportunity to put into practice what had been learnt at
class before. Other than that, the pressurised chamber was
designed and built by ZARM.
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B. Electronics design

The principal goals of the electronic subsystem are to power
the heaters on top of the cloud chamber so that the
supersaturated alcohol atmosphere can be created, power the
video recording camera which has to capture muon traces, and
illuminate the chamber for the videos to have the required
quality. This subsystem also powers the experiment’s
computer, a Raspberry Pi which is able to control the heaters,
camera, and lighting blocks, measure essential parameters of
the experiment -such as temperatures- through sensors, save
data, and transmit data to ground.
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their interrelations.

In order to decrease the probability of losing the mission due to
a failure in an electronic element, redundancy was
implemented for some components, which were doubled. For
instance, the Raspberry Pi, the heaters, the lighting block, and
the sensors were doubled, and the auxiliary doubles could be
turned on if the primary elements failed.

For each electronic subsystem, PCB were created using the free
software tool KiCAD, and were sent to be printed at a factory.
Sensors and electronic components such as DC-DC converters
were also bought. Afterwards, in an electronics laboratory,
everything was assembled and soldered on the printed PCB. A
member of the team attended a soldering course given in the
frame of the BEXUS programme, which helped gaining the
necessary skills to properly solder components to the boards.
Unlike soldering experience, team members already had basic
knowledge on circuits theory and tools for the design and
simulation of circuits from university courses. Degrees such as
Telecommunications engineering, Electronics engineering, etc.
but also Engineering physics include courses on circuit theory
and electronics.

C. Thermal design

Maintaining the temperature inside the experiment in a specific
range is important due to two reasons: to ensure that it is
always in the working range of electronic components, so that
they don’t fail; and to ensure that the critical temperature
gradient is maintained inside the cloud chamber. To attain this
goal, the experiment counts with one passive thermal control
system and one active thermal control system.

The passive thermal control goal is to maintain the internal
temperature of the experiment within slow variations, and

always above -40 °C, so that electronic components work
properly. It has to protect from extreme outside temperatures,
but also from extreme internal temperatures (those coming
from the dry ice container and also the heaters above the cloud
chamber). The passive thermal control is made up of
Basotect® panels covering the experiment’s exterior panels,
and covered by Mylar blanket.

The active thermal control goal is to maintain the necessary
temperature gradient inside the cloud chamber to generate the
supersaturated alcohol vapour. It is an active thermal system,
as it automatically checks for the temperature on top of the
chamber and at its bottom, calculates the gradient of
temperature between both points, and turns off or on the
heaters accordingly, in a hysteresis loop, to obtain the desired
gradient.

To check that the thermal design was good enough, heat
transfer studies had to be performed. These studies were basic
and based on thermodynamic calculations regarding materials’
thermal conductivity and components’ heat generation. The
team relied on knowledge from Thermodynamics university
courses, which are offered in a wide variety of engineering
degrees, for instance those related to the team members
(Engineering Physics and Aerospace Engineering) but also in
others (such as Industrial Engineering).

D. Software design

Two important pieces of software were built for the
experiment: the experiment’s on-board computer software, and
the ground segment control software.

The on-board software was programmed in Python and run in a
Raspberry Pi. A watchdog ensured that the Python script run
continuously. The main goals of the software were to
continuously collect data from sensors, send it to the ground
via an Ethernet link provided by BEXUS, and continuously
read commands coming from the ground and act upon them by
performing the necessary actions -turning on/off lighting,
heaters, etc.-.

The ground software was coded in C# and it run in a Windows
7 laptop. Its main purpose was to display information coming
from the experiment, and allow the ground segment operator to
send commands to the on-board computer.

CADMI . GROUND SEGIENT CONTROL PEMIl,

Fig 4: Picture of a test of the ground segment sofiware, showing
information incoming from the experiment.
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The team relied on knowledge coming from university
programming courses, but also on experience gained by
members while attending hackathons and other coding events,
and while having worked on previous personal projects. All
engineering degrees offer courses on programming, but a
Telecommunications Engineering course providing knowledge
about C# and socket communication was of special interest for
the ground segment software design. Engineering Physics
studies also include a course on Python, which was useful for
the on-board computer programming.

IV. LAUNCH CAMPAIGN & RESULTS

The launch campaign of CADMUS and all of the other
experiments flying on mission BEXUS 24 took place from
October 13" to October 22™ of 2017. During these days, the
experiment arrived at the Esrange Space Center near Kiruna,
was assembled and prepared, and was tested to ensure that it
worked properly and that it did not interfere with any other
experiment flying on the same mission. After successful tests,
the experiments of BEXUS 24 were launched on the 18™ of
October. Hours after the launch, they were recovered and
brought back to Esrange. A fast, first analysis of the recorded
videos was performed by the CADMUS team. A brief
presentation on the experiment’s preliminary results was also
given on the last days of the launch campaign.

During the course of the whole mission, the experiment
transmitted the intended technical and scientific data regularly,
and could be controlled through the use of predefined
commands. Thus, it performed as expected from the
engineering point of view.

However, the heaters present at the top of the cloud
chamber -needed to create the temperature gradient for the
isopropyl alcohol to supersaturate- had to be activated through
a remote command moments before the launch, to ensure that
the dry ice present at the bottom of the chamber would not melt
before the launch, since a long time can pass from experiment
start-up to the actual launch.

The heaters could not be turned on manually moments
before the launch, as it was planned, due to the instability of
the communications link to the experiment. The
communications link used wireless technology and its power
had to be reduced during the phase previous to the launch, to
protect workers on the launch area from EM radiation, thus
degrading its performance. Once the BEXUS 24 launched, the
power of the communications link was increased to its nominal
value, and the link started working properly again. The
command to turn on the heaters could then be sent, but
precious time had been lost, and the necessary gradient of
temperature inside the cloud chamber took longer to create.

The necessary temperature gradient was finally obtained
during the float phase of the mission, above 15 km of altitude.
Thus, no traces could be formed in the cloud chamber during
the ascent, the most interesting part of the flight. The descent
was fast, and the recording camera was focused for ascent
conditions -due to the consumption of dry ice at its bottom, the
cloud chamber descends and the focus of the camera changes
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during the flight-, and no relevant data could be collected also
during the descent.

V. OUTREACH

An important part of any BEXUS project is to
communicate the experiment’s existence, goals, development,
and results, to the general public. It is not only important to
learn by doing the project, but also to teach others. One of the
first outreach activities was to explain the project to fellow
students, professors, and administrative staff of Universitat
Politécnica de Catalunya, our university. Thus, news were
published on the websites of Engineering Physics degree, and
the EETAC and CFIS schools.

Also, accounts on social media websites such as Facebook.
Twitter, and Instagram were set up and information was posted
regularly about the progress of the experiment development.
The team also got in touch with the Communication Service of
the university, which contacted press and media to share our
story with them.

Following that, CADMUS appeared on newspapers,
making it to the front page of La Vanguardia, the third most
read newspaper in Spain (with about 600 000 readers), on May
2" 2017 [3]. It was featured on radio programmes such as
Herrera in COPE, the second most listened morning radio
show in Spain (with about 2 million listeners), £l mon a RACI,
the most listened in Catalonia region (with about 800 000
listeners), and Informatius de Catalunya Radio [4]. It also
appeared on TV programmes such as the nightly news
Telediario in national television La [ (with about 2 million
viewers) on May 2™ 2017 [5], and local Esplugues TV [6].
Thus, the project reached millions of people in Spain, who
discovered more about muons, special relativity, and time
dilation.
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The project was not only mentioned by mass
communication media, it appeared as well in specialised media
such as Actualidad Aeroespacial (focused in aerospace news)
[71, Fulls dels Enginyers (engineering news) [8], and Noticias
de la Ciencia (science news) [9].

One of the outreach activities of the project consisted in
visiting Rubén Dario’s public primary school in Barcelona,
Spain. A short talk was given to 30 primary students of 4"
grade (9 to 10 years-old). The talk was focused on explaining
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the scientific method to kids and to encouraging them to keep
studying and to follow careers in science.

Previously, the teacher had worked with the students with
adapted material regarding the project. The kids worked on the
project topics from an interdisciplinary point of view, they read
the newspaper article published by La Vanguardia, and draw
and painted muons and cloud chambers, among other activities.

Fig 6: Picture of the teacher and kids from Rubén Dario's school and
one of CADMUS members, after the talk.

VI. CONCLUSION

The inception, the design, the development, the launch, and
the results analysis conducted for CADMUS have revealed to
be a truly remarkable educational activity, in which knowledge
coming from different disciplines of science and engineering
and learnt at diverse bachelor degrees was put into practice.
Self-teaching also played a very important role, as many things
had never been done before by team members.

The project gave as well its members a great opportunity to
master skills at project management and outreach, and many
other abilities not directly linked with science and technology
(such as giving presentations, documenting the project,
requesting funding, managing a budget, talking to material
providers, etc.). Finally, the project also had a big external
impact in terms of educating the general public, teaching
millions of people in Spain about muons and special relativity,
and inspiring little kids and attracting them to science.

Thus, CADMUS can only be described as a truly
remarkable and positive educational experience, both internally
and externally.

AFTERWORD

For detailed information about the experiment, more linked
to its engineering design and less focused on its educational

part, please refer to CADMUS’ Student Experiment
Documentation available at [10].
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Abstract— There is little information on the distribution of
trace gases in the stratosphere due to the inherent difficulty and
high cost of air sampling above aircraft altitudes. This paper
presents project TUBULAR, implemented under the
REXUS/BEXUS programme. TUBULAR is a student-led
stratospheric balloon experiment for low-cost air sampling that
reduces the current complexities and limitations of obtaining data
on stratospheric trace gas distributions. This technology
demonstrator was launched from Esrange, in the Swedish
Lapland. The balloon payload included two atmospheric
samplers: an AirCore sampler and a bag sampling system. The
AirCore sampler was a 200 m long stainless steel tube, which
allowed continuous profile sampling during balloon descent. The
bag sampling system consisted of six bags, each programmed to be
filled at a pre-selected altitude in the stratosphere using a pumping
system. This paper presents details on the payload construction
and first results obtained by the AirCore sampler.

Keywords—Balloon Experiments for University Students;
Climate Change; Stratospheric Air Sampling; AirCore; Sampling
Bags; Greenhouse Gas; Carbon Dioxide (CO2); Methane (CH4);
Carbon Monoxide (CO).

I. BACKGROUND

Trace gases make up less than 1% of the Earth's atmosphere.
They include all gases except nitrogen, oxygen, and argon. In
terms of climate change, the scientific community is concerned
with concentrations of CO2 and CHs which make up less than
0.1% of all trace gases and are referred to as greenhouse gases.
They are the main offenders of the greenhouse effect caused by
human activity as they trap heat in the atmosphere. Larger
emissions of greenhouse gases lead to higher concentrations of
those gases in the atmosphere thus contributing to climate
change.

Researchers have noted that “the Arctic region has warmed
more than twice as fast as the global average - a phenomenon
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known as Arctic amplification” [1]. An ice-free Arctic Ocean is
projected as a realistic scenario in future summers, similar to the
Pliocene Epoch when “global temperature was only 2-3°C
warmer than today” [2]. Suggestions that additional loss of
Arctic sea ice can be avoided by reducing air pollution and CO2
growth still require confirmation through better climate effect
measurements of COz2 and non-CO: forcings [2]. Such
measurements bear high costs, particularly in air sampling for
greenhouse gas concentrations in the region between the upper
troposphere and the lower stratosphere which have a significant
effect on the Earth's climate.

II. PROOF-OF-CONCEPT

A. AirCore Limitations

TUBULAR sought to address the limitations of using an
AirCore: a stratospheric balloon sampling system using a long
and thin stainless steel tube, shaped in the form of a coil, that
takes advantage of changes in pressure during descent to
passively sample the surrounding atmosphere and preserve a
continuous profile. Details of the AirCore mechanism and
resulting profiles have been elaborated in detail with past
campaigns such as in [3] and [4].

AirCore sampling during a balloon's descent phase results in
a profile shape extending the knowledge of greenhouse gas
distributions for the measured column between the upper
troposphere and the lower stratosphere [3]. Due to the
complexities and mass penalties of including a gas analyzer as
part of the payload, analyses of the sampled greenhouse gases
are done post-flight after recovery of the experiment.

Despite its proven robustness and notable cost-effectiveness,
it is difficult to determine the sampling altitudes of an AirCore
[5]. Furthermore, an AirCore constrains the choice of coverage
area due to the geographical restrictions imposed by the
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irreversible process of gas mixing along the air column sampled
in its stainless tube. As such, the sampling region of an AirCore
campaign must remain within proximity to research facilities. It
is this constraint that motivated the design of TUBULAR to
enable sampling in remote locations where fast recovery of the
experiment is unlikely, such as in Arctic regions.

B. Alternative to AirCore

The proposed alternative sampling system consists of a
series of small independent air sampling bags activated in series
during flight. Each sampling bag is allocated a vertical sampling
range capped at 500 meters, lessening the concerns associated
with mixing of gases and enabling a direct determination of
sampling altitude. Furthermore, the use of sampling bags
eliminates the production costs of a long coil which is the crux
of the AirCore system. Sampling bags introduce their own
limitations as the discrete approach to sampling in series does
not offer the continuous profile made possible by an AirCore. It
is possible to mitigate this decreased vertical resolution by
scaling the experiment to include more sampling bags. The
choice between using an AirCore or sampling bags thus
becomes a trade between sampling resolution, production cost,
and remoteness of the target sampling location.

The primary objective of TUBULAR consisted of validating
the proposed air sampling bag system. This sampling
mechanism is henceforth referred to as the Alternative to
AirCore (AAC). Samples collected by the AAC were to be
validated by comparing concentrations of greenhouse gases
against those found in reference samples collected during the
same flight by a high resolution 200 m tube long AirCore,
henceforth referred to as the Conventional AirCore (CAC). The
secondary objective was to analyze carbon dioxide (COz) and
methane (CH4) concentrations measured from samples collected
by both systems and to contribute the findings to climate change
research in the Arctic region. In order to achieve these
objectives, both systems were included in a thermally regulated
encasing flown as one of the payloads on board a stratospheric
balloon provided by the REXUS/BEXUS programme. The
sequences of sampling operations were triggered autonomously
based on air pressure measurements translated to altitude.
Overriding this autonomous sequence was possible via
telecommand. A high level design of the payload is presented in
Fig. 1.

III. SAMPLING STRATEGY

A balloon flight goes through three phases: ascent, float, and
descent. The AAC contained six sampling bags, two of which
were to collect samples during the ascent phase at 18 km and 21
km and the remaining four during the descent phase at 17.5 km,
16 km, 14 km, and 12 km. These altitudes were determined by
taking into account the time needed to fill the bags with respect
to the ambient air pressure at those altitudes and the projected
ascent and descent velocities all while satisfying the target 500
m vertical resolution. The sampling timeline is presented in Fig.
2.

Analysis of the sampled gases was done post-flight, after
experiment retrieval, with a Picarro G2401 analyzer located at
ground station. A minimum air sample amount of 0.18 L (at sea

level pressure) was required for the analyzer to detect
concentrations of CO2 and CHa. Taking into account pressure
changes, the minimum volume of air that was needed to be
sampled during the ascent phase were 1.8 L and 2.4 L for 18 km
and 21 km respectively. During the descent phase, the
minimums were 1.7 L, 1.3 L, 1.0 L, and 0.7 L for 17.5 km, 16
km, 14 km, and 12 km respectively. However, the 3 L size of the
sampling bag allowed the experiment to target a sea level
pressure air sampling amount of 0.6 L rather than the worst case
0.18 L.

Sampling
Bags
CAC Box == Airflow
AAC Box === Electric Signal

Fig. 1. High level design of the TUBULAR payload.

CaC

2.6 howrs

Launch -1,5 hours -0,5 hours Racovery

Fig. 2. Air sampling timeline throughout the flight profile for both the CAC
and AAC. Vmin, h, and Pa values are associated with the bag sampling strategy.
Vmin denotes the minimum quantity of required air sample assigned to the
allotted sampling range; /4 denotes the target altitudes from which sampling
begins; Pa denotes the target air pressure values from which sampling begins.
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A. Ascent Phase

From a scientific point of view, the primary region of interest
for sampling were at the peak altitudes while the balloon was in
the stratosphere. Sampling at these altitudes could not occur
during the descent phase due to the gondola tumbling and falling
at an average speed of 50 m/s for approximately two minutes
after the balloon cut-off [6]. This descent speed was too large for
a sampling bag to be filled within the target vertical resolution
of 500 m. Peak altitude sampling with the AAC could thus only
be accomplished toward the end of the ascent phase, peaking at
approximately 27.3 km.

B. Descent Phase

The AAC sampling could only initiate once the gondola
descent speed had stabilized at 8 m/s from approximately 19 km
in altitude [6]. Passive sampling with the CAC was triggered at
the beginning of the descent phase based on air pressure
measurements. The CAC descent phase sampling was to be used
to validate the AAC sampling mechanism by comparing
measurements from both samples and using those of the CAC as
a reference.

IV. SETUP AND COMPONENTS

The experiment consisted of two boxes side by side, as
shown in Fig. 3. This design allowed easy independent access to
and manipulation of either sampling system.

The AAC box houses six sampling bags as well as the
pneumatic system and electronics. These components were not
distributed across both boxes for the sake of simplicity of design,
compactness, and mass reduction. Furthermore, a design
favoring future re-flights of the AAC systems was chosen over
that of the CAC. Both boxes are mechanically and electrically
connected as the CAC relies on the onboard computer housed in
the AAC for sensor reading, thermal regulation, valve control,
and data logging. The AAC pneumatic system consists of a
pump, sensors, tubing, and valves.

Fig. 3. The flight ready CAC (left) and AAC (right) sampling systems
enclosed in their respective boxes. The CAC box containing the AirCore is 0.23
x 0.5 x 0.5 m and 11.95 kg while the AAC box containing the sampling bags is
0.5x 0.5x 0.4 mand 12.21 kg. The total mass of the experiment is 24.16 kg.
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The mechanical components that were selected to build the
AAC sampling system were based on requirements relating to
inertness and operational robustness in an extreme atmospheric
environment. Extensive ground testing was thus performed to
validate component reliability at different air pressure levels up
to the projected maximum altitude. For instance, the pump was
vacuum chamber tested under an air pressure of approximately
23 hPa while simulating performances at 24 km in altitude. Key
components selected for the final design were Restek multi-layer
foil gas sampling bags (3 L, 10"x10"), KNF air pump, FMI
(Finish Meteorological Institute) magnesium filter tube,
SilcoTek tubing - SilcoNert® 2000 coated 304SS welded/drawn,
SMC Pneumatics valves and manifolds, and Swagelok tubing
interfaces, connectors, fittings, and unions. Additionally, key
electrical components were Sensor Solutions pressure sensors
and a Honeywell airflow sensor.

A. Air Pump

Due to low ambient pressure at stratospheric heights, the
AAC needed to be equipped with an air pump to fill its bags with
air samples. The air pump had to ensure an intake rate of at least
3 L/min in order to obtain a 500 m vertical resolution at an ascent
speed of 5 m/s and a descent speed of 8 m/s.

B. Tubes and Valves

The sampled air traveled from the pumps into the sampling
bags via the pneumatic system. Each sampling bag was allocated
a sampling altitude range and connected to a dedicated valve via
a tube. The maximum operating pressure for the tubes are 150
hPa. The valve's leakage rate is 0.001 L/min. A flushing valve
was used to flush the system before each bag would be filled,
ensuring that samples came from the desired altitude rather than
from leftover air introduced in the tubes from previous sampling.

C. Sampling Bags

The AAC system was designed for ease of use, its internal
configuration is shown in Fig. 4. The sampling bags were easily
accessible from the sides, allowing minimal handling
requirements for manual operations such as pre-launch flushing.
Filling the sampling bags during the ascent phase introduced a
bursting risk due to the air samples expanding inside the bag
during the ascent that followed sampling. Ascent phase
sampling thus targeted partial bag filling to a maximum bag
pressure of 110 hPa. However, air compression during the
descent was a concern with respect to insufficient air sampling
in which case the bags had to be fully filled. Descent sampling
targeted a maximum bag pressure of 130 hPa in order to ensure
that enough samples were collected for analysis. The maximum
bag pressure recommended by the manufacturer is 140 hPa.

D. Pressure Sensors

Sampling was triggered by the ambient air pressure readings
from sensors located outside the experiment box. When air
pressure readings indicated pressures expected at a target
sampling altitude, the appropriate sampling valve would be
activated autonomously and allow air to flow into the sampling
bag assigned to the given altitude. Closing the sampling valve
was triggered when one of the following two conditions was
met: the maximum pressure difference between the inside and
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Fig. 4. Restek multi-layer foil gas sampling bags (3 L, 10"x10") in the AAC
box, top and front views.

the outside of the bag was reached or a maximum sampling
duration had passed. An in-line pressure sensor was used for the
former and predetermined sampling durations were calculated
for the latter based on vacuum test results and monitored by
means of an airflow sensor.

V. RESULTS

A. Flight Performance

The flight began nominally with housekeeping data being
downlinked as expected. Thermal systems were observed from
the ground station to be operating nominally. After takeoff, the
onboard software successfully entered ascent mode and thermal
management continued nominally for the rest of the flight. The
first AAC sampling altitude of 18 km was successfully detected
by the software; however, the pump failed to switch on and a full
reset of the board followed. After the reset had completed, the
software successfully switched back to ascent mode at which

point manual mode was set via telecommand in order to attempt
to remedy the pump. Unfortunately, all attempts proved
unsuccessful during both ascent and descent phases.

B. Failure Analysis

Post-flight investigation revealed that all subsystems
operated nominally within expected conditions, including the
pump. The observed failures were reproduced after introducing
a current limitation by setting the bench power supply from 24
Vand 1.8 Ato24 V and 1 A. Based on this finding, a lab analysis
was conducted which focused on the pump’s power
consumption. It was confirmed that the experiment was current-
limited but the source of this limitation was not discovered.

Concerns on introducing contaminants into the system after
it was cleaned imposed access restrictions to the gondola which
made it impossible to test start the pump during the pre-fight
readiness review. As such, this issue should have been detected
with a test plan to start the pump while running on batteries at a
lab setting.

C. AirCore Profiles

The primary objective of validating the AAC as an
alternative sampling mechanism was not achieved. However,
the AirCore onboard the CAC system operated nominally
resulting in high resolution profiles for CO, CO2, and CHa.
These profiles are presented in Fig. 5 and the raw data is
available as open data from [7].

Trace gas concentrations are measured in parts per million
(ppm) and parts per billion (ppb). A decreasing concentration
trend is observed for CO2, CHas, and CO as the altitude increases.
The maximum values are approximately 407 ppm for CO2, 1.9
ppm for CH4, and close to 89 ppb for CO.

A sharp decrease of CO2 can be observed in the first layers
above the tropopause. Tropopause altitude was at 274 hPa, about
9.8 km. In the stratosphere, values are lower since the exchange
between the upper troposphere and lower stratosphere takes
several years [4]. Variability is higher near the ground, which
agrees with the idea that CO2 may have negative and positive
anomalies at the surface that are mainly associated with
vegetation uptake and anthropogenic emissions [4].

The mixing ratios of CH4 have a small variability in the
troposphere. A strong decrease in the stratosphere is easy to spot
with a value of 1.85 ppm near the tropopause and 1.33 ppm at
15.2 km (118 hPa). Variability is higher in the mid-to-upper
troposphere and in the stratosphere, which is mostly due to
positive anomalies coming from the surface and negative
anomalies coming from the stratosphere [4].

It is difficult to draw any conclusions based on
measurements extracted from a single sampling flight.
Variations of greenhouse gas concentrations would have to be
observed through time with data collected over numerous re-
flights.
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D. Future Work

The AAC and CAC systems were segregated from each
other in a two-box design so to enable individual re-flights in
future campaigns. Since the BEXUS flight, the AAC has been
fitted with its own power supply in order to be independent from
the REXUS/BEXUS gondola from where it drew its power. The
thermal housekeeping data collected during the flight indicates
that the temperature inside the box will remain within
operational range of the power supply during the entirety of a
similar flight profile. A dedicated power supply also enables
easier detection of power related issues such as current
limitations. The TUBULAR experiment is ready for a re-flight
in order to validate the AAC sampling mechanism. The
complete Student Experiment Documentation (SED) is
available from [7] and is of interest for any future replication
efforts.

Finally, it is worth noting that the hold times of the sampling
bags are typically 48 hours [8]. Future iterations of TUBULAR
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could address this limitation by using “a maneuverable glider or
return vehicle for easy recovery in the field” as suggested in [3].
Originally proposed for an AirCore, this idea becomes more
feasible considering a lessened mass penalty associated with
lightweight sampling bags.
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Abstract— In this paper, we present a test bench intended to
test attitude control of 1U Cubesats. This platform, based in air
bearing principle, is intended for educational purposes. It is
designed according to the principles of modularity, low costs and
usability. We have built the frame and the cubesat model using
additive manufacturing techniques. Our design is affordable, easy
to reproduce and based in COTS. We also present a basic 1U
cubesat frame that fits inside a sphere, allowing a full 360°
movement around all axis. The cubesat model is equipped with
reaction wheels and manetorquers.

Keywords— cubesat, attitude control, education, Project based
learning, opensource

I. INTRODUCTION

A deficiency in the teaching of spacecraft technology is the
lack of hands-on practical sessions that quite often rely on
computer simulations only. This approach offers to the students
a limited understanding of the complexity of the full system and
miss some important hardware related aspects such as EMC,
limited availability of power, physics time constants,
communication latency, manufacturing tolerances, etc. The only
way to highlight all this issues is to use real engineering models
in practical sessions. However, the use of flight-qualified
components for this purpose is limited by its high price, limited
availability, lack of documentation and complexity of use. On
the other hand, the integration of both open source resources (for
software and hardware as well) and COTS (Components Of The
Shelve) offers a wide range of possibilities to address this
challenge. These resources are available at low price (or even for
free!) and are popular among engineering students, so the
learning time is really short. This approach is not only useful for
educational purposes but for technology demonstrators and
validations of actual systems for flight in early stages of
development.

Several works follow this line. For instance, in [1] a 1DoF
testbench for testing attitude control algorithms of a 1U cubesat
with flexible apendages, which represents the deployed solar
arrays of the spacecraft. In [2], a reaction wheel assembly is
developed from scratch in the frame of a cubesat developed by
students. Finaly, [3] shows a similar initiative focused in
teaching activities at Master level.

In this paper, we present a test bench intended to test attitude
control of 1U cubesats. This work is the result of a final project

of double engineering degree (Mechanics and Electronics)
conducted in our Faculty and follows the same approach that all
abovementioned works. As in [4], we demonstrate that
outstanding and high motivated students from other disciplines
can successfully develop space related projects.

Although the main purpose of both the test bench and
cubesat model is the test of attitude control, we can easily
perform many experiments related with other subsystems of the
spacecraft, such as power management, communications,
control algorithms, software engineering, actuators design,
packaging, etc. Moreover, this platform can be easily used to
foster educational space related activities among high school
students and STEM subjects as well.

This paper is organized as follows. In sections II.A II.B we
describe the air bearing and the cubesat model respectively. In
section III we suggest some practical sessions that can be
conducted with the proposed test bench. Finally, we outline the
conclusions and future works.

II. SYSTEM DESCRIPTION

A. Airbearing Test Bench

It is worth to mention the arrangement of the cubesat under
test. Instead of lying on top of a platform with a limited range of
movement, as the most common case is [5-6], the cubesat model
fits inside a sphere that “floats” on top of the air bearing, as it is
shown in Figure 1. This arrangement allows a free rotation of
360° in all axis. However, if it is necessary, we can fit the EUT,
a larger cubesat arrangement of 3 or 6 units, on top of a
hemisphere, according to the most common arrangement.

Fig. 1. Cubesat fitted inside the sphere
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We can operate the testbench in three ways. The first one is
to fit the 1U cubesat under test inside the sphere, thus allowing
a 360° of freedom in all directions, as it has been already
mentioned. In this mode, we have the opportunity to test ACS
in a complete range of movements. However, we need to balance
the sphere in order to compensate uneven mass distribution of
the cubesat under test. In the second mode, we can remove one
half of the sphere. In this case we have a range of movement
limited to 60° of inclination. For instance, this is the
configuration that should be used to test suntracking algorithms.
Figure 2 illustrates this arrangement. Finally, in case to test a
larger spacecraft, we ca attach a solid platform to one of the
hemispheres.

Fig. 2. General view of the test bench. The ring outside the hemisphere limits
the movement to 1 DoF

Additionally, we have designed an attachment that reduces
testbench DoF to one in order to tune a single controller at once.
We have used FlowSimulation-SolidWorks to simulate airflow
and the distribution and diameter of holes in the base frame as
well [7]. Figure 3 shows a view of the air bearing base.

Fig. 3. Detailed view of the base of air bearing and air channels
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As we have used plastic materials for the 3D manufacturing
process, this testbench is suitable to attach some coils in order to
produce a magnetic field and, therefore, test ACS based on
magnetorquers.

Fig. 4. Test bench with coils to test ACS based on magnetorquers (for the
shake of clarity one set of coils are not shown)

B. Cubesat Engineering Model

Moreover, we have designed a 1U cubesat frame using a
modular approach, in such a way that it is easy to replace the
equipment on board. In this way, you can test flywheels or
magnetorquers of both simultaneously. Regarding the cubesat
model, Figure 5 shows the basic configuration that consists of 3
flywheels, a 9 DoF Inertial Measurement Unit (accelerometer,
gyroscope and magnetometer), a wireless communication board,
battery pack and 3 light sensors.

Fig. 5. Exploded view of the cubesat with 3 reaction wheels assemplies,
battery pack (upper face) and control board.
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We have also designed some faces of the cubesat equipped
with PV arrays. In addition, we have also designed some
payloads as cameras or laser pointers. Figures 6, 7 and 8 show a
view of the battery pack, an exploded view of the reaction wheel
assembly and how it is attached to a cubesat face, respectively.

Fig. 6. Detailed view of the battery pack

&

Fig. 7. Detailed view of reaction wheel assembly (brushless motor, inertial
mass and housing)

Fig. 8. Full reaction wheel assemply attached to a cubesat face

Figure 9 shows the block diagram of this basic configuration.

|
Deme I
o I SV Reaction
| Wheel |
e Microcontroller - -
( Naro) ) Wheel 2
RvTx  C SR
J ' Wheel 3
XBee (((W )) XBee Lux sensor |
Lux sensor 2
R Lux sensor 3
IMU

Fig. 9. Block diagram of cubesat engineering model

Table 1 summarizes the main components we have used.

TABLE 1. MAIN COMPONENTS
Component Oty Features
Arduino Nano® 1 5V ; 16MHz ; 32kB
Flash-
: 11,1V ; 3s;
TATTU LiPo Battery 1 1550mAh, 45C
MN 1806 Brushless motor 3 1400KV
ESC Emax BLHeli 3 -
IMU - MPU 9250 1 12C, accel, gyro,
magnet.
TSL2561, Lux sensor 3 12C,0.1-40,000lux

III. POSSIBLE PRACTICAL WORKS

In this section, we suggest a set of possible topics that can be
studied using this test bench and cubesat model as well. Please,
consider this list as a mere suggestion. This list can be enriched
by the contributions of the community. With this test bench it is
easy to address several basic engineering concepts in different
fields such as control, power distribution, communications,
mechanical packaging, etc.

A. Control engineering

e  Tune a PID controller using the 1 DoF setup

e  Compare controllers in terms of different criteria, such
as accuracy, power consumption, etc.

e Use different type of controllers (Fuzzy, neural-
networks, etc.)

e  Use the 3DoF setup to test a full ACS.
Test ACS for sun tracking.
Test ACS in the conditions considered [1]

B. Power management
o Test different MPPT (Maximum Power Point
Tracking) algorithms for solar arrays.
e Test several power distribution architectures.

e Evaluate the combined performance of sun tracking
and MPPT algorithms in terms of energy harvest.
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C. Communications & Data Mangement

e Impact of a communications latency in spacecraft
performance

D. Mechanics

e Impact of tolerance on mechanic performance of the
ACS
e  Optimization of reaction wheel assembly

IV. CONCLUSIONS

In this paper we have presented a testbed based in the air-
bearing principle intended for the test of Attitude Control
System of 1U cubesats. In addition, we also present an
engineering basic model of cubesat that allows the development
of a wide variety of hand-on projects. We have used additive
manufacturing techniques for mechanical parts, COTS for
electronics hardware and open source software. This set is
affordable and modular and it can be used for teaching purposes
in universities at degree or master level or for STEAM activities
in high school as well.

In future works, we want to develop a simulation model of
the systems in order to correlate actual behavior and simulation
results and thus, highlight the existence of “non-ideal” behavior
that are intrinsic to actual systems.
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Abstract—This  paper describes the REXUS/BEXUS
experiment for Quad-spectral Unaided Experimental Scanner of
Topography (QUEST). QUEST as part of the REXUS/BEXUS
program was designed, developed, built, tested and operated by a
team of 17 students from different German universities. It
scanned the planet surface by analysing an array of four light
sensors (RGB and IR) and two spectrometers. A reusable cluster
algorithm determined autonomously onboard an overview image
of the surface with marked areas depending on the type of the
surface. Furthermore, the algorithm’s data base was generated
and optimized before and during flight. Regarding the hardware
a modular sensor framework with standardized interfaces was
implemented. The project has been a successful step to the
designated target to build an autonomous system which could be
used in interplanetary missions with demanding constraints on
the bandwidth.

Keywords—Autonomous; Scanner;
REXUS/BEXUS

Topography

L INTRODUCTION

A key feature of interplanetary satellite missions is the
analysis of the planet surface. Therefor many different sensors
are used to get a detailed overview. Nevertheless, the
bandwidth for transferring the measurements is limited in a
satellite mission. Thus, autonomous evaluation and election of
valuable information on board of the satellite is required to
reduce the resulting data size. There are several kinds of
observations made by satellites from the surface of a planet. An
interesting research area is the categorization of distinct areas
on the surface. However, new algorithms to perform this kind
of research are rare. The overall purpose of this experiment is
to contribute to landscape categorization based on satellite
imaging with a focus on the requirements of interplanetary
missions. These requirements are reflected in a modular system
made for reusability and result in a testbed for a newly
developed algorithm for landscape distinction based on cluster
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analysis of distinct sensor and camera measurements. The
Quad-spectral Unaided Experimental Scanner of Topography
(QUEST) mission is based on the following primary scientific
objectives:

e Development of a modular sensor framework
e Taking pictures of the earth in different wavelengths
o Differentiation of landscapes based on taken images

e  Onboard data analysis

II.  EXPERIMENT DESCRIPTION

A.  Experiment Concept

To properly categorize the landscape the algorithm needs a
set of predefined data. Therefore, it is necessary to obtain
reference data with the given sensors and cameras to calibrate
the algorithm. This raw data was collected in previous
experiments on the ground, the ascent phase of the balloon and
while the final experiment on the balloon is running. After the
raw data is collected some areas are categorized by hand.
Therefor an easy to use calibration software is produced and
integrated in the ground station. This algorithm does not
restrict the number and kinds of sensors and cameras. An
ordinary RGB camera, an IR camera and a spectrometer are
used. Those sensors are giving us the possibility to distinguish
between snow, vegetation, water, rocks and overlaying clouds.
To keep the possibility for late sensor switches an open
modular sensor framework is designed as shown in Fig. 1.

Every sensor is coupled to a pre-processing unit to provide
clearly defined data on a common data bus for all sensors. The
data is requested by the main processor and fed to the
algorithm. The result is stored and periodically send to the
ground station. Additionally, data logging is performed and
stored for post experiment analysis of the system behaviour.
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Fig. 1. Experiment Concept

B.  Machnics Design

The experiment is composed of two main units; on the first
hand the sensor box, which is located outside of the gondola
containing all the sensors, cameras and the corresponding pre-
processors. On the other hand, the gondola box, which contains
the power distribution, the main processor and serves as the
link between the gondola and the experiment. The shifted
sensor box is necessary to provide an unobstructed field of
view downwards. The whole box has a dimension of 821 x 280
x 380mm and a mass of 8.5kg. The experiment is not
significantly optimized in aspect of volume or mass.

Since the thermal environment on a high-altitude balloon
mission is very harsh a proper thermal control was
implemented. For this purpose, several heat sinks were
mounted onto the processors and power converter to prevent
the system from overheating. Furthermore, thermal insulation
in form of high-density polyethylene was integrated. Also, an
active thermal control system was integrated to prevent the
spectrometer from freezing, which is the most thermal sensitive
part.

C. Electronics Design

The experiment unit consists of nine components, separated
in inner and outer components. On the outside there is the
sensor box including two near infrared cameras, two visual
light cameras and two mini spectrometers. The cameras are
paired with a pre-processing unit including a GUMSTIX
IceStorm board. For the cameras a redundant design is used to
collect more data and increase reliability.

Inside the gondola there are the other electronic
components: pre-processing boards for the spectrometers, the
Onboard Computer (OBC) and the Power Distribution Unit
(PDU). The PDU provides for the whole system which runs on
two different voltage levels. It converts the provided battery
power to the necessary 3.3V and 5V. As mentioned in the
mechanical section a thermal control system is attached to the
spectrometer. Also, a housekeeping system is integrated to get

Fig. 2. Mechanical Design
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a real-time overview of the system during flight.

In Fig. 3 you can see a concept overview of all components
including the cable connections. The PDU supplies the power
to each system via a dedicated connector.

D. Software Design

The software is as designed modular which leads to a high
interchangeability of the different components for example
switching between different algorithm types. Furthermore, the
software is divided into three main parts listed below and
visualized in Fig. 4.

1. Sensors: Handling data acquisition, pre-processing and
transmission to OBC. For a consistent programming
effort and communication, a framework must be
designed.

2. Main processor: Central part with need to design an
interface for an easy use of distinct algorithms.

3. On Board Data Handler: Responsible for tracking
data and communicating with the ground station. Is not
part of the framework, but essential for the experiment
as it is responsible for ground communication and data
storage.

In general, the design can handle partly system failures.
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This means in case of an error on a pre-processor the main
processor works with the remaining pre-processors. If the lost
pre-processor recovers itself, the data will be used again on the
main processor. Furthermore, in case of a main-processor
failure each subsystem stores its data locally which means on
later postflight analysis the data can be recovered and analysed.

III.  Scientific ALGORITHM

The central feature of the project is the algorithm. In
interplanetary satellite missions one of the most important
subjects is the analysis of planet surfaces. Therefor many
different sensors are used to get a detailed overview.
Nevertheless, the bandwidth for transferring the measurements
is limited on a satellite mission. Thus, autonomous evaluation
and selection of valuable information onboard of the satellite is
required to reduce the resulting data size. Nevertheless, new
algorithms to perform this kind of research are rare. Therefore,
a new algorithm was developed by the team. The goal was to
reduce the amount of data which has to be transmitted and still
get detailed knowledge of the surface structure. On earth it
would be the differentiation of landscapes, such as water,
forest, and acreage and fields. QUEST on BEXUS 27 was the
first test flight of this new surface analysis algorithm which can
be sketched as followed.

1. The inputs of the algorithm are clearly defined sensor
and camera measurements for a given region of the
planet surface.

2. These regions are split into small fragments for
example the pixels of an image sensor.

3. Then an n-dimensional cluster analysis is performed
which groups data points together which have nearly
the same coordinates and sensor values. n is composed
of the number of coordinate-axis and the number of
distinct sensor measurements for that fragment.

4. The algorithm calculates the mean and standard
deviation for each type of sensor value for each cluster

5. in the next step.

6. These values are compared to the reference values
which were prepared beforehand, and the most likely
category is assigned together with the accuracy to the
single points of the cluster.

7. In the last step the clusters are written back in a result
image.

As cluster algorithm is used the DBScan algorithm, which
works well on high dimensional data sets. See [1] for more
information on the algorithm and [2] for more information on
the algorithm in multidimensional data sets.

IV. GROUND SUPPORT EQUIPMENT

A.  Ground Support Unit

For controlling the experiment two tools were developed
called the ground support equipment. The Ground Support Unit
(GSU) is one part and responsible for the communication
between the experiment and the ground. Also, it enables an

overview of the system during flight, showing the connection
status, allowing to send commands and receive all data,
updating the algorithm, see raw data and result images after on
board processing.

B.  Scientific Support Unit

The Scientific Support Unit (SSU), shown in Fig. 5, the
ground control team can select different clusters in multiple
sensor images and classify them with labels. This manually
classified data is used to create parameters for the algorithm on
board, as well as a database that the algorithm uses for
classification, which will be sent to the experiment with the
help of the GSU and telecommands. The functionality of the
SSU can be described as followed. The SSU allows to overlay
images from different sensors of the same image set. A set
contains images from multiple sensors that were shot at the
same time. The opacity of each image of the set can be
controlled individually. The images are shown behind a canvas,
which allows to manually draw clusters on top of the images as
well as configure the classification of the clusters by drawing
with colours for different features. Furthermore, the cluster
algorithm can be executed locally on the computer by the SSU
to identify clusters which can be assigned to a feature.

V. FLIGHT ANALYSIS

During the ascent phase raw images were collected and sent
to the ground to update the already existing database, which
then was uploaded. The raw images were analysed with the
SSU to improve the database continuously. As expected, the
predicted features got more and more precise over time.
Furthermore, a new integration of a completely new feature
was possible during flight. This improved the results, but the
final classification at the end of the flight was still improvable
which was done during post flight analysis. In general, all
components worked as planned. The pre-processors filtered the
incoming data to get synchronized and standardized pictures.
The communication between the subsystem worked almost fine
and all data was stored for later analysis.

A. Image Results

During the flight, a total of 54 raw RGB image and 54 raw
infrared images were downloaded to the ground station. These
recorded images are undersaturated and have a round border
from the filters of the cameras. The RGB cameras also had a

Fig. 5. Scientific Support Unit
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slight offset to the infrared cameras, resulting in a translated
image. The original images are shown in Fig. 6 and Fig. 7. As
expected, the first in flight result images were not satisfying.
The by the algorithm yielded clusters were too large and the
classification was done incorrectly.

Updates to the parameters of the clustering algorithm as
well as updates on classification database improved the quality
of the results. This led to a great improvement towards the end
of the flight. Still at the end of the flight most clusters were
classified incorrectly as a result of the undersaturated images.
To increase the quality of the images, a filter and a translation
was added during post flight analysis to remedy the effects of
the misconfigured cameras. The results of this post processing
can be seen in the Fig. 8 and Fig. 9. With the improved images
and the improved classification database during the post flight
analysis, the algorithm classified the clusters with very few
wrong classifications as shown in Fig. 10. The example result
classifies the following features:

Ml Water
M Forest
B Acreage and fields.

M Border of the image
B Unclassified

Fig. 6. In flight original RGB image

it .
L
A
§ 'f 3
b b~ 3

Fig. 7. In flight original infrared image
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Fig. 9. Post flight optimized RGB image

Fig. 10. Result image based on post flight optimized raw images

B. Data Transmission Analysis

The final data amount is reduced by minimizing the possible
values for each pixel of the result image to the number of
categorized features. Therefore, the value range for each pixel
gets reduced from 256 to the number of features, which are in
our case five. This means the needed storage per bit is reduced
to only three bits instead of eight bits. Compression the
onboard analysis reduces the amount of data even furher. This
leads to a reduction of data per result image to 1-20 percentage
of the original data, for one sensor. For multiple sensors and
higher resolution, the data amount is reduced linear, since
instead of all the different source images only one result image
must be sent. For four image sensors it is at the maximum 5%
of the original data amount. Furthermore, the uplink for an
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algorithm database is very small. This absolutely fulfils the
goal of reducing the amount of data which is produced and
must be sent to earth.

VI.  LESSONS LEARNED

A. System testing and verification

A lot of time was spent testing all systems in private. In the end
the time ran short for complete system tests. It was more
difficult to solve the found issues, when combining the
subsystems to one big system. For example, there were issues
with the pre-processors: They work absolutely fine as single
system communication as well as image reception and
processing. After integrating these subsystems and activating
the image sensors, the communication ran unreliable. In the
end some pre-processors had issues with handling both.
Probably due to manufacturing difficulties. It turned out that
the time schedule for tests after combination of subsystems was
too short. Especially, the time for solving all issues. Therefore,
it is important to save enough time for testing the complete
system. Also, the dark rim on the images and the
undersaturated images could have been avoided with more
extensive tests after full integration.

B. Issue priorities

Due to trying to solve a compression issue other tests were
done more inaccurate. Unfortunate, other issues were detected
afterwards, which could have been solved better. Focusing on
the compression issue took time, which could have been used
to solve problems, which would have revealed more benefits
with smaller effort. This means even while solving last errors
in the system it should not be forgotten to set the correct
priorities. Even if almost all issues are solved.

C. General educational benefits

The project was performed by a team of 17 students in parallel
to their bachelor studies. As foundation for the project
conduced the knowledge gained from university courses. The
REXUS/BEXUS program enabled the possibility to gain
practical experience while realising a whole real space project.
The theoretical content within the university courses found an
application during the studies. All the theoretical things about
spacecraft system design, modularity, redundancy, single point
of failure, verification, testing, etc. lead to a deeper
understanding and importance of different fields. Moreover,
the students were able to design their own system working in
their own fields of interest no matter if it is team management,
constructing and planning a hardware design or dive into recent
computer science research areas such as data mining and
knowledge-based system. Most importantly a lot was learned
about working in a team and completing a project including
reviews, tests and a launch campaign.

VII. CONCLUSION

Summarized the project can be described successful in the
main objectives. The system was very agile to changes and had
no problems with loss of sensors, which appeared during flight
and testing, or other failures in different system parts. The
modular concept also provided big advantages for solving
problems with sensors or pre-processors. Switching to a spare
part was possible with very less effort. Also, the experiment
itself worked fine. The pre-processing, the system control, and
the algorithm worked very fine onboard during flight. Also, the
onboard differentiation of landscapes worked, but due to the
sensor problems the onboard results were not really satisfying.
Fortunately, with extensive post flight analysis the algorithm
results were good and the concept as whole is proved to work.
After this first concept approval the sensor diversity can be
increased, the power usage reduced, and the processing speed
enhanced. All in all, the team learned a lot, was able to test the
concept successfully and gathered important experiences.
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Abstract— To support the primary and secondary STEM
education in Germany, the European Space Education Resource
Office (ESERO) Germany was founded in May 2018. It was
implemented by a consortium of ten institutions led by the
Geomatics Research Group at the Department of Geography at
the Ruhr-University Bochum, working in close collaboration with
ESA Education (funding institution) and the German Aerospace
Centre (DLR). Institutes of the University of Bonn, Cologne and
of the Ruhr-University Bochum as well as the Planetarium, the
Observatory Bochum and the network “Zukunft durch
Innovation” are part of the consortium. During the so-called
“Phase Study 0” the German educational system was analysed and
a strategy to support STEM education in Germany was worked
out. In comparison to other European countries, the educational
system in Germany is structured by the states and not by the
federal government. Thus, each of the 16 states decides on how to
structure their educational system, which leads to multiple
differences and a sum of nearly 450 different curricula in the
STEM subjects. A strategy was needed to reach teachers and
pupils in all federal states equally and motivate pupils for STEM
subject. Therefore, a quantitative curriculum analysis was
conducted by mapping the state curricula across the primary and
secondary school education levels. As a result, ESERO Germany
will focus on the competence orientation of STEM subjects and on
the topics of the STEM curricula combined with applied space
science. This is shown in our examples, three teaching units as part
of ESA’s Moon Camp Challenge and our designed Massive Open
Online Courses (MOOC’s) about Earth. These short videos
combine geographic analysis and physical background
information at the same time. Also, we present our Augmented
Reality Application “From the Earth to the Moon and Back”. The
paper finishes with a short outlook on upcoming teacher trainings,
competitions and classroom resources.

Keywords— education, earth observation, moon, classroom
resources
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[. INTRODUCTION

The European Space Education Resource Office (ESERO)
Germany was funded in May 2018 in close collaboration with
the European Space Agency (ESA) and the German Aerospace
Center (DLR). The Geomatics Research Group at the
Department of Geography of the Ruhr-University Bochum
(RUB) leads the consortium of ten institutions. Furthermore,
the consortium consists of the Zeiss Planetarium Bochum, the
Chair of Astronomy at RUB, Bochum Observatory, the
University of Bonn with the Remote Sensing Research Group
at the Department of Geography, the Hausdorff Center for
Mathematics, the Physics Institute, and the Argelander-Institute
of Astronomy as well as the Institute of Physics Education at
the University of Cologne and the well-known network

ESERO Germany - Galaxy of Education

Fig. 1. The Galaxy of Education showing the ESERO Germany consortium and

their different tasks.
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“zdi.NRW — Zukunft durch Innovation” (“Shaping the future
through innovation”) (Fig. 1). The goal of ESERO Germany is
to support the German STEM education by using the
fascination of space to motivate and encourage both students
and teachers. Therefore, classroom resources, teacher trainings
and events are implemented regarding topics of applied space
science such as ecarth observation, astronomy, navigation,
communication, and exploration.

The paper presents the results of the so-called “Phase 0
Study” where the core curricula of STEM subjects were
analysed, experts on education interviewed, and space
professionals approached. A thorough mapping of the state
curricula across the primary and secondary school education
levels in Germany has been conducted, needs and potential
areas of priority intervention were identified, and the role of
space-related resources and activities in meeting these needs
were assessed. Hence, it was possible to make
recommendations for classroom resources and activities.

Our designed Massive Open Online Courses (MOOCs)
about Earth Observation are an example of a classroom
resource that can be used in different subjects and contexts and
is therefore usable in the heterogeneous curricula. Additionally,
resources for ESA’s Moon Camp Challenge and Augmented
Reality Apps dealing with the gravitation of the Earth-Moon
system are depicted.

II. THE GERMAN EDUCATIONAL SYSTEM

In the school year 2017/2018, the German school
educational landscape was shaped by 8,346,707 pupils taught
by 679,478 teachers at 37,121 schools in 16 federal states [1].
The German educational system is not structured by the federal
government, but by the states. Thus, each state government can
decide on how to structure their educational system [3]. This
results in multiple differences between the federal states. This
chapter gives an overview of the educational system focusing
on the primary and secondary education (Fig. 2).

A. Primary Education

With the start of compulsory schooling the child enters
primary education, meaning the time spent at primary school,
which amounts to either four (e.g. North Rhine-Westphalia) or
six (e.g. Berlin) years [3]. The main subjects are German,
mathematics and general science (“Sachunterricht”). In
addition, subjects such as a foreign language e.g. English, arts
and physical education are taught. At the end of the primary
education, a recommendation for a specific type of school is
given [3]. It is based on former grades and will influence the
following educational career .

B. Secondary Education

Primary education is followed by the lower secondary
education, which is divided into different types of schools or
holds different educational programmes [3]. The Hauptschule,
Realschule and Gymnasium each aim for a specific type of
school-leaving  certificate  (secondary modern  school
qualification, general certificate of secondary education, or
Abitur, which is the equivalent to the British A level), that is
usually gained after nine, ten, or twelve years, respectively. At
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Fig. 2. Overview of the German educational system [2]. Eph =

”Einfihrungsphase” (introdutory phase); Q = “Qualifikationsphase”
(qualification phase). The German school system is divided into primary (1 —
4h/6™ grade), lower secondary (5%/7" — 9%/10™ grade) and the upper secondary
education (10"/11% — 12%/13™ grade). It is possible to enter the upper secondary
Education after the 9" grade at the Gymnasium (“G8”) or 10" grade (“G9”).
The major school types are: Grundschule (primary school), Gymnasium
(grammar school), Gesamtschule (comprehensive school), Hauptschule,
Realschule and Sekundarschule as secondary school and special-needs school.

Gesamtschulen, students do not follow one specific educational
career from the start but rather participate in classes with
different levels of difficulty. The general education school-
leaving certificate can be obtained at all secondary schools.
This certificate qualifies the graduate to enter the upper
secondary level. Gymnasium, Realschulen and full-time
vocational schools and dual vocational trainings are all part of
the upper secondary education [3]. The choice of the
educational institution depends on the former school-leaving
certificate.

This education level includes the following STEM-subjects:
mathematics, computer science, biology, chemistry, physics,
technology, and geography. In some curricula the subjects of
biology, chemistry, and physics are treated as general science
in the lower secondary level. The amount of curricula for these
seven subjects in 16 federal states and the four different school
types is approximately 448 — excluding primary schools and
upper secondary classes!

[II. METHODOLOGY OF THE QUANTITATIVE CURRICULUM
ANALYSIS

The German educational system is complex and the topics
and requirements for didactic material is different in each
federal state. Hence, a well-conceived strategy was needed to
handle the broad spectra of STEM curricula in Germany.
Therefore, we had a close look at the national educational
standards in order to detect congruities and similarities between
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the STEM subjects across the state borders. The analysis of
secondary (lower and upper) education curricula was conducted
for the STEM subjects of mathematics, computer science,
biology, chemistry, physics, technology, geography and general
science. Exemplary, the curricula of the Gymnasium,
Gesamtschule, Realschule and Hauptschule were examined.
For the primary education, the subjects general studies and
mathematics were analysed. Not only contents, but also
contexts were noted.

In addition, qualitative expert interviews were conducted, to
get a deeper insight into the possibilities of implementing
space-related topics, astronomy or astrophysics in schools. Our
current and future activities are based on this curriculum
analysis, the expert interviews and consultation of space
education expert from the European Space Agency (ESA) and
the German Aerospace Center (DLR). All results are combined
in the so-called “Phase 0 Study”.

IV. RESULTS

A. Educational Standards for STEM subjects and competence
orientation

To standardize the competencies of pupils upon the
completion of primary education (4™ grade), lower secondary
education (10™ grade) and the general higher education
qualification entrance (‘“Abitur”) national educational standards
for the mathematics, physics, chemistry, biology and languages
were developed in Germany. In addition to these educational
standards [4, 5, 6, 7], several associations propose further
standards in the fields of informatics [8], technology [9] and
geography [10] to complete the STEM subjects.

Tab. 1 presents the competencies for the most relevant
STEM subjects in Germany. The colums represent the subjects
and the lines describe the different competencies for this
subject. Merged lines show competencies that are needed in
more than one subject. The subject of technology has a special
position as it can act as a link between all subjects. The
competencies in the field of technology include the usage, the
comprehension and the construction of technical components in
diverse fields of actions like transport and traffic or information
and communication. In Germany, technical subjects can be
found under a variety of names (e.g. "work, economy,
technology” or “work science”). Since the integration into the
curriculum of neither technology nor informatics is mandatory,
the conveyance of technical competencies and computer skills
is rather difficult. Thanks to the diverse applicability of
technical devices, an integration of these competencies into
lessons is certainly possible.

The competence of communication is seen to be taught in
all subjects. Pupils ought to communicate subject-related
contents correctly and exchange information with one another.
In the case of maths, this means that the facts are considered
mathematically.

Another competence in the subjects of biology, chemistry
and physics is the acquisition of knowledge. This particularly
includes the planning, execution and evaluation of experiments.
Quite similar is the competence apply methods in the subject of
geography. The pupils should develop the ability to gain and
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TABLE I.  THE COMPETENCIES FOR THE MAIN STEM SUBJECTS OF
MATHEMATICS, INFORMATICS, PHYSICS, BIOLOGY, CHEMISTRY, AND
GEOGRAPHY AND TECHNOLOGY (LOWEST COLUMN). THE REFERENCES FOR
THE SUBJECTS ARE MATHEMATICS [4], INFORMATICS [8], PHYSICS [5],
BIOLOGY [7], CHEMISTRY [6], GEOGRAPHY [10], AND TECHNOLOGY [9].
TECHNOLOGY TAKES OVER A SPECIAL PART AS IT CAN BE COMBINED WITH
ALL OTHER SUBJECTS. ALL COMPETENCIES ARE INTERESTING TO ADDRESS IN
THE CLASSROOM RESOURCES.

Math | Informatics | Physics | Biology | Chemistry | Geography

communication

argue
mathe-
mati-
cally

reason/evaluate

expertise

acquisition of
(experiment)

knowledge apply

methods

use and
visualizations

interpret

modelling action

deal
with
formal
and
sym- structure
bolic and connect
ele-
ments
of
maths

spatial
orientation

Technology utilize construct/produce

evaluate relevant information from different media. Another
component is the spatial orientation and the usage of maps.
Based on identified problems, the pupils should develop
strategies of action that suit the natural and social environment.
Especially the wuse of satellite images can increase
methodological skills. This does not only apply to the subject
of geography, but also chemistry and biology.

The subjects of math and informatics comprise similar
competencies. The use and interpretation of visualizations is
part of both subjects. The pupils ought to develop, understand
and use models. In the subject of informatics, the pupils learn
how to structure and pointedly connect coherences.

All competencies are interesting to address in the classroom
resources.

B. Recommendations for didactics material

There is a general consent that interdisciplinary and subject
specific learning is supposed to arouse and deepen the curiosity,
interests and inclinations of the students. It is very noticeable
that the field of natural phenomena occurs in almost all
curricula. The offering of space-related topics adds value by
fascinating pupils early on and by providing easily applicable
materials for teachers. The competency model for the subjects
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of math, physics, informatics, technology, biology, chemistry
and geography allows the integration of space-related topics
and content into tuition regardless of the federal state. As the
materials focus on the competencies to be taught, it is possible
to integrate them into lessons in many federal states and school
types. The thematic relation to space serves as a means to an
end, whereby the applicability increases.

It is necessary to create and adapt existing educational
resources based on a didactic concept addressing independent
working, discovery-based learning and propaedeutic learning
[11, 12]. The materials should be, if possible, in conformity
with the general curricula. To achieve this, the material should
be structured in a modular way and flexible at use regarding the
student’s competencies, grade and school type. This can be
supported by having the possibility to edit the material and
customize it for the individual needs of the learning group. The
tasks should be short enough to split the whole material into
smaller packages, which can be used flexible in the different
length of the lessons. Each of the material should provide a
didactic note with tips and recommendation for a use in the
classroom.

This holds true for primary as well as secondary materials.
The main difference will be a stronger emphasis on instructions
in the primary education resources.

To motivate students for STEM subjects, a focus on topics
of applied space science like earth observation, space travel,
(exo0-) planetary research, astronomy/astrophysics, GNSS-
Navigation, satellite communication, space technology in
everyday life is recommended.

Possible topics for mathematics are for example the analysis
and classification of geometric objects and statistical analysis.
In geography the possibilities are huge especially in
combination with Earth Observation and Remote Sensing.
There are also several possibilities in chemistry: energy storage
systems or plastics.

V. EXAMPLES

Since the ESERO Germany opening ceremony in May 2018 a
lot of different classroom resources were produced. In the
following, some examples are given. All material can be found
on www.esero.de.

A. Experimental Learning

An example for modular classroom resources regarding space
technology and science are developed by ESA Education and
part of the Teach with Space material. Five worksheets [13, 14,
15, 16, 17] have been translated and adapted into German to
support the Moon Camp Challenge. The tasks of this challenge
is to design a 3D model of a moon camp by using 3D-modelling
software. The translated material reaches from planning and
designing a lunar lander [15] to building a shelter [16] and
bionic hands [14]. By filtering “lunar ice cores” (dirty ice
cubes) [17] and learning about edible plants in space [13] the
students are discussing the dangers and possibilities of the
Moon. In addition, the material provides background
information and several interesting links for teachers. The
resources can be used interdisciplinary and can be split up
between the lessons or even parts can be done as a homework.

Because of that, the resources can be used flexible and
individually in the German classroom. The material is suitable
for students from 6 to 10 years [13] 8 to 12 years [14, 16, 17]
and 14 to 16 years [15] which suits both primary and lower
secondary education in Germany. Also, the material can be used
independently from the competition when referring to the Moon
and the 50" anniversary of the Moon Landing.

B. MiniMOOCs about Earth Observation

Other classroom resources are Mini Massive Open Online
Courses (MiniMOOC) about Earth Observation and Remote
Sensing (RS). The material was produced during the project
“Fernerkundung in Schulen”, which is also located at the
Departement of Geography of the Ruhr-University Bochum.
This material consists of short videos (4 to 6 minutes long)
about different subtopics of Earth Observation and its physical
background. The videos can be used as a stand-alone or
combined and interdisciplinary to introduce a topic or technique
in the lessons. Currently six MOOC’s are available on the
ESERO Germany website. When using them as a series, the
first MiniMOOC (“Images from Space”) is an introduction to
Remote Sensing and RS satellites e.g. Sentinel 2 or Meteosat.
The following videos describe the electromagnetic spectrum
(“The Electromagnetic Spectrum —part 1”7 and “The
Electromagnetic Spectrum — part 2”) in two parts. After that,
the students get an insight in the usage of infrared imagery
(“The world in infrared”). “The spectral resolution” and the
“spatial resolution” and the different satellites are discussed in
the last recently published MiniMOOCs. All videos can be
downloaded for free and are also available with English
subtitles on www.esero.de/post/413 .

C. Augmented Reality Application: From Earth to Moon

The project “Columbus Eye — Live-Bilder von der ISS im
Schulunterricht” and its successor “KEPLER ISS” are based at
the Department of Geography of the Ruhr-University Bochum
and create interactive and digital learning material. The latest
Augmented Reality Application, “From the Earth to the Moon
and Back” deals with the gravitational system of the Earth and
the Moon. The students can use their phone to turn it into the
Moon and changing the distance to the Earth on their
worksheets. The real distance is shown on the screen.
Additionally, the students can investigate the change of the
maximum and minimum tides level in the German Bight on a
true-colour Sentinel-2 image. This classroom resource can be
used in the 11" grade (16 to 17 years) physics class. The
material consists of the worksheets, the tasks’ solution and
some background information. By using the Augmented
Reality App the comprehension and motivation for STEM
subjects of the students is increasing [18]. The lack of IT infras
tructure in schools can be covered by using the students’
smartphone. This material is available for free in German and
in English on www.esero.de/post/160.

VI. CONCLUSION AND FUTURE WORK

In the German educational system the curriculum is given
by the federal states. In combination with the different school
types, the number of curricula for the STEM subject is high. To

46

https://doi.org/10.29311/2020.11



produce classroom resources that can be used in all federal
states the European Space Education Resource Office (ESERO)
Germany conducted a curriculum analysis by mapping the core
curricula and identifying the potential areas and didactic focus.
Competence orientation and a thematic focus on applied space
science topics is key to produce flexible and usable material.
The material should be modular to use it in different grades and
difficulties. By addressing independent working, inquiry-based
learning and propaedeutic learning in the classroom resources
the pupils’ competencies will be strengthened and their
motivation for STEM subjects increased [11, 12]. Besides
having material in conformity with the curricula, it should be
structured in a modular way, editable and flexible at use in the
classroom.

Different teaching materials have been produced by ESERO
Germany since the opening in May 2018. These materials are
available for free on the website and support Earth Observation
activities and competitions by the European Space Agency.

In the future, a focus will lie on Space Exploration and Earth
Observation. Many more resources by ESA Education will be
translated and adapted into German. Also, teaching material
supporting the exhibition INNOspaceExpo is planned. The
development of material is accompanied by teacher trainings
focussing on gaining basic knowledge and exploring the variety
of material.
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Abstract—Currently, there is a growing demand for most up-
to-date academic courses that will fulfil the needs of modern
society. Each candidate has to make choices and judgements
carefully, in order to succeed on the market. This is particularly
important when educating individuals with different
backgrounds, especially on an inter-university course in the field
of space sciences and technology. This paper describes a case
study carried out on a group of candidates and graduates from
different editions of Space and Satellite Technologies
interdisciplinary master studies at Gdansk University of
Technology as well as two maritime universities in Gdynia. The
education process itself is realized in cooperation with business
partners. The paper provides both qualitative and quantitative
data, considering the whole group and particular individuals. In
addition, some examples of individual achievements of
outstanding students are presented.

Keywords—Inter-University Studies on Space and Satellite
Technology; candidates and graduates; university and business
cooperation; career in space sector

I. INTRODUCTION

Three big universities in Tricity (the agglomeration of 3
cities: Gdansk, Gdynia and Sopot in Northern Poland), namely,
Gdansk University of Technology (GUT), Gdynia Maritime
University (GMU) and Polish Naval Academy in Gdynia
(PNA), with co-operation with the Polish Space Agency in
Gdansk, started in 2017 the interdisciplinary, MSc degree
studies on Space and Satellite Technologies (SST). Each of
these universities offer for their candidates and conduct special
education in case of certain specialty.

Faculty of Electronics, Telecommunications and
Informatics GUT, recruits students for specialty: Information
and telecommunications technologies in space and satellite
engineering. Faculty of Mechanical Engineering GUT, recruits
students for specialty: Mechanical and mechatronic
technologies in space engineering. Faculty of Electronics
Gdynia Maritime University, recruits students for specialty:
Marine satellite and space systems. Faculty of Command and
Naval Operations Polish Naval Academy in Gdynia, recruits
students for specialty: Space and satellite applications in
security systems.

Andrzej Stepnowski

Polish Space Agency
Trzy Lipy 3, 80-172 Gdansk, Poland

This new initiative in the field of education in Polish
Pomerania region is an answer to the development of the
innovative industry sector of space exploration and utilization
technologies. It is expressed by the increase of a number of
companies and other entities related to space sector in Poland,
also in Pomerania region. The new space sector entities are
both the Polish branches of well recognized international
corporations operating for a long time in space industry, and
smaller local firms offering services in the areas including
satellite telecommunications, satellite navigation, Earth
observation and Geographic Information Systems.

II. DESCRIPTION OF THE UNIVERSITY STUDIES

The detailed curriculum of the SST studies has been
presented in [1]. The curriculum of the studies combines the
contents of basic courses, like mathematics, physics or
astronomy, with advanced topics of satellite technology
utilization (satellite telecommunications, remote sensing and
navigation), space missions, space mechanisms and
constructions, as well as space applications in security systems.
The graduates of SST studies also obtain skills on using as well
as designing of specialized space equipment. The students are
also provided with basics of legal regulations with respect to
space activities. The wide spectrum of topics covered by the
SST studies curriculum results in obtaining by students the
background in numerous fields related to space.

Within the scope of educational activities predicted for of
SST students during their studies, the directly take part in
scientific research projects, under the supervision and in
cooperation with the academic and research staff. As a result,
they are prepared to independent formulating and solving
scientific problems, performing the research, communicating
with others and presenting the research results. He/she will be
also able to solve several technical issues effectively, both in
individual as well in team work. It include the design and
implementation of the solutions specific to the area of a given
specialty of the studies, also on the system level and including
non-technical aspects in conditioning.

The studies of SST has obtained the financial support from
the Polish National Centre for Research and Development in
the form of the European Social Fund resources allocated for
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the implementation of the educational project “Adjusting the
MSc studies Space and Satellite Technologies to the needs of
the employment market”. The activities undertaken to achieve
the aims of the project rely on strict co-operation of the
employers representing the space sector with the university.
The representatives of firms operating in the space sector are
taking part directly in preparing the contents of lessons for
students, and also in delivering lectures and working with
students during labs, seminars etc. Also, the team project and
student dissertation projects are realized in co-operation with
firms. As a result, students are expected to be better prepared to
the requirements of the space sector employers.

III. CASE STUDY RESULTS

Three editions of the SST studies have been started so far,
namely, 2017/2018, 2018/2019 and 2019/2020, the last one is
currently in progress.

The case study has been carried out in April 2019 on a
group of 20 people. It covered students from both the first and
second year of the SST course. The survey consisted of closed
and opened questions with single and multiple choices, in order
to provide the best possible feedback and freedom of speech in
case of each individual. The main aim of this case study was to
determine their background, source of information, motivation,
as well as expectations related with the SST course as well as
space science as a novel and broad field of study. The extract
from the results is presented below.

Fig. 1 describes the background of current SST students.

e ]
80%
60%
40%
20%
0%
First year Second year
u After B.Sc. ® After other M.Sc.

Fig. 1. Student background

As shown, in both cases the vast majority had chosen the
SST course after B.Sc. studies. In case of the current first-year
students, only approx. 10% had chosen SST as an additional
M.Sc. specialty.

Their main sources of information, considering the third
edition of SST course, are shown in Fig. 2. As shown, in case
of approx. 50%, their main source of information was the GUT
recruitment website. Internet advertisement campaigns,
considering various adds as well as data distributed using social
media, came in second. Other sources, including printed media,
came in third place.

The main reasons and motivations for choosing this field of
study, are shown in Fig. 3.
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Fig. 2. Source of information concerning SST studies
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Fig. 3. Motivations for choosing SST studies

As shown, the vast majority concerned Space Science
Technologies as an interesting and bold field of study. Some of
them wanted to simply raise their qualifications or become a
graduate of the GUT. Not surprisingly, a number of students
pointed out the fact of founding the Polish Space Agency,
headquartered in Gdansk.

The majority of SST students prefer laboratory and project
classes over classical lectures (94% vs. 6% of the first year
students and 75% vs. 25% of the second year students).

As pointed out, they desire to gain practical knowledge as
well as typical engineering skills that can help them not only in
private life, but mostly in their professional career. Currently,
our SST course offers more laboratories and project classes,
and most students would like to keep it this way. According to
numerous answers, this course enables them to pursue their
passion and learn unique knowledge and skills, that can help
them find interesting jobs on the market. According to obtained
results, as shown in Fig. 4, half of our students combines M.Sc.
studies with professional work.

Whereas, most of them has part-time jobs, while some
individuals favor self-employment. It should be noted, that
some students had experience in IT and related fields from
previous B.Sc. studies. Whereas others, that came from a
different background, started their professional career after the
first year of SST studies.
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Fig. 4. Combining studies with professional work.
Many individuals would like to pursue their passion, and
continue studies as Ph.D. students. As shown in Fig. 5, their

main motivation would be grants, closely linked with
conference and publication activities.

100%
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H Conferences M Competitions ™ Publications M Grants ® Other

Fig. 5. Combining studies with professional work.

Naturally, the possibility of testing ones skills in academic
and scientific competitions would be an important factor.

IV. STUDENT ACTIVITIES

In addition, it may be stressed that the SST students have
got numerous achievements. The HEDGEHOG team [2] has
qualified to REXUS/BEXUS programme, organized by
German Space Agency (DLR) and Swedish Space Agency
(SNSB), coordinated by ESA. The successful flight of the
rocket with the experiment took place in March 2019.
Currently, another group of students take part in the Spin Your
Thesis! program. Apart from that, a number of students
participated in space related conferences, workshops and other
activities, including hands-on courses by ESA Academy:
Concurrent Engineering Workshop, or Cubesat Workshop.

These students have founded a student organization
SpaceCube. Its goals have been set to foster cooperation with
academia and space sector companies as well as broadening the
gap between course curriculum and future careers skills
required by employers. Their main project is a nanosatellite
type 1U Cubesat, aiming to test new type of solar cells
developed at Gdansk University of Technology. SpaceCube’s
activities include also popularization of STEM sciences among

middle and high school pupils. Furthermore, their concept of
”Space Navigation System”, allowing for precise navigation on
LEO and beyond was awarded 2nd prize at Poland’s edition of
Galileo Masters Competition 2017.

Engagement of three academia in space engineering
resulted in some scientific results as well. A first PhD thesis in
dynamics of spacecraft payload vibration is ongoing.
Furthermore, a cooperation with Centre for Space Research of
Polish Academy of Sciences has been developed to work on
their space robot testing facility [3]. Additionally, members of
faculty together with local space sector companies have
proposed numerous research and development projects, some
already funded by National Centre for Science and
Development or European Commission. For instance, the
subject of one project was the design of very light and durable
lattice structure materials and the possibility of their use in the
structure of satellites.

Another group of students was engaged in the project
concerning floodplain inundation mapping using SAR data
processing [4]. The study has been conducted in Biebrza
floodplain, Poland, with the use of automatic thresholding
method for processing Sentinel 1 data.

V. CONCLUSIONS

At the end, a preliminary sum-up may be made, although
the SST studies were opened relatively short time ago, and the
relatively small group of students has been covered by the
mentioned study. Mainly, the SST students are well motivated
to their educational, as well as research activities, usually
indicating their real interest in space science and technology as
the main reason for choosing this field for studying. Due to the
interdisciplinary character of SST, the students, representing
different fields from the point of view of their background, are
open for learning new knowledge and skills as well as for
participating in many activities like workshops, competitions
etc. Also, the students are characterized by the high level of
self-reliance and they are well prepared for combining the
M.Sc. studies with parallel professional work.

As shown, the field of Space Sciences, in which our Space
Science Technologies course is settled, is a novel and
interesting research area. It attracts many young people, with
different backgrounds, motivations and expectations. Most of
all, it opens new frontiers and enables them to pursue their
passion in one of the most rapidly developing field.
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Abstract—There are three main barriers in the space sector
that slow down the development of space applications, science
and technology: high costs, consuming paperwork and complex
technology. Open Cosmos tackles these barriers, putting satellite
technology in the hands of more people than ever before. This is
achieved with beeKit, a payload hardware emulator platform,
and beeApp, a cloud-based mission and system simulator
software. By using standardised interfaces and processes together
with industry best practices, the entire development of a mission
can be simplified massively reducing cost and time to orbit and
opening space access to a broader and more diverse audience.

The beeApp and beeKit bundle offers a seamless transition
from payload concept to payload in space. beeKit replicates the
mechanical and electrical constraints of a satellite platform while
still being modular enough to enable payload developers to
change the configuration and physical dimensions. beeApp
enables full online mission with space simulation capabilities
when the payload is assembled in beeKit. The Mission and
System Design (MSD) module allows users to run simulations
and optimise different mission parameters based on the payload
requirements. The Hardware-In-the-Loop (HIL) module
interfaces with the payload through beeKit, enabling smooth
interaction and testing capabilities from day one. These
constitute a set of groundbreaking tools that simplify the process
of sending payloads to space.

Open Cosmos supports the education community by making
those tools accessible for education projects. In 2018, a team of
master students from Oxford University, without any
space-related background, was able to conduct a biological
experiment design for a 3U satellite platform. For the mission
analysis and simulation phase, beeApp was used to select the
main mission parameters. A payload into a beeKit was then
designed to host cell culture flasks to control and monitor the cell
death evolution. This approach facilitates cross-industrial
research, at faster development rates, in a simple way and at
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much lower costs, enabling all kinds of organisations to conduct
experiments in space.

Open Cosmos has recently established a program allowing
universities from around the world to benefit from these
innovative tools for free, supporting research activities and
space-related education for students worldwide. This set of tools
are now being used in 20+ different countries, in universities not
only based in Europe, but globally, including space emerging
countries. The goal is to continue enabling the development of
new space technologies and applications and support space
education programmes across the world.

Keywords— Space Mission Design, Space Education, Mission
simulation, Mission Analysis, Payload, Smallsat

I. INTRODUCTION

The new space environment includes the emergent private
space industry, specifically related to the community of space
companies working to develop low-cost access to space
technologies, as well as advocates of low-cost space
technology and policy. New simple space mission
development with decreasing launch costs for small satellites
[2] allows an increased amount of satellites being deployed
into LEO in short times and at reasonable costs. This trend
opens the opportunity to create new capabilities and establish
new business models around small satellite constellations.
With the low latency telecommunications and high-speed data
transmission capacities provided, it will become possible to
provide satellite services over larger areas and increase the
connectivity with these areas.
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This can enhance existing programs, such as remote
medical support, remote education services or support to
agricultural exploitation. Furthermore, the new panorama of
satellite constellations will improve the establishment of
communication networks in disaster areas or environment
monitoring within others.

ESA has well acknowledged this new space context,
promoting what is called the Space 4.0 era. It follows the
Space 1.0 era (early days of astronomy), the Space 2.0 era
(space race) and the Space 3.0 (ISS) era; so the main players
now are the new increased number of diverse space actors
around the world, including the emergence of private
companies, the active participation of academia, industry and
citizens, digitalisation and global interaction. This new era is
unfolding through interaction between governments, the
private sector, society and politics, with promising future
missions ahead including new game-changing technologies.

11. Space MissioN DEesigN TooLs

Open Cosmos approaches the new space era making satellite
technologies easier and more accessible. This is achieved with
beeKit, a payload hardware emulator platform, and beeApp, a
cloud-based mission and system simulator platform.

A. beedApp: Space Mission Design software

Open Cosmos has developed beeApp, a cloud-based
software platform that enables full mission and system design
with simulation capabilities to develop space missions. It
allow users to:

o Perform mission analysis studies based on the
payload characteristics that the user defines and the
platform solution that Open Cosmos suggests.

e Interact with beeKit in a Hardware-In-the-Loop
(HIL) environment.

beeApp includes different modules that can be used
depending on mission requirements. The development page is
divided into different tools such as the Mission and System
Design (MSD) and the beekit Hardware-In-the-Loop (HIL)
tools. The Mission and System Design (MSD) module allows
the user to perform mission analysis studies by running
simulations based on the mission parameters. It hosts two
main different sections, the inputs section and the outputs
section only visible after running a specific simulation.

Fig. 1: beeApp login portal page

beeApp is conceived to support payload developers during
all stages of space mission development including high
performance parameters typically from deep space long
duration  missions. The second module, called
Hardware-In-the-Loop (HIL), allows each user to interact with
their payload and test it.

B. beeKit: Satellite qualification platform

beeApp enables full mission and systems development
including simulation with hardware-in-the-loop when the
payload is assembled into beekit. Users can start testing and
operating their payloads from day one and in a similar way as
they will do it during the operations phase in space. It also
simulates the behaviour of the platform configured by the user
emulating its performance and constraints from the orbital
parameters and subsystems selected. Once the payload is flight
ready, it is integrated and tested into the chosen platform
configuration and placed into the selected orbit via Open
Cosmos approved launch providers, minimising time and cost.
Once in orbit, the user can control the payload from beeApp in
the same way as during development phases while beeApp
takes care of limiting the operational boundaries. These
boundaries are set by the system configuration, mission
parameters and the ground segment providers partnering with
Open Cosmos with the objective to minimise downtime and
increase reliability.
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Fig, 2: 3U, 6U & 12U beeKit platform configuration

The HIL module allows the user to deploy software and
perform functional tests of its payload once physically
integrated into the beeKit satellite qualification platform.

It contains the following features:

e File Management: the user can upload scripts/code to
beeKit and execute commands

e MSD Interaction: run scenarios on beeKit simulated
through MSD to validate payload performance

o Automatic Test Reports: users can export beeKit
sensors readings & subsystems performance.

e Operations interface: the user develops and tests the
interface of the payload with beeKit the same way it
would be done at a later point once in orbit.

Fig.3: Simulation scenario with Hardware-in-the-loop module
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I11. SUPPORTING SPACE EDUCATION

A.  University Partnership Program

In line with Open Cosmos’ ongoing efforts to democratise
access to space and to enable using space as a tool, we are
supporting and empowering the student community at
University level with our tools to develop space technologies
and applications.

Fig.4: Open Cosmos’ university partnerships worldwide

Open Cosmos has recently established a program allowing
universities from around the world to benefit from these
innovative tools for free, supporting research activities and
space-related education for students across the world. This set
of tools is now being used in 20+ different countries, in
universities not only based in Europe, but globally, including
space emerging countries, enabling the development of new
technologies in space education programmes worldwide.

Open Cosmos supports the young community by making
those tools accessible for education projects and emerging
country activities by making use of a set of programs that
allows the use of the Open Cosmos tools for free. The goal is
to continue enabling the development of new space
technologies and applications and support space education. In
2018, a team of master students from Oxford University,
without any space-related background, was able to conduct a
biological mission and experiment design and prototype for a
3U satellite platform. For the mission analysis and simulation
phase, beeApp was used to select the main mission
parameters. A payload into a beeKit was then designed to host
cell culture flasks to control and detect any events and to
monitor the cell death evolution. The outcomes were presented
during the last International Astronautical Congress held in
Bremen [1], proving that this new approach of developing
smallsat space mission facilitates cross-industrial research, in
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a faster, simpler and cheaper way that enables any kind of
organisation to conduct experiments in space.

The company is currently supervising and supporting
student projects, aiming at developing new technologies to be
integrated within Open Cosmos’ satellite qualification
platforms (beeKits), in the UK with the University of
Cranfield and France with Ecole Polytechnique, within others.

The different topics selected are enabling students to
develop small satellite payloads and subsystems, being
involved in a hands-on project that aims to design and build a
functional demo unit of a payload (experiment, sensor, etc.) or
a satellite subsystem, with its respective documentation:
theoretical background, configuration instructions, list of
components, assembly process, operations, etc.. allowing them
to acquire knowledge in many different areas.

A team from Cranfield University is focusing on the
development of a proof of concept equipment of a laser
communication payload capable of sending basic information
that could be suitable for inter-satellite communications. The
payload should be able to send a receive information to and
from other payload units, so the designed equipment can
operate as a transmitter and receiver. Another team of students
has been working on the development of equipment to monitor
biological payloads in microgravity.

Open Cosmos has also initiated a project with Ecole
Polytechnique based in Paris. The team of Master students
from different backgrounds in physics, mathematics will work
towards putting together an ADCS demo system based on
reaction wheels, to improve attitude control. Once the
demonstration payload is developed, it will be integrated into
the satellite platform to conduct qualification tests. This will
provide a great insight to the students on key small satellite
technologies and processes to qualify a new system.

Universities developing payloads or technologies are also
eligible to receive for free Open Cosmos’ satellite platforms
for testing and integration. A university in the United States is
currently working on a prototype to develop a CubeSat
hyperspectral, pushbroom imager; with potentially 4 more
imaging systems in 2019 that would include an imager for
detecting bioluminescence from space and a thermal imager.
The university is using beeApp software to simulate in-orbit
operations and will be using later on beeKit platform to
integrate and start testing their imager.

In the vision of supporting space technologies and
applications, Open Cosmos is providing credentials to access
beeApp software to any interested university. The beeKit
hardware emulator can be shipped to any university’s
premises currently developing a payload, sub-systems or
technology and that is willing to use beeKit for integration and
functional testing.

B. Open Cosmos outreach activities and education
resources

a. Space Mission Design hands-on Workshop

The purpose of this workshop is to provide an introduction
to space mission design and planning using Open Cosmos’
beeApp software platform. The curriculum of the workshop
will cater to students, teachers and professionals, making use
of the Mission and System Design (MSD) tool of beeApp.

This workshop serves as an introduction to the key
concepts of space mission design, to learn some of the
theoretical concepts relevant to satellite missions, and have the
ability to apply these concepts via several hands-on exercises,
using online space mission design software.

b.  Build, integrate and test your payload into a
small satellite Workshop

Following the Space Mission Design workshop
introducing the key steps of mission design and planning,
students are given the opportunity to build, integrate and test
payloads into real satellite qualification platforms using
beeKits.

The workshop is also focusing on the main aspects of
payload design and requirements, followed by hands-on
exercises allowing students to assemble either an Optical
camera, [oT or biological demo payload to be integrated into
OpenCosmos’ beeKit platforms, and run first functional tests
using the beeApp Hardware-in-the-loop module.

These two workshops have been taking place successfully
in different universities around the world, receiving high
appreciation and a very positive feedback.

Fig.5: Open Cosmos Workshop at the International Space
University SSP19
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C. The Open Cosmos Academy

The Open Cosmos Academy is an initiative started by
Open Cosmos with the objective of promoting the
development of all kinds of space technologies and
applications. It consists of the use of an online open source
repositories (https:/gitlab.com/OC_Academy) along with the
corresponding documentation publicly available and open to
contributions.

Thanks to the University Partnership Program, along with
the hands-on Workshops, Open Cosmos is making efforts to
support universities, helping to establish the basis for the next
generation of space engineers and scientists that will benefit
from using space as a tool. The development and results of
new experiments, instruments and sensors can be documented
and publicly shared through the Open Cosmos Academy,
helping to distribute and expand the knowledge of space
related projects across the international community.

V. SpAacE EMERGING COUNTRIES

Removing the main barriers from the space sector allows
more players and countries to enter in the space race.
Euroconconsult has identified 20 New Countries that will
Invest in Space Programs by 2025, with around 130 satellites
forecast to be launched by emerging space countries in the
next 10 years [3]. The small satellites technology offers a good
opportunity for emerging countries to get involved in
space-related activities and build capability and infrastructure.

Universities are playing an important and particular role in
those countries, as space emerging programs are using
education and academic institutions to support the
development of space capability. Satellite projects are used as
education tools to drive and push the development of
first-generation satellite activities, whilst educating students
and engineers from the home country [4].

The Space Mission Design tools developed by Open
Cosmos give support to space emerging programs, allowing
access to a set of tools and resources to education. Our
university partnership program along with our workshops
materials is enabling the support to human resources and
training from regions worldwide. Our beeApp software
represents a first and simplified step toward understanding
how to build and design a space mission, while our hardware
emulator platform drives the development of their own
capacity, from payload concept to payload in space.

The beeApp and beeKit bundle offers a simplified process
to develop technologies and payload, helping the fulfillment of
government priority needs for the country, while getting
valuable data to solve countries issues such as land & water
management, agriculture, disaster management, etc. Main

%)

objective of those countries is to demonstrate the government
their capacity to build satellite & infrastructure, showing that
it can be delivered to orbit with limited resources by
individuals from the country [4]. Among 21 countries
currently using beeApp, around half of them are part of
emerging space countries.

Fig. 6: Madagascar’s heatmap and coverage using beeApp

V. CONCLUSION

Open Cosmos’ set of tools included in beeKit and beeApp
platforms together with the education resources developed,
simplify the development of all kinds of space applications,
experiments and technologies that can now be sent to space in
a much faster way and at much lower costs. There have been
lots of efforts done during the last 4 years in making complex
technologies and processes much simpler so researchers
coming from different industries can benefit from the space
environment and from being in low Earth orbit. This
simplified approach enables a broader and more diverse
audience to access space qualified hardware and software
tools to conduct experiments in space. This set of tools are
already having a high positive impact in universities around
the world, supporting research and educating the next
generation of engineers and scientists that will contribute to
improving the world we live in using space as a tool.
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Abstract—In recent years, CubeSats proved to be valuable
resources both for commercial and scientific purposes, leading to
a significant technological development in terms of payloads and
on-board instrumentation. The employment of more advanced
technology usually implies a higher power consumption, and a
consequently increased amount of waste heat. The typical,
passive thermal control systems currently employed on small
satellites, such as paints and coatings, may not be sufficient to
guarantee a proper thermal stability, and therefore more
elaborate and efficient systems are required. Based on the
actuator IRESA (Intelligent Redundant Spacecraft Actuator),
under development at the Chair of Astronautics of the Technical
University of Munich, a new design for a compact, reliable, active
thermal control system for CubeSats is proposed. IRESA is a
shape-memory-alloy-based, low-power-consuming, high-force-
per-unit-mass actuator embedded on a PCB, compatible with the
lateral panel of a 1U CubeSat. IRESA produces a linear
displacement of 3.5 mm exploiting the contraction of redundant
SMA wires heated efficiently through the Joule effect; the
displacement can be converted into rotation, allowing the
actuator to operate a variety of subsystems. The presented design
for the TCS consists of an external louver moved by IRESA,
capable of modifying the emissivity of a small radiator or
regulate the power emission from the inner part of the satellite to
space. The design of the louver was obtained studying the
louvered surfaces employed over the last fifty years in larger
satellites and adapting the geometry to the features of the
actuator, with the general design driver of a minimum
complexity for the assembly. Therefore, a configuration with a
single blade was chosen and implemented; like its larger
counterparts, it reaches and maintains every angular position
between the fully closed and fully open states, performing a 90
degrees rotation; the linear displacement of the SMA wires is
converted into rotation by a simple lever principle. The proposed
subsystem meets the CubeSat Design Specification in terms of
geometry and compatibility with a CubeSat of at least 2U. The
subsystem was developed as a master thesis project at the Chair
of Astronautics of the Technical University of Munich starting
from October, 2018. A prototype was successfully integrated in
March, 2019, and good results were obtained during the first
functional, vacuum chamber and vibration tests, during which
the louver proved to work properly and continuously during the
opening and closing procedures, and maintained its structural
integrity.
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SMA, shape memory alloys, spacecraft, technology
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1. SHAPE MEMORY ALLOYS AND IRESA

A. Physical properties of shape memory alloys

Shape memory alloys (SMA) are a class of smart materials
characterised by the ability to recover large induced shape
deformations when undergoing a specific thermo-mechanical
cycle. The most common variants of SMAs are nickel (Ni) and
titanium (T1) compounds with different percentages of the two
metals, and the different alloys share the name of NiTinol [1].

The characteristic shape memory effect (SME) exhibited by
shape memory alloys comes from the transformations
occurring in the microscopic lattice when a change in the
thermal and mechanical boundary conditions takes place. The
SME displays as the material switches between three different
stable phases: austenite, twinned martensite and de-twinned
martensite [2].

In a stress (o) - strain (g) - temperature (T) space (Fig. 1),
the thermo-mechanical cycle of the SME starts with the
material in austenite form, which is the phase stable at higher
temperature and characterised by an ordered, highly
symmetrical lattice; following the curve, the subsequent
formation of twinned martensite is achieved decreasing the
temperature under no external load. Twinned martensite does
not display macroscopical variations of shape if compared with
austenite, due to the small rearrangements which occur in the
microscopic lattice.

o
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Fig. 1. The complete thermo-mechanical cycle of the shape memory effect,
reworked from [2].
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Fig. 2. The hysteresis curve associated with the SME with a highlight on the
characteristic temperatures, reworked from [2].

Upon increasing the stress in the material, a first linear,
elastic behavior is encountered, followed by a pseudo-plastic
plateau in the € — o plane. The plateau occurs at the de-
twinning of the martensite. It has a nearly constant stress level;
when the de-twinning is complete, the material responds
elastically to a further increase in the stress level up to the yield
point. At the end of the plateau, the formerly twinned
martensite is de-twinned, and a macroscopical deformation is
found in the material. Upon unloading, the material retains the
induced strain, and only an increase in the temperature causes a
recovery of the original austenite structure, eliminating every
induced shape variation. The process of de-twinning can also
be achieved progressively as the temperature decreases while
an external load is applied constantly on the SMA, thus
avoiding a clear mid-phase represented by twinned martensite
and switching directly between austenite and de-twinned
martensite.

In this case, when operating at a constant stress level the
material exhibits a hysteretic behavior during heating and
cooling (Fig. 2). Therefore four characteristic temperatures can
be defined for the material: Mg (martensite start temperature),
M; (martensite finish temperature), A, (austenite start
temperature) and Ay (austenite finish temperature). For
temperatures between the extremes of the transformation
different fractions of each phase are found in the material: a
specific shape is therefore associated to a determined
temperature level or range, offering possibilities to exploit the
response to temperature variations in order to control the
behavior of the SMA and to make it suitable to be the active
component in actuators and sensors [3, 4]. Strains up to 8% are
possible for a sample of SMA, but lower values can be adopted
as operative strain level in order to preserve the integrity of the
material for a higher number of cycles, extending its possible
service life.

B. IRESA — Intelligent Redundant Spacecraft Actuator

IRESA (Intelligent Redundant Spacecraft Actuator) is a
compact, high force-per-unit-mass actuator operating with
SMAs developed by the FGW Forschungsgemeinschaft
Werkzeuge und Werkstoffe e. V. and the Chair of Astronautics
(LRT) of the Technical University of Munich. The description
of the actuator presented in this section is extracted and
reworked from [5], in which the features of the hardware are
presented in a more detailed way. IRESA makes use of NiTinol
wires exhibiting the previously introduced SME: the wires are
coupled with a return (bias) spring (Fig. 3), which provides the
force necessary for the de-twinning process and the reset of the
mechanism. The wires are in their de-twinned martensite state
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at room temperature, and they contract (passing to the austenite
phase) when heated via the Joule effect. The actuator is
embedded on a PCB and contained in an envelope of 80x30x8
mm, compatible with the side panel of a 1U CubeSat. The
mechanism produces a linear displacement of 3.5 mm
imposing a maximum strain of 3% to the wires. The
mechanism is designed to reach an operative life of at least
5,000 actuations per wire.

Fixed bearing

Return spring

Distance sensor

Floating bearing

Output pin

Fig. 3. The CAD simplified model of IRESA showing the main elements of
the actuator; figure reported without modifications from original source [5].

The total length of the wires, corresponding to 131 mm,
splits into two shorter wires (red colour in figure 3) which
contract simultaneously, moving an intermediate Z-shaped
element (violet) and producing the nominal output at the
floating bearing (blue). The output pin attached to the floating
bearing exports the motion, and connects to an optional output
disk (yellow) mounted on the back of the board. The linear
stroke of the pin converts to 180 degrees rotation of the disk.
The board features redundant wires close to the primary
elements, which form pairs, and work as back up units in case
of failure or to perform a smooth switch without interruption of
service when wear is detected in the main wires.

The output pin can attain and maintain every intermediate
position between the two extremes, and a precise control can
be performed during operations maintaining the temperature
between the extremes of the transformation via a pulse width
modulation. A position sensor determines the displacement of
the floating bearing with a precision of 10 pum; a lower
precision is achievable when the conversion into rotation takes
place, due to tribological issues between the pin and the PEEK
disk: an angular precision of + 4° is possible with the current
version of the board. The microcontroller MSP430 by Texas
Instruments mounted on the board is characterized by low
power consumption during operation, guaranteeing an
extremely low idle power consumption for IRESA. Table I
reports the main parameters of the actuator.
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TABLE 1. IRESA DATASHEET; DATA RETRIEVED AND REPORTED
FROM THE DATASHEET CONTAINED IN [5].

Parameter Value | Unit
Mass 22 g
Idle power consumption 125 mW
Operative power consumption in vacuum 400 mW
Operative power consumption under | 1800 | mW
laboratory conditions
Nominal output translation 3.5 mm
Nominal output rotation 180 deg
Rated output force 19 N
Reset time in vacuum at 20°C environment | 90 S
temperature
Reset time under laboratory conditions at | 35 s
20°C environment temperature

II.  THERMAL CONTROL SYSTEM AND LOUVERS

The use of an active thermal control system could prove
beneficial for CubeSats both in case of cryogenically cooled
equipment and in case a narrow temperature range is required
for the internal environment of the satellite [6]. The greater
stability offered by a more elaborate thermal control would
allow for more power consuming and waste-heat generating
technology to be mounted on CubeSats for operative or testing
purposes.

Thermal louvers are thermal control systems which operate
in combination with high emissivity surfaces, of which they are
able to regulate the performance depending on the evolution of
the internal temperature over time. They achieve this effect by
means of movable external blades, which create a variable
obtrusion to the power radiation with the external environment
[7]. The main parameter used to characterize a louver and its
effect on the radiator is its effective emissivity &4 defined as:

q()u
Eoff = m Q)]

Effective emissivity correlates the amount of power g,
[W] emitted by a generic surface with the power emitted by an
equivalent black surface with an equal area A [m’] and at the
same temperature 7 [K], and it is therefore an indicator of the
efficiency of the heat transfer (oy [W/m’K"] is the Stefan-
Boltzmann constant). This parameter changes following the
opening angle of the blades of the louver, with typical values of
0.08-0.1 for completely closed blades and 0.6-0.7 for a
maximum heat dissipation configuration, i.e. blades open at 90
degrees [8].

The support structure and the aspect ratio of most louver
systems have a strong impact on the effective emissivity,
reducing the emission capabilities even in maximum heat
rejection mode. The efficiency of the TCS is therefore partially
impaired by the presence of the louver. Opposed to the
classical geometry consisting in an array of blades, in the case
of this subsystem a simpler configuration with a single moving
panel was adopted and developed (Fig. 4) in order to a)
maximize the radiation capability of the system reducing the

number of obtruding elements and b) reduce the mechanical
complexity in order to match the features of IRESA, which is
designated as the only source of actuation of the system. The
adopted geometry is able to guarantee a good power dissipation
when the louver is open while still allowing for the maximum
insulation in case the blade is completely closed.

Housing for
the actuator

Louver

CubeSat

body Radiator

Fig. 4. A scheme of the preliminary design of the subsystem, representing
the general structure of a 2U CubeSat.

Side wall

Insulated

bick . Opening

angle

Payload Louver
Er

Tu=T AVAVAST =
s N Qout
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Fig. 5. The simplified thermal model accounting for the mutual interaction of
the radiator and the louver.

The preliminary thermal analysis performed on the system
is addressed to finding the potential operative range of the
louver in terms of effective emissivity, as presented in (1) and
in absence of external heat sources such as the solar power or
the emission and albedo from the Earth surface. A simplified
thermal model is implemented in MATLAB and two thermal
nodes are considered: 1) the radiator and 2) the louver (Fig. 5);
the two nodes are structurally decoupled and can only
exchange heat through radiation, therefore parasitic conduction
phenomena are neglected.

Future validations performed via experiments in a vacuum
chamber could improve the model and verify the effect of the
simplifications on its functioning. The performance of the
system is assessed for a variation of the opening angle of the
blade @ (in the range 0-90 degrees) and for different values of
the thermo-optical properties of the surfaces, respectively:

e g, emissivity of the radiator in the infrared
spectrum,;

e ¢, emissivity of the louver in the infrared
spectrum;

The temperature of the radiator 7, is set at a sensible value
of 15°C for every simulation. A hypothesis of isothermy

o8

https://doi.org/10.29311,/2020.14



between the radiator and the payload is made, synonym of a
perfect thermal connection between the bodies, in order to
reduce the complexity of the model. The size of the radiator
and the louver in terms of areas A, and A, is the same as the one
reported in figure 4, and it is derived from the standard size of
a 2U CubeSat as regulated by the CubeSat Design Standard [9]
and considering the size of IRESA as part of the side panel.

The presented plots (Fig. 6 and 7) are obtained for a
variation of the emissivity of the radiator (g,) and the louver
(g). The preliminary results show a good capability of the
system in decoupling the radiator from space in the fully closed
condition (g, below 0.1 for each value of ¢,) while allowing a
power dissipation close to the one achieved by a non-protected
radiator in the fully open condition; on the other hand, it is
observed that in order to achieve a better insulation when the
blade is closed the value of g should be chosen as low as
possible (g, approximately or below 0.1 when ¢ is below
0.15), at least on the inner surface of the blade.

€oft for different values of €,

0 1‘) 2;3 3‘: -;3 5} 5‘(‘ 7“:‘ ﬁ.O 20

Opening angle ¢ [deg]
Fig. 6. The variation of &, with the opening angle of the louver ® for
different emissivities &,.

€off for different values of §

10 20

Opening

4 50 & 70 80 %0

angle ¢ [deg]

Fig. 7. The variation of &, with the opening angle of the louver @ for
different emissivities €.

III. MECHANICAL DESIGN

In order to guarantee the functioning of the system, a range
of motion of 90 degrees must be produced by the mechanical
connection between the louver and the actuator. A lever system
is adopted to produce the rotation: a rigid connector is attached
between the floating bearing of IRESA and the hinges of the
louver, and it is designed in order to operate with a stroke d of
3 mm (Tab. II), accounting for some margin over the total
stroke of the actuator. The lever is designed in order to avoid
the occurrence of any mechanical singularity during the
complete cycle, condition which may cause a locking of the
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blade or an increase in the internal forces of the system. The
angular position of the louver is directly driven by the
translation of the output pin (Fig. 8), but a torsional spring
mounted on one of the hinges of the louver guarantees a
reinforcement to the design, and generates an extra preload
helpful in maintaining the blade at the desired angle (Fig. 9).
The structural elements of the prototype are built with 6061-T6
aluminum, while polyether ether ketone (PEEK) is used for the
connection elements between IRESA and the moving panel as
well as for the hinges of the system.

Floating 1 IRESA
bearing I Final position
\_\ of the pin
Initial position ! G
of the pin d l
Open louver Side wall of
e ~ the satellite

Rotating
hinge

2 0 :
A

Fig. 8. A schematic working principle of the mechanics of the louver,
showing a side view of the lever and the relative position of the hinges for
three different configurations.

TABLE II. MAIN DIMENSIONS OF THE LEVER
Quantity Value Unit
D 2.12 mm
L 1.5 mm
d 3 mm

Torsional
spring

Hinge

s

Mechanical
connection

puller

Fig. 9. The final design of the system, used to manifacture the first prototype.
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IV. PROTOTYPE INTEGRATION AND TESTING

The final design adopted for the mechanism was
manifactured at the workshops of the Technical University of
Munich, and successfully integrated in order to prove the
absence of defects in the geometry of the system. Due to a fast
production process, some of the tolerances on the structural
elements were not matched properly, causing the louver to
interfere with the fillets of the structure and to remain at an
angle of approximately 80 degrees when fully open, instead of
the nominal 90 degrees (Fig. 10). The first functional test
consisted in verifying the correct closing and opening
operations, and it was carried out by running a simple
contraction-relaxation sequence of IRESA.

The results of the test (Fig. 11) prove that the lever operates
correctly over the nominal range of motion, allowing for a
smooth rotation of the panel. The plot shows that a final angle
of approximately 5 degrees was reached before the opening
procedure: this result is due to the non-complete contraction of
IRESA under laboratory conditions, where the power and the
time necessary to achieve a complete contraction are too
elevated due to convective heat transfer between the hot wire
and the surrounding air at room temperature. Tests run in a
vacuum chamber are expected to remove this trend from the
behaviour of the system and exhibit a complete closing of the

panel.
CubesSat 1
structure

Fig. 10. The mechanical prototype of the system after integration.

Louver angle during a complete cycle

s L " s i s L L i
10 20 30 0 50 &0 70 80 90
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Fig. 11. The opening angle of the louver ® over time during the first
functional test under laboratory conditions.

V. CONCLUSIONS AND FUTURE WORK

In conclusion, the development of the subsystem proved
the suitability of IRESA to operate as a spacecraft actuator,
showing that a mechanical design focused on the specific
features of the actuator is able to guarantee positive results
immediately after the first integration process. Despite a good
functioning of the first prototype, a further improvement is
expected when minor issues are removed and additional tests
are carried out in vacuum. A careful structural analysis
combined with verifications through shaker tests are necessary
in order to qualify the equipment for spaceflight; preliminary
vibration tests were already carried out and successfully
withstood by the prototype, but with slightly reduced loads
with respect to what is specified by the most common
regulations, due to limitations in the hardware at disposal.
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I. INTRODUCTION

Department of Education is one of the sixth departments in
organizational structure of Polish Space Agency (POLSA) that
was established by the Act of 26 September 2014. In general,
the task of the agency is to support the Polish space
entrepreneurs by combining the world of business and science.
Additionally, the agency should support entrepreneurs in
obtaining funds from the European Space Agency (ESA). An
important aspect of the Agency's activity is to promote the
development of satellite technology that can be used in
everyday life, including communication, navigation,
environmental monitoring and weather forecasting.

The Polish space sector has developed dynamically in
recent years. This shows a need for dedicated education of
human resources. On the other hand, further development of
the sector depends on a ambitioned projects and programs
implemented by the Polish government. This need raise with
the level of public awareness associated with the impact of the
space sector on the lives of every citizen. That is why the one
of the important goals is also gaining public acceptation for
the implementation of ambitious space-related projects in
Poland.

To achieve both goals: building human resources and
raising awareness related to the space sector, a number of
education and training initiatives were defined as part of the
proposal of National Space Program for 2019-2021. This
initiatives covered all levels of education to reach the wide
audience on the one hand, and focus on persons who could
relate their future with the space sector on the other.
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The mentioned tasks will be managed mainly by
Department of Education of the Polish Space Agency. The
department’s employees are experts and specialists in the field
of education covering different satellite and space
technologies in particular space and earth observation,
applications of global navigation systems and satellite
telecommunications. POLSA education activities are also
related to Polish Space Strategy established by the Act of Law
in 2017. One of the goals of this act is also promoting the
knowledge on the role of space technology for modern society
and building human resources for development of space sector
in Poland.

There are three programmes that among several activities
of Department of Education as planned for 2019 and 2020
deserves for special attention namely: building the framework
for school astronomical observatories, designing the tutorials
for astronautics classes and establishing educational
programme for increasing the awareness on air quality. The
short description of them will be presented in the following
sections.

II. SCHOOL ASTRONOMICAL OBSERVATORIES

At the level of primary and secondary education, there is a
tendency that many young people try to avoid the science.
They consider it is difficult or boring. As part of higher
education, however, the demand for mathematics, technical
and natural science graduates is still growing. Traditional
teaching methods and conventional assimilation of theoretical
knowledge are not conducive to growing interest in
interesting, though often difficult, physical and mathematical
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issues, and sometimes even discourage them. The alternative
is the empirical learning, encountering difficult issues on the
plane of direct sensations, visual observations and innovation.
This approach has a chance to win more supporters among the
younger generation, which is great important in the
perspective of supplying the fields of study related to
astronomy, satellite technologies and the space industry
implemented at universities and technical colleges. Education
in a dynamically developing field guarantees a perfect start
into adult life, interesting work and implementation of
ambitious goals and projects.

Astronomy is a science that combines many elements
characteristic of exact, natural and humanistic sciences.
Recent years have shown the incessantly faster progress of
astronomical research, the growing interest of the media in
informing about further achievements of astronautics and
satellite techniques, successful space probe missions, or
subsequent discoveries in remote corners of the Universe.
These are issues that feed the imagination not only of young
people, but generally of all people interested in the world,
regardless of social status, occupation and age. Astronomy
contributes to intellectual development, raising the level of
awareness of the world around us and satisfying innate human
curiosity. It has a fundamental, though not direct, influence on
many areas of human life.

A properly conducted and used astronomical observatory
can play a special role in the overall educational and
pedagogical activity of the school. In terms of the long-term
effects of the facility's functioning, they come to the fore,
among others:

e Improving the quality of teaching.

e Finding talented students and their

development.

supporting

e Dissemination of knowledge about astronomy among
children, adolescents and adults.

e Popularizing astronomical observations and research
due to the use of innovative technologies.

e Increased interest in exact and natural sciences.

e Learning English in astronomical, technical and IT
terminology.

e Preventing pathologies by organizing alternative forms
of spending time.

e Popularizing the use of information and communication
techniques to acquire and expand knowledge.

e Raising the winners of subject competitions and
olympiads.

e Counteracting exclusion due to material conditions and
place of residence.

o Increasing the attractiveness and competitiveness of the
school in the context of using its pedagogical and
educational potential.

III. FUTURE SPACE PROJECT

One of the most important activities for the
astronomical observatory to become a permanent element
of the school's current educational activity is to conduct
lessons using its potential. These lessons, based on the
current core curriculum, will undoubtedly stand out from
the rest, and with their specificity will certainly attract a lot
of interest. To meet these issues, POLSA in cooperation
with the Nicolaus Copernicus University in Torun is
preparing a set of several dozen scenarios of full-scale
astronomy classes developed by the didactic specialist of
this subject. They can be used directly as part of the
astronomical classes, as well as during geography, physics,
nature, computer science and other lessons throughout the
school year. They can be freely modified by the teacher and
thus adapted to individual needs. The POLSA Department
of Education expresses its willingness and readiness to
create a publicly available script database, and thus
complete new scenarios other than those listed there.
POLSA is also extremely interested in suggestions for other
than described possibilities of using the astronomical
observatory scripts in education activities with talented
youth.

IV. SCHOOL PROGRAMME AIMED FOR INCREASING
AWARENESS ON AIR QUALITY

Inspired by this year Living Planet Symposium that was
organized by ESA Centre for Earth Observation (ESRIN) in
Milan and especially the presentation of its Air Quality
Platform  (https://lps19airquality.esa.int/), Polish ~ Space
Agency representatives in networking conversations with
ESRIN representatives agreed to conduct the programme
aimed for increasing awareness on air quality in Poland. The
programme will be dedicated especially to young enthusiast,
who — by using dedicated starter-kit style device — could
register and analyse contents of several components of the air.
The device could be easily mounted on an electronic testing
board using miniature sensors that could be plugged to popular
embedded open source hardware microcontrollers with
dedicated firmware.

The first such devices was gifted to POLSA by ESRIN and
measures several components of the air including temperature,
humidity, particulate matters PM2.5 and PM10, nitrogen oxide
NO2, ammonia NH3, carbon dioxide CO: and carbon
monoxide CO. This device runs continuously at the Polish
Space Agency headquarters in Gdansk as the demo for
visitors. At the same time the prototype of miniaturized
version was developed in Education Department of POLSA
that uses the same sensors as in ESA version. The
miniaturization was achieved by using of NodeMCU
compatible device with esp8266 microchip, which nowadays
is very popular among enthusiast of Internet of Things (IoT).
This device allows for establishing a WiFi connection to the
Internet hot spots and at the same time allows for managing
the measurements of all data sequences coming from sensors.
As in the original ESA version the whole platform is equipped
with four sensors measuring several air parameters like
temperature and humidity, PM2.5 and PM10, CO2, NO2, NH3
and CO. Fifth additional sensor namely GNSS receiver is
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dedicated not only to automatic extraction of device location
but also for measuring of the track of a potential survey that
may be organized by teachers for a group of youngsters and
also for instructing on the role of all GNSS systems by
observing dynamic sky view display of navigational satellites.

The crucial element of presented programme is also the
software. ESRIN and POLSA agreed that variety possible
hardware and software solutions must be compatible with
server side platform established by ESA. In this way there is a
future perspective of building the network of devices with in-
situ data that could be used for verification of data coming
from instruments located on satellite platforms.

The prototype version developed in POLSA will be also
equipped with dedicated software that runs on mobile devices
from which the miniaturized version could be powered. This
aspect is especially important when young people on
excursion will be hiking outside the regions of network
availability.

The programme as being prepared by POLSA could be
thought as a national version of pilot programme that - at the
same time - is further developed by ESA in its education
directorate. High level representative of ESRIN and POLSA
agreed to do its best at this very early moment of air quality
platform development to spread the knowledge on importance
of air quality awareness in our future society.
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V. SUMMARY

It is necessary to establish the directions for future human
resources training for the needs of the space sector. Due to
their interdisciplinary nature, specialists in many fields find
employment in creating new space technologies, including
graduates of such fields as electronics, automation, computer
science, mechanics, physics, navigation or even geography.
Today, the strength of Polish space personnel is determined by
solid education, primarily in the field of basic technical
sciences. It is advisable that these specialists, in addition to
knowledge in their fields, also acquire knowledge in the field
of space applications. The most desirable form of such
education seems to be graduate and postgraduate studies
specializing in space and satellite engineering. That is why in
2016 Polish Space Agency headquatered in Gdansk in
cooperation with three Pomeranian universities namely
Gdansk University of Technology, Gdynia Marine University
and Polish Naval Academy initiated the graduate studies on
Space and Satellite Technology. Due to further needs coming
from requirements from the sector Curriculum Board of this
studies at the moment of writing decided to join University of
Gdansk as the forth pillar of this initiative.
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Abstract—The following paper describes the purpose and
benefits of the Advanced Student Team Research in space
Industry (ASTRI) programme, as well as an example and
programmatic outcome of a pilot project under the programme
implemented by OHB SE.

The ASTRI programme is a collaboration between European
universities and private aerospace companies, and seeks to provide
a structured transition between students’ academic curriculum
and their entry into the industry. There are three main ASTRI
stakeholders, and their positive outcomes of participating in the
programme are identified and listed. One of the main benefits is
the establishment of a young and well-prepared talent pool of
engineers.

OHB System, an established industry actor based in Germany,
and the OHB SE subsidiary Blue Horizon, based in Luxembourg,
participated in the first round of the ASTRI programme by
proposing a project to develop a viable commercial micro moon
lander concept.

For their ASTRI project, OHB implemented new approaches
such as Concept Maturity Levels (CMLs) as a way to structure an
18-month long phase 0/A/B1 feasibility study. Each team member
was given a role in the project. The roles typically included a
technical aspect, where each member was responsible for
designing a particular subsystem of the spacecraft, and a non-
technical aspect, which could include topics such as business
development, cost analysis, and project control.

The technical output of OHB’s project include a developed
lander concept seeking to accommodate a wide variety of
customers and payload types by providing not only transportation
to the lunar surface, but also necessary infrastructure needed by
the payloads to successfully complete their missions. These
infrastructure service concepts are geared towards eventually
providing support for permanent human lunar settlement, a vision
that will hopefully bring space exploration closer to the public and
inspire the next generations.

Finally, the lessons learned by the team of students
participating in OHB’s ASTRI pilot project are presented. These
lessons  outline suggested improvements for  future
implementations of projects under the ASTRI programme, both
at OHB and at other companies, in the hope that the opportunities
that ASTRI introduces for students, universities, and companies
are further enhanced.
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I. INTRODUCTION OF THE ASTRI PROGRAMME

The European space sector is expanding quickly, exposing
an existing lack of skilled space engineers available to fill
advertised vacancies. At the same time, the typical difficulties of
entering the workforce with only an academic degree and little
work experience remains a barrier to these same vacancies for
those soon-to-be or recently graduated. The Advanced Student
Team Research in space Industry (ASTRI) programme is an
initiative intended to fill this shortage of engineers in Europe by
closing the gap between students’ academic and working career.

Spearheaded by Jean-Jacques Dordain, the former Director
General of ESA, ASTRI is in essence a combination of a typical
master’s thesis project and an ESA Young Graduate Trainee
(YGT) programme. Instead of being held at ESA however,
ASTRI connects master’s students from European universities
with established private European aerospace industry actors.
These private companies are invited to propose suitable projects
they are interested in pursuing internally, after which students
from the participating universities apply to said projects. The
application process resembles a typical job vacancy application,
and includes technical interviews. Students who are selected are
grouped up to work together in a highly diverse team
environment, intended to expose them to the typical
international working culture of European aerospace companies

[1].

The students are assigned individual work packages for the
18-month project, from which suitable thesis topics can be
chosen. Fig. 1 shows the intended breakdown of an ASTRI
project timeline. For the first six months, the participants work
as typical students writing their master’s thesis while located at
their respective universities while being paid by the industrial
partner. During the remaining twelve months, the team members
relocate to continue the project at the companies as regular
employees. This natural transition makes ASTRI a unique
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® Pre-study phase

Sl | @ Write master's thesis at university

Thesis

* Main project study phase
* Relocate to company
¢ Produce a detailed study of high quality

* Use project results in future studies
e Continue to support ASTRI programme

o SEI | e Continue working in the company

Fig. 1. Proposed ASTRI project timeline.

programme that facilitates the writing of high-quality theses
with the help of a private company. The output of these theses
are then immediately used to support a broader project with
practical implications. This approach enables the students to
both finish their master’s degree while getting similar working
experience that a YGT programme provides to entry-level
engineers.

The goal of this paper is to raise interest in stakeholders,
including students, universities, and companies, to participate in
and take advantage of the great opportunities and benefits
provided by the ASTRI programme.

II. ASTRI STAKEHOLDER PARTICIPATION BENEFITS

There are several benefits for each of the three individual
participating stakeholders in the ASTRI programme, and these
have been identified and are described below.

A. Benefits for Students

e Gathering of practical project experience in a real
industrial environment and learning how the space
industry works first-hand. This helps ease the career
transition between academia and industry.

e Learning from industrial and institutional experts to
apply the best approaches from both fields. Advice and
guidance gathered while working on the project can help
improve the skillset of the students.

e  Working on innovative and highly interesting projects,
which have an impact on the current environment of the
space industry. This gives the students a relevant,
modern look at the space industry to grant useful
experience for future projects of a similar nature.

e Networking with industrial and academic experts as
well as colleagues in an international environment.
Knowing various work partners and organisations
internationally leads to useful business connections for
guiding and aiding career paths.

e Improving social skills by working in a highly
multicultural ~ environment. = Working  alongside
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colleagues from different nations and ethnicities allows
for expanding perspectives and skillsets.

B. Benefits for Universities

e Expanding on student-led research developed in co-
operation with private companies. Universities gets a
chance to access and influence cutting-edge research
influenced through their ASTRI students.

o  Establishing stronger professional connections between
the academic world and private industry to facilitate
potential  partnerships and  relationships. The
networking ASTRI enables can be used as a gateway for
future research projects to be conducted, partially
funded, and completed in cooperation with these
companies.

e Improving university course content by creating a
feedback dialogue between industry leaders and
academics, allowing universities to tailor courses to
industry standards. This improves employment
prospects of graduates, which can further enhance the
appeal of the university.

e Increasing recent graduate employment numbers,
demonstrating high employment prospects for
universities participating in the ASTRI programme.
ASTRI has the potential to improve the career prospects
of the alumni.

C. Benefits for Companies

e  Obtaining technical outputs created as part of its ASTRI
project implementation. Successful, viable elements of
the resulting deliverables can be used directly for
commercial gain or can be partially incorporated into
other projects.

e Providing access to potential employees who have
already been vetted to help fill internal vacancies.
Furthermore, companies have the opportunity to guide,
train, and develop young engineers into specific roles
required by the company.

e  Creating PR and company outreach to universities. The
ASTRI programme has allowed university students to
become more aware of these companies and this can
help students, as potential future employees, learn about
possible future employers.

e Creating parallel working opportunities on both the
ASTRI project and other concurrent projects in need of
staff. This helps the company immediately relieve its
need for additional workers while giving further training
to the ASTRI students.

e Testing team-working strategies across other remote
sites and the use of concurrent engineering. The
separation between team members allows for a unique
environment for testing new tools, project management
structures, communication tools and methods, and trial
implementations of new workplace strategies.
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III. ASTRI-OHB PROJECT IMPLEMENTATION

With the benefits of the ASTRI programme described, an
example is given of how OHB System and Blue Horizon
chose to implement its ASTRI pilot project.

A. Commercial Micro Moon Lander Theme

The theme of the project proposed by OHB is due to the
recent attention that has been directed back to the Moon. Half a
century ago, lunar exploration was politically driven by large
government budgets, a necessity due to the enormous cost of
resources involved. Due to the current NewSpace trend to faster
develop better and cheaper access to space, the cost of
participating in space exploration in general has been drastically
reduced, enabling commercial endeavours and private actors to
participate as well. Today, the private sector is being encouraged
to participate in the renewed push for lunar exploration, thus
allowing the free market to develop goods and services needed
for a sustainable future lunar colony at a higher quality and lower
cost than the public sector ever could. Both NASA and ESA, as
well as some private organizations, have started projects and
initiatives to encourage companies to help humanity return to the
Moon, this time to stay for good. It is in this positive lunar
exploration environment that OHB wants to get involved, and
part of their approach is to assign the ASTRI-OHB team to study
how OHB can join the commercial lunar exploration market.

The scope of the project proposed by OHB System and Blue
Horizon is to develop a commercial micro moon lander service
concept. This lander study would form the basis of a cargo
delivery service intended to deliver customer payloads safely to
the lunar surface. The commercial aspect of the concept was
included in an attempt to expand OHB’s potential revenue
streams. The “micro” aspect limited the absolute size of the
spacecraft, and one of the main difficulties of the study was to
establish a financially viable, and sustainable, commercial
service while maintaining this sizing constraint.

The current emerging commercial lunar exploration market
is led by companies such as Astrobotic (USA), Israel Aerospace
Industries (IAI) (Israel), and PTScientists (Germany). These
potential competitors are all veterans of the Google Lunar
XPRIZE competition and have close to a ten-year head start. The
ASTRI-OHB team must find and develop its own niche to
remain attractive to customers and remain viable to the
company, in this competitive lunar lander environment.

Sustainability of the developed commercial service is
crucial, as the target is not just the lunar surface. The Moon is
viewed as a suitable staging ground and practice arena for
eventual manned Mars missions and beyond. Supporting the
necessary long-term human outposts, such as NASA’s Lunar
Orbital Gateway-Platform and the ESA’s Moon Village, is a
long-term goal of the CMML. As part of ensuring sustainability,
OHB has also signed collaboration agreements on lunar landing
missions with both IAT and Blue Origin (USA), and the ASTRI-
OHB concept study needs to be folded into this collaborative
environment to have the greatest impact.

The following mission statement has been constructed to
communicate the main idea of the commercial service concept:
“Due to the increasing interest in lunar applications, there is a
growing need for a reliable transportation system that provides
commercial access to the Moon. The ASTRI-OHB team will
establish a regular and affordable payload delivery service to the
lunar surface. The service is aimed at customers looking to
perform rapid and iterative technology demonstrations,
scientific experiments, and prospecting missions while
promoting the development of a permanent lunar settlement”.
This mission statement tries to capture the team’s core vision
that has been held and refined throughout the project’s lifetime.

B. ASTRI-OHB Project Structure & Roles

The study began with a kick-off meeting at the company
location, where the students travelled to attend. This first
meeting helped students to get to know each other and the team
they will be working with [2].

The ASTRI-OHB team consists of nine members: eight
students and one project manager. The student team is composed
of six different European nationalities coming from four
different European universities. Each student is allocated to an
area of technical expertise with a Working Package (WP), as
denoted by the various spacecraft Sub-Systems (‘S/S’), as can
be seen in Fig. 2. The students then selected an individual thesis
topic in coordination with their thesis advisor and the project
manager based on their S/S and their field of expertise that they
would be working on. Each WP includes several technical and
programmatic activities such as Mission Analysis, System and
S/S design.

In addition to the distributed technical WPs, various non-
technical roles were also split among the team. As the project is
commercially oriented, a business developer and a cost analyst
are required. One member is responsible for outreach and is in
charge of every link between the team and external affairs.
Finally, a project controller is in charge of establishing a project
timeline to keep tracks ofissues and tasks throughout the project.
Those various non-technical roles help the team to develop the
necessary skills that are important to be able to support other
projects, and the company as a whole.

While the main objective was to learn how to accomplish a
high-quality study, there were additional secondary objectives
enticing for OHB as outcomes of the project. The participating
students should take the chance to get to know the company from
within, and to participate in different projects in parallel to the
ASTRI-OHB study. This desire was included to both let the
students broaden their learning opportunities and to allow OHB
to temporarily fill vacancies where there was an immediate lack
of skilled employees.

66

https: //doi.org/10.29311/2020.16



WP 200
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OHB System
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Project Management
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WP 300
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WP 400
Spacecraft Design
OHB System
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OHB System
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Propulsion, ADCS &
GNC S/S
OHB System

WP 420
Communication S/S
OHB System
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Structure, Mechanisms
& Thermal S/S
Blue Horizon

WP 450
OBDHS/S
OHB System

Fig. 2. ASTRI-OHB project structure and WP allocation.

Another objective assigned to the team was to propose the
usage of new communication and exchange tools, as well as new
ways to implement concurrent engineering. This objective was
necessary due to the geographic differences of the team
members during the initial 6-month thesis project phase and the
high IT Security standards of the company. Several solutions
were adopted, such as the Remote Desktop application for
remote document and tool access, and the concurrent
engineering software IDM-CIC. The implementation of these
tools was tested in various remote workshops and team
meetings, showing their capability of satisfactorily improving
work efficiency. Furthermore, additional solutions were
identified as highly interesting for the application in the
company but could not be implemented within the frame of the
project.

OHB chose to implement a specific project structure, known
as Concept Maturity Levels (CMLs), to organize the project.
The CML approach contains nine milestones to reach and fulfil,
corresponding to phases 0/A/B1, and were developed by
NASA’s Jet Propulsion Laboratory in order to have a solid pre-
development plan up to a project’s Critical Design Review
(CDR) [3]. Each of the levels have numerous tasks to complete
in order to go from one level to the next. At the start of each new
level, the team agreed upon which tasks would be tackled for the
next milestone review and these tasks were kept track of by the
project controller.

IV. ASTRI-OHB LESSONS LEARNED

With the first batch of ASTRI projects wrapping up, the
lessons learned by the ASTRI-OHB team are compiled to help
future programme participants have a better ASTRI experience
and to improve the efficacy of the programme. Comments about
the project have been separated into identifying project elements
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that went well, those that should be improved upon, and those
that went wrong.

A. What Went Well

e The dedicated time given to learn about all facets of a
project, including technical, management, financial, etc.
This allows for familiarisation with the project, enabling
students to assist in more areas than just their assigned
work packages.

e  The transition from university to company. By assisting
the students with this transition, company processes,
private industry logic, and desired company skills can
be instilled in the recent graduates.

e The different project opportunities available to the
students. As company employees, the students are
capable of working on other company projects in
parallel to ASTRI, allowing them to gain additional
working experience.

B. What Needed Improvement

e A technical internal advisor should be assigned to each
team member already before the kick-off of the project,
to provide proper guidance. This issue was identified as
a critical point as numerous times the lack of experience
by the students lead to complications, delays, mistakes,
and avoidable challenges if someone had been available
to point out the issue earlier. The company should also
spread awareness internally so colleagues are aware,
and thus able, to assist the team where expertise is
required.

e The project could be built to better accommodate
university involvement. Aside from technical assistance
during the first 6 months of the project, university
involvement was smaller than anticipated. Ideally,
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universities would work with the companies more
closely to attend reviews as reviewers. One solution to
this is ensuring that Non-Disclosure Agreements
(NDAs) are signed before the project begins. Awareness
of the programme within the universities was small, and
this too could be improved by potentially linking the
project to research within the university. This could also
be used to help set up projects with universities and the
companies, which in turn could further involve the
students.

e External reviewers should provide feedback within the
first few months to ensure that their comments can be
implemented effectively. Input from external
reviewers was received late in this project but this
feedback would have been good to have earlier on.

e  Organize lectures and workshops for team members to
help them develop basic skills and knowledge needed
for the specific project. The students’ academic
background may not have provided all technical (or
non-technical) skills needed to complete a project at an
industry level. Through this process, the company can
identify workshops needed for all employees as well.

e To prevent that high IT-Security standards prevent the
students from testing new tools, a sandbox environment
could be implemented in which the students can test
new tools without violating the IT-Security.

o Communicate in advance the tools already used and the
tools the different departments are interested in as an
input for the selection of tools used by the students to
maximize the outcome for the company.

C. What Went Wrong

e Some problems arose due to the CML tasks being
geared towards scientific missions, and it was
determined that the CML structure should be modified
to fit commercial mission development. Consequently,
the reviews at each level were missing deliverables
needed when designing a commercial concept while
including unnecessary scientific tasks.

e  Access to digital tools like CAD software was highly or
completely restricted because of limited number of
licenses or because of licensing issues between OHB
System and Blue Horizon, because they are located in
different countries. The consequence was that for some
tasks the mandatory tools were not available.

In order to improve the overall ASTRI programme concept,
an “ASTRI Alumni” group should be established and gather at
regular annual or bi-annual meetings, both to collect feedback
from multiple ASTRI project teams and to network between the
teams.

V. CONCLUSION

The ASTRI programme is intended to enrich the European
aerospace industry with a new approach to introduce newly
graduated students into the work force. The programme realizes
this by establishing a team of students who work together
within their master’s theses on the same project in an industrial
project frame. The participation of academic and industrial
advisors gives the participating team members a chance to learn
from both, and provides at the same time unique networking
opportunities in an international working environment.

OHB implemented their ASTRI project as a phase 0/A/B1
study on a commercial micro moon lander. The theme of the
project highly motivated the team and expanded their scientific,
technical, and programmatic experience in a currently hot topic
in the space industry. The results and outcomes of the project
study will flow into the other lunar activities at OHB, and will
help develop the various cooperation agreements already
established between OHB and other international companies
involved in lunar exploration.

The ASTRI-OHB pilot project revealed certain issues of the
first implementation of the programme. Some prior preparation
for an ASTRI project is required, such as contacting sufficient
external reviewers, signing NDAs with academic advisors in
advance, the accommodation of supporting industrial advisors,
and setting up the working environment needed to try new
digital tools for communication and engineering.

As a pilot project, a lot of useful information on how to
implement an ASTRI project was gathered by OHB. These
lessons learned can be used by other companies and OHB itself
to improve the next iteration of the ASTRI programme.
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Abstract— Any university-based satellite engineering team that
hopes to design, build, launch and operate even the most modest
of satellite missions is likely to encounter enormous resourcing
difficulties. Unless you are fortunate enough to receive support
from, e.g. a well-funded research group, it is normally extremely
difficult to raise the amount of funding needed. In a research-led
university, such a ‘practical’ project rarely has the ‘currency’ of
research publication output even if it carries potentially very high
profile exposure for the department/university.
The University of Warwick Satellite (WUSAT) Engineering
Programme has found ways to overcome this ongoing problem
ever since its inception in 2006. This paper describes how
resourceful and inventive the Directors and students have had to
be in order to facilitate the achievements that the team has made
over the past thirteen years.
What is described in this paper is not just a mechanistic approach
in ‘how to get things done on a tight budget’, it is also a description
of how to develop an attitude and a culture that makes a wide
range of individuals and organisations feel that they are part of the
wider “‘WUSAT Team’. It is an illustration of ‘thinking on your
feet’ when an opportunity arises for you to offer something to
someone else rather than just thinking about what you want from
them. The reward for the team will come in the payback that
almost inevitably comes from organisations/individuals whose
trust and respect you have earned.
This paper describes many examples of such relationship-forging
events. These include examples involving,

e  Partner companies,

e Warwick University staff/resources,
The inclusivity and diversity of the wider WUSAT team,
Other external agencies.

Of course, this doesn’t exclude the need for direct financial
support altogether, but the culture and approach described in this
paper is at the heart of why the WUSAT Programme has been
successful, and why it has become widely recognised within the
Higher Education Space Engineering community.

Keywords—satellite engineering, WUSAT, project resourcing,
funding, resourceful, inventive, attitude, culture, team-mentality,
inclusivity, diversity.
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I. INTRODUCTION

The University of Warwick Satellite Engineering
Programme [1] is a series of Space-related activities based
around the core activity of its Satellite Engineering Team. All
activities work under the acronym, ‘WUSAT’. The WUSAT
project team is a multi-disciplinary team of 4" Year MEng
students. Their contribution to the current WUSAT project in
any given year comprises 25% of their 4" Year programme of
study, and the School of Engineering provides a nominal amount
of funding per student. However, the scale of WUSAT projects
undertaken, and the high profile of WUSAT achievement, far
outstrips the modest funding provided. Hence, measures to meet
the shortfall are continually sought by the WUSAT Project
Directors. At its inception in 2006, the WUSAT project team
almost immediately became the primary electrical power supply
subsystem team for a European Space Agency (ESA) Moon
orbiting satellite (ESMO) [2].

Since 2012, WUSAT has developed its own CubeSats, each
designed and built from first principles to meet a specific
objective. This included a two-year project terminating in a
successful sounding rocket launch (2013-15) via the ESA
REXUS programme [3], and during 2015-to-Present, four years
development of a 3U CubeSat designed for Low Earth Orbit via
an ESA ‘Fly Your Satellite via the ISS’ programme [4]. The
main objective of this latter project (WUSAT-3) is to provide a
proof of concept for a RF signal direction finding technology
that could enable the development of smaller, lighter wildlife
tracking tags. This would enable a range of wildlife species,
previously incapable of being monitored, to be tracked from
LEO. It is clear that the scale of these projects requires a range
of activities to be undertaken, and each of these can carry a
substantial cost.

II. POTENTIAL COSTS
For each WUSAT project these can include,
e  Materials and components for prototyping, testing and
eventual build
e  Manufacturing costs
e Software licences and potential training for specific
software packages

https://doi.org/10.29311,/2020.17



e Travel and accommodation to attend ESA design
review events

e The use of test facilities, including in-house facilities
in some cases.

e Costs involved with developing and supporting
company partnership links.

e The cost of producing promotional and outreach
materials, and attending related events. This is
considered a major priority for WUSAT as we
promote our students, the School of Engineering, the
University of Warwick, our partner companies, and
ESA who themselves are providing launch
opportunities via their outreach funding. This can take
the form of team polo shirts (reproduced annually for
each team) containing the logos of all of our partners,
banners & posters, travel/accommodation to give talks
and attend conferences, etc.

e Potential costs incurred through registering radio
communication frequencies for mission use.

e Insurance costs.

If admission to an ESA launch programme is obtained, an
amount of ESA sponsorship will be offered in addition to the
launch costs. However, this is often limited to a small number
of team members attending an ESA programme event. Any
other team members attending these events will require
flight/accommodation costs, etc, to be sourced from the project
budget.

In addition, due to the activities of WUSAT projects, the
Directors of WUSAT are regularly invited to take part in a
wider range of Space-related activities. These form the wider
WUSAT Programme, and include;

e The formation of a ‘virtual’ research group of
academics who have research specialisms potentially
applicable to Space [5].

e  Membership of a Midlands Innovation Space Group —
associated with the development of the new ‘Space
Park — Leicester’ and looking at ways of developing a
strong Midlands Space cluster of active universities
and companies.

e A group formed through the Satellite Catapult to
investigate the possible use of satellite technology to
counter the activities of illegal wildlife poaching.

e Acting as the catalyst in a general review at the
University of Warwick, designed to identify and bring
together all potential resources that could combine to
make Warwick a leading university in the area of
Space Engineering and Technology.

We consider these activities to be an important part of
WUSAT development. They increase our knowledge, extend
our network of contacts and help to increase the profile of
WUSAT, our partners, and the University of Warwick in
general. However, they also have a cost in terms of time, effort
and travel on the part of the two WUSAT Directors. This cost

can be either sourced from the (already inadequate) WUSAT
budget, or self-funded as a ‘personal interest’ activity.

Of course, the act of pursuing additional funding, in terms
of determining what suitable funding is available and making
an application for it, can itself be a costly exercise. Both
WUSAT Directors are already highly committed/? in terms of
the time given to both the WUSAT project and the wider
WUSAT Programme, so finding the resource to pursue
additional funding can itself be problematic. The remainder of
this paper highlights the approach taken by the WUSAT
Directors, and gives specific examples of measures employed
in order to gain benefits for WUSAT that have allowed us to
achieve a great deal on a minimum budget.

III. CREATING A TEAM CULTURE FOR EVERYONE

The main starting point when creating a working cultural
environment that will encourage others to ‘buy in’ to your
project, and eventually support you with it, is to provide
INCLUSIVITY for everyone. In a university-based
multidisciplinary engineering team, it is vital that a strong team
ethic is in place in order for everyone to feel that they are fully
playing their part whatever their particular skill or contribution.

However, it is just as important that other members of staff
(technicians, academics, office staff, and university
management) all feel that they are part of the extended ‘team’.
You will need things from all of these people over the lifetime
of any significant Space project, so it is important to keep them
in touch with progress, show your appreciation of what they do,
and look for any opportunities whereby you can do something
for them.

Similarly, when hoping to form partnerships with
companies or other organisations, keep mentally putting
yourself in their place. Rather than just thinking what you want
from them, think what it is that they want from such a
relationship with you. Companies rarely have access to a budget
where they can just allocate funds to an educational project, but
they will often have a wide range of other things they can offer
you, and in many cases these can be worth a great deal of money
if you had to fund them yourself (see later specific examples).
Once you are able to talk with them, listen carefully to what
they say. If you are inventive with your thoughts, you may spot
opportunities where you can do something for them. Keep them
informed of what you are doing and take every opportunity to
include their name and contribution in your own publicity
output.

When you nurture such relationships, it can sometimes be
‘further down the road’ before an opportunity suddenly arises
whereby a relatively casual relationship with a company
becomes very ‘centre stage’. A need suddenly arises that has
great interest and relevance to you and the company, and you
are then pleased that you kept in touch and kept them informed!

An additional, and important, aspect of our ‘team’ approach
at WUSAT has been to form strong links with the Warwick
Aecrospace Society. This has allowed us to run additional
projects, e.g. CanSat, with teams formed by students from
across a range of Warwick departments. This can have many
benefits for WUSAT-3 and for our partners.
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IV. INITIATIVE — TYPICAL EXAMPLES

This section is effectively the ‘methodology’ of this paper.
It describes a range of initiatives that have not only increased
the level of inclusivity in what we do, but has often brought
considerable, direct benefits to our work. When operating on a
minimal budget, these actions and the response they bring are
often the difference between success and failure!
In most cases, except where it is unavoidable, we have kept the
names of companies and individuals anonymous.

A. WUSAT Team Day

Towards the end of each academic year, we always hold a
‘WUSAT Team Day’. We invite all of our participating partners
to attend. The WUSAT Directors give a presentation on
developments with the wider WUSAT programme, and the
student team present their technical work and activities
completed over the year. We then have a meal in a Warwick
Conferences restaurant. There is ample time for networking,
discussing new ideas and future plans. This is a most enjoyable
day, and partner representatives really appreciate meeting the
team and each other!

e Points to note — we do not refer to the companies as
‘sponsors’ as that implies a one-way relationship. We
refer to them as ‘partners’, and the whole day as a ‘“Team
Day’ because we are all ‘in the team’, and that is the
culture we wish to promote.

e  Benefits —

o Company partners feel fully included as part of the
team and want to contribute in any way they can
because it is ‘their’ project and not just something
they are supporting.

o Partners feel appreciated for what they do rather
than taken for granted. Hence, they are often likely
to offer more if they can.

B. University Appointments

A previous partner company representative wanted to
remain research active to pursue information relative to the
project. A letter written to the appropriate department at the
University of Warwick to request that this person is appointed
a Fellow of the University was successful. This gave them a
Warwick University log-on, and access to research papers
through the university library.

e  Benefits —

o It gave the company employee access to a resource
they could not easily acquire, and enabled them to
research information relative to the project.

o It demonstrated that company/university
relationships do not have to be ‘one-way’ but that
WUSAT can offer benefits to the company too.
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C. Assisting University Staff

Technicians in the University of Warwick engineering
workshops are very skilled and do an excellent job. However,
they are often under a lot of pressure to complete work for
research and other student projects. Following the launch of
WUSAT-2 in 2015, we learned that a submission was being
made on their behalf for the National Papin HE Technician
awards. We wrote a substantial reference in support of this
submission, based on the excellent contribution they had made
to the success of WUSAT-2. As a result, they were invited to
attend the prestigious Awards Evening where they were
awarded one of the top national prizes.

e  Benefits —

o The engineering technicians have never forgotten
that the WUSAT Team went ‘out of its way’ to
support them. When there is pressure to prioritise
work, WUSAT requests now always receive
favourable consideration.

o The technicians now feel that they are part of the
team, as indeed they are. We often invite them to
presentations, etc, for that reason.

D. Company Internships

Helping to provide a good intern student to a company with
a specific short-term need, can be a powerful way of assisting
the company and potentially gaining favour with them if they
can help you. For example - On meeting the CEO and
representatives of a particular high-tech company, initial
discussions seemed not much more than an exchange of
information on our respective areas of work and the fact that
‘somewhere down the line’ there may be something we could
do together. However, when the CEO happened to mention that
they were mainly physicists who now needed to gain more
engineering knowledge — particularly in the area of thermal
modelling — we saw an immediate opportunity to provide them
with a good mechanical engineering intern who could do just
that. The company were delighted with this possibility, and
when we managed to get the student appointed through the
Warwick Summer Internship scheme, the student’s six-week
internship was also fully funded.

e  Benefits —

o We earned the trust of the company because we
made a suggestion and followed up on it for their
benefit.

o We now have a close relationship with the
company.

o They have generously offered us an expensive,
flight-tested piece of equipment that we can use as
part of the payload for WUSAT-3, plus a second
that we can use as an engineering model for
prototyping, etc. This would have cost us
thousands of pounds if we had to procure it
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ourselves. We hope that both parties will now
benefit from a very positive relationship.

Linking partner companies to any university internship
scheme can be a very productive way of providing a benefit to
the company and enhancing your relationship with them.
Benefits —

@)

One beneficial outcome that companies often
desire when supporting a university project is to
recruit good quality graduates. Students
completing an internship with a company is often
the best way of the company seeing them at work
and potentially pre-recruiting them prior to
graduation.

If a student is a potential recruit to your university
team, arranging for them to do an internship with a
partner company can be an ideal way of inculcating
them into your project and your specific technical
links to the company.

We have had a number of occasions where a
student on an internship with a non-partner
company, then progresses into the WUSAT team.
Due to their contacts and close ties with the
company, they have then subsequently brokered a
WUSAT partnership arrangement with them. This
has been enormously beneficial for WUSAT in the
past. Some of our major company partnerships
have been obtained through that route, where
otherwise ‘cold calling’ can be far less productive.

E. Contributing to Company Promotional Activities

Partner companies are very keen to promote their brand and
to show their products/services being used in high-profile Space
projects. Making the time and effort to help facilitate this with
company partners can bring many rewards. WUSAT examples
include;

1) Writing articles for a company newsletter, journal, or
website.

2) Contributing to a company promotional video

3) Attending company outreach displays at, e.g. Science
Fairs

4) Producing a case study for a company, often for
display on their website.

5) Giving a presentation at a company/partner
Symposium

Benefits —

o

(1) — Articles in company promotional outlets are
also a ‘free’ promotion of your project and gives

added kudos with your name linked to the company
and their brand [6].

(2) — WUSAT recently offered to support RS in a
promotional video they were making. The result was
also a brilliant promotional video for WUSAT itself
[7]. In addition, during filming for the video, we
happened to mention WUSAT’s role in the
forthcoming 2019 British Science Festival based at
Warwick. RS responded by offering the use of their
Titan demonstration lorry packed with interactive
modern engineering technology [8]. So the outcome
of our willingness to support RS was two significant
contributions to WUSAT that we could not possibly
have afforded.

(3) — Partner organisations will often attend outreach
events in their own right, but will be keen to show
their links to top-class university projects by having
the project team and artefacts from the project on
display alongside the organisation’s main display.
Again, this provides ‘free’ publicity for your own
project, and enhances your standing with the partner
company.

(4) — WUSAT once collaborated in a major case
study [9] with a software company, displayed on
their website. The benefit was free licences for use
of the design software by team members.

(5) — Partner organisations will often hold
workshops/symposiums of their own [10], and you
will enhance your standing with them, and will be
much more likely to receive benefit from them, if
you are willing to support these and make
presentations, etc, when you can.

Point to note —

The activities described above can be demanding

and time-consuming when you already have a busy

project to run. However, it is worth remembering
that

a. Ifyoureceive funding from your university to
run a high profile project, there is some
expectation that you will promote it and
engage in outreach activity, e.g. Open Days.

b. The partner organisations that are supporting
you and lending their name to your project
reasonably expect to see this promoted where
possible.

c. If your project operates through, e.g. an ESA
programme, then the funding and support
received from them is part of their outreach
funding. Hence, there is reasonable
expectation that you will have some sort of
outreach programme yourself.
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Hence, you will have some level of duty to take
part in these activities in any case, so you may as
well do it in collaboration with your partners and
obtain the benefits that go with it.

V. CONCLUSIONS

Finding the time to produce additional
promotional/outreach material, or pursue some initiative, for
partner organisations can be difficult when you are running a
busy project. It can be the easiest thing to ignore or put off for
another time. However, the examples given in this paper show
that the benefits derived from pursuing such activities when you
can, can be incalculable.

If you are working on a limited budget and need additional
resources to help you complete your project successfully, then
adopting and developing this cultural way of working from the
outset can reap enormous benefits. Of course, you must be
careful not to say ‘yes’ to everything, but overall it is an
extremely pleasant and rewarding way to expand the scope of
your project and form many useful, close, working
relationships.

Points to note —

e  Student members of your team can of course, contribute
to such activities. However, our experience is that even
the most mature of students do not always have the
confidence or experience to ‘pitch’ a particular approach
to a potential partner in a way that makes it attractive to
them. They are also not always aware of the range of
benefits that may be available through university
resources, etc. Hence, it is normally best for project
supervisors/directors to lead on these matters. In any
case, you normally want student team members to be
working on technical matters!

e  The limitation to this approach is, of course, flexibility.
You can only obtain a desired product or service from
an organisation if firstly, you are able to form a
relationship with them and secondly, they are
willing/able to make that provision because of your
relationship with them. Clearly, you cannot just make a
partner of every company that you need to acquire
something from on the expectation that they will just
give it to you. Most partnerships have to be nurtured on
the sole expectation that they will offer you things
when/if they can. Financial resources are still very much
required.

e Any shortfall in funding, not forthcoming from
sponsorship or benefits in kind, will be dependant
upon the University underwriting the project. In order
to achieve this commitment, the University needs to
perceive that there is adequate benefit. The approaches
identified above are fundamental to achieving the
maximum benefit not only for WUSAT but also for the
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University. Our focus on missions that have a real-
world application has allowed us to enhance our
outreach activities, with WUSAT-3’s mission of
wildlife monitoring providing an excellent opportunity
to engage non-traditional audiences (e.g. gardening
groups, bee-keepers, ecologists etc) in the excitement
of an engineering project.
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Abstract— BiSKY Team is an aerospace-focused student group
from the University of the Basque Country (UPV/EHU, Bilbao,
Spain) where it is a recognized teaching project. It was born in
2018 and its main activities deal with the development of the
technologies involved in the design, manufacture and launch of
suborbital rockets. This team is currently the only Spanish
university team involved in the research and construction of
hybrid engine rockets. The primary objective of the team is to
enable young science and engineering students to acquire expertise
in the aerospace field, and several transversal skills as well, by
designing and constructing space vehicles. Further purposes
include promeoting science and engineering among high school
students and children and to also reduce the existing disparity
between male and female involvement in science, technology,
engineering and mathematics (STEM). Besides, the project will
make interesting contributions to space science by providing
researchers with the means to test their experiments in zero
gravity and high-altitude vacuum.

BiSKY Team is divided into several specialized groups:
i) Aerodynamics and Recovery, ii) Propulsion, iii) Avionics, iv)
Flight Control and Simulation, v) Business and Management and
vi) Structure. This interdisciplinary project makes the
collaboration among all groups crucial. In this regard, the team
stands for respectful cooperation between all its students. BiSKY
Team is an example of a multidisciplinary student project that
implements innovative technologies allowing not only its members,
but also members of other student research groups and training
centres, to enter the competitive sector of aerospace engineering
and space science research. Even if this is a university student-
developed and managed project, vocational training schools’
involvement is also considered. Close contacts with research and
technological institutions as well as industrial companies are
pursued looking for technical advice and financial support.

Within the operations of the team, several phases are being
undertaken in order to acquire the expertise necessary to design,
manufacture and launch a hybrid engine rocket that reaches an
altitude of 100 kilometres, also acknowledged as the Karman Line.
The phases include the development of two engine test stands, a
flight simulator and the complete avionics for the rockets and test
stands. The expertise gained through the implementation of the
mentioned technology is being applied in the hybrid engine rockets
of the so-called Cosmox family, whose primary mission is to reach
space and allow the research experiments to be carried out. The

design of the Cosmox and future families of rockets is iterative,
giving continuity to the project by allowing next generations
students to get involved.

Keywords—aerospace; hybrid; rocket; student; team; inclusive;
women in science; technology

I. INTRODUCTION AND STATE OF THE ART

50 years ago, mankind first stood foot on the moon during
NASA’s world-famous Apollo Program. Neil Armstrong’s
historic words as he stepped down from Lunar Module onto the
lunar surface where sent down to earth, to Spain’s Maspalomas
telecommunications station, thus making this country part of an
extraordinary endeavour. Today, almost no one in Spain is
aware of this fact, and the space topic as a whole is regarded as
a dull subject, even as a delusive one, by the general public.

This disregard for space is in part due to the absence of
professionals with hands on experience in the field at academia.
Despite having participated on the development of the Ariane
family of launchers, built and operated its own satellites, and
contributed to many international scientific and robotic
missions, space technology is an uncommon topic in Spanish
universities [1].

Students from the University of the Basque Country
founded an engineering student group focused on the
development of its own suborbital space launcher. Despite de
activity being technology based, the end goal of the project is
to encourage space enthusiasm amongst both existing
university students and future generations, stimulating the
pursue of STEM careers in benefit of all our society.

Half a century ago, at the time when the Saturn V was being
developed, it seemed impossible for a group of students to
undertake what only governments could barely accomplish,
with seemingly unlimited resources when compared to those of
the current student project. However, advances in rocket
propulsion technology have resulted on the emergence of
hybrid chemical propulsion, where a mixture of solid propellant
and liquid oxidizer are used to power the rocket engine. This
technology allows for the development of high thrust rocket
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engines with a much greater security margin than their liquid
and solid counterparts, as the propellants are inherently safer to
store, transport and operate with. Moreover, these engines are
simpler to design and fabricate with conventional
manufacturing resources, in such a manner that even students
can accomplish it in collaboration with specialized companies.

There has been no other entity in Spain thus far that has
developed real hardware for hybrid rocket engines, making
BiSKY Team a national first on the application of hybrid
propulsion for rockets. Traditionally, only the National Institute
for Aerospace Technologies has directly worked with rocket
propulsion, in the form of solid fuel engines for military
applications, but nothing close to the real engines being
developed at BiSKY Team [2].

In the last decade, the number of aerospace student led
projects across Europe has become remarkable, many focusing
on satellite technology, but most being centred on the
development of rockets. The current common goal for all
projects is to develop the technology to reach the frontier
between Earth’s atmosphere and outer space, also known as the
Karman line. Being able to do so not only provides international
pride and recognition, but the possibility of offering local
scientists and researchers an easy, cheap and reasonably reliable
access to suborbital space flight of small payloads.

This paper introduces BiSKY Team’s progress both in the
technological and educational field since it was born in
September 2018, emphasising the facts that made this
university project thrive. The rest of the work is structured as
follows. In Section II, the project’s main objectives and scope
are described as the project’s raison d’étre. Technical planning
is detailed in Section III and IV. In Section V, the benefits for
students involved in the project are presented, followed by
Section IV, in which transversal competences developed are
more detailed. Finally, Section V concludes this paper and
focuses on BiSKY Team’s future work, also referred as “team”
from now on.

II. OBJECTIVES AND SCOPE

BiSKY Team pursues two different types of objectives: ones
dealing with competences and skills acquisition and others
related to the development of suborbital launchers. Both are
strongly connected as the second ones are the main tool to fulfil
the first objectives.

A. General objectives

Important efforts have been undertaken all over Europe
since the last decade to foster young vocations for the STEM
studies. One of the most attractive aspects of science and
technology is the development of impressive products
(equipment, vehicles, software,...) proving the extraordinary
connection of science and technology with our present
technological lives and the incoming future. As a consequence,
BiSKY Team tries to be an additional contribution in this
promotion work around our area of influence, even at
elementary schools.

()

The early involvement of a high percentage of female
engineering students in the team is a promising response, due
to the low involvement of women in STEM careers at the
university in which BiSKY Team is based. Since its creation,
BiSKY Team has been trying to fill the existing gap in male and
female involvement in the aerospace sector by creating a non-
hostile working environment and doing outreach.

As a secondary objective, BiSKY Team tries to foster the
pubic appreciation for the technologies related to space science
and engineering, especially in the Basque Country and in Spain.

Spain has recently seen the creation of some NewSpace
start-ups such as PLD Space or Zero2Infinity, but a lack of
industrial tradition, and as a consequence, infrastructure, has
sometimes acted as a roadblock for the rapid development of
said companies. To compensate the lack of tradition, BiSKY
Team is involved in projects where universities and companies
collaborate to create an adequate environment for a further
development of technology and the corresponding industries.
Some examples are listed below:

e  Cooperation with research groups by enabling micro-g
experimentation, making it easier, faster and cheaper
for the local research community to carry out their
experiments. Basque university groups have already
shown interest for this kind of cooperation.

e Apprenticeship and collaboration with companies
related to the aerospace sector. The support and
feedback of  highly  experienced personnel
collaborating with the team and its members gives the
opportunity for participants to acquire business
experience as well as technical advice.

e Apprenticeship and collaboration with  other
educational institutes as professional training, with the
aim of allowing university students to better understand
manufacturing processes, as well as enhance the
motivation of students of this kind of schools.

B. Specific objectives

The specific objectives are the ones dealing with the design,
manufacture and launch of suborbital vehicles. These
objectives include many different sub-objectives: from getting
the required financial support to obtaining a working space at
university, from specific software development to detailed
thermomechanical and aerodynamic simulations, from parts
fabrication (with a lot of collaboration form vocational schools)
to their final assembly, from an adequate collaboration
following rules and standards to a quasi-professional
management of the project.

In the next section the scope of this paper will focus on the
description of the ongoing activities related to these specific
objectives.

III. RECENT AND ONGOING ACTIVITIES

In order to design a rocket capable of reaching space, the
corresponding project must consist of several phases divided
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into two different work areas that enable the application and the
verification of the technologies involved.

First, the development of commercial launchers based on
solid fuel engines with the aim of developing and testing the
avionics and flight simulator completely developed by BiSKY
Team. The phases are named after the rocket developed: Alpha,
Bravo and Charlie. Alpha is the first rocket launched by BiSKY
Team, in September 2018, which fulfils the following
objectives: 1) Dissemination of the project and recognition by
different associations and companies, thus gaining credibility to
be able to obtain the necessary financing, ii) Creation and
testing of a first flight simulator, iii) Development of own
technology required for the launch, flight and data collection.
Bravo was able to measure altitude, pressure, gravity, angular
velocity and obtain GPS data. As a result, the avionics could
make in-flight decisions like deploying the parachute, save the
data in an SD and send them via a telemetry link. Finally,
Charlie will be a demonstrator of the technologies implemented
in Cosmox, being able to entirely test the recovery system and
electronics.

Second, the design and manufacturing of hybrid technology
engines. Therefore, two test stand engines are being developed,
denominated M1 and M2. M1 is a proof of concept that is not
meant to fly but to obtain data and acquire know-how. As this
is the first engine designed by the Team, its components are
simplified. Gaseous oxidiser is used, leaving the vaporisation
apprenticeship for the M2 engine. Heavy, high-temperature
materials constitute the chambers and the nozzle so as to ensure
the data acquisition for which this engine is constructed. With
the obtained information, the team’s own simulator will be
tested and used to design the second hybrid engine, M2. M2 is
a more representative engine which can easily be integrated into
Cosmox. It is a powerful engine based on lighter materials,
liquid oxidiser, optimised nozzle, a more advanced feeding
system with a swirl injector and an in-house designed tank.
After M2 testing, Cosmox will be built and launched, propelled
by a self-designed engine.

IV. COSMOX ROCKET

The final goal of the first three years of BiSKY Team
activity must end with a self-designed hybrid engine rocket and
including innovative solutions in its avionics, its recovery
procedure and possible applications. In Figure 1 a simplified
representation of the technical planning for the final design of
this rocket is shown.

M1 and M2 testing stands will be crucial to optimise the
different systems to be integrated in the Cosmox engine: the
N>O pressurized low-weight storage and the corresponding
filling station, the oxidant injection system and the combustion
chamber, the solid fuel composition and the high-temperature
nozzle. From a detailed analysis of all the data gathered using
previous solid engine rockets, the avionics, the flight simulator,
the recovery system and the possible pay-loads incorporation
will also be optimised.

| Sept.2018 | | June 2019 |

Alpha

v P |
S 10
|
+

==
=

Fig. 1. Schematic of BiSKY Team’s technical planning to Cosmox rocket.

After the first Cosmox rocket is launched, named Cosmox
I, one Cosmox rocket will be designed and launched every year,
each one improving the technology and design of the previous
rocket’s components. The project’s final goal is to design a
Cosmox rocket that will reach the Karman line, commonly
referred as the boundary between the atmosphere and space.

V. BENEFITS

The aforementioned interdisciplinarity of the project is a
key aspect of the educational benefits that the students involved
in BiSKY Team gain. It allows the sharing of knowledge among
the students of different university degrees in the framework of
the design of a rocket. This framework also provides the
members of the team with a practical focus and application of
their knowledge, be it their own expertise or the knowledge
gained from interactions with other members who are
knowledgeable in other areas. This practical approach to the
learning experience complements perfectly the sometimes too
theoretical education received at university.

Apart from the shared knowledge and the practical
applications, there is also an inherent benefit to being involved
in a project like BiSKY Team in the form of the self-education
that is necessary. Although most of the concepts required for
the design and operation of a space vehicle are too specific to
be developed in full detail in class, the basis upon which to build
the necessary skills is fully covered. This presents the students
with the perfect opportunity (or obligation) to acquire the
knowledge by themselves and then prove their understanding
with the application of their newly gained know-how on a
rocket, a skillset that is really valuable if the student is to enter
the professional market.

The different backgrounds of the members of BiSKY Team
also present the participants with an excellent opportunity of
networking outside their specific fields of study, building strong
relationships with future professionals of the wide range of
fields involved in the project. Apart from the networking within
the team, BiSKY Team favours the expansion of the network of
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Fig. 2. Transversal competences acquired by BiSKY Team members.

its members by being a project actively involved in events
related to aerospace activities such as conferences, symposiums
and rocketry competitions. This also allows its participants to
broaden their perspective of the space sector and NewSpace
actors that will, in the future, be some of the entities that employ
them.

VI. TRANSVERSAL COMPETENCES

With this project, team members have the opportunity to
develop not only technical skills, but also transversal
competences or “soft skills” as the ones shown in Figure 2. The
team has the chance to experience a full business situation,
gaining confidence in fields such as teamwork and leadership
and becoming familiar with both self and group organisation.

The support received from companies varies from financial
aid - essential in this kind of projects, where the investment in
technology is significant - to technical assistance. This is a very
much needed and appreciated knowledge which fills the lack of
experience in fields that are rather unknown or new to the
student.

The above-mentioned interaction with enterprises enables
the students to have a direct relationship with possible
employers, which is beneficial for both parties. On the one
hand, the employer has the possibility to meet well prepared and
hardworking students with an interest in the company. On the
other hand, members have the opportunity of not only writing
their bachelor’s or master’s thesis at one of this enterprises, but
also getting to know possible future workplaces which is an
advantage when trying to get a professional position such as an
internship. In addition, members master how to hold
presentations, attend to meetings, write emails and many more.
This, in turn, results in an even bigger educational benefit for
the student in question, as they will not only develop their skill
set at BiSKY Team, but they will also be able to grasp how the
professional working environment is.

At the same time, participants learn how to work under
pressure and how to multitask, for they have to continue with
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their university studies while they are active members of the
project. This shows a full commitment and hard work from the
members, as it is a voluntary project. All that is achieved with
both high motivation and effort.

VII. CONCLUSIONS

BiSKY Team is a university level rocketry team born in
September 2018 with the aim of designing and manufacturing
its own hybrid rockets. This is a novel project in Spain, where
there has been no other entity developing hybrid rocket engines
so far. A students-group of the University of the Basque
Country gave birth to this project in order to enhance aerospace
technology and science apprenticeship within engineering and
science colleagues in a practical way. But not only involved
students take benefits of the project, the team also gives
prominence to their stakeholders such as sponsor enterprises,
professional training institutes and young schoolgirls and
schoolboys. The team aims to capture the interest of young
school students and women, promoting the female participation
in this sector. Consequently, BiSKY Team is continuously
participating in aerospace related events related to aerospace
activities: conferences, symposiums, rocketry competitions,
etc.

As for the technical procedure, the team’s planning is
divided into two work areas in order to construct an entirely
self-designed hybrid rocket. The first one focuses on the
development of complete own avionics and testing of the
team’s flight simulator with the rockets Alpha, Bravo and
Charlie. The second one is the design of hybrid rocket engines,
two engine test stands are being developed so as to ensure the
required know-how to develop the team’s first hybrid rocket,
Cosmox.

Finally, future work will focus on the development of
BiSKY Team’s first hybrid rocket as well as on the
improvement of its technology year by year. In that way, the
team will be able to support research groups that need launchers
for different experiments. At the same time, gaining a
reputation may attract the attention of young students that might
want to get involved in the aerospace sector. This may help
strengthen the aerospace science and technology network.
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Abstract— Growing efforts are currently being addressed by
ESA to support the next-generation of space professionals and
researchers. ESA’s Education Office is successfully creating a
network of individuals sharing and promoting dedication to space
technology on the basis of the values of trust and cooperation. In
this framework, students and early-career researchers can rely on
experienced tutors and professionals to improve their area of
expertise effectively. This paper provides a detailed insight of the
utterly positive return on the careers of who had first-hand
experience of ESA’s Academy activities, both through training
courses and hands-on projects (as REXUS/BEXUS program). The
authors have contributed in many different and unexpected ways
to the advancement of their fields of study and/or work.
Accordingly, the outcome of this paper is a vivid and varied
patchwork of people from various professional backgrounds
reflecting on their experience and thus depicting the actual
situation of the young European generation in the space sector.
‘What links the authors of this paper together is their participation
in the five-day didactic training course “Concurrent Engineering
Workshop” held in May 2018 at ESA ESEC facility. During the
workshop, the students worked as a team to develop a mission
architecture for a satellite impacting the Moon surface, surviving
and deploying a scientific rover: LIAR mission (Lunar Impactor
And Rover). The concurrent design study offered a realistic
environment to work within, amidst different scientific
backgrounds and expertise, thus leading to a challenging and
rewarding learning opportunity. This paper will also discuss the
Concurrent Engineering development cycle, by giving an overview
of main carried out activities to present the most important lessons
learned. During their involvement in ESA’s educational programs,
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the participants had been given a precious perspective on the tools
and strategies behind ESA’s space missions. One year later, the
participants are still in contact and committed to fruitful
collaboration aimed, among other things, at creating a space start-
up. The example highlights that educational support constantly
proves to be the key to a successful and prolific future of space
sector by encouraging and technically challenging passionate
students.

Keywords—Educational  Activities;
Academy; Network of Professionals

Early Career; ESA

1. INTRODUCTION

The development of highly skilled individuals provides an
invaluable asset to foster the growth and success of the
European space sector. In this regard, ESA Academy learning
courses provide a treasured opportunity to obtain an insight into
how different disciplines depend heavily on each other during
satellite development and how a space system works.
Furthermore, the ESA Education Office is offering hands-on
activities (as REXUS/BEXUS, Fly Your Satellite, etc.) aimed
at improving the practical skills of students and preparing them
to their prospective job in the space field.

In particular, the authors of this paper took part to the
learning course ESA Academy “Concurrent Engineering
Workshop May 2018” (or “CEW May 2018”) hosted at the
Training and Learning Centre of ESA-ESEC, Belgium. In this
occasion, 20 students from different ESA member and associate
states were invited to participate in an educational mission
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feasibility study. The attendees have been divided in small
groups and assigned the design of different spacecraft
subsystems. The course was orchestrated by ESA experienced
professionals who introduced them to the Concurrent
Engineering methodology [1], moderated their interactions and
offered advices and solutions to emerging problems. The
students were challenged to define a preliminary architecture
for a prospective mission named Lunar Impactor and Rover
(LIAR).

This paper will firstly provide an overview of the ESA
Academy’s Concurrent Engineering Workshop of May 2018,
referring to the main challenges the students faced during the
course. Then, it will present the most valuable lessons learned
by the team both generally and individually on professional and
personal levels. To conclude, some final thoughts and
prospective collaboration opportunities are reported.

II. ESA ACADEMY CEW: LIAR MISSION

LIAR mission concept involved a satellite to reach and
impact the Moon at high-speed, survive the landing and deploy
a rover to search for water. Each team of students had specific
objectives to reach at the end of the five-day workshop: the most
challenging ones are briefly reported in Table 1.

TABLE 1. Challenging mission objectives

Team Subsystem main objectives
. Define the location of the different subsystems and
Configuration .
equipment on the spacecraft
Structures Design a structure withstanding the impact on the
Moon while being still able to deploy a rover
Propulsion Determine the propulsive strategy, entailing burns
P and possible break at the Moon with a retro-stage
L Define the orbit of the satellite, the ground station
Mission . . .
contact time and eclipse duration
AOCS Select equipment based on pointing requirements and
possible spin up/down methods for the solid stage
Define the total power budget and determine how
Power . .
long the system/rover can survive a Lunar night
Design the communications subsystem and identify
Comms the OBDH hardware based on data rates and ground
station contact
Design the thermal control system for both spacecraft
Thermal . .
and rover and assist configuration
. Define optic sensor for navigation and pictures of
Optics
lunar surface to be fit on the rover

The participants were encouraged to propose their design
ideas and left a huge amount of freedom in their solutions (even
in the creation of the mission logo, see Fig. 1). The atmosphere
of common ambition, joy in learning and willingness to
cooperate was facilitated by a thoughtful acquaintance program
organized by ESA. Indeed, the night before starting the lessons,
the students were invited to play the Eco Design game to
introduce them to the eco-design of a space mission. It was a
treasured occasion not only to be aware of the environmental
impact of a space mission, but also to get to know each other.

During the first day of the workshop, ESA’s experts
illustrated the mechanisms behind the Concurrent Engineering
method and made the students exercise with the Open
Concurrent Design Tool (OCDT), which is used by ESA in
professional CDF studies. On the second day, the students
started to perform some initial analyses and outlined a first

mission scenario, whilst the demanding requirements arose
several design issues.

Fig. 1 - Left: ESA Academy’s Concurrent Engineering Workshop in May
2018. Right: Mission logo designed by students

However, after two days of cooperation, sharing and plans
modifications, a second iteration was successfully concluded
and a coherent “low-cost” mission defined. Results were
presented to ESA’s professionals: the satellite was shaped as a
nail, to keep the rover safe in the head of the structure during the
impact on the Moon’s South Pole. The rover would then be
deployed to explore the lunar surface while being connected to
the satellite with a cable to transmit data to the Earth.

III. BENEFITS OF PARTICIPATING IN THE WORKSHOP

Participating in the CEW May 2018 has offered valuable
teachings and a precious insight on a realistic mission design
environment. The most meaningful lessons learned are reported
in this section:

e  Creativity naturally stems from diversity (i.e. a team of
people with very different backgrounds), and becomes
innovation when it is goal-oriented;

e Flexibility, fast adaptive reasoning and a sharp sense of
compromise are necessary skills in concurrent engineering,
especially when contradictory requirements arise during
the sessions;

e  Cross-communication ability and trust are the first steps to
successfully establish bonds among representatives of
different disciplines, thus significantly increasing the
efficiency of the design cycle;

e Bearing in mind that everyone depends on the data from
others can help in better focusing on generating reliable
and reasonable data in very short time periods;

e A proper balance between leadership and listening
capabilities is required to make the design proceed;

e One team member should be charged on periodically
checking the shared documents status to have a realistic
appraisal on how things are getting done, while keeping
up-to-date the information on his/her subsystem;

e The concurrent approach and acquired mindset can be
applied in our every-day life activities;

Furthermore, it should be noticed the acquired skills and
network of contacts last even after the workshop, being possibly
the starting point of prospective collaborations and projects.
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IV. CONCURRENT ENGINEERING APPROACH IN DIFFERENT AREAS

In this section, the application of the Concurrent Engineering
methodology to different scientific areas is discussed based on
each author’s point of view.

A. Management of Several Research Activities

While pursuing her studies, Federica from Sapienza
University of Rome carried out multiple team-oriented
extracurricular activities to gain practical knowledge into the
methodology behind the structural design of space systems. In
this regard, ESA’s Academy program played a fundamental role
in her professional development. She garnered considerable
hands-on experience by taking care of the end-to-end
mechanical design, analyses and testing of STRATONAV
experiment for the SNSB/DLR/ESA BEXUS program. The
project was successfully launched in October 2016 from the SSC
Space Center in Kiruna (Sweden). She also cured the PDR level
structural simulations for LEDSAT CubeSat of ESA’s “Fly
Your Satellite!” project. Interested in space systems design
cycle, she was involved in a Concurrent Engineering study at the
Concurrent Design Facility (CDF) of the Italian Space Agency
in Rome as thermal control designer. However, it was only
thanks to ESA Academy that she had the opportunity to apply
such methodology to her main field of study, thus leading to
improve her productivity during her PhD program to design an
advanced integrated control system for vibration damping in
large space antennas [2].

The concurrent engineering method changed the way she
approached to both her PhD project and related activities. In the
first case, the methodology came to use when designing an
integrated system for attitude and vibration control as different
scientific areas were to be coordinated: structure, control, power,
mission analysis. Furthermore, as she is currently involved in
several research programs, she has to constantly share and
coordinate data exchanges and actions among different groups
of people. Her management skills were utterly improved when
she drew inspiration from the OCDT software structure. She
resorted to Google Drive to organize the activities, create shared
folders for each project according to subsystems, documents (i.e.
reports, minutes of meeting, etc.) and actions/tasks to do. She
found out referring to a shared Google file updated in real time
by each team member has drastically reduced the time related to
exchange information via other platforms. Furthermore, she uses
it also to easily share files from CAD models and FEM analyses
tools and directly edit them in the Drive folder. Thanks to ESA
Academy, she practically learnt how to improve time
management, solutions exchange and document compiling.

B. Sperimental Problems Prediction

In his career as Ph. D. student in Mechanical Engineering,
Francesco from Sapienza found Concurrent Engineering
approach extremely useful when he had to design a new
experimental setup consisting of two plates connected by two
nonlinear springs. He needed the method to study the effect of
the nonlinear connections on the response of the coupled
structure, evaluating its nonlinear normal modes. Concurrent
engineering has been fundamental, since its use allowed him to
already foresee and prevent some issues that would have arisen
during the experimental phase. The crucial step of the design,
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where the Concurrent Engineering method has been effective,
was the shaping of the springs. The nonlinear spring is the key
element since it is responsible for the nonlinear vibrations to be
measured on the final assembly. During its design, different
shapes have been proposed to increase the effect of the
geometric nonlinearity, thus obtaining high varying stiffness
even for low deformations. However, fatigue effects and
manufacturing process have been considered simultaneously, to
choose the proper material and thickness that could be feasible
with a reduction of costs. The final design has led to an M-
shaped spring, 0.5 mm thick and made up of harmonic steel,
satisfying all the previous requirements.

The workshop experience has been significant to learn how
to deal with someone’s other ideas and evaluate whether they
are applicable to the current situation or would be ineffective to
the observation of the studied phenomena.

C. Organizational Perspective in Artifical Intelligence

In parallel to this project, Javier from University of
Cincinnati continued his training in Fuzzy Artificial
Intelligence (AI) applied to aerospace systems. The tools
provided by ESA have enabled him to work effectively in large
teams, where the organizational system is vital for the success
of the project. In particular, he applied these insights in the
development of an algorithm that ratifies the coherence
between the data obtained from all the sensors of a given system
during his Master thesis. He fully created a Coherence Package
(developed in MATLAB) and tested in a real scenario of the
sensors + actuators + human factor system of the Boeing 737
MAX, where case studies and action-to-take decision-making
were performed by the algorithm.

The lesson learned that affected the most his work was the
organizational perspective when coding the algorithms. It is
crucial to have a clear mindset to fully understand the scope of
the function and not get lost in intermediate steps. The
participation in ESA Workshop helped him in the management
of his task, separating the workload in packages and thus to be
able to assess them better. Moreover, according to Javier, being
up to date with all the individuals of a time was a major
challenge during the workshop. A minor change implied a great
consequence in the rest of the group. That is why it is crucial
also when coding an Al software to have a common up-to-date
reference where keeping on working.

D. Development of an Instrument for Lunar Soil Volatiles
Characterization

Before participating in the ESA Academy CEW May 2018,
Mattia was employed at OHB System (WeBling) for his master
thesis. He was the responsible for the overall LUVMI-VS
(Lunar Volatile Mobile Instrumentation — Volatile Scout)
instrument [3] and designer of the Volatile Sampler subsystem
developed under the Horizon 2020 program. Due to this, the
instrument had to be designed in a flexible way to be compatible
with different lunar landers (Alina 2, Peregrine Lander, Israeli
Lunar Lander) and rovers (LUVMI, LUVMI-X). To achieve
this, several concurrent design activities were carried out
internally and externally together with the different partners.
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The experience he matured at the workshop was crucial in this
sense: he understood the strong interaction between the
different subsystems and how to discuss choices with all the
disciplines while keeping an open mentality approach. The
most important concurrent engineering session was carried out
after the ESA Workshop. This session took place in the ESA-
ESTEC facility. Thanks to the workshop, he was already
confident with the system in use and he could fully dedicate to
the implementation of the data in the database. As a result, the
instrument successfully entered to be part of the studied
mission. He is now employed fulltime at OHB as a mechanical
development engineer with focus on opto-mechanics and he is
constantly referring to ESA Academy’s teachings in his
everyday working life.

E. Concurrent Engineering for Wastewater Treatment

Apart from making a PhD in wastewater treatment in

microgravity conditions [4], Anna from Wroclaw University of
Science and Technology is working on projects from various
environmental engineering sectors. These projects require
coordination of many areas, i.e. Heating, Ventilation and Air
Conditioning (HVAC), sanitary installations, electrics. After the
CEW May 2018, she familiarized other employees of the
company she is working with (a polish company mostly
designing ventilation and environmental systems) with these
techniques. None of them had previously used it and
unanimously stated that it could be a very useful work tool.
Indeed, in the design of environmental systems each system
might heavily influence the others and a Concurrent Engineering
approach can significantly help to create statements (e.g. with
the required total power for a building and to redistribute it
among different subsystems).
As she is not a typical PhD student in space engineering, she was
very afraid that her knowledge would be insufficient and would
clash with widespread criticism. However, teachers and other
participants never criticized, but they conducted an open,
friendly discussion. Such an environment has allowed her to
gain knowledge in new fields in a stress-free way. The workshop
showed her that the most important features in a space field are
not only knowledge, but also people, interdisciplinarity and
open-mind.

F. Fundamental Training for the Systems Engineering

Now that he is working as a Systems Engineer, Ferran from
DAS Photonics is getting the chance to apply everything he
lived during the CEW May 2018 every single day. Not only the
technical aspects, but also and foremost, all the knowledge and
experience learned regarding teamwork and interpersonal
processes. Having the possibility of working under such a
multicultural environment, mainly focused in the information
exchange, was one of the most enriching experiences he has
ever had and, certainly, the lesson that most affected his career.
Discovering the best approach of sharing data efficiently while
communicating effectively changed completely his way of
working.

G. Lessons learned in University and ESA Academy Projects

After the CEW May 2018, Lars from Delft University of
Technology has used the acquired knowledge in the Stratos III

[5] and SPEAR projects of Delft Aerospace Engineering, where
it proved to be a very effective way of keeping track of
requirements and design changes, but also to better see the
impact that different subsystems have on each other. This latter
is also his biggest lesson from the CEW May 2018: in a complex
system, every subsystem influences the other subsystems, and
one cannot design one, without considering the other
subsystems.

During the workshop, he learned of the existence of other
ESA Academy projects such as REXUS/BEXUS. Later he
proposed a new project within the Parachute Research Group
(PRG) Of Delft Aerospace Rocket Engineering (DARE). This
new project had the goal to flight test the Stratos III and IV
drogue parachute at supersonic conditions. This new project
became the Supersonic Parachute Experiment Aboard REXUS
or SPEAR in short. During his time within the SPEAR project,
he could apply the knowledge acquired during the CEW May
2018, and he learned to interact with a launch provider. During
the REXUS/BEXUS project, the team and he learned how to
properly approach to design reviews and learned got more
insight into how the space industry works.

H. Wider View for a System Engineer

Andreas from the University of Stuttgart has compared different
system engineering methods (Subversion, Git, IBM
Collaborative Lifecycle Management, Aras Innovator) during
his Bachelor thesis and now he has just presented a final thesis
concerning autonomous systems control. As he had concerned
himself with other approaches to system engineering, testing the
ESA system first hand was a very useful process. This helped
him understand the challenges for a concurrent engineering
platform better and provided him with ideas on how to tackle
problems like data availability and integration and contradicting
requirements. For instance, in order to know how accurate a
control system needs to be, he generally needs data from
trajectory planning and sensor team. He got insight into how this
data transfer is handled via the excel system in ESA
developments. The professional from ESA orchestrating the
workshop moderated contradictory requirements from different
groups and showed how to conciliate different point of views
and ideas to achieve a common solution. The most intriguing
lesson learned was to achieve the understanding of problems that
did not arise in his particular field of expertise in order to modify
his own system such that the common solution was satisfactory
for all involved disciplines. Keeping the bigger picture in mind
and always thinking about how other contributors might be
affected by everyone changes during a development was
definitely a skill he is grateful to have acquired participating in
this workshop.

I Exchange of Methodologies is Fundamental

Chaggai from Delft University of Technology participated in
the CEW May 2018 based on his experience: he noticed that the
best ideas during a design process often appear suddenly and
require a quick change of direction in the design. After being
selected as a participant, he was confirmed in his belief that by
applying the concurrent engineering method to a rapidly
changing environment, new concept designs and emerging
ideas could be easily adjusted to a newborn project to obtain a
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final mission architecture. Learning how to implement
concurrent engineering into a project was far from the most
important lesson learned at the concurrent engineering
workshop. Moreover, the ESA Academy CEW May 2018
creates a very pleasant and stimulating environment in which
new insights are obtained. He particularly reminds of a
discussion he had with the participants on how they would
approach a problem. The way they approached the problem was
vastly different to his personal methodology of naturally taking
inspiration from the surrounding environment. A much more
rigidly structured approach was pitched to him, leading to
vastly different creative ideas to the same problem. Lastly,
during the workshop Chaggai noticed that he really enjoys
working on complex problems in a high-paced development
role. Based on this he decided to start his career as a mechanical
engineer in the R&D department of ASM.

J. Inspiration for PhD Program and Future Career

Christopher is a PhD student at University of Surrey and he
believes that attending and completing the ESA Academy CEW
May 2018 was a truly rewarding and inspiring learning
experience. It allowed him to develop a much deeper respect for
the challenges involved in the design of space missions and new
spacecraft concepts and gave him a new perspective on the
exceptional things that can be achieved when people, of
differing expertise and priorities, work together as a
coordinated team.

His experience at the training course can be credited for a
multitude of positive changes in his academic studies, career
aspirations and personal life. His desire to pursue a career as a
spacecraft structures engineer was solidified by his experience
as part of the spacecraft structures and mechanisms subsystem
team during the workshop. Through discussion with the diverse
group of postgraduate student participants he was inspired to
study a PhD in aerospace structures and is now studying a PhD
at the University of Surrey in the design and optimization of
smart multi-stable composite structures for aerospace
applications, with a keen desire to pursue a career in aerospace
structures research. It has also opened his mind to the idea of
pursuing such a career elsewhere in the world, not just
exclusively in his home country.

Since completing the course, he has applied the concepts of
concurrent engineering to a number of academic and extra-
curricular activities, most notably during the design of the
University of Surrey rocket for the UKSEDS National Rocketry
Championship. The respect for multidisciplinary design
developed through an understanding of concurrent engineering
has also been invaluable to his PhD as the project involves a
number of disciplines such as aerospace, materials, electrical
and electronics, and control engineering.

K. Team Activities Management for Satellite Simulators

Laurentiu from Terma GmbH is currently working as a software
engineer, developing satellite simulators that are used mainly to
train satellite operators. He also participates in a research
project at University Politehnica of Bucharest, in the field of
space launch vehicles named “Advanced Control Techniques
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for Future Launchers”. He can mention the usefulness of the
concurrent engineering concepts while working within the
university research project, where he is part of the guidance
team, tasked with developing the guidance subsystem for a
future launch vehicle. This subsystem was developed in parallel
with the control subsystem, and as a result, the concepts of
concurrency came to play. The collaboration between the two
team became paramount, especially during the development of
the requirements and also of the validation methods. Within the
satellite simulator project, a large team has to achieve a great
level of synchronization, thus the concurrent engineering
aspects arise at a great time. While developing the models, the
team members must collaborate in order to efficiently set the
functional requirements, and subsequently write the code for
the models.

V. CONCLUSIONS

To conclude, being able to apply a new understanding of the
concurrent engineering approach and prior knowledge of space
engineering to design the mission architecture of a realistic and
challenging space mission was a unique educative experience.
Finally, the training course was an incredible opportunity to
network with likeminded people across Europe aspiring to
become the next generation of space engineers and scientists.
In this regard, the authors of this paper are also starting to
cooperate to found a start-up. They have been so profoundly
inspired during the workshop they have decided to improve the
design of the rover of LIAR mission in the frame of the
ROVERSPACE start-up, starting from applying their layout
concept of air-less tires. Their highest ambition is to deliver new
ideas into the market, but also to create partnerships that will,
most likely, last way beyond this project and will be of benefit
for all of them throughout their careers.
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Abstract— Over the course of one week at the Andeya Space
Center, Norway, a university student team of 23 members of
some 12 nationalities from across ESA member and associated
states participated in a campaign to launch a Mongoose-98
sounding rocket with a suite of sensors with the intention of
collecting data from the Earth’s troposphere. The rocket itself
achieved an apogee of 8.7km and enabled the team to collect data
pertaining to parameters such as magnetic field strength,
acceleration, light and temperature. The project allowed the
students to expand their knowledge of rocketry and orbital
mechanics. It gave them otherwise unattainable experience.

Keywords— ESA Education; rocketry; sensor experiments;
assembly process; educational process

I. WHAT IS THE “FLY A RICKET!” PRORGAM?

Fly a Rocket! campaign is organized by ESA Education,
Norwegian Space Agency and NAROM. The program offers a
chance to early university students to learn about rocket science
and to assemble and launch their own rocket from Andeya
Space Center in Norway. During the program, the students
have to complete two assignments about rocket science in
order to get ready for constructing and launching the rocket in
Andgya. Fly a Rocket! gives a chance for students to work both
individually and as a team. The campaign team consisted of
four groups, each with specific roles:

- GPS and Simulations
-Telemetry and Data Readout
-Payload Group

-Sensor Experiment

II. ONLINE ASSIGNMENTS

As part of the project, the students have been given access
to an online course that they could study and use to complete
two assignments. In the online course one could read about
rocket engines, satellite orbits, as well as the details about the
NAROM student rocket. The first of the assignments was
mostly about rocket engines and the second one had several
questions about orbital mechanics. Both of the assignments
helped tremendously with preparation for rocket launch and
assembly.

The difficult assignments could only be solved thanks to
cooperation between all the students.

Kim Regnery
Faculty of Aerospace Engineering
Delft University of Technology
Delft, the Netherlands
Kim.Regnery@gmail.com

III. ASSEMBLY PROCESS

The experimental set-up for the campaign consisted of two
aspects: transmittance and reception. The transmittance was led
by the Sensor Experiment Group, who created several sensors,
along with the GPS and Simulations Group which, when
installed by the Payload Group, sent data from the rocket. The
group used a fully stocked workshop with specialized
workbenches appropriate for building each sensor. In the room
next door, the student telemetry station dealt with the reception
of signals, led by the Telemetry and Data Readout Group. This
group was tasked with the rigging and calibration of the
telemetry station which used a horn antenna to receive signals
from the rocket. These signals went through various steps and
required the group to program decoders to interpret the signals
into intelligible information.

IV. RESULTS

The rocket itself achieved an apogee of 8.7 km and enabled
the team to collect data pertaining to parameters such as
magnetic field strength, acceleration, light and temperature.
The launch and flight phases were nominal even though the
student-built GPS system failed to transmit any data to the
telemetry station. Below, results from chosen sensors are
outlined in detail.

A. Light Sensor

The light sensor was integrated in order to determine the
direction and rotational velocity of the rocket. This was
achieved by placing the light sensor directly beneath a hole in
the rocket, close to the bottom of the payload. When the rocket
was launched, depending on whether or not the light sensor had
a large spike in voltage or a small spike in voltage first, it could
be determined which hole the sun saw first, and therefore the
direction of rotation can be determined.

As seen in figure 1, a graph comparing Time (s) and
Voltage (V) from the light sensor, each spike represents when
the side of the rocket with the holes turned back towards the
sun. The time between each spike is about 0.05 seconds. This
then totals to about 1000-1200 rotations per minute on average
through the entire launch.
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B. Pressure Sensor

The pressure sensor provided a reliable way of determining
altitude of the rocket during flight. The sensor contains a
piezoresistive transducer which responds to the pressure
difference with respect to the internal reference pressure. The
analog output voltage of the sensor is proportional to the
applied pressure.

Using the sensor output value before launch as the ground
pressure ensured the altitude information about the flight was
calibrated. Data analysis showed the rocket reached the
maximum altitude of 7985 m above the launchpad and the total
flight time was 85 s.

C. Magnetic Field Sensor

A KMZ51 one axis magnetic field sensor was used to
determine the rotational velocity of the rocket. To get usable
data, steps were taken to ensure that the direction of the sensor
was perpendicular to the rocket’s travel-direction. The sensor
did not measure the exact strength of the magnetic field, but it
measured the differences in strength and displayed this in the
output voltage as the field weakened and strengthened while
the rocket was spinning.

The graph of the rocket spin (figure 2) reveals that while
the rocket’s engine is on, the rotational velocity increases
rapidly (up to about 17 spins per second). When the thrust is
stopped, it declines with the rocket’s velocity until it reaches
the max altitude. From there, the rotational velocity increases
to what appears to be a somewhat stable velocity of 4-5 spins
per second, until contact with the rocket is lost.

‘ 0
\ L OO

1465 147 1475 148 1485
Time [s]

Fig. 1. Voltage vs Time graph
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Fig. 2. Spins per second vs Time

V. EDUCATIONAL PROCESS

The students were able to experience almost every aspect of
how a rocket is launched from the initial briefing and
construction through to the launch and the post-launch data
presentation. During the launch itself, the students assumed the
roles of the rocket range staff. From the Principle Investigator,
to Head of Operations, they got the chance to experience what
it is like to work in a space center. During the week the
students gained a lot of valuable insight they would not have
been able to gain from any other program as this was a unique
experience for everyone. The students were able to
successfully obtain data from the rocket and the simulations.

The various lectures that the students attended throughout
the week at the Andeya Space Center were a unique learning
experience, as they were all led by scientists who work in the
rocketry field on the daily basis. The knowledge gained from
those lectures is one of the most beneficial aspects of the
program.
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The HABIT Tour is one of the activities within the strategic activity of
GAS to communicate science: a science communication experience
that propose a new way to engage people with space science and
technology. The HABIT Tour is an itinerant innovative low-cost
outreach exhibition to engage society in in situ different kind of
audiences. With this activity, we try to build a face to face and a digital
community around a space instrument whose one of the main goals is
to produce liquid water on Mars within the ExoMars 2020 mission. In
this paper we explain some of the mains challenges, opportunities and
results of the experience that can be useful for future space
engagement and learning activities.

Keywords—HABITt; ExoMars 2020 mission; Open Space
Science; learning co-creation; Habitability, life, water, Planetary
Protection, space technology.

I. A SPACE INSTRUMENT AS A SCIENCE TOUR

Since March 2018 the Group of Atmospheric Science
(GAS) [1] of Lulea University of Technology [2] is developing
a new science communication strategy based on an itinerant
innovative low-cost outreach exhibition, with the presence of
researchers, that allows the direct contact between researchers
and audience. The key point of the strategy is to create the
conditions for a reciprocal benefit. From one side the
experience should help the researchers to evaluate their
capability to reach successfully different audiences; and can
provide the possibility to audiences to interact directly with
researchers and change their perception about the social role
and relevance of researchers. Moreover the experience can help
audiences to think in terms of logics, and how to use and apply
scientific methodology in their everyday-life, how to analyse,
verify information, classify, relate, and evaluate the world
around.

Javier Martin-Torres

Group of Atmospheric Science (GAS)

Division of Space Technology, Department of
Computer Science, Electrical and Space Engineering,
Luleé Tekniska universitet

Luled, Sweden

javier.martin-torres@ltu.se

The strategy integrates some key points: a personal researcher
involvement, a research project to be shared, an audience
research centered and a feedback to the researchers. The
strategy is adapted to different kind of audiences, such as
children, young people, families, journalists, digital audiences
and influencers, groups with special needs or artists. The
strategy permits different approaches to achieve different goals
as improve science and technology vocations in young people,
facilitate the dialogue between researchers and companies,
cooperate and support institutional changes to give researchers
efficient incentives to communicate science, design new
research policies, or increase the relevance of researchers social
role.

One of the possibilities of this strategy is to include early
educative levels, as preschool, stimulating children with real
(but adapted to their level) science. Some years ago universities
all over the world started to interact with high-school students
to be more visible and accessible to them. Later on, universities
attracted Primary School people with Fun- Fairs, Open Days
and “door-to-door” visits. Today universities are expanding
their influence and interaction to preschool levels and that is the
point where GAS science communication strategy appears.
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Luled University of Technology (LTU) is a young
university placed on the north of Sweden focused on the
creation of innovative learning and researching ecosystems and
methodologies. One of the strategic areas is the space research
and the space prototyping, taking advantage of the presence of
fundamental space infrastructures as the European Space and
Sounding Rocket Range Space Center (ESRANGE), business
incubators as LTU Business AB, specific space educational
university training in Kiruna and Luled Campuses, or high
school training in the Rymdgymnasiet in Kiruna, a space
curriculum centered high school.

GAS is a LTU research group focused on the study of Earth
and planetary atmospheres and the development of instruments
for Earth and planetary exploration: from idea to instrument
design, development, calibration, operations and data analysis.
GAS is a worldwide repute cutting-edge planetary research
group with articles in high-impact hournals as Nature, Science,
PNAS... The senior members of GAS provide assessment to
international space organizations: ESA, JAXA, NASA, EUA
and are members of ESA, NASA, ERC panels. GAS has a very
relevant role in Educational programs in Space with the largest
number of participants in ESA Academy programs of all
Universities in Europe in 2017.

The HABIT (HAbitability: Brines, Irradiation and
Temperature) instrument [3] proposed by Prof. Martin-Torres
and Prof. Zorzano from the GAS was selected by the European
Space Agency to be one of the two European instruments on
board the ExoMars’ Surface Platform (the Russian contribution
to the mission). The Flight-Model of HABIT was delivered to
the ESA Office in Moscow in July 2019. The main scientific
goals of the instrument are:

1. To provide environmental information at the Landing
Site.

2. To demonstrate liquid water formation on Mars.

3. To test an In-Situ Resource Utilization technology for
future Mars exploration.

HABIT will contribute to one of the main goals of the
ExoMars Program [4]: “to search for signs of past and present
life on Mars”. It will open ways to start planning future manned
missions to Mars by serving as a first step in the development
of the technology to produce liquid water on Mars, one of the
main resources which a prospective crew will need to explore
the planet.

Usually space technology, and all the science around it, is
seen as a “black box” by society. It is something distant, maybe
interesting but incomprehensible, strange, difficult to
understand, something done by experts only for experts,
something that you can see on TV or internet only as mere
spectator without no chances to meet, to touch, to use as a
learning tool to be meaningful in everyday life people.
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The HABIT Tour [6] is one of the activities within the
strategic activity of GAS to communicate science: a science
communication experience that propose a new way to engage
people with space science and technology (S&T). The As if
HABIT were a “Rock’n Roll Star”, our HABIT exhibition is
showing off around Sweden, home of LTU. The HABIT Tour
try to “break” this S&T people’s perception in Sweden,
developing a very special way to share cutting-edge space
knowledge with different kind of audiences such as university
and high school students, families, children, journalists, space
fans, maker communities, companies etc... Our purpose is to
build a national proud on science activities like HABIT, that
will be first ever Swedish science instrument to land on Mars

[5].

II. OPENING THE SPACE SCIENCE BLACK BOX

A. A three steps methodology to start the conversation with
the audience

We have followed a series of steps to be visible and engage
our target audiences with our open content:

- Step1: The space technology goes out the laboratory and looks
for the audience. That’s the touring approach. We transform the
space technology in a character that “visits” the country as a
music star does in a concert.

- Step 2: People start a conversation with the space technology,
a dialogue. They can touch it, use it to learn science in family,
class, at home etc..., they can create their own HABIT
instrument customizing it, creating it, developing new
applications, relating it in different ways with their everyday
life. It is the Hands-On and Do It Yourself approach, opening
the technology to all the audiences to emulate and reproduce it
using 3D printers, software and open technology in general etc.

- Step 3: People create a HABIT Community in schools,
universities, science and culture centers, fab labs, maker spaces,
airports, libraries, or at home using HABIT for things
completely different as it has been planned. HABIT is relevant
in their everyday life to do something unexpected and they
share it with other audiences and with us giving creative
feedback and engagement. The HABIT instrument is something
meaningful and interesting in their everyday life that can be
used to learn, research, create or make friends. In this stage the
long journey from the laboratory has finished. But also starts
the most exciting part based on the audience’s feedback.

B. Goals and associated indicators to measure the audience
impact and engagement

The HABIT Tour is part of the broader GAS Open Science
strategy. Is a good example of an “expertise science”
transformed in “science for all”. The main goals of the HABIT
Tour are “under the umbrella” of the general GAS
communication strategic goals.
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Each one of the specific goals has their specific indicator to
measure the level of achievement reached:

* To transform a “black box” space instrument in a
science national icon. Indicator: Media and social
media impact.

* To develop a low-cost (about 6.000 €) outreach
resource very easy to move, to install/uninstall and to
adapt to different kind of audiences with different
interests and backgrounds. Indicator: Budget and
different kind of audiences involved.

*  To create and share an interesting and inspiring story
related with space discovery and exploration. Indicator:
number of educative guides and workshop materials
downloaded.

*  To share HABIT and space research as a knowledge
experience open to audience’s curiosity and creativity.
Indicator: number of 3D Prints prototypes created.

* To improve scientific and technological vocations in
children and young people. Indicator: number of high
school students registered in LTU.

* To create an increasing social expectation and interest
about the instrument until July 2020 (date of mission
launching- the launch will be broadcasted live in
Luled). Indicator: number of people up-to-date with
HABIT.

III. ON TOUR

The HABIT Tour is conceived as a simple and friendly
outreach resource that goes out to meet people to provoke them
an experience of curiosity and passion improvement about Mars.
In that sense is a flipped outreach tool but a very flexible tool
too.

When we design the first edition of the Tour we kept in mind
all this to guarantee the contact with the specific target audiences
was planned: children and teenagers, educators, makers, science
fiction fans, university space engineers, curious families and
curious minds in general. First it was the target audience, then it
was the place to find them.

In the first edition the HABIT Tour is visiting ten different
locations inside and outside Sweden. The locations were chosen
following the next criteria:

- Target audience presence.

- Science engagement profile (especially in space arena).
- Prestige and background.

- Media and social media impact.

- Networking.

- Combination of classical and more innovative outreach and
learning institution profiles.

The HABIT Tour first edition —from November 14™ 2018 to
November 14" 2019- is shaped by ten different locations:

- Lulea tekniska universitet.

- Umed University. Umevatoriet (a Science Center).
- The SciFest of Uppsala University.

- The Space week of KTH Space Center.

- The International Science Festival in Gothenburg.
- The Malmé University.

- Luled Hamnfestival.

- Luled Airport.

- National Space Center. Leicester UK.

- New Scientist Live Festival. London.

- Lule& Kulturens Hus.

The second HABIT Tour edition —from November 15" 2019
to July 2020- will be hosted in:

- Ice Hotel. Jukkasjarvi, Sweden.

- Rymdgymnasiet Kiruna, Sweden.

- New Scientist Live North. Manchester. UK

- Lindholmen Science Park, Sweden.

- The International Science Festival in Gothenburg
- Innovatum Science Center, Sweden.

- University of Lund, Sweden.

- Experimentarium. Denmark

- Luled Hamnfestival (launching broadcast event).

The agreement with all the partners who are interested in
HABIT includes the acceptance of the cost of shipping from the
previous place, the installation/uninstallation, media and social
media coverage and the preparation of a results report at the end
of the stay. We provide the partners with all the materials
(including a mediator guide, a set of educative guides in
Swedish/English for two levels, 7-11 years old and 8-16 years
old, a workshop materials and a 3D Print HABIT Model guide),
some training for the people in charge and the schedule
management.

The HABIT Tour content is a tailor-made box which
contains several resources to interact with the audience:

- A set of roll-ups with big size Mars images and some
claims like “Water on Mars”.

- A screen with a short video explaining the making off
of the instrument by the researcher on charge, Chair
Professor Javier Martin-Torres.

- Adisplay with a challenge for the audience, a quiz with
three representative objects they can relate among
themselves: a dry dehumidifier (which reproduces in
some way the same “water capture” mechanism of the
salts in the HABIT vessels), an exact replica of the
instrument and a greenhouse mockup (as an example
of future potential in situ uses of the hydrogen and
oxygen on Mars). This last resource was made by
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kindergarten five years old children imaging how will
be the life of plants, trees and insects on Mars.

The installation includes a couple of QR Codes to download
a survey for educators and general audience feedback. It can be
installed and uninstalled in 10 minutes.

The HABIT Tour can be used in two different ways:

- As an autonomous little exhibition that can be visited in 15
minutes.

- As a scenario to interact with the audiences in a non-stop way
or in a programed way with workshops, hands-on laboratory
experiences, sessions of storytelling and gamification for
children and families etc...

IV. SOME RESULTS AND CONCLUSSIONS

A. Quantitative results

From the opening of HABIT Tour (November 14, 2018)
until July 1 2019 the main quantitative results are:

- Number of engaged people: 43.245 people (including
children, teenagers, university students, educators,
journalists, space researchers, science communicators,
families, makers, astronomy associations and open
technology fans).

- Number of digital educative resources downloaded
from the HABIT Tour website: 281.

- Number of active HABIT Tour followers in social
media: 51.

- Number of workshops done: 7.

- Number of Spin-off projects —do your own HABIT
model to improve it in some way-: 6 (one from a ten
years old children, 2 from high school students of
Stockholm related to architecture on Mars and 2 from
high school teachers).

B. Qualitative results

Beyond the numbers we have tried to create in the different
audiences a specific experience. The main aim was to improve
their curiosity about exploration, discovery and experimentation
using the space technology.

We use the results obtained in the surveys to evaluate the
impact of the initiative are pretty positive although there are
some fields to improve.

The survey measured the experience with 22 different items
related to the content, the people in charge to attend the
installation, the communication, the organization and the global
experience. The respondent can choose values from 1
(inadequate) to 5 (very good).

- Contents

- The content has been relevant, interesting and
inspiring to me.

- Thave learnt some important science concepts.

- Ihave changed my previous conception about the
topic.
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- After the activity I will continue researching by
myself about the topic.

- I'will apply the content in my everyday life.

- People

- The communication skills have been good.

- The scientific competence was good.

- The people of the activity has been able to engage me
from the beginning

- They open my point of view and my curiosity about
the topic

- They use the appropriate language

- Organization

- Previous information about the activity has been
appropriate.

- The timing has been correct.

- The length of the activity has been correct.

- The resources and materials used has been useful.

- The manners have been fine and friendly.

- The space and light have been comfortable and
adequate.

- Final evaluation

- The global experience has been positive.

- Iwill recommend it to my family, friends, colleagues.

- Ifit will be possible will repeat the activity.

- I'would like to engage with the organization as
science volunteer.

- Besides the topic of the activity and inside space,
environment and technology field I like very much.

- Give us some ideas to do next time a better activity.

We collected a total of 23 surveys. In all of them they chosen
the values 4 and 5 to mark in 17 parameters.

The items with marks bellow 4 have been: application of the
content to the everyday life, the volunteer engagement effect and
the change of their previous idea about the topic.

Some examples of the interested showed by the HABIT Tour
are:

e  Children and families who interacted in SciFest in
Uppsala moved to Stockholm to continue the dialogue.

e Astronomy amateurs who were part in a Lysvik
Virmland Star Party on March 9" 2019 came to
Goteborg Science Festival to invite us to do the
workshop to other Astronomy Association in the city.

The networking has been one of the main outputs of the
experience.

C. Conclussions

- HABIT Tour is a good tested example of low-cost
outreach resource with an efficient and balanced ratio
between resources invested and impact achieved. In a
flipped approach the content goes out and looks for an
active audience interaction.
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- 1t is very flexible because can be adapted easily to [4] https://www.esa.int/Our_Activities/Human_and Robotic_Exploration/E
different kind of audiences with different backgrounds xploration/ExoMars
(science capital [71) and interests using the set of [5] http://exploration.esa.int/mars/48088-mission-overview/
educative materials prepared for learning and fun.

- One of the most value aspects of HABIT Tour is its

[6] https://atmospheres.research.ltu.se/pages/outreach/habittour.php

[7] Archer, Louise & Dawson, Emily & DeWitt, Jennifer & Seakins, Amy &
Wong, Billy. (2015). “Science capital”: A conceptual, methodological,

open nature: people confirms that they not only can and empirical argument for extending bourdieusian notions of capital
know and understand about the instrument but they beyond the arts: SCIENCE CAPITAL. Journal of Research in Science
can do things with it: creating stories, designing a Teaching. 52. 10.1002/tea.21227.
prototype, starting a educative project, developing a
gamer or even a videogame... HABIT goes in the FIGURES
everyday life people’s arena to get meaning.
_ The importance of the mediator’s figure as somebody 1. HABIT Tour Opening in Lulea University of Technology. Credits:
. . . . AS.
who is able to start an interesting conversation about GAS . ) . .
M habitabili ith th di 2. HABIT Touer in The International Science Festival of
ars habitability wi ¢ audience. Gothenburg. Credits: GAS.

- The HABIT Tour is only the first step to build the truly 3. HABIT Tour in the Luled Hamsnfestival. Credits: GAS.
strategic goal that is to build “HABIT communities”
involved in space topics.

- The HABIT Tour also inspired in some cases debates
about controversial topics as why should be invest so
much money in space and not on Earth problems, or
some conspiracy theories defenders about our
presence on the Moon.

- Interest in space is clearly improved when you look at
it from global Earth problems as Climate Change
issues.
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Abstract— 1t is hard for students to get hands-on experience in
the field of aeronautics and to apply knowledge learned in
university to actual projects, since space missions are complex,
expensive, and take a long time to complete. Therefore, a group of
students at the Technische Universitit Dresden (TU Dresden)
formed the group “Studentische Arbeitsgruppe Raumfahrt
Dresden” (STAR Dresden), which focuses on giving students from
different study fields the chance to work on space related activities,
by taking part in various competitions and student projects, and
even hosting events in Dresden.

Currently, STAR Dresden is participating in the Balloon
Experiment for University Students (BEXUS), which is organised
by the German Aerospace Centre (DLR), the Swedish National
Space Agency (SNSA) and the European Space Agency (ESA).
One of the teams selected for BEXUS cycle 12 is Gamma-Volantis,
which is implementing a setup for experimental ozone and
humidity sensors developed by TU Dresden’s Institute of
Aerospace Engineering (ILR).

The balloon flight carrying the experiment will take place in
October. Until then, the students will be able to work on
subsystems typical for space flight missions and will learn how to
write a Student Experiment Document (SED). This document is
the scientific documentation of the experiment. They will also
gather experience of presenting their work, giving presentations in
front of the BEXUS board during design reviews such as the
preliminary design review (PDR) and the critical design review
(CDR), and even in front of potential sponsors. Due to the tight
schedule provided by the launch date, the students will also have
to learn to cooperate and communicate between the different
subsystem teams, and to be organized in order to achieve the
desired goal.

This paper will present the Gamma-Volantis experiment and
the methods used by the students to acquire further knowledge
and experience on space flight missions. It will contain the
difficulties arising from the experiment’s requirements and the
given circumstances under which the project is supposed to
operate. The paper will also discuss the different approaches used
by the students to solve the problems and how they interact with
different parties such as the BEXUS experts or other student
teams from Europe. Overall it will summarize the lessons learned
by the students and how they expanded their knowledge during
the BEXUS project.
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I. INTRODUCTION

To make space engineering more tangible for themselves,
students at the Technische Universitidt Dresden (TU Dresden)
formed the group “Studentische Arbeitsgruppe Raumfahrt
Dresden” (STAR Dresden) [1]. This group takes part in different
competitions and projects with a main emphasis on aerospace
engineering. Gamma-Volantis is one of STAR Dresden’s latest
projects accepted to REXUS/BEXUS. The REXUS/BEXUS
programme is realised under a bilateral Agency Agreement
between the German Aerospace Center (DLR) and the Swedish
National Space Agency (SNSA). 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 [2].

Gamma-Volantis will launch on the BEXUS balloon 28 in
October. The experiment’s mission objective is to field test and
verify the performance of experimental ozone sensors and air
humidity sensors developed by the Institute of Aerospace
Engineering (ILR) at TU Dresden. According to the BEXUS
cycle 12 schedule the students must go through different stages
in developing their experiment until it is ready to launch.

II. EXPERIMENT SETUP

To collect atmospheric data, the GAMMA-VOLANTIS
experiment consists of two sensor units and a data processing
unit. A sensor unit is made up of 7 different sensors (i.e.
experimental ozone sensor with gold electrodes, experimental
ozone sensor with platinum electrodes, reference ozone sensor,
pressure sensor, experimental air humidity sensor, reference air
humidity sensor, temperature sensor) as shown in Fig. 1. The
second sensor unit is for redundancy. Both units are mounted to
the outer wall of the experiment facing the outside of the gondola
for easy access to the atmosphere.
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Fig. 1. Sensor unit (Top: Experimental Ozone Sensors; Middle: Pressure,
Temperatur, Reference Air Humidity, Experimental Air Humidity Sensor;
Bottom: Reference Ozone Sensor)

The experimental ozone sensors developed by the ILR are
solid-state electrolyte sensors. Compared to common ozone
sensors, they are smaller, faster, inexpensive, and consist of no
moving parts. The electrolyte material needs to be humidified to
maintain its ionic conductivity, so it is counteracting the cross-
sensitivity shown in many other miniaturized ozone sensors. The
air humidity sensor provided by the ILR is a new, simple, and
low-cost sensor with fast response times.

III. CHALLENGES & SOLUTIONS

During the design and assembly phase, the team members
encountered many problems that can be assigned to some of the
subsystems of the mission:

e  Project Management
e Electrical Power System

e Thermal Control
Mechanism

System and Structure and

e Command and Data Handling Systems

A. Project Management

The mission schedule given by the REXUS/BEXUS
organizers includes due dates for reviews (i.e. Preliminary
Design Review (PDR), Critical Design Review (CDR),
Integration Progress Review (IPR), Experiment Acceptance
Review (EAR)) as well as the launch date. Some of the due dates
were during exam periods when the students had to concentrate
on their studies and working on the experiment became a
secondary concern.

Another vital part of the experiment’s success is frequent
communication between the subsystems because changes in one
subsystem can greatly affect others and require major changes
in the overall design. Since the team had just formed and the

team members did not know each other well, communication
was poor and not every member was up-to-date.

For time management, the experts from the REXUS/BEXUS
programme suggested the use of a Gantt chart, where a detailed
project schedule could be illustrated. This chart was very useful
in seeing whether the team was on time or had a delay. By
planning the schedule, the students had to take time periods with
low productivity, such as the exam periods, into account and
work around them.

To increase the team’s communication and avoid
misunderstanding, the students scheduled weekly meetings and
met outside of the university for a barbeque or a game night.
This built a strong group cohesion and improved the
conversation and information flow between the subsystem
groups.

B. Electrical Power System

A major problem with the electrical power system was the
missing electrical engineering expertise. The Gamma-Volantis
team mainly consists of mechanical engineering students with
only basic knowledge in electrical engineering. This lack of
knowledge posed a challenge in designing the electronics,
particularly considering the experiment’s main objectives
hugely rely on electronics, as with most space applications.
Especially unifying high current power electronics, sensitive
analogue circuits and digital data transmission on a single circuit
board, all working at very low temperatures, represented a major
challenge.

Another difficulty came from the readout electronics
provided by the institute because the modification and adaption
to the experiment’s specific needs required more work and time
than expected.

After strictly zoning the circuit board, multiple iterations,
and a careful component selection, the students managed to
design a functioning, compact circuit board with the help from
the institute and through extensive research and testing.

C. Thermal Control System & Structure and Mechanism

The experimental ozone sensors need to be humidified and
therefore require a small water reservoir. In the stratospheric
atmosphere, the water would freeze and cause the experiment to
fail. This problem is why the students had to find a way of
keeping the water reservoir at a constant temperature above
freezing point. Another main problem was to keep the
electronics in their working temperature range and to keep the
temperature stable to decrease the risk of failure. The electronics
also needed to be properly shielded from electromagnetic
interference, as the ozone sensors work with very small currents.

The ozone sensor already had a temperature sensor inside the
water reservoir to monitor the temperature during flight. To
regulate the heat, heating foils were attached to the outside of the
reservoirs with a heat resistant glue [3]. The sensor housing is
shown in Fig. 2.
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Fig. 2. Sensor housing of the experimental ozone sensor

To maintain the temperature inside the box at a constant
level, the box is covered in polyethylene foam and reflecting foil
to lower solar radiation. The sensor units facing outside the
gondola have an additional polyethylene panel mounted in front
of them in order to protect the sensors from the sun as well.

The electronics are stored in a smaller aluminium box inside
the experiment to shield the electronic components from said
interference. Fig. 3 shows a model of the Gamma-Volantis
experiment with the aluminium box inside.

Throughout the process of calculating the heat flux and load
distribution inside the experiment, the students greatly increased
their knowledge of handling simulation software. They also
acquired experience in choosing suitable materials and
designing a project that is easy to manufacture and easy to use.

Fig. 3. Section view of the Gamma-Volantis Model
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D. Command and Data Handling Systems

Programming code in a group can be challenging without the
proper tools. In the beginning, the team members shared their
latest progress via ZIP files, which made it hard to keep
everyone up-to-date or go back to older versions if an error
occurred.

After some time, the team started to use GitLab, a web-based
DevOps lifecycle tool, which includes a version management
system [4]. GitLab combines versions from each programmer
with access and combines them, making the current code
available for everyone. This hugely increased the workflow and
improved the team’s work.

IV. CONCLUSION

For a young university group such as STAR Dresden,
REXUS/BEXUS has been and continues to be a great project to
get started in aerospace engineering and give hands-on
experience to students. The Gamma-Volantis team members had
the chance to get a first glimpse of the typical space project
procedures and learned new techniques for problem solving with
the help of different experts. The team also presented the
experiment’s progress to a review board.

For future projects, the team agreed having an experienced
student as team leader may increase the communication within
the group and might support younger students who are new to
the project. It might also be a benefit to include different
engineering students with different qualifications, e.g. electrical
engineering, since acquiring knowledge in a different area of
expertise is time consuming.

V. OUTLOOK

After the Gamma-Volantis experiment is completed and
accepted at the Integration Progress Review, it will be shipped
to the Kiruna Launch Pad in Sweden, where it will launch on the
BEXUS balloon 28 in October. After the flight, acquired data
will be analysed and shared with the institute. The team
members will continue to work on future aerospace projects and
share their experience and knowledge with younger students.
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Abstract— There are many factors that present difficulties for
potential student-run space related projects. Although there may
be much willingness to work or commitment towards the subject,
the long-term nature and complexity of space programs, together
with the high costs, generally pose a barrier. Universities give
their students many opportunities to gain scientific experience
but are limited by their specializations and available funding.
These limitations lead to a situation in which students generally
cannot easily create new projects, at least not integrated into
established structures. Many students want to participate in
projects like REXUS/BEXUS but struggle to find like-minded
peers, and so their ambitions fade away amidst university stress.

In order to tackle the discrepancy between project ideas and
motivation and the existing structures established at universities,
a group of students in Dresden wanted to lay the groundwork for
working on their own projects in their own way. As such, they
decided to establish a student-led base for space education at the
“Technische Universitit Dresden” (TUD).

The result was the formation of STAR Dresden. “STAR” is
the acronym for “STudentische Arbeitsgruppe Raumfahrt
Dresden” which translates to “Student Working Group for
Astronautics”. The purpose of STAR is to provide a foothold for
engaging in space projects of any kind, with an emphasis on
independence from university bureaucracy.

Taking as an example the projects of STAR and especially an
OOXYGEN experiment, this paper shall demonstrate the
importance of student-run projects and groups in universities. A
group like STAR Dresden provides a great degree of freedom for
both students and universities. A freedom which cannot be
offered by the traditional modalities of introducing students to
scientific work at university.

OOXYGEN on BEXUS is a collaboration between STAR
Dresden and the Institute for Applied Physics of TUD. This
project shows how a collaboration between a student-led group
and an institution of a university can be mutually beneficial.

Keywords—STAR; Technische Universitit;
Cooperation; Benefits; Challenges; REXUS; BEXUS

Dresden;

I. INTRODUCTION

To not simply state theories about the possibilities and
challenges of the collaboration of independent, student-led
groups and universities and other institutes, specific examples
will be explained in the introduction and analyzed and from
them a rough hypothesis will be proposed in the following
chapters.

A. The Group STAR Dresden

“STAR Dresden” (or simply “STAR”) is a student-led
group at the “Technische Universitit Dresden” (TUD -
Technical University Dresden). [1]

The Name “STAR” is an acronym for “STudentische
Arbeitsgruppe Raumfahrt”, which translates to “student work
group Astronautics”. The purpose and declared goal of STAR
is to provide the groundwork for engaging in space projects of
any kind with an emphasis on practical experience and
independence from university bureaucracy. Although STAR is
an independent organization, the members of STAR are
mainly students of TUD and as such STAR has strong ties to
many institutes within TUD. These institutes include, although
not exclusively, the “Institute of Aerospace Engineering”
(ILR), where most members study, the “Bitzer-Chair of
Refrigeration, Cryogenics and Compressor Technology”
(BIZ), and the “Institute of Applied Electronics” (IAP). The
IAP being STAR’s partner on the OOXYGEN Experiment.

STAR was founded in early 2018 by a group of around 10
students and is now in the process of becoming a registered
nonprofit association containing around 30 members with an
interdisciplinary background, although mainly mechanical
engineering. The group is funded exclusively via sponsoring,
donations and membership fees.
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B. The OOXYGEN Experiment

“OOXYGEN”, which is an abbreviation of “Organic
OXYGEN?”, is an experiment developed by a team composed
mainly from members of STAR in cooperation with the IAP.
The goal of OOXYGEN is to support and test an experimental
oxygen sensor built exclusively from organic electronics and
developed at the IAP. The Sensor facilitates the
bioluminescence [2] of an organic molecule. This
bioluminescence changes with different concentration of
oxygen in the surrounding atmosphere.

This Experiment is to be a field-test in a realistic “out-of-
Lab” environment with the purpose of giving feedback to the
developers. The program, in which OOXYGEN is developed
and on which it will be launched, is the REXUS/BEXUS
(Rocket/Balloon Experiment for University Students)
program, specifically BEXUS 28. OOXYGEN accommodates
all necessary equipment to remotely and/or autonomously take
measurements of the atmosphere during the ascent of the
balloon.

OOXYGEN is the sister-experiment of “Gamma-
Volantis”, which is developed for BEXUS 28 in a similar
fashion by a team of STAR members in cooperation with the
ILR.

C. REXUS/BEXUS

The REXUS/BEXUS programme is realised under a
bilateral agency agreement between the German Aerospace
Center (DLR) and the Swedish National Space Agency
(SNSA). [3] 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.

REXUS/BEXUS offers its participants a great platform for
engaging in space related and atmospheric research. There is
no requirement for the program to have an established group
like STAR to participate.

II. COOPERATION OF STAR AND THE IAP

The Cooperation of STAR and the IAP for
OOXYGEN is very strong but also follows strong boundaries.
STAR, i.e. the members of STAR which compose the
OOXYGEN team, are responsible for developing and
designing the experiment framework, which includes the
mechanical support structure, miniaturized measurement
electronics, thermal management systems, gas management
systems and everything apart from the sensor itself. The
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sensor, the heart of the project, is in turn developed solely by
the IAP. The IAP also provides a great amount of knowledge
about atmospheric measurements and provides the sensors to
be used in the experiment. Additionally, the IAP contributes
laboratories to develop and test separated assemblies and the
entire experiment.

Through OOXYGEN and BEXUS, the students of
STAR have the possibility to engage in a full-fledged space
program with all the challenges and associated lessons to be
learned. The IAP, in turn, can test a newly developed sensor
and has the opportunity to further analyze the feasibility of the
integration of the sensor into a small but reliable measurement
assembly. Although the project is still in progress, valuable
lessons have already been learned. As the second project of
STAR overall, the participation in REXUS/BEXUS with two
separate experiments at the same time and cooperation
between STAR and the IAP (for OOXYGEN) and ILR (for
Gamma-Volantis) tests the structures and concepts of STAR
and shows what can be gained from such an undertaking.

III. POSSIBILITIES FOR STUDENTS AND UNIVERSITIES
A. Students

The main goal for academic student groups is engagement
of students; therefore, the main focus is enabling students to
gain as many benefits as possible. Forming a group enables
students to tackle larger and much more complex projects.
Such projects would be too complex for single individuals to
accomplish in a reasonable timeframe. Although most
REXUS/BEXUS projects are not anchored in an established
group and are temporary groups, there is also several
experiments that originated from STAR-like groups, e.g.
“Roach 2” from “KSat Stuttgart e.V.” [4]

With the matter of teamwork, an important lesson of real
work life experience can be gained. No space program is
completed in isolation. As such, teamwork and
interdisciplinary discussions are essential soft skills an
emerging engineer or scientist must learn. STAR-like groups
are ideal training environments for the development of these
important skills. Other soft skills are learned as well, e.g. the
grinding search for suitable COTF-components.

Apart from the valuable, although difficult to quantify,
practical experience, there also is the possibility of networking
inside and outside of the university. Experience from STAR
shows us, that some students gain the opportunity to directly
work for institutes e.g. as student assistants or to engage in
other scientific work apart from the student-led group at the
institutes of the TUD. Through such networking, topics for
large coursework, which is common at universities, can be
generated. Assignments don’t need to be “dummy topics”, but
can instead be real-world problems for projects which the
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students take part in. There are also opportunities to network
outside the university environment. During projects of all
kinds, contact with component suppliers and their sales
engineers is almost always needed and a crucial part in
developing a scientific experiment or a product. Gaining
experience with such day-to-day affairs during one’s studies
can turn out to be a valuable soft skill.

All the above can, of course, be gained directly through
work at institutes of a university but are easier done as an
independent student group in cooperation with a university.
This comes from the comparatively unbureaucratic nature
such groups tend to have. Just to name an example, student
groups don’t need to employ (and therefore pay) their
members since it is a voluntary membership and generally
functions outside, or at least not directly inside, the apparatus
of a scientific institution which must obey a very sophisticated
legal framework.

Next, never again in their career do students have the
ability to freely follow their guts and try a multitude of
subjects. Nor will students again have the opportunity to even
fail tasks or projects with as few consequences as during their
studies. Such failures can provide a valuable learning
experience. For students, a failed 1000€ or even 10 000€
project may feel as big as a failed satellite but it is, all in all,
still a much more manageable matter.

Last but not least, the self-governing nature of STAR-like
organizations enable students to propose projects and then
decide together with their peers whether they want to tackle a
project or not. There is generally no other institution outside of
the group to block a project. There are of course limiting
factors like funding or manpower but not many others. To take
a real-life example of this, the first project of STAR was its
participation in the “European Space FElevator Challenge”
(EUSPEC) in 2018. This participation most likely would not
have happened if proposed by students to any institute of the
TUD. As an independent student group, STAR was still able
to participate.

B. Universities

STAR-like groups also bring advantages to the institutes
they work with. A good collaboration opens a pool of
dedicated, interdisciplinary students, willing to work and
spend a large amount of their free time for scientific and
technical projects. Besides the pretty much guaranteed
motivation of the students, self-organization is a valuable
benefit of working together. A well-organized STAR-like
group can function like a contractor of sorts which gets a task
and then shows results without scheduling meetings and
managing departments.

From personal experience, the relationship between
students of a group like STAR and the university is a very
friendly one. This friendly relationship makes working

together fun and engaging whilst still being scientifically
demanding. Again, from personal experience, university
personnel encourage and support student engagement
wherever possible.

IV. CHALLENGES OF THE COOPERATION

A very important aspect and challenge for the
relationship between student-led organizations and universities
also resides in its “free of charge” nature. Both sides must
make sure not to misuse the opportunities in malicious ways.
These opportunities should always be an addition to the many
possibilities a university has but never an alternative to them.
Just to name an example, a junior scientist should and must
still be employed directly at the university and not be used
through a “voluntary” membership in a STAR-like group.

Another challenge lies in the aforementioned
independence of the students. Since the students aren’t bound
by an employment contract at the institutes, it is always
possible they lose interest. However. since membership in a
STAR-like group generally shows dedication towards space
related topics, this possibility may be as small as it would be
in a salaried position.

Self-organization, although a great strength, also
harbors great risk for a student operated group. If the
organizing clique disappears from the group, e.g. from loss of
interest or stress from studies, the group can break apart if
suitable and dedicated replacement is not found. Granted, the
students who participate in student operated groups are likely
to be highly dedicated and capable of finding a solution if they
want to keep the group active. With that said, care should be
taken to always have an influx of new members in order to
keep the group active and stable.

Possibly the largest problem for STAR-like groups is
funding projects. Since such groups are not integrated directly
into their university, they are not eligible for the university’s
budget and therefore rely on sponsoring and donations. This
type of funding makes long term planning difficult and
uncertain. Permanent, dedicated facilities for the groups alone
are hard to maintain and universities often want to but simply
can’t afford to help out. From our experience, project bound
facilities, most often provided by the university, are therefore
standard practice.

V. CONCLUSION

Although there are challenges which potentially
could even lead to the dispersal of groups like STAR, there are
great benefits. The numerous possibilities for additions to a
universities portfolio of activities make it a worthwhile

96

https: //doi.org/10.29311/2020.23



endeavor. The risk is comparatively small and in principle,
student-led groups don’t even need formal support of their
university though real-world experience shows, that university
personnel normally support such ambition from students to do
more than is expected.

From this I would strongly support the formation and
the following activities of any such groups.

VI. OUTLOOK

STAR Dresden will hopefully be a lasting endeavor
at the TUD and continue to exploring the fruitful cooperation
with many more projects. Apart from the two currently
running sister projects, OOXYGEN and Gamma-Volantis,
both on BEXUS 28, other projects are already in the feasibility
phase of project planning, i.e. a participation at REXUS 2020
and at the European Rover Challenge.
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Abstract — CLIMB is a 3U CubeSat whose goal is to reach the
Van Allen belt with the help of an advanced propulsion system.
Usually, the Van Allen radiation belt is avoided by spacecraft due to
its high radiation levels. CLIMB aims exactly for this region to conduct
various measurements. The spacecraft’s subsystems need to be
designed in a way to cope with this rough environment and to ensure
that even in case of failure or loss of the spacecraft, it still shall deorbit
within 25 years, as required by the Austrian Space Law. Some of the
systems of CLIMB have already flown and been qualified during the
previous Austrian mission PEGASUS.
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I. INTRODUCTION

The magnetic field of Earth acts as a shield against incoming
radiation from the Sun, as well as from interstellar space: many
charged particles that reach Earth are trapped in the magnetic
field outside of the atmosphere in the form of rings [1, p. 25],
and do not reach the ground. While this shielding effect is
beneficial for life on ground, it is detrimental for life in space [1,
p. 25] due to the higher absorbed dose [1, p. 44] that accumulates
through exposure to the locally increased flux of charged
particles [2, p. 214]. The ISS - and with it the main residence for
humans in outer space - has an average altitude of approximately
400 kilometres [3]. At this altitude, it is below both of Earth’s
high-radiation-density rings, normally called the Van Allen
radiation belts [1, p. 25].

However, many other spacecraft operate in or at least pass
through these regions [4]. As a consequence, details about this
environment are relevant for spacecraft design in terms of life
time and radiation hardness in general.

Efforts have been made to quantify the radiation levels and
size of the Van Allen belts [5]. The shapes of the belts follow
the field lines of Earth’s nearly dipolar magnetic field (see
Fig. 1), forming toroidal regions of high fluxes of protons,
electrons, and ionised atoms (most notably helium, nitrogen, and
oxygen [1, p. 25]. These fluxes decrease exponentially towards
the boundaries of the belts. They peak at approximately 103
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electrons and 103 protons per square centimetre and second in
the inner and 10° electrons per square centimetre and second in
the outer belt [2, pp. 214-215].! These peaks appear at around
2,000 and 31,000 kilometres respectively, but high charged-
particle densities associated with the Van Allen belts have been
predicted at altitudes as low as 500 kilometres near the equator
and even lower in the South Atlantic Anomaly (SAA) - a region
where Earth’s magnetic field is unusually weak [5] [1, p. 25].
The AE-8 model predicts an upper limit of the outer belt at
approximately 50,000 kilometres altitude [1, p. 28], but exact
values vary from source to source (e.g. [6]). This uncertainty
may be due to the temporal variations of the belts.

Fig. 1. Schematic visualisation of the Van Allen radiation belts. Their shapes
result from the magnetic field lines (white), because magnetic interaction is the
dominant force acting on the charged particles that constitute these belts. The
image  also shows  the  temporary  third  radiation  belt.
Credits: NASA's Goddard Space Flight Center/Johns Hopkins University,
Applied Physics Laboratory

The academic satellite mission CLIMB aims to probe this
environment using a design based on the CubeSat Design
Specification. The mission combines commercial components
with in-house designed solutions, while building on the

' These values consider only electrons with more than 500

kiloelectronvolts and protons with more than 100 megaelectronvolts of energy.

2 The third radiation belt - a highly transient belt of electrons strongly
dependent on solar activity - was first measured by the Van Allen Probes [10].
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experience of the mission PEGASUS (launched by the
University of Applied Sciences Wiener Neustadt (FHWN) in
2017). The CubeSat Design Specification describes the volume
of a spacecraft in terms of units, where one unit U is a cube with
a side length of 100 millimetres.

Despite existing measurements, the time-variability® of the
composition of the belts provides a permanent motivation for
up-to-date data. The use of CubeSat components is one
peculiarity of this mission compared to previous efforts (most
notably NASA’s Van Allen probes).

II. MISSION OBJECTIVES

As indicated above, the main scientific goal of the mission is
to investigate the environment in the Van Allen belts in terms
of electromagnetic radiation and charged particles. Another
important objective is to prove that a CubeSat can survive such
a challenging radiation environment without relying on
extremely expensive radiation hardened components. Such
solutions have already been successfully implemented in the
former CubeSat PEGASUS resulting in an extremely low
number of reboots or other radiation based anomalies [7].

In addition to that, a recently commercialised electric
propulsion (EP) module - a crucial subcomponent - is
demonstrated. The mission relies heavily on this component,
which is used for reaching the target orbit as well as for active
de-orbiting.

As a student project, education of participants as well as
academic advance are noteworthy goals of CLIMB. In this
context, it should be noted that the available resources only
allow visiting the lowest regions of the inner Van Allen belt.

III. MISSION DESCRIPTION

The mission CLIMB uses a Field Emission Electric
Propulsion (FEEP) system in order to reach the Van Allen belt
and, upon arrival, conduct various measurements such as
measurements of the magnetic field as well as of the radiation
levels. Reaching the inner Van Allen belt by means of FEEP is
considered a core part of the mission. As a consequence, the
spacecraft operates in different orbits over the course of the
mission. Fig. 2 shows the various orbits where the satellite
operates, along with their associated mission phases.

Launch and circular orbit

Stepwise transfer into higher apogees
Mission in the Van Allen belt

Stepwise transfer into lower perigees

W = W N =

Re-entry and burn-up

Fig. 2. Schematic depiction of the various phases in the CLIMB mission (orbits
are not to scale)

A. Launch and early operation (LEOP)

Following the launch, the early operation phase is
conducted. Most of the activities in this phase are pre-
programmed including the deployment of the antennas and
initiation of the beacon, automatic alignment of the satellite and
basic functions of the thermal system.

B. Commissioning phase

During the commissioning phase a complete check of all
systems shall assess their functionality. The outputs of all
sensors shall be assessed and, if needed, calibrated. In case of
anomalies, these shall be investigated to assess the probability
and severity of their impact on the mission. Based on this
assessment the decision is made whether to proceed with the
mission or not.

C. Orbit raising phase

With the help of the propulsion system, the satellite
increases its apogee while, in the early stage of this phase,
leaving the perigee constant. In frequent steps, a health
assessment of all relevant systems (propulsion, power,
communication, etc.) is conducted. Only if all operational
parameters are within the nominal range, the mission is allowed
to proceed. When the apogee reaches a certain value, the
satellite initiates a periodic decrease of the perigee while still
increasing the apogee. Doing so ensures that the satellite would
at any point naturally deorbit within 25 years, so as not to

3 Especially the heavy ion densities vary with solar and geomagnetic
activity [1, p. 25]
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exceed the maximum allowable time in orbit. The final goal of
the mission is an apogee with 1,000 kilometres altitude [8].

D. Science phase

The data that are relevant to the scientific objective of the
mission (i.e. measurement of the magnetic field and radiation
dose) are collected from the very beginning of the in-space
operation. When CLIMB reaches the altitude of the Van Allen
belt, the official science mission starts and the mission focuses
on data collection rather than changing the orbit.

E. De-orbiting phase

In consideration of space situational awareness and the
Austrian Space Law, specifically its requirements on orbital
debris mitigation, many features have been implemented into
the mission concept as well as in the technical design of CLIMB
in order to ensure that the total time in orbit is well below 25
years - even in case of a loss of the spacecraft at any time during
the mission. The Austrian Space Law requires that every space
operator (coming from Austria) has to deorbit or remove* their
satellite at its EOL (end-of-life) from LEO (Low Earth Orbit).
For non-manoeuvrable objects their post-mission lifetime shall
not exceed 25 years.

Following the achievement of the scientific objectives, the
satellite starts to actively deorbit. This is done in two ways:

e At the apogee, the propulsion system fires in retrograde
direction to lower the spacecraft's perigee into the denser
areas of the atmosphere.

o In the vicinity of the perigee the satellite aligns itself such
that its maximum area (solar array) is perpendicular to
the flight direction.

The mission ends with the satellite breaking up and burning
up completely in the atmosphere.

IV. TECHNOLOGY

Initially CLIMB was intended to be built upon the novel
structure of the previous 2U CubeSat PEGASUS. Though, as
both the dimensional and mass limitations were exceeded
already early in the design phase of CLIMB, the decision was
made to move on to a 3U CubeSat as seen in Fig. 3.
Nevertheless, the structure is in essence identical to the one in
PEGASUS. The main loads are carried by the separate rails in
each corner of the CubeSat. The rails are connected by
aluminium top and bottom panels and by the PCB (Printed
Circuit Board) side panels. The internal PCBs are connected to
the side panels only via electrical connectors, which therefore
carry the mechanical loads. Some of the heavier subsystems
(e.g. Attitude Determination and Control System, battery unit)
also have additional aluminium attachment interfaces to the
rails. The PCB side panels house the circuitry, which provides
electrical interface between internal PCBs and other
subsystems. The side panels also serve as a mechanical
interface for the solar cells.

Magnetometer boom

Solar array
Antenna unit

Side panel

Fig. 3. General view of the CubeSat CLIMB without one side panel.

The main difference between the PEGASUS and CLIMB
structures are the length of the rails and the side panels. Also,
as the power requirement for CLIMB CubeSat is vastly
increased - mainly because of the propulsion system - CLIMB
incorpor