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Foreword

21st ESA Symposium on Sounding Rockets and Balloons
and Related Research

Dear PAC Delegates, dear Participants, dear Colleagues and Friends

The 21st ESA Symposium on “European Rocket & Balloon Programmes and related Research”
has closed its doors. To me, an intense and exciting week came to an end. During the symposium
days, we were listening to inspiring talks, discussing new projects with colleagues and had ideas
exchanged with the exhibitors on-site. I hope you have enjoyed participating in the symposium
similarly like me.

From 9 — 13 June, more than 260 participants from 21 different countries were present in Thun.
This represents a record in the history of the symposium. There have never been such a variety of
nationalities registered yet. Among the participants, there were also about 80 students that
indicates the large interest of the next generation of engineers and scientists in the sounding
rocket and balloon activities.

Besides the symposium, we were able to enjoy leisure moments at picturesque villages, on the
Lake of Thun or the magnificent view from the mountains nearby. The high point of the
excursion was certainly the visit of the Jungfraujoch, at close to 3’500 m above sea level.

As chairman of the 21st ESA Symposium on “European Rocket and Balloon Programmes and
Related Research” 1 would like to thank the attendees for their numerous appearance. The
smooth conduction of the symposium we all enjoyed was possible thanks to the hard work of
many people behind the scenes like Marie-Pierre Havinga and Antonio Verga from ESA as well
as the members of the local organizing committee, chaired by Marianne Cogoli. I would also like
to thank the people from KKThun who did an excellent work in supporting us. Last but not
least, I would like to acknowledge the extensive work of the scientific committee who managed
to fit more than 170 presentations into three parallel sessions.

I am now looking forward to the next meeting that will take place in Norway 2015 and I hope to
meet you all there again.

Marcel Egli
Chairman, Lucerne University of Applied Sciences and Arts

Proc. 21st ESA Symposium European Rocket & Balloon Programmes and Related Research’,
9—13 June 2013, Thun, Switzerland ( ESA SP-721, October2013)
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SOUNDING ROCKET AND BALLOON RESEARCH ACTIVITIES
SUPPORTED BY THE GERMAN SPACE PROGRAMME in 2011 - 2013

R. Kuhl, C. Gritzner, D. Friedrichs

DLR, German Aerospace Center, Space Administration
Koenigswinterer Str. 524, D-53227 Bonn, Germany
fax.: +49-228-447-735, tel.: +49-228-447-0
e-mail: Rainer.Kuhl@dlr.de, Christian.Gritzner@dlr.de, Dietmar.Friedrichs@dlr.de

ABSTRACT

Mainly sounding rockets but also stratospheric balloons
have played a crucial role in implementing the German
Space Programme since many years. Research activities
were conducted in the fields of Microgravity, Space
Sciences, Earth Observation, Space Technology Deve-
lopment, Education, and Outreach.

Currently, in the field of Space Science the mesosphere
and ionosphere of the Earth as well as the solar photo-
sphere and chromosphere are in the focus of research.
In Microgravity Research the disciplines of life and
physical sciences benefit from ballistic rocket flights.
Balloon-borne measurements are conducted to
investigate the chemistry of our stratosphere. Student
activities are mainly supported under the auspices of
the Swedish-German programme REXUS/BEXUS.

1. INTRODUCTION

The disciplines Space Science, Microgravity Research,
Earth Observation, and Space Technology Development
are core elements of the German Space Programme.
Both, sounding rockets and balloons represent cost-
effective research tools for in-situ measurements in the
Earth’s atmosphere. On the other side experiments in
nearly weightlessness can be performed on a free fall
trajectory of sounding rockets. A hypersonic re-entry
can be tested by rockets on special trajectories. Rockets
and balloons are also very suitable for the education and
training of young scientists in space projects.

In order to conduct space and atmospheric research with
rockets and balloons German scientists of more than 20
research institutions currently benefit from the launch
sites Andeya Rocket Range - ARR (Norway) - and the
Esrange Space Center (Sweden) in established European
autonomy.

At Esrange most of the flight campaigns are conducted
by EUROLAUNCH. This is a joint venture of the entity
DLR-MORABA (Mobile Rocket Base) and the Swedish
Space Corporation (SSC).

The paper reports on activities supported by the German
Space Programme and implemented by the DLR Space
Management in the period June 2011 to June 2013.

2. SPACE SCIENCE
2.1 Aeronomy
2.1.1. WADIS project

The project WADIS (Wellenausbreitung und Dissipa-
tion in der Mittleren Atmosphére; wave propagation and
dissipation in the middle atmosphere) was initiated in
2011 by the Leibniz-Institute for Atmospheric Physics
(IAP) in Kiihlungsborn (PIs: F.-J. Libken, M. Rapp). Its
main goals are the analysis of gravity-wave dynamics in
the middle atmosphere and in-situ measurements of
atomic oxygen.

For the gravity-wave studies the already flown and well
proven CONE sensors will be used. For the atomic
oxygen measurement two new instruments - FIPEX and
PHLUX - are to be supplied by the Institute of Space
Systems (IRS), University of Stuttgart. The FIPEX
sensor was already successfully flown on the Interna-
tional Space Station, while the PHLUX sensor origin-
nally was developed to be launched into space aboard
the re-entry capsule EXPERT by ESA. In the meantime,
both instruments were optimized for the WADIS soun-
ding rocket campaigns.

There will be an instrument set of all three sensors
(CONE, FIPEX and PHLUX) on each end of the rocket
payload section. This allows for measurements during
the ascent and decent phase of the flown parabolic
trajectory while the longitudinal rocket axis is inertially
stabilized. The measurement phase will cover the alti-
tude range of about 70 km to 134 km. The horizontal
distance of the flown parabola will be about 50 km at an
altitude of 80 km.

It is intended to conduct two WADIS launch campaigns
that are planned for July 2013 and January 2014. Both
rocket campaigns will be accompanied by atmospheric
measurements at the ALOMAR ground station at ARR.
This concerns two instruments: the lidar investigation
DORIS (Doppler Rayleigh lodine System) and the radar
study MAARSY (Middle Atmosphere ALOMAR Radar
System).

DLR-MORABA will prepare and conduct the WADIS
launches from Andeya. Each campaign consists of one

Proc. 21st ESA Symposium European Rocket & Balloon Programmes and Related Research’,
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VS 30 rocket flight together with twelve meteorological
rocket launches. The last ones are provided by NASA in
the frame of a cooperation.

2.1.2 TURB3D project

TURB3D (Dreidimensionale Struktur mesosphérischer
Turbulenz; three-dimensional structure of mesospheric
turbulence) is a technology preparation project initiated
by IAP and DLR. The scientific aspects are handled by
IAP (PI: F.-J. Liibken) while the technological tasks are
performed by IAP together with the midsize company
Von Hoerner & Sulger GmbH, Schwetzingen.

With TURB3D the scientific objectives of the WADIS
project will be extended towards a 3-dimensional mea-
surement. This will be achieved by flying four identical
instrument units in a swarm formation. After reaching
the apogee at about 120 km a separation mechanism
will be activated releasing three CONE experiment units
from a rotating payload section. The fourth unit (another
CONE instrument and possibly the FIPEX and PHLUX
sensors) stays attached to the payload section. The three
separated units will reach a distance in the mesosphere
of about 250 metres from the payload section within a
minute. The separation mechanism, communication
lines, and the tracking are still to be studied. The first
TURB3D campaign is expected in the next 2-3 years.

2.2 Solar Physics

SUNRISE (Fig. 1) is a balloon-borne solar telescope
working in the ultraviolet spectral region down to 214
nm. Due to the disturbances of the Earth atmosphere
measured data of the solar atmosphere in this region are
not accessible from the ground. The instrument is able
to produce spectral and polarimetric images of the solar
photosphere and chromosphere with very high temporal
and spatial resolution. The main objective of the project
is to understand the formation of magnetic structures in
the solar atmosphere and to study their interaction with
plasma processes in the sun.

SUNRISE represents a joint project of German, US, and
Spanish groups led by the Max Planck Institute for
Solar System Research (MPS). The project is managed
by P. Barthol and the PI is S. K. Solanki, both working
at MPS. The one meter aperture telescope was built by
the German company Kayser-Threde, under the scien-
tific responsibility of MPS.

The instrumentation consists of a filter imager built by
MPS and a magnetograph provided by the Instituto de
Astrofisica de Canarias, Spain. The Kiepenheuer Insti-
tute for Solar Physics, Freiburg, was responsible for the
image stabilisation system and the correlation wavefront
sensor. The balloon gondola, equipped with the power

16

supply and the pointing and telemetry system, was built
under the responsibility of the High Altitude Obser-
vatory in Boulder, USA. The launch services for this
mission are provided by the NASA Columbia Scientific
Balloon Facility, Palestine.

On 8 June 2009 the SUNRISE 1 mission was launched
from Esrange. On the way up to the stratosphere the
balloon diameter increased to more than 100 meters
carrying more than two tons of scientific equipment.
Flying at heights up to 37 km the gondola left 99% of
the Earth atmosphere below. During its travel beyond
the Arctic Circle the telescope had an untarnished and
continuous sun view for more than five days. The tele-
scope worked flawlessly and was recovered without
damage after a perfect parachute landing of the gondola
on 13 June 2009 in the north of Canada.

Figure 1: SUNRISE 1 solar telescope during launch
preparations at Esrange. Credit: MPS

Due to the high resolution of the instruments small-scale
plasma structures, i. e. bright spots in the photosphere,
below 100 km latitude could be characterized for the
first time. In these spots the magnetic field is up to three
thousand times as strong as that of the Earth. The
brightness of the spots could be measured in the far UV
spectral region. It could be confirmed in detail that the
brightness fluctuations of the photosphere immediately
reflect the temperature distributions at the sun surface.
Until now, the excellent results of this mission could be
published in more than twenty scientific papers.



The second SUNRISE mission is planned in the period
June-July 2013. The scientific payload will be nearly
identical to the one flown in 2009 but slightly changed
filters in the filter imager.

While the images taken in 2009 revealed the atmosphere
of an extremely quiet sun in the solar minimum, a much
higher solar activity is expected in 2013. Therefore, the
main mission objective is now to investigate very active
regions at the solar surface.

3. MICROGRAVITY RESEARCH: LIFE AND
PHYSICAL SCIENCES

3.1 TEXUS and MAPHEUS flights

To investigate the effect of gravity on physical, chemi-
cal, and biological processes numerous German scien-
tists participated during the period of this report in three
sounding rocket missions TEXUS with eleven experi-
ments (Tab. 1) and one MAPHEUS mission with four
experiments. The microgravity flight phases amounted
to about 3 min for the MAPHEUS flight and 6 min for
TEXUS. The TEXUS rockets were powered by the
Brazilian 2-stage motor VSB-30 and MAPHEUS by the
Nike-Improved Orion.

ESA and DLR jointly tested on TEXUS 48 a new way
of handling propellants on Europe’s future rockets. ESA
is working on a cryogenic upper stage that is restartable.
To ensure engine ignition after a long coast in micro-
gravity the propellant must be held ready at the tank’s
outlet using capillary forces. Two Propellant Manage-
ment Devices were used to mimic the handling of super-
cold liquid hydrogen and oxygen propellants. To ease
cost and safety constraints, and simplify the thermal
design liquid nitrogen represented in this experiment the
cryogenic propellants. TEXUS 48 was launched on 27
November 2011 and supported by ESA’s Cryogenic
Upper Stage Technologies Project. A team of Astrium
engineers in Bremen led this project.

A third experiment investigated the orientation ability of
fish larvae under microgravity. Specifically, the calcium
uptake of inner ear stones of fish was measured. The
motivation for this topic is given by finding causes for
motion sickness. The DLR Space Agency supported
scientists of the University of Stuttgart-Hohenheim to
investigate cichlid fish under microgravity conditions
provided by the ballistic rocket flight (10*g) as well as
under more slightly reduced gravity conditions (0.01g)
generated by an onboard centrifuge. A precursor experi-
ment was already successfully performed by DLR on
TEXUS 45 in 2008.

The anniversary flight of TEXUS 50 took place on 12
April 2013 from Esrange conducted by the DLR Space
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Agency. For the fifth time the EML module (Electro-
magnetic Levitator) was exploited. This facility (Fig. 2)
enables containerless processing of metallic melts with
low levitation forces. Under such conditions the thermo-
physical properties of an alloy melt and its solidification
dynamics can precisely be studied. Data of the viscosity,
surface tension, specific heat, electrical conductivity,
and thermal expansion of reactive metallic melts can be
contactless measured. The data are needed by the metal-
lurgical industry for improved computer modelling to
carry out more efficient casting processes. In ground
experiments such data are not achievable with the re-
quired precision.

Figure 2: Two spherical metallic samples in the EML
facility before processing. Credit: Astrium

The two EML experiments on TEXUS 50 were led by
scientists of the DLR Institute of Materials Physics in
Space. In the first one, the viscosity of a Zr-Ni alloy
should be measured in a large temperature region. For
the chosen alloy composition a lot of data exists from
ground-based research, molecular dynamic simulations,
and theory. The experiment on the TEXUS flight should
offer reliable reference data. The second EML sample
was a Ni-Al alloy, which crystallisation kinetics as
function of undercooling of the melt should be studied.
The chosen alloy reveals at a specific composition a
very unusual behaviour. The dendritic growth velocity
is decreasing with increasing undercooling. During two
previous TEXUS missions several data points for the
undercooling could be recorded. To further clarify the
underlying physical mechanisms additional data at large
undercooling temperatures of the melt were required.
Unfortunately, due to a malfunction of the electronic
subsystem of EML both experiments could not be
processed as planned.

Two biological experiment modules were also flown on
TEXUS 50. Scientists of the University of Freiburg
investigated the molecular responses of plant cells upon
changes in gravity. This reaction results in an immediate



change in the expression of specific genes. Therefore,
such genes and signal networks should be identified.

Table 1: German microgravity experiments on sounding
rockets TEXUS (June 2011 - June 2013)

Principal Experiment Mission
Investigator
P. Behruzi Validation of the LH, TEXUS 48
Astrium PMD Concept
P.Behruzi Validation of the LOX  TEXUS 48
Astrium PMD Concept
R. Hilbig Calcium Biominera- TEXUS 48
Univ. Hohenheim lisation of Fish Otho-
liths
A. Meyer Viscosity of a Zr-Ni TEXUS 50
DLR-MP, Melt in Dependence
Cologne on Temperature
D. Herlach Dendrite Growth TEXUS 50
DLR-MP Velocity as Function
Cologne of Undercooling in a
Ni-Al Alloy
K. Palme Gravity-related TEXUS 50
Univ. Freiburg Changes in Gene
Network Organization
P. Galland Fast Gravitropic TEXUS 50
W. Schmidt Primary Reactions
Univ. Marburg in Fungi
J. Friedrich Critical Capture TEXUS 51
Velocity of SiC
II1SB, Erl
SB, Erlangen Particles During Solar
Silicon Growth
G. Zimmermann  Columnar-to-Equiaxed ~ TEXUS 51
ACCESS, Aachen Lransition in
’ Transparent Melt
Solidification
R. Holzwarth Test of a Fiberlaser- TEXUS 51
T. W. Hinsch based Optical-
MPQ, Munich Frequency Comb
0. Ullrich Signal Transductionin ~ TEXUS 51

Cells of the Immune

Univ. Magdeburg System

Seeds of the Arabidopsis thaliana plant were exposed
to microgravity as well as for comparison to a 1-g
onboard centrifuge during the flight.

In the second biological module the gravitropism of
fungi was studied. This is the phenomenon how fungi
sense the Earth gravitational field and orient themselves
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in space. The goal was the characterization of the nearly
instantaneous gravitational reactions. These so-called
primary responses were measured by applying the fast
in-vivo spectroscopy. In addition to the microgravity
data, a build-in centrifuge allowed for determining the
gravity threshold of the primary responses by a stepwise
variation of the acceleration level acting on the fungi.

Four research modules were accommodated on TEXUS
51. In the materials sciences experiment PARSIWAL
the critical growth rate for particle incorporation during
the directional solidification of so-called solar silicon is
investigated. In the photovoltaics industry most of the
solar cells are made from multicrystalline silicon, which
is grown by directional solidification. During the growth
process, the silicon melt is in contact with a crucible,
which walls have to be coated with silicon nitride. In
addition, the real furnace atmosphere contains carbon
monoxide. The dissolution of the coating as well as the
carbon bearing gas leads to the precipitation of silicon
carbide and nitride. Such particles of up to several
hundred micrometers in diameter lead to severe
problems during the industrial sawing process for
wafering the ingots. SiC particles can act as a shunt,
circuiting parts of the solar cell. In industrial processing
the incorporation of such particles needs to be avoided.

There is a critical growth velocity below which particles
are pushed in front of the solid-liquid interface. In
contrast to theoretical predictions, which state that only
mm-sized particles are incorporated, the reality shows
the presence of pm-sized particles in grown Si crystals.
The microgravity experiment should therefore offer the
opportunity to study the incorporation only as function
of the growth rate and particle size. This experiment
will help to improve the quality and efficiency of future
solar cells.

Another materials sciences module called TRACE-3 is
also aboard TEXUS 51. This facility was already flown
on TEXUS 47 and 49. Scientists of the ACCESS group
in Aachen investigated the columnar-to-equiaxed tran-
sition of the microstructure pattern during solidifying a
transparent model alloy. This effect represents a tran-
sition from a directional (columnar) to a nondirectional
(equiaxed) solidification morphology and determines
optimization data of an industrial casting. Because the
alloy melt is neither affected by sedimentation nor by
convection in microgravity these undisturbed data can
be used for calibration purposes and improvements of
numerical models for industrial casting processes. The
development of the solidification morphology of the
melt is recorded by video cameras in addition to the
measurement of the solidification velocity.

In the field of Fundamental Physics the FOKUS module
serves as a technology demonstrator for the readiness



level of a so-called frequency comb for future sounding
rocket or satellite missions. The corresponding techno-
logy was invented at the Max-Planck-Institute of Quan-
tum Optics (MPQ) in 1999 and is now commercially
available. T. W. Hansch at MPQ was awarded the Nobel
Prize for this development in 2005.

A frequency comb is a highly pulsed laser that can be
used, for instance, for precision spectroscopy or when
building extremely accurate atomic clocks. Its most
helpful feature is to facilitate the measurement of optical
frequencies, i. e. frequencies at which light waves are
oscillating. Future applications in space could concern
the study of trace gases in the atmosphere or the next
generation atomic clocks for research and navigation. A
team of MPQ and the German company MenloSystems
developed a miniaturized and robust instrument (Fig. 3)
for operation on the TEXUS mission. This approach
was a major challenge because of the new technologies
required to reduce volume, mass, and the electric power
consumption significantly.
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Figure 3: Comparison of the differences in size of an
Optical Frequency Comb (OFC) payload.
Left: OFC as used in Drop Tower Bremen
experiments
Right: FOKUS-OFC of TEXUS 51 rocket
Credit: MPQ, MenloSystems

For the purpose of a frequency comparison with an
atomic clock working in the optical domain a team of
the Humboldt University, the Ferdinand-Braun-Institute
in Berlin, and the University of Hamburg integrated a
compact diode laser system in the FOKUS module. This
innovation shall become the first spectroscopy test of
Rb atoms in space.

In the fourth module of the TEXUS 51 payload the
signal transduction in cells of the immune system shall
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be investigated by a team of the Universities of Mag-
deburg and Zurich. It is well known that the activity of
cells of the immune system is severely affected in
microgravity but the underlying molecular mechanisms
are far from being understood. The objective of the
experiment is to achieve a more systematic overview of
gravity-related gene expressions in cells of the immune
system. The hypothesis is to be tested that a specific
kind of cell proteins is responsible for the interplay of
gravity changes and cellular response.

TEXUS 51 was planned to be launched by DLR on 19
April 2013. According to a decision of the Swedish
range safety board the flight had to be postponed during
the ongoing campaign due to technical reasons of the
launching facility at Esrange.

On 25 November 2012 the third sounding rocket mis-
sion MAPHEUS took place. This was a DLR internal
R&D activity of the Institute of Materials Physics in
Space, Cologne, in cooperation with DLR-MORABA
and the Institute of Space Systems, Bremen. The 2-stage
Nike-Improved Orion rocket reached an altitude of 140
km with a 100 kg scientific payload and offered more
than 3 min of microgravity conditions. Four scientific
modules were flown on MAPHEUS 3. The ATLAS-M
module allowed precise measurements of liquid diffu-
sion coefficients in Al-rich alloys. The demixing of Cu-
Co melts at different compositions was studied in the
DEMIX module. This process is of interest to industry
to test current numerical models. The MEGRAMA
module permitted studies on the dynamics of granular
matter. Specifically, magnets were used to excite para-
magnetic particles in a gas. The subsequent “cooling”
by losing energy due to collisions with one another
leads to compaction of the particles. This process was
analysed by video recording. The rocket also carried a
newly developed furnace that is transparent to X-rays.
This approach enables the direct study of the changes in
the composition and structure taking place in the interior
of six melted metallic alloy samples.

4. EDUCATION
4.1 REXUS / BEXUS flights

REXUS and BEXUS (Rocket/Balloon EXperiments for
University Students) are a German-Swedish student pro-
gramme to acquire practical experience in real space
projects on a regular basis. By annual calls for proposals
the flight experiments are selected after evaluation by
the agencies DLR and SNSB. The ESA education office
cooperates with SNSB to fly other European payloads
on the Swedish share. All campaigns are conducted by
the launch provider EUROLAUNCH.

The sounding rocket missions REXUS 11, 12, 13, and
14 were performed during the last two years. Altogether



six payloads developed by German students were flown.
The 1-stage Improved Orion rocket was used resulting
in altitudes of about 85 km and providing 1 min pg.

On 19 March 2012 REXUS 12 was launched with the
German modules SPACE and SOMID. In the first case
a student team of the University of Braunschweig inves-
tigated the collision and aggregation of mm-sized dust
particles. Such a process of mutual collisions between
dust grains and dust aggregates is assumed to play an
important role in the first phase of planet formations.
The results were compared with a mathematical model
that predicts the outcome of collisions between proto-
planetary dust aggregates.

The SOMID module conducted sound measurements
during the flight that stem from vibrations of the rocket
structure. Such an individual behaviour can indicate
defect structural elements. This technology experiment
was prepared by students of the Universitdt der Bundes-
wehr, Munich. Due to experimental concept and quality
of the results the team was awarded the Herman Oberth
medal for graduate students at the IAF congress in 2012.

Two German payloads flew on REXUS 11 on 12 Nov.
2012. Students of the Aachen University of Applied
Sciences tested the advanced isolation platform ADIOS.
The purpose was to decouple microgravity sensitive
experiments from vibrations induced by the rocket
structure or other experimental equipment. This module
is an advanced development of the VIBRADAMP
experiment flown on REXUS 7 in 2007. In the second
module CARU students of the Technical University in
Dresden investigated the behaviour of two chemically
reacting liquids driven by a capillarity effect.

An extendable experiment support bus called CERESS
was successfully flown on REXUS 13 on 9 May 2013.
This universal system for providing regulated electrical
power, on board data handling, command and control of
individual REXUS experiments, and the standard com-
munication with the ground station was developed by
students of the Technical University of Munich.

REXUS 14 was already launched on 7 May 2013. The
German experiment SpaceSailors tested the deployment
of a dragsail under microgravity. The increasing amount
of space debris in low Earth orbit represents a major
problem for current and future satellite missions. To
develop new de-orbit technologies for satellites at the
end of their active lifetime the aerodynamic drag of the
atmosphere can be increased by using a thin foil sail at
the spacecraft that causes an accelerated re-entry of the
whole ensemble. The deployment mechanism (Fig. 4) of
a 2 m* polyamide sail was successfully monitored by
cameras during the microgravity phase. Students of the
RWTH Aachen University developed this module.
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Figure 4: Students are testing the SpaceSailors
dragsail set-up on REXUS 14. Credit: RWTH Aachen

In the period from June 2011 until June 2013 the four
balloon missions BEXUS 12, 13, 14, and 15 were con-
ducted from Esrange. Typical float times of the balloons
were 3-4 hours at an altitude of 25 km.

BEXUS 12 was launched on 27 September 2011 with
the LITOS module. Students of University of Rostock
as well as the University of Applied Sciences Hamburg
investigated fine-scale turbulences in the stratosphere.
The instrument allowed for high resolution wind turbu-
lence soundings up to 35 km altitude. On BEXUS 13
students of the University of Kiel flew the RETA expe-
riment and measured the radiation dose of charged and
neutral particles in dependence on the altitude. The bal-
loon was launched on 28 September 2011.

During this flight also a glider called VEXREDUS of
students of the University of Stuttgart was tested. The
aerodynamic behaviour of a vehicle with a shaped wing
body was investigated in the low density atmospheric
layers by dropping it from an altitude of 10 km.

BEXUS 14 and 15 were launched on September 24 and
25, 2012, respectively. Students of the University of
Kiel measured with the MONSTA module the neutron
flux in the atmosphere in dependence on the altitude.
Such neutrons originate from galactic cosmic rays after
interaction with the molecules and atoms of the Earth
atmosphere. The solar spectral changes in layers of the
atmosphere with various gas compositions and aerosols
were measured on BEXUS 15. Students of the Univer-
sity of Oldenburg designed a spectrometer called SOL-
SPECTRE which is sensitive in the 300-950 nm range.
For the second time, the VEXREDUS atmospheric
glider was released from a balloon and autonomously
glided back to the landing site.



5. HYPERSONIC FLIGHT TECHNOLOGY
5.1 SHEFEX / HIFIRE / SCRAMSPACE flights

The re-entry vehicle SHEFEX II (Sharp Edge Flight
Experiment) was successfully launched from ARR on
22 June 2012. The main objective of this German flight
experiment was to correlate numerical analysis data
with real flight data in terms of aerodynamic effects and
to test a new structural design concept of the thermal
protection system. This included an active cooling of
the ceramic heat shield by nitrogen gas. It was a further
step towards the demonstration that sharp leading edge
configurations are qualified for a hypersonic re-entry
vehicle. Moreover, facetted thermal protection systems
are also assumed to reduce the manufacturing and main-
tenance cost compared to traditional systems.

In contrast to the ballistic trajectory of the first re-entry
mission in 2005 SHEFEX II (Fig. 5) demonstrated a
hypersonic re-entry with a fully aerodynamically con-
trolled vehicle. A powerful Brazilian rocket motor com-
bination S40/S44 together with a suppressed trajectory
of the burning second stage allowed an available experi-
ment time of about 45 sec at a speed of Mach 10 to 11.
Data from more than 300 sensors were recorded.

Figure 5: SHEFEX Il re-entry vehicle in the integration
hall at ARR. Credit: DLR-MORABA

Besides the facetted ceramic thermal protection system,
ceramic based aerodynamic control elements (canards),
also a new automatic flight control unit was imple-
mented. Different inertial platforms and a star tracker
sensor provided accurate data related to position and
orientation of the vehicle. Altogether eight DLR entities
cooperated in this project under the lead of the Institute
of Structures and Design. External partners from Brazil,
Australia, Germany, USA, and ESA were also involved.

Another project of collaboration to advance the science
and technology of hypersonic flight is called HIFIRE
(Hypersonic International Flight Research Experimen-
tation). This project with altogether nine consecutive
flight experiments and associated flight vehicles is led
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by US and Australian institutions. Its objective is to
gather fundamental scientific data in the hypersonic
flight regime that are difficult or impossible to obtain
through ground testing alone. The project started in
2006 as a bilateral one and after that several German
research institutes joined the collaboration.

DLR-MORABA provided the launch services at ARR
for the HIFIRE 5 and 3 missions in April and September
2012. In September 2013 the HIFIRE 7 rocket will also
be launched by MORABA as well as HIFIRE 4 in 2014.

For the HIFIRE 5 flight the DLR Institute of Structures
and Design, Stuttgart, developed a ceramic fin (FinEx)
to test the performance of new structures with sharp
leading edges during hypersonic flight. The analysis of
the thermal performance of this fin is conducted by in-
depth mounted thermocouples protocolling temperatures
during flight. In cooperation with the Institute for Space
Systems, University of Stuttgart, the thermal behaviour
is studied and numerically modeled. The DLR Institute
of Aerodynamics and Flow Technology, Braunschweig,
currently develops a numerical generation of a flush air
data system for the hypersonic flight of HIFIRE 7.

The international project SCRAMSPACE (Scramjet-
based Access-to-Space Systems) is led by the Univer-
sity of Queensland, Australia. The first launch will be
provided by DLR-MORABA from ARR in September
2013. Its main objective is to test a vehicle powered by
a supersonic combustion airbreathing engine. The DLR
Institutes of Structures and Design, as well as of Aero-
dynamics and Flow Technology supply the control fins
of the test vehicle and provide aerodynamic simulations.

6. CONCLUSION

As part of the German Space Programme sounding
rockets are important for research of the middle Earth
atmosphere, for medium-duration microgravity experi-
ments, and for hypersonic flight technology tests. In the
fields of Space Science and Earth Observation strato-
spheric balloons complement ground-based and satellite
investigations. Both research tools are very beneficially
for the education and training of students and young
scientists. Also in the upcoming years the DLR Space
Agency will provide its relevant support.

ACKNOWLEGEMENT

The authors thank all DLR colleagues, who contributed
to the mentioned activities as well as the scientists from
universities und other research entities in Germany for
the provision of information material used in this paper.
The activities were funded by the German Ministry of
Economics and Technology, according to a resolution of
the German parliament.






NORWEGIAN NATIONAL REPORT — ARCTIC ACCESS TO SPACE

Pil Brekke!

@ Norwegian Space Centre, Norway, paal.brekke@spacecentre.no

ABSTRACT

Norway has long traditions as a space nation, much
due to our northern latitude. Our space science activities
are concentrated into relatively few areas. This
concentration is necessary due to limited resources, both
in funding and personnel. The main scientific activities
are within Solar-terrestrial physics and cosmology.

The first field has been a priority since before the
space age and is still the major priority. The usage of the
ground infrastructure in Northern Norway and on
Svalbard is essential in studying the middle and upper
atmosphere and the interaction with the Sun. This
includes the utilization of sounding rockets, both small
and large, and ground based installations like radars,
lidars and other optical instrumentation. The planned
use of Svalbard as a launch site for large stratospheric
balloons may allow the cosmology community access to
our northern infrastructure. The solar physics
community is also heavily involved in the HINODE and
IRIS missions and Norway is supporting downlink of
data via the Svalbard Station for these missions.

The sounding rocket program is in close
collaboration with many countries like Germany, USA,
France, Canada and Japan. Two scientific sounding
rocket programs are currently being pursued: The ICI
series (from Svalbard) and MaxiDusty (from Andeya).
A series of scientific publications have recently
appeared from the ECOMA campaign a few years ago.

A significant improvement of today’s polar and
ionospheric research infrastructure in Northern Norway
and Svalbard has recently been put on the ESFRI
roadmap for European research infrastructure through
the SIOS and EISCAT 3D initiatives. The Norwegian
government has recently decided to upgrade the VLBI
facilities at Svalbard.

1. HISTORIC PERSPECTIVES

Norway has a long tradition as a space nation, in no
small measure due to its northern position on the globe.
Kristian Birkeland’s famous Terrella experiment in
1896 in which he created synthetic northern lights can
be seen as the start of modern space activities. He
understood that it was the sun that caused the aurora
borealis and that particles from the sun interact with

Earth’s magnetic field and atmosphere. Thus the aurora
and solar research led to the establishment of the rocket
range on the island of Andeya in North Norway, where
the first Norwegian research rocket was launched in
1962. Researchers from numerous countries now utilize
this rocket range in their studies of the northern lights
and the Earth’s atmosphere and the facility is NASA's
most important launch facility for sounding rockets
outside USA. More than 1000 rockets have been
launched since 1962, the biggest being NASA’s 15
meter long Black Brant XII, with an apogee of up to
1500 km.

The solar observatory at Harestua north of Oslo was
opened in 1957 and included several optical and radio
telescopes. One telescope was dedicated to tracking
satellites passing across the sky. These observations
were made on a request from the US Air Force and this
was Norway’s first connection to satellites.

Figure 1: The Sun-Earth connection has a long
tradition in Norway (S.Hill/NASA).

Norwegian scientists participated in the solar telescope
HRTS (High Resolution Telescope and Spectrograph)
that flew on the space shuttle Challenger in 1985 and
several times on sounding rockets. More recently they
played a central role in the successful SOHO mission - a
large satellite based solar observatory including 12
different telescopes and instruments launched in 1995,
which is still operating. SOHO is a collaboration
between ESA and NASA in which Norwegian industry
provided equipment and services to the tune of 80
million Norwegian kroner.

Scientists at the Norwegian Defence Research
Establishment (FFI) participated on Spacelab 1 flying
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onboard the space shuttle Challenger in 1983. They
built the electron accelerator, which produced artificial
aurora in space. Later Norwegian institutes participated
in the European Space Agency’s Cluster mission, a
«space fleet» of four identical satellites flying in
formation through the Earth’s magnetosphere. The
University of Oslo (UiO), The University of Bergen
(UiB) and NDRE all delivered electronics and parts to
three different instruments on Cluster.

NASA’s Polar satellite, launched in 1996, studied the
aurora from space. UiB delivered important electronics
to the PIXIE instrument taking images of the X-rays
from the aurora. Scientists at UiB were also involved in
data analysis and recently their results made the front
page of the journal Nature.

2. OVERALL SPACE SCIENCE PRIORITIES

Due to its size and the resulting limited resources,
Norway needs to concentrate efforts to compete with
other space nations. Space related science in Norway
can be divided into three major fields: research OF
space, research FROM space and research IN space.

*  “OF space”
o Solar-Terrestrial physics (about 80%)
o Cosmology
* “FROM space”
o Ocean monitoring
o Polar and climate research
o Science leading to needed
applications
¢ “IN space”
o Plant physiology
o Human psychology
o Technology demonstrators

In this article the main focus is science OF space and
the other fields will just be mentioned briefly. Science
OF space includes space physics with the emphasis on
the magnetospheric/-ionospheric physics and processes
in the neutral middle atmosphere at high latitudes. Solar
physics and cosmology and life sciences with a focus on
plant physiology are also included.

Norway is participating in ESAs Space Situational
Awareness program. The Norwegian Mapping Autority
is contributing to monitoring space weather effects on
the ionosphere and degradation of positioning systems.
Tromse Geophysical Observatory is monitoring
deviations in the Earth’s magnetic field. Kongsberg
Spacetec is involved in the Phase A Study for Space
Weather part of the SSA program. They have a contract
related to the architectural design of the Space Weather
system, with responsibilities related to ground based
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sensors, services and the overall system architectural
design.
3. SOUNDING ROCKET PROGRAM

3.1 Andeya Rocket Range

Andeya Rocket Range (ARR) provides sounding rocket
and balloon operations from Norway. ARR was
established in the 1960s and more than a thousand
sounding rockets have been launched from Andoya
since the first lift-off in 1962. The sophisticated
infrastructure includes a cluster of ground-based state-
of-the-art instruments. The Norwegian Institute for Air
Research (NILU), the Institute of Atmospheric Physics
(IAP Kiihlungsborn), ARR, the Norwegian Defence
Research Establishment (FFI), University of Oslo, and
eight other science groups from outside Norway run
their instruments at ALOMAR (Arctic Lidar
Observatory for Middle Atmosphere Research) and
contribute to the running costs of the observatory. The
instruments include four lidars, four atmospheric radars,
and a number of passive instruments, such as an
imaging riometer, all-sky camera, several spectrometers,
microwave radiometers, and others. ARR has operated
the observatory since 1994.

Figure 2. Andoya Rocket Range (ARS).

ARR offers the scientists the opportunity for in-depth
studies of the Arctic atmosphere and ionosphere by both
short- and long-term monitoring techniques which can
be combined with in-situ measurements from rocket
and/or balloons. The User Science Operator Centre
(USOC) provides real-time monitoring of scientific
parameters and other phenomena during operational
campaigns. The latest contribution to the infrastructure
at ARR is the building of a new powerful VHF-radar
consisting of 433 Yagi antennas and Unmanned Aircraft
System (UAS) operations. The high latitude location of
ARR (69°N), north of the Arctic Circle, is favourable
because it is close to the southern boundary of the Polar
Vortex and lies within the nightside auroral oval. The



infrastructure gives the scientists the opportunity to
exploit these advantages; the physics, chemistry and
dynamics in all atmospheric layers can be investigated,
thus both climate change and space weather parameters
can be monitored.

In the context of Space Weather Services, there are
several relevant ground-based instruments located at
Andeya. In particular, the Imaging riometer (IRIS) is
important because it can monitor the ionosphere and its
response to particle precipitation. An All-sky camera
will monitor the aurora and the cluster of radars have
the capability to monitor the mesosphere and lower
ionosphere and provide information on electron density,
meteors, turbulence, wind field and tides.

The ALOMAR observatory provides measurements of
the troposphere to the lower thermosphere and includes
profiles of temperature, total density, wind speed and
direction, certain trace constituents such as Na and O;,
atmospheric gravity waves and their momentum flux.
Several of the scientific parameters that are monitored
play an important role regarding the space weather.
ARR also has the knowledge and expertise to build
sounding rocket payloads, which can be used to study
parameters relevant to the understanding of space
weather phenomena.

Sounding rockets could either be launched from Ny
Alesund (78.92°N, 11.93°E) on Svalbard (SVALRAK)
or at Andeya (69.28°N, 16.01°E). At Andeya two
launchers are capable of launching large rockets such as
Black Brant XII up to more than 1600 km in altitude. At
Ny Alesund the launcher can launch rockets to altitudes
above 1100 km while from Longyearbyen (78.25°N,
15.47°E) long duration balloons are launched up to
altitudes between 30 and 40 km.

One recent extensive rocket campaign was the ECOMA
programme. The ECOMA project (Existence and
Charge state Of Meteoric smoke particles in the middle
Atmosphere) aims to measure in-situ the number
densities of both charged and uncharged aerosol
particles in the mesosphere and lower thermosphere.
The experiment a collaboration between IAP
Kiihlungsborn in Germany and the Defence Research
Establishment in Norway. The ECOMA campaigns in
2006, 2008 and 2010 included important ground-based
contributions using many ALOMAR instruments and
EISCAT and sometimes even from satellites. An MoU
between University of Oslo, University of Tromsg, IAP
and DLR was signed during the 21* ESA PAC meeting
in Thun to enhance the Norway-German collaboration
on middle atmospheric research. The collaboration is
motivated by the desire to unravel the role of the middle
atmosphere in coupling space to Earth, likely hidden in
multi-scale coupled processes and chemistry. Sounding
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rockets are the only feasible approach to study the small
scale processes.

3.2 ICI Rocket Programme

The ICI-series of rockets is a space weather mission.
There is an increasing demand for scintillation forecasts
in the polar caps. For Norway this is due to an
increasing amount of activities in the high north relying
on communication and high precision GNSS signals
(offshore and opening of the northern sea route). With
the ICI-series of rockets, the University of Oslo aims to
study instability processes in connection with auroras,
high speed plasma flow channels and polar cap patches,
and in particular to quantify growth rates and to
characterize electron plasma structures associated with
these instabilities. The ICI-rocket program delivers
building blocks for space weather scintillation models.

The ICI rocket program takes advantage of the total
Hotel payload services developed Andeya Rocket
Range where the scientists only take care of preparing
their own instruments and tell when science conditions
are met for launch. This is cost effective approach that
increases the chance to revive a sustainable Norwegian
sounding rocket program. The ICI payload is optimised
to perform high resolution measurements of the electron
plasma structures, down to meter scale, and it is
equipped with an electron particle spectrometer that can
resolve the thickness of magnetic field-aligned electron
beams down to ~meter resolution, i.e. down to an
electron gyro radius which is thinnest thinkable
structure which has not been measured before!

Figure 3. Artist concept of future ICI missions with a
combination of rocket and release of 3 Cubesat format
sub-payloads (T. Abrahamsen, ARS)

ICI-2 was successfully launched from Ny-Alesund in 5
December, 2008. It intersected 3 regions of HF radar
backscatter targets. With UiO’s new concept Langmuir
probe system it measured absolute electron density at
5.7 kHz resolution, and for the first time it resolved
decametre HF backscatter irregularities.



ICI-3 was launched from Ny-Alesund in December
2011. The ICI-3 payload consisted of several
instruments with contributions from University of Oslo
(Ui0), Japan Aerospace Exploration Agency/Institute of
Space and Astronautical Science (ISAS/JAXA) and
Laboratoire de Physique des Plasmas (LPP). University
of Alberta, Canada contributes to the payload
instrumentation of ICI-4 that will be launched in
December 2013As illustrated in Figure 3 the ICI-5
rocket planned for December 2016 will include three or
more sub payloads.

3.3 MAXIDUSTY Rocket Programme.

The aim of the MAXIDUSTY (MXD) programme at the
University of Tromse, in cooperation with the
University of Oslo, is to enhance our understanding of
key physical and chemical processes in the Earth’s
mesosphere and of its coupling to other atmospheric
regions. The project represent a continuation of the
Norwegian rocket programme on the mesosphere,
including the rocket projects TURBO,
TURBO/DUSTY, MINIDUSTY, MIDAS, ROMA, and
ECOMA. The MXD project has a particularly strong
emphasis on the investigation of dust and aerosol
particles, their structure and composition, compared to
earlier mesosphere projects. The investigations will
involve the launch of rocket payloads from Andeya
Rocket Range, Norway. The first payload MXD-I is
planned to be launched on July 2014. This payload will
include several recently developed dust probes and
plasma probes. It will also carry a new dust probe
ICON, a mass spectrometer which will mass analyze the
evaporation gas from captured icy NLC/PMSE cloud
particles.

Figure 4. From left to right we show the dust probe
DUSTY which in 1994 for the first time detected
mesospheric  charged dust particles. The mass
spectrometer ICON is intended to mass analyze the
vapour from the ice of the NLC particles. ICON is
planned to be launched for the first time on MXD-I in
2014.
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The launch will be supported by the EISCAT UHF
and VHF radars, the EISCAT Heating Facility, and the
MORRO 56 MHz radar at the EISCAT site, by all
relevant ground-based instrumentation at Andeya
Rocket Range, and by satellite observations. The MXD
payloads will also carry daughter payloads to be ejected
in the mesosphere to conduct 3D measurements of vital
parameters such as the plasma density and possibly the
dust charge density. There will also be instrument
contributions from University of Colorado (Boulder),
University of Stockholm (MISU) and Technical
University Graz.

The major goals of the MAXIDUSTY investigations are
to reveal the chemical content of the icy noctilucent
cloud/polar mesospheric cloud (NLC/PMC) particles
by: in situ mass spectroscopy, weighing collision
fragments from impacting ice particles, find the
secondary charging effects, mass analyze the incoming
primary dust particles, and analyze smoke particles
brought back by a “Meteoric Smoke Sampler” (MESS)
probe on the planned MXD-II payload. The MESS
probe, will collect many NLC/PMSE particles, each of
which should contain a large number of meteoric smoke
particles which will remain in the collection chamber
after the NLC/PMSE ice evaporates. MXD-II is
planned to be recovered.

4. AURORA RESEARCH

The old Aurora Station in Adventdalen at Svalbard was
built in 1978 but was in recent years outdated and
hampered by increasing light pollution from
Longyearbyen. The new Kjell Henriksen Observatory
was opened in 2008 and is the largest of its kind with a
gross total area of approximately 700 square meters,
which includes a service section of approximately
200 square meters floor space.

Figure 5. Kjell Henriksen Observatory at Svalbard was
opened in 2008 (KHO



The instrument section contains 30 instrument rooms
with domes. Even prior to the opening the observatory
was fully operative with 24 instruments from different
groups around the world.

In addition, prior to the opening, KHO was used as
scientific command centre for the SCIFER 2 (Sounding
of the Cusp Ion Fountain Energization Region) rocket
campaign. The main task of KHO is in general to study
processes associated with the Magnetospheric cusp and
its connection to the Sun-Earth environment. The
dayside aurora gives an open window to processes on
the Sun and how they interact with our upper
atmosphere. Studies of phenomena such as airglow and
aurora are therefore essential for understanding of how
energy is transported into the Magnetospheric Clefts
down the whole vertical column of the atmosphere, and
how it on a larger scale contributes to the climate.

Each instrument at KHO has its own scientific task and
objective listed at the observatory’s own home page:

http://kho.unis.no.

5. GEOMAGNETIC RESEARCH

Tromse Geophysical Observatory (TGO), University of
Tromsg, is operating a network of 14 magnetometers in
Norway and Norwegian areas in the Arctic [picture
from Hopen magnetometer attached]. Three of them -
Bear Island, Tromse and Dombas - are geomagnetic
observatories, the remaining are stable variometers with
less accurate absolute calibration aimed to serve
ionosphere physics and monitoring magnetic field
variations during directional drilling operation by the oil
industry at the Norwegian continental shelf. Most of the
stations are included in the IMAGE database.

Near real time data can be found at
http://flux.phys.uit.no/geomag.html where they are
displayed along with corresponding data from Finland,
Denmark, Greenland, Alaska and Russia. TGO is also
an Expert Center withing the ESAs Space Situational
Awareness (SSA).

Additionally, TGO is operating an ionsonde near
Tromse, meteoradars (jointly with Japanese institutions)
at Tromse, Bear Island and Longyearbyen, a HF radar
(with Japan and Canada) at Tromsg, the SOUSY radar
and an imaging riometer (with Denmark) in
Longyearbyen.

SuperMAG is a worldwide collaboration of
organizations and national agencies that currently
operate more than 300 ground based magnetometers.
The purpose is to help scientists, teachers, students and
the general public easy access to measurements of
variations in the Earth’s magnetic field. Through the
ESA PRODEX programme, a mirror server for the
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global SuperMAG network of magnetometer data has
been established in Bergen.

2,

Figure 6. SuperMag _ The Global Ground
Magnetometer Initiative is located at the University of
Bergen, Norway.

6. BIRKELAND CENTRE FOR SPACE SCIENCE

The Birkeland Centre for Space Science (BCSS) is a
centre of excellence that was established in 2012 to
tackle a broad range of scientific topics. It is located at
the University of Bergen in collaboration with NTNU
and UNIS. It will strengthen the international position
of the Norwegian space physics community by making
significant progress on compelling science questions.
The primary objective for the centre is to understand
How is the Earth coupled to Space? This includes
understanding when and why the aurora in the two
hemispheres are asymmetric, better understanding of the
ionosphere, the effects of particle precipitation on the
atmospheric system, and the role of energetic particles
from thunderstorms in geospace.

BCSS will maximize the utilization of existing
Norwegian infrastructure at Svalbard, Northern Norway
as well as our large investments in Cluster and ASIM. It
will also strengthen and expand UiB’s capability to
develop and build state-of-the-art instrumentation for
space. Furthermore it will contribute to educate and
position the next generation of Norwegian space physics
scientists through an ambitious educational and public
outreach components.

Fig. 7. The new map of TGF's after re-searching the
RHESSI data: 3 times more TGFs (Gjesteland et al.,
2012)



7. GEODETIC RESEARCH

The Space Geodetic Research Facility of the Norwegian
Mapping Authority in Ny Alesund, Svalbard, is part of
an international network of stations, which is crucial for
society’s satellite-based infrastructure and provides the
basis for accurate climate monitoring in the far north.
The observatory is the northernmost facility of its kind,
and maps movements in the Earth’s surface, planetary
rotation, and the Earth’s position in space. The
Norwegian government appropriated funds for a new
geodetic observatory with new technology in its revised
national planning budget for 2012. The new observatory
is due to be completed in 2018.

Figure 8. The VLBI antenna in Ny Alesund, Svalbard.

The upgraded observatory will combine several
geodetic measuring techniques - very long baseline
interferometry (VLBI), satellite laser ranging (SLR),
global navigation satellite systems (GNSS) — including
GPS — and doppler orbitography and radio positioning
integrated by satellite (Doris), based on the standard set
by the global geodetic network. Norway’s Uninett group
is preparing to lay fibreoptic cables along the seabed
between Longyearbyen and Ny-Alesund. This link will
be important for the research community at the latter
site. Plans call for cable to be laid in the summer of
2014. With this fibreoptic link, the Norwegian Mapping
Authority will be able to transmit real time data from its
new observatory to such recipients as NASA in the
USA and the international geodetic research network.

8. SOLAR RESEARCH

The solar research environment blossomed early in
Norway and today Norway has one of the strongest
solar research groups in the world. Today observations
of the sun are carried out from large international
observatories as well as from satellites. Norway is
currently involved in the SOHO mission and the
Japanese solar satellite Hinode. Data from the satellite
are downloaded at the Svalbard archipelago and a
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European data centre at the University of Oslo is
processing the raw material making it accessible for the
entire European science community.

In addition Norwegian scientist are involved in NASA’s
Solar Dynamics Observatory (SDO) launched in 2010.
SDO is a super-telescope taking images with four times
higher resolution than HD-TV quality every 10 seconds,
transmitting 1500 Gb of data every single day. The
NASA solar mission IRIS (Interface Region Imaging
Spectrograph) was launched in June 2013 with a
significant Norwegian contribution in modeling of the
solar atmosphere as well as providing downlink of data
via the Svalbard Satellite Station.

SOLAR-B

Figure 9. The data from HINODE is downloaded to
Svalbard and Troll (T. Abrahamsen).

What has become increasingly clear is that a proper
utilization of high quality satellite data requires
extensive numerical modelling. This is needed in order
to make the connection between observed quantities
such as spectral lines and the physical conditions in the
radiating atmosphere. The solar physics group in
Norway has built up a considerable expertise in this area
and is now, as one of the first groups in the world,
producing three-dimensional models of the solar
atmosphere, from the convection zone to the corona.
These models include enough of the relevant physics so
that synthetic observations from them can be compared
directly with observations.

9. COSMOLOGY AND ASTRONOMY

A small cosmology group has existed at the University
of Oslo since the 1960’s, but in the last decade it has
grown to become an internationally leading research
group. Presently the most important research subject is
the Cosmic Microwave Background, the group



emphasizes the closest interaction between analysis of
data from experiments and fundamental theory to
further the understanding of the Universe.

The last decade has seen an enormous growth in
cosmology, making it a leading branch of both
astronomy and physics. While cosmology until one or
two decades ago was a data-starved science, the
opposite is the case today. The wealth of new data
coming out of new large space- and ground-based
experiments has made cosmology a data-rich science
where one poses detailed questions and where
simplified models are no longer sufficient. Already with
NASA’s Wilkinson Microwave Anisotropy Probe
(WMAP), large classes of cosmological models are
today ruled out, and a concordance model has been
established.

The cosmology group concentrates its activities on The
cosmology group concentrates its activities on studies of
the cosmic microwave background through ESA’s
Planck mission and until recently the ground based
QUIET experiment, and theoretical cosmology,
concentrating on inflationary physics and on models
that can explain the mysterious observed acceleration of
the expansion of the Universe. The group’s studies of
large-scale anisotropies in the cosmic microwave
background have caught world-wide attention. About
20 people at the University of Oslo have been involved
in analyzing the first results from Planck. The initial
cosmological results from Planck were released in May
2013, and the UiO group had contributed strongly to
separation of components, estimation of power
spectrum, measurements of gaussianity of the
fluctuations and of large-scale anisotropies.

10. SPACE EXPLORATION

Svalbard offers a unique variety of geological sites in an
Arctic dessert environment perfectly suited for planetary
exploration. Mars analogue activities have been ongoing
since 1997 when rocks in the Bockfjord Volcanic
Complex (BVC) were discovered to be identical to the
Martian meteorite ALH84001. The Arctic Mars Analog
Svalbard Expedition project (AMASE) was initiated by
Norway in 2003 and is funded by ESA and NASA to
develop and test instruments onboard "Search for Life"
missions to Mars including Mars Science Laboratory,
ExoMars and Mars Sample Return. AMASE also
provides training for mission scientists and engineers as
well as field-testing of astronaut suites and robotic
platforms and plays an important role in fostering
collaboration between ESA and NASA teams.
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Fig. 10. NASA’s Mars rover and space suits being
tested at Svalbard (AMASE)

The Norwegian Defence Research Establishment (FFI)
is developing a ground penetrating radar (WISDOM) as
part of the ExoMars payload. WISDOM will chart ice,
water and rocks to a depth of three meters on Mars and
is being field tested on AMASE. FFI was also
responsible for the CAPS instrument designed to study
plasma processes onboard the Cassini mission. The
University of Bergen delivered components to the SIR-2
infrared spectrometer on the Indian Chandrayaan-1
lunar mission.

11. INTERNATIONAL SPACE STATION

The International Space Station (ISS) also contains a
mini-greenhouse (EMCS - European Modular
Cultivation System) with a number of plant cultivation
chambers developed by Prototech in Bergen in
collaboration with the Plant Biocentre at the Norwegian
University of Technology and Sciences (NTNU) in
Trondheim. They cost 500,000 NOK apiece and can
safely be said to be Norway’s most expensive
flowerpots. All experiments in this mini-greenhouse are
controlled and operated from the Norwegian User
Support and Operation Centre at the Plant Biocentre.
Everything - water, nutrients, light, temperature - are
controlled by commands from this center. The first
Norwegian experiment on the ISS called MULTIGEN-1
was performed in 2007 and the scientists are very
satisfied with the results. One of the major results
obtained solved a problem that has been a challenge
since Charles Darwin asked the question about gravity
and plant movements as they grow; Are circumnutations
in plants dependent on gravity or will internal control
mechanisms in plants also participate? The results from
the ISS show clearly that both factors are required.

The next Norwegian plant experiment (MULTIGEN-2)
from the same scientific Project Team has been



postponed due to the phasing out of the NASA Space
Shuttle. The capacity of science sample return from ISS
to Earth is therefore a limiting factor for performing
experiments like MULTIGEN-2. In a new ESA contract
between the Project Team and an industrial partner
(Prototech a.s., Bergen, Norway) an alternative
approach for the sample return from ISS has been

implemented as a consequence of this. Using the same
model plant (Arabidopsis thaliana) as for MULTIGEN-
1, gene expression (microarray) under microgravity is
now in focus but the total mass of plant sample, which
originally was planned to return, will now be reduced to
a minimum.

Figure 11. The Norwegian User and Operation Centre
for plant research on the International Space Station.

The Oslo branch of the research and technology group
SINTEF has developed the Multi-Comcponent Trace
Gas Monitor (ANITA) to monitor air quality on the
International Space Station (ISS). The instrument was
launched in 2007 on the space shuttle to detect whether
the air might contain gases potentially hazardous to the
astronauts. The instrument can trace gasses no other
previous systems on ISS could detect. Only ANITA
detected a leak in the cooling system in 2007.

The University of Bergen is one of the key participants
in the ASIM instrument currently being built for the
International Space Station for observation of transient
effects such as sprites, elves and blue jets. ASIM
(Atmosphere- Space Interaction Monitor) is scheduled
for launched in 2016/2017.

12. ACCESS TO SATELLITE DATA

On Svalbard, Norway has the world’s biggest station for
satellites in polar orbits. The satellite station is operated
by Kongsberg Satellite Services (KSAT), which also
has antennae in Tromse, Grimstad and at the Troll
Station in Antarctica. KSAT is expanding by building
antennas in Dubai, Singapore, Bangalore (India), and
South Africa. This makes them the world leader in
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retrieval of satellite data from polar orbiting satellites.
This includes ESA, NASA and JAXA science missions
and ensures easy access to high quality science data for
Norwegian scientists.

In 2004 a20 Gbit/s capacity fiber-optical highway
between Svalbard and the Norwegian mainland was
inaugurated. The cable is owned by Norsk Romsenter
Eiendom AS and was built as a cooperation between
NASA and NOAA, the Norwegian Space Centre and
Kongsberg Satellite Services. The cable also makes it
easy for scientists around the world to remotely operate
science instruments at Svalbard and get easy access to
data in real time.

Norway is therefore a big operational user of remote
sensing data from satellites, and Norwegian scientists
are involved in many of ESA’s Explorer satellites for
earth observation research. We will not go into the
details in this article.

12.1. Ship Detection from Space

In July 2010 Norway’s first satellite for ship traffic
monitoring was launched. AISSat-1 has been a big
success, and a copy AlISSat-2 is being launced in 2013.
A Norwegian built AIS receiver has also been placed on
the ISS and is being used for anti-piracy operations in
the Indian Ocean. Combined with the oil spill detection
from radar satellites, the space based AIS system is a
unique system to detect and identify illegal release of oil
or illegal fishing and even support monitoring of pirates.
The AISSat-1 was reprogrammed to support the
Japanese government in monitoring ships around their
coast in the aftermath of the devastating earthquake and
tsunami.

Figure 12. AISSat-1 has for the first time monitored all
ship traffic in the Arctic and it is obvious that mots
traffic is within Norwegian territories.

Norway is now building a small satellite called
NORSAT-1 to be launched in 2015. The payload will
consist of a new generation Solar Total Irradiance
monitor delivered by PMOC/WRC in Switzerland and
will provide important data for the Sun-climate



connection. A Mini-Langmuir probe from the
University of Oslo will provide space weather

measurements while a new AIS receiver will be tested
out.

Figure 13. NORSAT-1 will be launched in 2015 and will
provide Sun-Earth connection observations as well
monitoring ship traffic.

13. EDUCATION AND PUBLIC OUTREACH

NAROM (Norwegian Centre for Space-related
Education), partly funded by the Norwegian
Government, offers educational programmes for

teachers and students at many different levels to
promote appreciation for the benefits of space activities,
to facilitate recruitment in the space industry, and to
stimulate an interest in science in general.

NAROM is co-located with Andeya Rocket Range
(ARR). The close proximity to the facilities and
personnel at ARR provides important advantages with
respect to educational activities, and NAROM uses the
unique technical facilities at ARR to provide an exciting
educational  experience. The European Space
Educational Resource Office ESERO in Norway is
established at ARR by NAROM . The office provides
five different courses for teachers in upper secondary
schools.

13.1 Student Satellite Program

NSC is actively sponsoring a student satellite
programme i Norway, which is implemented together
with  NAROM and ARR. Currently three student
satellites are under construction at the universities in
Oslo and Trondheim and at Narvik University College.
Almost 100 students are involved in this program. The
aim is to plan, build and launch nano satellites built by
students, the first one hopefully in 2012.
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13.2 CaNoRock — a Canadian Norwegian Student
Exchange & Rocket Programme

The Canada-Norway Student Sounding Rocket
(CaNoRock) exchange program is a partnership
between the Universities of Alberta, Calgary and
Saskatchewan, the University of Oslo, University of
Tromse, Andeya Rocket Range and NAROM
(Norwegian Center for Space Related Education) in
Norway. The University of Bergen and University
Centre in Svalbard (UNIS) in Norway are currently
working to be included in the program. To further
enhance the educational benefits and cooperation
between students in the two countries a student satellite
program — CaNoSat will be developed to run in parallel
and coordinated with the sounding rocket activities.
Funding for the necessary student activities like travel
and subsistence will be covered by CaNoRock STEP,
funded by Norwegian Centre for International
Cooperation in Education (SIU) for 2012-2016.

13.3 European Space Camp

Each year a group of students (17-19 years old) meet at
Andeya Rocket Range to learn more about the Sun, the
atmosphere, and the aurora. After a week they are
among the few that can call themselves real rocket
scientists.

The goal of Space Camp is to let the students take part
in real science. They get to work with the same tools as
real rocket scientists. Tutors from Norway, the
European Space Agency (ESA), and NASA guide the
students while they construct their own instruments to
take measurements in the atmosphere. The highlight is
launching their instruments on a self-built rocket.

Figurel4: European Space Camp at Andoya



14.4 Public Outreach

The Norwegian Space Centre is focusing on outreach
and media activities to increase the interest in science
and technology among young people and the general
audience.

Our web site, romsenter.no and the English “light
version” spacecentre.no, is our main access to the target
groups. In 2010 there were 220 000 unique visitors to
the sites. We publish stories on astronomy, industrial
policy, ESA activities and space activities in general, all
with a Norwegian hook or commented by the staff at the
space centre.

This pays off in media, last year the NSC was cited
more than 1000 times in papers, magazines, websites,
TV and radio.

In 2009 we launched a Facebook page to inform
students about ongoing activities, courses and funding.
The Twitter feed is followed by quite a few journalists
and is an efficient way of communicating with media.

Presentations for schools, students and the general
public are a priority as well. The staff of 32 employees
makes more than 200 presentations a year.

14. THE NORWEGIAN SPACE CENTRE

The Norwegian Space Centre (NSC) is a government
agency under the Ministry of Trade and Industry. NSC
works according to five main objectives. These are to
contribute to growth in national, high-tech industry,
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meet societal needs, ensure that Norway plays a leading
role in the global market for space-related ground
structure, contribute to Norwegian research attaining
prominent international positions in space research and
ensure that the public is well aware of Norwegian space
activities. In the 2010 Norwegian national budget, NOK
775 million (€93.3 million) was allocated for space
activities.

Membership in the European Space Agency (ESA) is
instrumental in attaining these objectives. About 85% of
the Ministry of Trade and Industry’s appropriations for
the Norwegian Space Centre are for ESA participation.
The Norwegian Space Centre oversees the Norwegian
interests in ESA and coordinates national space
activities.

Norway is also participating in ESA’s Space Situational
Awareness program with a strong focus on the space
weather elements. In particular to utilize, and further
develop the arctic space infrastructure.

14.1 Organization of space activities.

Norwegian Space Centre and the Research Council in
Norway are reporting to two different ministries. There
also is a clear division of responsibility, as the ESA
membership is funded through NSC and Ph.D and Post-
doc grants are funded through RCN. Sounding rocket
projects typically receive funding from NSC for the
rocket itself, and funding from RCN for the scientific
instrument and analysis.
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ABSTRACT

The paper gives a brief overview of Swedish space
activities with a focus on balloon and rocket projects,
within the Swedish national balloon and rocket
programme and/or within international collaboration;
launched or scheduled for launch in the near future from
Esrange Space Center. Several on-going national
balloon and rocket projects are described in brief.
Sweden is also a major player in sounding rocket
activities within the ESA Elips programme as provider
of launch services and developer of modules for
microgravity experiments. Another important activity,
described below, is the student programme REXUS /
BEXUS, carried out within the framework of bilateral
agreement between DLR and SNSB, in collaboration
with ESA. It should also be noted that a considerable
number of other balloons and rockets have been
launched from Esrange Space Center during the
reporting period. The present paper focuses, however,
on the projects led by Swedish Principal Investigators
and activities with a major involvement of Swedish
scientists and engineers.

INTRODUCTION

Swedish space research comprises many different fields,
such as astronomy, space physics, astrobiology, Earth
observation, atmospheric research, space physiology,
space radiation and microgravity research. The major
part of Swedish space research activities is supported by
SNSB (Swedish National Space Board), within its
national programme for space research and Earth
observation. The annual budget available for these
activities is around 10 M€, enabling support to
approximately 65 research projects at Swedish
universities and research institutes. Most projects utilise
flights offered by the European Space Agency (ESA)
programmes and/or data provided by ESA satellites and
other international space missions.

This year, a dedicated national programme for balloon
and rocket programmes was established in order to
allow Swedish scientists to utilise balloon and rocket
flights from Esrange on regular basis. National activities
within this field are of high value as they provide unique
opportunity of combining basic science with instrument
development as well as possibility to use a custom-made
platform for the experiment. In addition, the smaller
scale of the balloon and rocket projects allows close

cooperation between the research groups, technicians
and industry. Another advantage is the fact that the
time-frame from the start of the project to publishing the
results is relatively short, which is especially attractive
for young researchers and PhD students.

The establishment of the new national balloon and
rocket programme will allow issuing regular calls for
balloon and rocket projects. Swedish national balloon
and rocket programme programme is also open for
projects carried out in international collaboration.

The balloons and rockets are launched from Esrange
Space Center, a unique Swedish and European facility,
situated above the polar circle 40 km East of Kiruna at
lat. 67° 53'N, long. 21° 04'E, with a rocket impact area
of 5600 km?. Landing sites for short duration balloons
include northern Scandinavia whereas long duration
balloons usually land in northwest Canada.

Figure 1. Esrange Space Center in early summer
(photo. Kristine Dannenberg)

1. SWEDISH NATIONAL BALLOON AND
ROCKET PROGRAMME

Currently, two nationally led balloon projects are on-
going and two new rocket projects have recently been
kicked-off within the national balloon and rocket
programme.

One of the balloon projects, PoGOLite, deals with
studies of polarisation of gamma-rays from extreme
astrophysical objects, such as Crab Nebula. PoGOLite
project is led by Mark Pearce from KTH (Royal Insti-

Proc. 21st ESA Symposium European Rocket & Balloon Programmes and Related Research’,

9-13 June 2013, Thun, Switzerland ( ESA SP-721, October2013 )



tute of Technology), in cooperation with scientists from
USA and Japan as well as Russia. PoGOLite is planned
to be launched from Esrange in July 2013 by a
1000 000 m’ balloon.

Another balloon project within the Swedish national
programme is In-situ IWC (In-situ Ice Water Content),
led by Thomas Kuhn from Lulea Tehnical University.
This project deals with ice clouds and studies of ice
water content. The aim of the project is to improve
remote sensing measurements of ice clouds and to refine
parameterizations of cloud ice to be used in radiative
transfer models. Several balloon launches have taken
place already and more are foreseen in near future in
order to study ice clouds at different atmospheric
conditions. The volume of the balloons -carrying
experiments is 500 m’, enabling several launches during
each campaign.

Figure 2. Launch of PHOCUS from Esrange in 2011
(photo: Mikhail Khaplanov, SU)
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Two new rocket projects have been kicked-off in 2013.
One of the rocket projects, SPIDER (Small Payloads for
Investigation of Disturbances in Electrojet by Rockets),
deals with the study of turbulence in the auroral
electrojets. PI of SPIDER project is Nickolay Ivchenko
from KTH (Royal Institute of Technology). During the
flight of SPIDER, several autonomous free-flying
payloads will be released, based on the technology
previously studied within several student projects
supervised by SPIDER PI Nickolay Ivchenko. This is
also a very good illustration of synergies between
student projects and projects carried out by senior
scientists. The launch of the SPIDER rocket is planned
in early 2015.

Another rocket project, O-States (Oxygen Species and
Thermospheric Airglow in The Earth's Sky), is led by
Jorg Gumbel from Stockholm University and deals with
the studies of the lower thermosphere using O,
atmospheric band emissions. O-States will provide
information about atomic oxygen and temperature at
altitudes 100-250 km by means of dayglow emission
spectra of O,. Two rocket launches at different
atmospheric conditions are planned within O-States
project in summer 2015.

Jorg Gumbel, PI of O-States, has led another successful
rocket project, PHOCUS, launched from Esrange Space
Center on July 21, 2011 in presence of noctilucent
clouds observed by Esrange lidar. The payload,
consisted of 17 instruments, developed by 8 research
groups in Sweden, Norway, Germany, Austria and
USA. The PHOCUS rocket reached an apogee of about
108 km and was successfully recovered after the
landing. The results obtained from data collected during
the PHOCUS flight were highlighted in numerous
presentations during the current 21st ESA Symposium
on European Rocket and Balloon Programmes.

2. PARTICIPATION IN ESA ELIPS
PROGRAMME

Besides national activities, Sweden contributes to
several of ESA programmes. ELIPS is one of the major
optional programmes with Swedish participation, and
Swedish industrial activities are mainly focused on
MASER and MAXUS sounding rockets.

One of the sounding rocket modules, XRMON, has
been developed by SSC, enabling generation of metal
foam in situ at temperatures up to 700-900 °C, to be
studied by means of X-ray technique in order to
characterise various parameters and mechanisms of
metallic foam formation, diffusion and solidification of
metals.



Currently, development of MAXUS-9 and MASER-13
is on-going, to be launched within the framework of
ELIPS-4. In addition to ESA microgravity rockets,
several German microgravity rockets (e. g. TEXUS) are
also launched from Esrange, within the framework of
German national programmes.

Figure 3. Sounding rocket module XRMON, developed
by SSC (photo: ESA)

3. REXUS AND BEXUS PROGRAMME

Sweden takes an active part in the student rocket and
balloon programme REXUS/BEXUS (Rocket and
Balloon Experiments for University Students). The
project is a joint undertaking of DLR (German
Acrospace Center) and SNSB in collaboration with
ESA. Two REXUS rockets and two BEXUS balloons
are launched from Esrange every year.

Figure 4. Beautiful surroundings of Esrange in early
summer (photo: Kristine Dannenberg)
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An annual call for proposals is being issued each
autumn, offering an opportunity to carry out European
student experiments on real rockets and balloons.

The duration of the BEXUS balloon flights is 2-3 hours
at 26-30 km altitude. The REXUS rockets reach
altitudes of around 90 km. More than 400 students from
various European countries have participated in
REXUS/BEXUS programme since the start of the joint

programme in 2006. During the current ESA
Symposium on European Rocket and Balloon
Programmes, around 40 students from 24 teams

participated in its various sessions, giving 25
presentations on the results obtained in REXUS and
BEXUS experiments during last two years.

The next call for new proposals will open in September
2013 and students from ESA member states and
cooperating states are invited to submit their proposals.
Similarly to previous years, the proposals will be
evaluated by experts during autumn and the selection of
the new student teams will be finalised in December.

Figure 5. BEXUS 14 launch from Esrange Space Center
in September 2012 (photo: Kristine Dannenberg)



36



SOUNDING ROCKET AND BALLOON ACTIVITIES AND RELATED RESEARCH IN
SWITZERLAND 2011 - 2013

Marcel Egli

Lucerne University of Applied Sciences and Arts, CC Aerospace Biomedical Science & Technology,
“Space Biology Group”, CH-6052 Hergiswil, Switzerland
Email: marcel.egli@hslu.ch

ABSTRACT

Swiss scientists working in the field of high altitude
research were particularly active during the reporting
period from 2011 to 2013. As in other years, their
research included platforms such as sounding rockets,
stratospheric balloons, and two high altitude stations,
“Jungfraujoch” and “Gornergrat”, which are located in
the heart of the Swiss Alps. The intensified research
activity of these scientists led to numerous publications
in various disciplines, such as physics, astrophysics,
meteorology, and biology/medicine.

Several Swiss experiments were carried out on sounding
rockets, such as “STIM”, which was installed in a
MASER rocket and launched in Sweden. The goal of
the investigations was to further examine the
mechanism of activation of human blood cells under
microgravity ~ conditions.  Students from  Ecole
Polytechnique Fédérale de Lausanne (EPFL) were able
to participate in another sounding rocket project called
REXUS. The aim of their experiment was to test a new
sensor technology designed to measure the altitude of
satellites.

There was also an increase in research activity at the
high altitude research stations, which was primarily the
result of two large medical examinations that started in
the reporting period. The “Gornergrat” station
underwent a transition into a public outreach center
during the last few years. It is now open for educational
projects in astrophysics at the high school level. A very
short summary of a few Swiss projects within the
framework of sounding rocket and balloon activities and
related research carried out between 2011 and 2013 is
provided in the following paragraphs.

1. INTRODUCTION

During the many years that Switzerland has participated
in the Esrange Andoya Special Projects (EASP)
program, numerous Swiss researchers have conducted
high altitude balloon or sounding rocket campaigns.
During the period 2011 to 2013 there were two research
groups involved in sounding rocket missions for
example. Among these is the team of the Zero-g
LifeTec Company that coordinated a sounding rocket

project on the effects of microgravity on immune cells.
The same topic was investigated by the other research
group of the University of Zurich, Institute of Anatomy.

The high altitude research stations Jungfraujoch and
Gornergrat, located in the heart of the Swiss Alps offer
researchers additional platforms for investigations.
These stations provide infrastructure and support for
scientific research that has to be carried out at an
altitude of 3’000 — 3°500 meters above sea level.
Scientists from institutions of the member countries as
well as from other countries are eligible to conduct
research there. But also commercial companies are
using the harsh environment of these high altitude
research stations to test their outdoor products.

Some of the research projects carried out in the
framework of “Sounding rocket and balloon activities
and related research” during the years 2011 — 2013 by
Swiss institutes are presented here. A compilation of
their abstracts can be found below.

Additional information on Swiss activities in high
altitude or space can be found under the following web
links: http://www.sbfi.admin.ch/themen/ or
http://www.hfsjg.ch/.

2. SOUNDING ROCKET EXPERIMENT:
“STIM” (SIGNAL TRANSDUCTION IN
MICROGRAVITY)

Collaboration between Zero-g LifeTec Zurich,

University of Zurich and University of Sassari

The goal of the experiment was to investigate the
influence of altered gravity on key proteins of T cell
activation during the MASER-12 ballistic suborbital
rocket mission of the European Space Agency (ESA)
and the Swedish Space Cooperation (SSC) at
ESRANGE Space Center (Kiruna, Sweden).
Components of the T cell receptor, the membrane
proximal signaling, MAPK-signaling, IL-2R, histone
modifications and the cytoskeleton in non-activated and
in ConA/CD28-activated primary human T lymphocytes
were quantified. The hypergravity phase during the
launch resulted in a down regulation of the IL-2 and
CD3  receptor and reduction of  tyrosine

Proc. 21st ESA Symposium European Rocket & Balloon Programmes and Related Research’,
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phosphorylation, p44/42-MAPK phosphorylation and
histone H3 acetylation, whereas LAT phosphorylation
was increased. Compared to the baseline situation at the
point of entry into the microgravity phase, CD3 and IL-
2 receptor expression at the surface of non-activated T
cells were reduced. Importantly, p44/42-MAPK-
phosphorylation was also reduced after 6 minutes of
microgravity (ug) compared to the 1g ground controls,
but also in direct comparison between the in-flight pg
and the 1g group. In activated T cells, the reduced CD3
and IL-2 receptor expression at the baseline situation
recovered significantly during in-flight 1g conditions,
but not during microgravity conditions. Beta-tubulin
increased significantly after onset of microgravity until
the end of the microgravity phase, but not in the in-
flight 1g condition.

BIM-2 52kg 654 mm c

-
R ° ]
L] masm p 7L|

Figure 1. Payload configuration of MASER-12, launch
and recovery. (A4) MASER-12 consisting of a VSB-30
motor and of the payload (B) MASER-12 launch,
February 13" 2012 (C) BIM-2 module disassembly (D)
transport of the “Late Access Unit”

The results of the study suggest that key proteins of T
cell signal modules are not severely disturbed in
microgravity. Instead, it can be assumed that the strong
T cell inhibiting signal occurs downstream from
membrane proximal signaling, such as at the
transcriptional level as described recently. However, the
MASER-12 experiment could identify signal molecules,
which are sensitive to altered gravity.

3. SOUNDING ROCKET EXPERIMENT: DNA
STABILITY AND INTEGRITY AFTER
SPACE FLIGHT AND RE-ENTRY

University of Zurich and Astrium Space Transportation,
Bremen, Germany

Desoxyribonucleic acid (DNA) plays a unique role in
storage and transmission of the genetic information of
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all living organisms on Earth and represents a valuable
biomarker to detect life. The massive bombardment in
the early stage of the Earth's history represents a
possibility to explain the hypothetical interplanetary
transport of matrix-bound DNA to Earth. In this
scenario, the DNA would have to withstand the hostile
conditions in space as well as the extreme conditions
during atmospheric-entry. In the experiment the
hypothesis was tested whether the DNA molecule
withstands the FEarth atmosphere entry-conditions
prevailing during a ballistic rocket flight and whether it
retains its biological activity. Therefore, the stability
and functionality of artificial plasmid DNA during
atmospheric re-entry conditions was investigated.
During the TEXUS-49 sounding rocket mission small
amounts of DNA at 15 different positions on the outer
surface of the payload were exposed to the harsh re-
entry conditions of the sounding rocket. The apogee of
the TEXUS-49 flight was 264km. On the inside of the
recovery module, temperatures of more than 130°C
were measured while at the sample application
locations, temperatures of more than 1°000°C were
estimated. Directly after retrieval and back transport of
the payload, DNA samples were recovered. The
recovery rate was around 4.9 - 27.3%. Representative
samples were analyzed to determine the DNA integrity
by transformation in bacteria. Subsequently to
incubation, bacterial growth was detected due to the
incorporated plasmid antibiotic resistance. This
indicates that at least a fraction of the plasmid DNA was
intact after recovery. A second functionality test was
performed by transfecting the DNA into mouse
fibroblast cells to analyze the integrity of the fluorescent
marker. Finally, DNA mutation and degradation was
analyzed. We were able to show that plasmid DNA
bound to a matrix can withstand a time period in space
and the re-entry conditions into the Earth atmosphere.

4. SOUNDING ROCKET EXPERIMENT:
CONCEPT OF AN UNMANNED
SUPERSONIC GLIDER FOR WEATHER
DATA GATHERING

Interdisciplinary ~ Aerodynamics ~ Group,  Ecole

Polytechnique Fédérale de Lausanne (EPFL)

Sounding the upper tropopause and the stratosphere is a
challenging enterprise. This delicate zone of the
atmosphere traps significant pollutants that can
influence the weather; not only NO, and CO, but also
H,O and particulates for instance are critical catalysers
for weather perturbation and the influence on the ozone
layer. Atmospheric emissions directly concern an
assessment on climate impact such as contrails and
cirrus cloud formations. Contrails are functions of
atmospheric conditions and may give rise to formation



of cirrus clouds that can affect the balance of energy
absorption and radiation through the atmosphere. This
contributes to radiative forcing and hence to climate
change. The transition zone to the troposphere, the
tropopause is fragile and requires precise sounding; the
role of stratospheric ozone depletion by NO, and sulfur
compounds is critical, high altitude thin clouds have an
impact on the climate.

Atmospheric sounding is wusually performed by
balloons; however, these devices tend to be lost, become
untraceable, or are destroyed. An attractive alternative is
to monitor and collect data via unmanned air vehicles
(UAV). The system devised here is an UAV capable of
behaving as a lifting body in high altitude ranges, and
be able to fly back to a single destination as a glider.
The proposed system uses an innovative design shape,
with a built in health monitoring system of the aircraft
capable of controlling and reacting to the aircraft’s
flight stages during descent. The UAYV is designed to be
ultra-lightweight and released from a sounding balloon
at 35-40km. The aircraft will then return to ground
within a reasonable area, pre-designed by the onboard
flight controller and its associated functional
engineering simulator that can account for the
modifying aerodynamics of the vehicle along the flight
path. The success of such missions will provide
solutions for ulterior families of such concepts that can
be then equipped with emission capture data.

Figure 2. CAD model of the UAV “Glider Smart Fish”

The atmospheric sounding glider UAV is based on an
innovative design. It is equipped with a health
monitoring system (HMS) that reacts to the vehicles
aircraft performance during its whole mission from high
altitude (above 35km) to ground landing.

5. EXPERIMENT OF HIGH ALTITUDE
RESEARCH STATIONS: THE GLOBAL
ATMOSPHERE WATCH (GAW) AEROSOL
PROGRAM AT JUNGFRAUJOCH

Laboratory of Atmospheric Chemistry, Paul Scherrer
Institute

Airborne aerosols affect our climate primarily by
influencing the atmospheric energy budget through
direct and indirect effects. Direct effects refer to the
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scattering and absorption of radiation and their
influence on the planetary albedo and the climate
system. Indirect effects refer to the increase in available
cloud condensation nuclei due to an increase in
anthropogenic aerosol concentration. This leads to an
increase in cloud droplet number concentration and a
decrease in cloud droplet effective radius, when the
cloud liquid water content remains constant. The
resulting cloud droplet spectrum leads to reduced
precipitation and increased cloud lifetime. The overall
result in the global atmosphere would be an increase in
cloud albedo which cools the Earth’s climate. Despite
the uncertainty it is believed that in regions with high
anthropogenic aerosol concentrations, aerosol forcing
may be of the same magnitude but opposite in sign
compared to the combined effect of all greenhouse
gases.

The Global Atmosphere Watch (GAW) program is an
activity overseen by the World Meteorological
Organization (WMO). It is the goal of GAW to ensure
long-term measurements in order to detect trends and to
develop an understanding of these trends. With respect
to aerosols the objective of GAW is to determine the
spatio-temporal distribution of acrosol properties related
to climate forcing and air quality up to multi-decadal
time scales. Since the atmospheric residence time of
aerosol particles is relatively short, a large number of
measuring stations are needed.

The GAW monitoring network consists of 27 global and
about 300 regional stations (including the
Jungfraujoch). While global stations are expected to
measure as many of the key variables as possible, the
regional stations generally carry out a smaller set of
observations. The Jungfraujoch aerosol program is
among the most complete ones worldwide. By the end
of 2012 it has reached 18 years of continuous
measurements.

CLACE2000
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Figure 3. Effective peak supersaturations for the two
main wind fields present at the Jungfraujoch during
several CLACE campaigns



6. EXPERIMENT OF HIGH ALTITUDE
RESEARCH STATIONS: CLOUD
CLIMATOLOGY AND SURFACE
RADIATIVE FORCING OVER
SWITZERLAND (CLASS)

Physikalisch-Meteorologisches Observatorium Davos,
World Radiation Center (PMOD/WRC)

The CLASS project aims at quantifying changes in the
short-wave and long-wave radiative fluxes and the
effect of clouds on the surface radiation budget by
differentiating between cloud types and cloud coverage
using ancillary instrumentation and datasets. In order to
discriminate between different cloud types and to
calculate fractional cloud cover more precisely,
hemispherical sky cameras were deployed at four
stations across Switzerland. The systems at Davos,
Payerne and Zimmerwald were already installed in 2010
and 2011. At Jungfraujoch, the installation was delayed
due to technical problems with the camera system and
the particular requirements at the high alpine station.
Finally in July 2012, we were also able to successfully
deploy a camera at this. The camera delivers images
from the sky during the daytime with a 1-minute
cadence. The camera has been operational without any
technical difficulties so far and data availability is at
100%. Pictures from any particular day are stored for 10
days on the PMOD/WRC FTP server.

The camera system allows the fractional cloud cover to
be calculated on a routine basis. This is accomplished
by calculating the ratios of the blue to the green channel
and blue to the red channel for each pixel, which are
then compared to a reference value. If the calculated
value is higher than the reference value due to an
atmosphere with no clouds which scatters more blue
than red light, the pixel is classified as cloud-free. On
the other hand, if the value is below the reference value
due to clouds which scatter more red light compared to
a cloud-free sky, the pixel is classified as cloudy (see
Figure 4). The validation of our results, however, is not
trivial because alternative surface-based observations of
the fractional cloud cover are limited at these stations.
Therefore, we plan to compare our results to fractional
cloud cover derived from Meteosat in the upcoming
year.
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Figure 4. Original image of the sky over Jungfraujoch
taken January 5 2013 at 11:42. The cloud cover
algorithm produces a simplified image (B) from the
actual situation (4) in which the cloud-free and cloudy
sky is represented by blue and white pixels, respectively

Besides calculating fractional cloud cover, we have
developed and tested an algorithm to classify the images
into seven different cloud classes like cirrus-cirrostratus
(ci-cs), cirrocumulusaltocumulus  (cc-ac),  stratus-
altostratus (st-as), cumulus (cu), stratocumulus (sc),
cumulonimbusnimbostratus (cb-ns) and cloud-free (cf).
The cloud type classification algorithm is based on a set
of statistical features describing the color and the texture
of an image. For the actual classification of an image,
the k-nearest-neighbor classifier is used.

We are currently adapting the algorithm to the
atmospheric conditions at Jungfraujoch. Indeed, clouds
with a low cloud base such as stratus, stratocumulus,
cumulus, cumulonimbus and nimbostratus no longer
occur above but below the station due to its high altitude
at 3’580 meters above sea level. In addition, when the
station is within these clouds their type cannot be
discriminated. Therefore, a separate training set may be
required for Jungfraujoch and the number of cloud
classes has to be reduced.

7. EXPERIMENT OF HIGH ALTITUDE
RESEARCH STATIONS: AEROSOL
CHEMICAL SPECIATION MONITOR
(ACSM) MEASUREMENTS ON THE
JUNGFRAUJOCH (EU project ACTRIS)

Laboratory of Atmospheric Chemistry, Paul Scherrer
Institute

The project is comprised of two main goals: First, the
augmentation of knowledge about the acrosol present in
the high-alpine atmosphere by monitoring its chemical
composition over a period of at least one year.
Embedded in the framework of the ACTRIS (Aerosols,
Clouds, and Trace Gases Research Infrastructure
Network) which encompasses about a dozen similar
measurement  stations all over Europe, these
measurements are to contribute to a unique, chemically
resolved dataset of the European aerosol. The second



goal is the validation of a prototype of a new time of
flight instrument (ToF-ACSM, see Figure 5) suitable to
monitor the chemical composition of the non-refractory,
submicron aerosol with lower detection limits than the
current quadrupole version (Q-ACSM).

The specific conditions on the Jungfraujoch in terms of
aerosol concentrations which are mostly very low but
can still be highly variable in summer, provide an ideal
proving ground for both detection limits and temporal
resolution of the instrument. Additionally, the
infrastructure and the large number of complementary
measurements at the Sphinx Research Station allow for
sanity tests of the recorded data and the testing of the
prototype’s remote control capability.

The work on the project was started in late June 2012.
From the beginning of August until mid-November
2012 the ToF-ACSM prototype was operated in parallel
with the current Q-ACSM version, which has already
been validated and available on the market for about
three years. The inter-comparison of the time series of
the individual chemical species (organics, sulfate,
nitrate, ammonium and chloride) recorded with the two
instruments showed very good agreement in absolute
concentrations as well as in capturing the variability.
Furthermore, an inter-comparison of the ToF-ACSM to
a co-located instrument employing an optical method to
estimate aerosol mass also showed a very good
qualitative agreement. These results are a very
important step towards proving the validity of the ToF-
ACSM data and therefore suitability for the market. A
further comparison to the high-end aerosol mass
spectrometer (AMS) during the CLACE campaign in
the first quarter of 2013 will complete the validation and
will be published soon.

Figure 6. V Sketch of ToF-ACSM
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ABSTRACT

The sounding rockets are used for various objectives
such as studies of thermospheric, ionospheric,
magnetospheric physics, astrophysics, microgravity
experiment, demonstration of various instrument and
technique, and advanced engineering experiments.
Japanese sounding rockets have been launched from not
only in a do mestic site but also in overseas range for
such purposes for more than four decades. In the period
from 2011 to 2012, atotal of four sounding rockets
were launched in Japan. We give a brief introduction on
these experiments by describing the objectives and the
main result of each experiment and on a development of
avionics system for the sounding rocket.

1. INTRODUCTION

In Japan, the Institute of Spacean d Astronautical
Science (ISAS) of Japan Aerospace Exploration Agency
(JAXA) has been continuing sounding rockets
experiments for various objectives. In these years, we
are operating three different types of the rocket; S-310,
S-520, and SS-520. As shown in Tab. 1, one S-310
rocket was launched for a purpose of the ionospheric
study in 2011, while two S-520 and one S-310 rockets
were launched for the thermospheric physics,
engineering  demonstration, and  microgravity
experiment in 2012. We present the recent activity with
Japanese rockets during 2011-2012 and a n ear-future
plan of our rocket experiments.

Table 1. List of Japanese rocket experiments during
2011-2012.

Rocket Objective

S-310-40 | Ionospheric physics Dec 19, 2011

S-520-26 | Thermospheric physics Jan 12,2012

S-310-41 | Engineering demonstration | Aug7,2012

S-520-28 | Micro-gravity experiment Dec 17, 2012

Launch Date

2. $310-40 ROCKET EXPERIMENT
(DECEMBER, 2011)

It is well-known that the ionospheric D reg ion
disappears at nighttime because the ionization process
decays. Then, long-distance propagation of the medium
frequency (MF) radio waves becomes possible.
However, recent observations suggest that the long-
distance propagation is sometimes interfered at n ight

probably due to unexpected enhancement of the electron
density in the D and/or Eregion. S-310-40 rocket
experiment was planned to elucidate a generation
mechanism of high plasma density layer which can
cause unexpected absorption and/or scattering of MF
radio wave propagation at nighttime. In December 2011,
we conducted S-310-40 experiment in Uchinoura,
which is a d omestic launch site for the sounding rocket
located in the southwestern part of Japan. This
experiment is named SPIDER, which comes from
SPoradic layer in the nighttime Ionospheric D or E_
Region. A total of five instruments; receiver of MF/VLF
waves, impedance probe, L angmuir probe, fixed bias
probe, magnetometer, and horizon sensor were installed
on the rocket.

The MF/VLF receiver detects waves from three
stations; 873 k Hz from Kumamoto (north-west), 666
kHz from Osaka (north-east), and 405k Hz from
Minami-Daito (south from rocket), and it is possible to
estimate the electron density distribution in the
respective direction. The detailed analysis of the
received waves suggests that the altitude profile of the
electron density has the local peaks at ~100 km in the
north-west direction and at ~92 km in the north-east
direction. On the other hand, the density peaks of 6x10°
cm” was observed at 105 km altitude by the impedance
probe. The difference among these density profiles may
be caused by the spatial structure of the plasma density
distribution. From the comparison, we suppose that the
high density layer has inclined to the north or north-east
direction atth e time of the rocket launch. Further
investigation will be made to understand the spatial
structure of the electron density in the lower ionosphere.

3. $520-26 ROCKET EXPERIMENT (JANUARY,
2012)

In January 2012, S -520-26 rocket was launched from
Uchinoura to study a coupling process between neutral
particles and charged particles (plasma) in the mid-
latitude lower thermosphere. Another purpose of this
experiment was to get important parameters to
understand a g eneration mechanism of the large scale
traveling ionospheric disturbance (LS-TID). This
experiment was named “WIND-2” (Wind measurement
for Ionized and Neutral atmospheric Dynamics study -2),
and is the second mission of the successful WIND
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campaign in September 2007. In this experiment,
Lithium vapor was released from the rocket during its
flight so that we can get information on the neutral wind
by taking continuous images of Lithium emission which
was caused by resonant scattering due to the sunlight in
the wavelength of 670 nm . In order to get Lithium
images on the better condition, it was necessary to
launch the rocket just before the local sunrise because
the Lithium should be illuminated by the sun light but
elevation angle of the sun on the ground should be less
than 0° For the plasma observation, in-situ
measurements of the electric field, magnetic field, and
electron density and temperature in the rocket position
have been made by several instruments during the
rocket flight.

Fig.1 shows pictures of Lithium emission images taken
from the ground-based observation site near Uchinoura.
As the time sequence, Lithium vapor was released from
its canister on the rocket at 05:59 local time (LT), and
thereafter Lithium had spread due to the ambient neutral
wind. However, it is remarkable that it had spread like a
wheel. This means that the neutral wind was blowing in
a different direction depending on the altitude. From
this information, itis possible to estimate the neutral
wind direction and speed in this altitude range. Asa
result, it is co nfirmed that there existed the wind shear
in the east-west component at 113 km altitude; eastward
above and westward below this altitude. The detailed
discussion on the observed data will be reported in the
other papers.
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Figure 1. Lithium images taken at 6:05 (upper) and

6:06 (lower) LT from the three ground-based sites.

(Photo credit: Hokkaido Univ. and Kochi Univ. of
Technology)

4. S-310-41 ROCKET EXPERIMENT (AUGUST
2012)

An inflatable aeroshell attracts attention as an
innovative atmospheric-entry system. In JAXA, the
experimental vehicle with an inflatable aeroshell was
developed for the sounding rocket experiment, and was
practically launched on S-310-41 rocket in August 2012,
to demonstrate its flight performance for the
atmospheric-reentry.
Objectives of this atmospheric entry flight are:
1) To demonstrate a deceleratin g performance of
the flare-type membrane aeroshell sustained by
the inflatable torus.
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2) To demonstrate a deploy ment of the inflatable
aeroshell under micro-gravity and vacuum
condition.

3) To acquire the aerodynamic characteristics and
aerodynamic heating of the vehicle in supersonic
free flight.

After the nose cone of the rocket was opened at 60 sec
from the lift-off, the payload system released aero-shell
cover from the inflatable capsule and subsequently
started injecting gas at95s ec. The capsule was
separated from the launch vehicle at 100 sec. Various
monitoring datas uch as temperature, pressure,
acceleration, and attitude as well as images of flying
capsule were obtained for about 20 min. Thus, the time
sequences were executed without delay, and all of the
flight performance including the aeroshell image, were
successfully obtained by telemetry system.

According to the flight data, the inflatable aeroshell has
completely kept intact during itsree ntry. The
experimental vehicle started decelerating at 70 km
altitude due to the aerodynamic force. It was confirmed
that the actual decelerating trend is consistent with the
simulation result. Thus, the aeroshell made a good
performance as we expected.

._Torus tube diameter
L : 10cm

Capsule diameter
:23cm

N

Inflation

Aeroshell outer diameter

2oy Total mass = 15.6kg

Figure 2. Experimental vehicle with inflatable aeroshell
for S-310-41 rocket.

5. S520-28 ROCKET EXPERIMENT
(DECEMBER 2012)

In December 2012, S-520-28 rocket was launched to
conduct two  nucleation  experiments  under
microgravity; 1) in-situ visualization of nucleation
environment in gas phase, and 2) electrical detection of
the nucleation event of calcium carbonate. The main
subject was to obs erve formation of cosmic dust and
calcium carbonate nucleus. These experiments were
carried out during ballistic flight of the rocket. The
objective of this experiment was to better understand the
homogeneous nucleation mechanism by onboard
measurements under microgravity environment. This
experiment is a joint project between Tohoku University,
Tokai University and JAXA.



In the first experiment to observe nucleation formation
of cosmic dust, temperature and concentration of
evaporated material, such as iron, at the nucleation were
observed directly using interferometer, and the process
was elucidated. This is the experiment leading to know
how the building blocks of Earth were formed.

In the second experiment of h omogeneous nucleation
mechanism of calcium carbonate, homogeneous
nucleation rate o f CaCO; crystals as a f unction of
supersaturation was measured after mixing two
solutions containing carbonate and calcium ions. This is
a part of Japan-U.S. joint research to understand
crystallization speed of CaCO; underground for carbon
sequestration.

6. NEAR-FUTURE EXPERIMENTS

In summer of 2013, we will conduct two consecutive
launches by using S-310-42 and S-520-27 rockets
during a short time interval with a particular interest in
the electromagnetic interaction of the nighttime
ionospheric disturbance between the E and F regions.
The objective of this experiment is to el ucidate the
electromagnetic  interaction and  neutral-plasma
interaction occurring in the ionosphere. For this purpose,
we will conduct aco mprehensive measurement of
plasma, neutrals, electric and m agnetic fields in the
ionospheric E an d F reg ions with a multiple rocket
launches. The ground-based instruments will also be
operated to monitor the latest condition of the plasma
disturbance in the mid-latitude ionosphere.

Also in this experiment, Lithium vapor is going to be
released from the rocket to get information on the
neutral wind in the lower ionosphere. Unlike the case of
the last Lith ium release experiments in which the
sunlight scattering by Lithium vapor was taken to
images, we will make use of the moonlight scattering in
this experiment. We are going to launch two rockets on
the full moon condition under active electron density
disturbance in July 2013. The special feature of this
experiment is in our strategy that we observe the
ionospheric E region by S-310 rocket and F region by S-
520 rocket.

7. DEVELOPMENT OF NEW AVIONICS
SYSTEM

We would like to give abri ef description on our
development of new avionics system.

In the past, we had many common instruments such as
timer-, igniter-, power control-, and telemetry-
subsystems which need toacceptm inor changes
according to th e respective experimental requirement.
To improve applicability and scalability of the common
instruments, we decided to carry out modulization and
integration of the instruments. Our development of the
new avionics system based on such motivation was
finally completed in 2011, and now these units were
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integrated in one unit. The system has been installed for
the first time on the S-310-40 rocket in 2011.

We realized that the new avionics system brings a lot of
advantages, once an integration of control and signal
processing devices is finished. For ex ample, it will
decrease a cost of manufacturing and operation. Second,
it will make it easier to extend and to exchange each
element. Moreover, it is expected to simplify cables and
to improve efficiency in the integration and outfitting.
As an example of benefit brought from this system, we
could replace m alfunctioning avionics in one
experiment with the normal one which was supposed to
install on the next rocket. Thus, it could save atime
very much because we did not have a time to fix or to
rebuild the unit in the schedule.

8. SUMMARY

In the period from 2011 to 2012, the ISAS of JAXA
conducted the four sounding rocket experiments; 1)
ionospheric physics experiment, 2)t hermospheric
physics experiment, 3)eng ineering demonstration
experiment, and 4) micro-gravity experiment. In 2013,
we are planning to launch three sounding rockets.

We would like to promote the international
collaboration in our sounding rocket activity, expecting
more fruitful science result. The ISAS will continue the
sounding rocket activity with the current level.
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ABSTRACT

NAROM (Norwegian Centre for Space-related
Education) offers educational programmes for
teachers and students at many different levels to
promote appreciation for the benefits of space
activities, to facilitate recruitment in the space
industry, and to stimulate an interest in science in
general.

NAROM has a student rocket program where
students learn to build and launch their own
instruments on-board a rocket.

NAROM offers a satellite program for university
students, as well a CanSat program for students and
teachers by enabling them to carry out a full space
project, involving design, construction, programing,
testing, rocket launch, telemetry and data handling.

In 2014 NAROM will open a new visitor- and
education-center at ARR; the Spaceship Aurora. It
will have classical facilities for space-education,
such as classrooms and auditoriums and displays of
space and space technology.

ESERO (European space education resource
office), is an education project of ESA and
represents ESA’s major initiative in the field of
primary and secondary education. The ESERO
Norway was established at NAROM in 2009, and
in cooperation with Nordic space and education
partners, the ESERO Norway will have Nordic

teachers as target group in the period 2013-2015.

1. INTRODUCTION

NAROM was founded in 2000 and is partly funded
by the Norwegian Government. NAROM is co-
located with Andgya Rocket Range (ARR). The
close proximity to the facilities and personnel at
ARR provides important advantages with respect to
educational activities, and NAROM uses the unique
technical facilities at ARR to provide an exciting
educational experience.

This paper deals with some of the activities
NAROM is running; the student rocket program,
the student satellite program, the CanSat program,
Spaceship Aurora and ESERO activities.

2. THE STUDENT ROCKET PROGRAM

The Student rocket program aims to be a first
hands-on experience with rocketry. The main focus
is to build simple sensors, integrate them into the
rocket payload, perform the rocket launch
operation, tracking the sounding rocket and
analyzing data from the instruments on-board. All
this is normally done during one week where the
students live and work at ARR.

NAROM offers the student rocket program to
Space Camps, several Universities and University
Colleges courses and the Space Technology
Program at Andgya secondary school. The Space
Technology Program at Andgya secondary school
is a one year course for Norwegian high school
students. Within this course they have the
opportunity to launch their own sounding rocket.
The students get tasks to create and manufacture
instruments that will be on-board the rocket. The
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duration of this construction is over couple of
months.

For university and university college students, most
of them come without any rocket experience to
Andgya and within a week get to know how it is to
be a rocket scientist. The students attend lectures
about rockets and how they work. The sensor-board
that the students integrate into the rocket measures
temperature,pressure, accelerometer, magnetometer
and light intensity.

The student rocket that NAROM s using is the
Mongoose 98, provided by Rebel Space in the
Netherlands. The rocket motor is Pro 98 6G from
Cesaroni. It has a burn time of 5.38 seconds and
with the current configuration reach about 8 km.
The body is made from carbon-fiber, weight 16.3
kg and is 2.64 meter long.

=

Figure 1. The student rocket Mongoose 98

One thing that is common for all student rockets is
the launch procedure. The students are using the
same procedures that are used during a real
scientific sounding rocket. With all launches there
is a pre-flight meeting involving all relevant
personnel to ensure all stations are ready and learn
what we can expect during the countdown. The
most critical launching condition of student rockets
is wind condition. The countdown is usually set to
be one hour. The students go through the necessary
testing and procedures during the countdown, under
supervision of the ARR and NAROM staff. The
students operate all the stations, which gives them a
unique hands-on experience.

After launch, the students start analyzing the
retrieved data. The students case assignments, so
they have to analyze the data and explain the rocket
performance. In the end, the students give a
presentation of their work and analysis of the data.

NAROM also offers the student rocket program to
the CaNoRock program, a 10 year sounding rocket
program  with  Norwegian and Canadian
universities. Currently the University of Oslo,
Tromsg together with the Universities of Alberta,
Calgary and Saskatchewan are a part of this
program. In addition to the student rocket program,
the CaNoRock program includes the possibility for
students to participate in larger scientific sounding
rockets. The next sounding rockets that will
include student involvement from CaNoRock are;
MAXI Dusty(2014) and 1CI-4(2013). Other
sounding rockets that are proposed are MAXI
Dusty 2(2015/2016) and ICI-5(2015/2016).
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3.THE STUDENT SATELLITE PROGRAM

NAROM, ARR and the Norwegian Space Center
initiated the program, which is planned to go from
2007 — 2014. This includes the development and
launch of three student satellites. So far more than
140 students has participated in the program and
produced over 4000 credits at Bachelor, Master and
PhD level.

The student satellite program has the intention to
stimulate  cooperation  between  educational
institutions in Norway and with industry, and also
to give the students experience in team work and
hands-on training. The program also aims to
increase the interest for science and technology in
lower educational levels to secure future
recruitment to higher education.

The program has three participating universities;
Narvik University College, University of Oslo and
the Norwegian University of Science and
Technology. The first satellite, HiNCube has an
imaging camera as main payload. The second
satellite, CubeStar is a technological demonstration
of a scientific instrument for space weather
developed by the University of Oslo. The third and
last satellite is called NUTS were the main payload
is an infrared camera that will try to take pictures of
gravity waves.

HiNCube has been ready for launch since
September 2012. The launch arrangement is
covered by Innovative Solutions In Space B.V.
(1SIS) from Yasny, Russia with Dnepr. The launch
date was initially set to Q4 2012 but is now delayed
with no fixed date at the moment.

The students involved in the second satellite
CubeSTAR are currently finishing the design of the
engineering model. The main scientific payload has
been successfully tested and flown on several
sounding rockets and has also been selected as
payload for QB50.

The third satellite NUTS has some new concept
designs that most likely haven’t been tried on a
CubeSat before. The structure itself consists of
Carbon fiber, resulting in a much lower weight
compared to the traditional aluminum structure.
The main board design is similar to CubeSTAR, as
a back plane instead of the traditional stack plane.
This gives several advantages in terms of design
and testing of the subsystems but makes it difficult
to buy any ready made subsystems.

Through the program there has been much student
activity in terms of design reviews, workshops and
conferences. The aim of the workshops is to give
the institutions that are working on these projects a



chance to come together and discuss their ideas on
design and solutions and to exchange valued
experience. ANSAT will continue to offer students

the possibilities to attend workshops and
conferences, both international and national
arranged.

4. THE CANSAT PROGRAM

A CanSat is the combination of the complex world
of satellite design into a small and easy to
understand project. For the last decade, students of
Secondary Schools and University Students all over
the world have been building CanSats. In Norway,
NAROM is running teacher training courses and
national competitions for pupils at Upper
Secondary Schools.

The CanSat concept was first introduced in the late
1990s by the American professor Robert Twiggs. It
provides an affordable way to introduce students to
the many challenges in building a satellite. Students
design and build a small electronic payload that can
fit inside a 330ml soda can. The CanSat is launched
and ejected from a rocket or a balloon. By the use
of a parachute, the CanSat slowly descends back to
the ground performing its mission while
transmitting telemetry to a ground station.

Norway was one of the first European countries to
establish their own national CanSat competition for
high school students. The first national CanSat
competition in Norway was organized by NAROM
in 2009. With an exception for 2012, NAROM has
organized national CanSat competitions every year
since the start in 20009.

Figure 2. The winning team from the Norwegian
CanSat competition 2009.

In April 2014, NAROM will expand from a
national competition to a Nordic competition,
which will include Norway, Sweden, Denmark and
Finland.
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NAROM and ARR have also in collaboration with
ESA Education (European Space Agency) hosted
the ESA European CanSat competition in 2010 and
2012 with respectively 11 and 14 different
nationalities participating in the competitions.

During a CanSat competition the CanSat are
brought up to an altitude of approximately 1000
meters above ground by a rocket. The rocket has a
payload capability for two CanSats. With a
maximum speed of above 500 km/h, the rocket use
about 15 seconds to reach apogee where a small
explosive charge ejects the nose cone of the rocket
and the two CanSats. After ejection from the rocket,
the CanSats will use up to 120 seconds to descend
back to the ground. During this time, the teams
receive live data from the CanSats and hopefully
complete their mission before the CanSats are
safely back on the ground.

In addition to using rockets to transport the CanSat,
which is both expensive and time consuming,
NAROM has had good experience using tethered
balloons with a remotely controlled release
mechanism to drop the CanSats. This is also the
methods used during training courses for teachers at
NAROM.

Figure 3. CanSat drop from tethered balloon.

NAROM is also looking into other methods of
launching CanSats. One method, which will be less
expensive and time consuming, is to use small
UAVs to drop CanSats. The UAVs also gives the
big advantage of being able to better control the
landing area of the CanSats.

NAROM will this year arrange two CanSat teacher-
training courses. During these courses, the teachers
will get theoretical and practical knowledge of how
to design, build, program and take measurements
with a CanSat kit. The teachers will also get
suggestions and ideas for how they can use space
technology in subject like physics, science etc.



5. SPACESHIP AURORA

The Spaceship Aurora is a new visitor- and
education-center at ARR. It will have classical
facilities for space-education, such as classrooms
and auditoriums and displays of space and space
technology. More special; it will host a virtual
space center, where visitors will participate in a
scientific mission. Such missions can contain
launches of rockets, balloons and unmanned
aircraft, use of remote sensing equipment and
design and implementation of space electronics.
There will also be a spaceship, the “Aurora”, in
which the participants can take virtual trips to
important destinations such as the magnetospheric
rim, the moon and other planets, the photosphere
and beyond. The center will open for students and
the public in 2014, and the project is currently
valued at € 4.000.000.

The most important target group for the spaceship
is primary education. This has been chosen firstly
since we have under-prioritized this group until
now. It has also become obvious that unless we
have a strong focus on this group, we will neglect
the largest recruiting opportunity in the school
system.

Figure 4. Spaceship Aurora will open in 2014

The curricular content of levels 5 and 8 in the
Norwegian school system has therefore been
important guidelines in deciding the learning goals
of the missions. Among others, the following are
important:

e Scientific method and reasoning

e The solar system

e  Magnetism and electricity

e  Gases, fluids and solids

The first mission is to investigate a solar storm.
After a large eruption on the sun, a coronal mass
ejection, plasma is hurdles towards Earth at large
speeds. The team needs to launch a sounding rocket,
based on the ICI-program, to investigate the effect it
has on Earth’s magnetosphere.
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The different groups involved in the mission are:

Mission Control (controlling the
operation)

Telemetry (communication with the
sounding rocket, and other airborne
objects)

Payload (construct the instruments that go
into the rocket)

ALOMAR (handling a laser-based
measuring device)

Science (communicate with scientists from
around the world)

After first launching a sounding rocket, the group now
has to board a spaceship to do further investigations in
space, seen from above the planet.

The following groups are involved in this mission:

Pilot and navigation (self-explanatory)
Communication (communicating with
Earth)

Solar observation (mission specialist,
investigating what is happening with the
sun)

Control systems (responsible for all the
life-support systems on the spaceship)
Earth Observation (mission specialist,
investigating what is happening with
Earth)

It is of vital importance that the missions fit into the
school curriculum, both to get teachers to embrace the
concept, but most importantly to optimize learning.
We therefore have a structure that looks like the
following:

ZN

Postflight Preflight

Space
Spaceport
<

Figure 5. Learning strategy Spaceship Aurora

1. The students are presented with the material in
school, to get a basic theoretic understanding of
the concepts. It is important at this level to
introduce the Spaceship as where the
information will be utilized.



2. At Andgya, the students are taken into a
preflight-meeting, where they are introduced
with the mission of the day.

3. They then conduct the mission(s).

4. After the mission, they are immediately taken
into postflight-meeting, where the analyze and
discuss the results of the mission.

5. Back at school, they continue the analysis of
the missions. They are to extrapolate them to
“the real world” of space, and to prepare
presentations for each other and/or other school
groups.

6. ESERO (EUROPEAN SPACE EDUCATION
RESOURCE OFFICE)

The ESERO Norway was established at NAROM in
2009. ESERO is an education project of ESA and
represents ESA’s major initiative in the field of
primary and secondary education.

NAROM has developed and performed different web
based and field based teacher training courses as
formal competence. At the end of 2012 a total of 680
teachers at secondary level have participated in the 33
training courses offered by ESERO Norway.

ESA has taken steps for the future of the ESERO
activities for primary and secondary education to
cover the timeframe 2013 to 2015.With positive
experience running ESERO Norway for four years,
NAROM invited Denmark, Finland and Sweden to
cooperate within a Nordic ESERO.

Nordic ESERO was established January 2013,- is
based at Andaya Rocket Range (ARR) and operated
by NAROM.

The main space and educational Nordic partners are
the Swedish National Space Board, Norwegian Space
Centre, the Swedish National Agency for Education,
National Board of Education in Finland, the Danish
Agency for Science and Innovation, Ministry of
Education in Denmark, national and local education
authorities on Nordic level. In addition, there are
established close and formal relationships with
different national Centre for Science Education,
Science Centre, Universities and Science networks.

A key objective of ESA's ESERO project is to help
with teacher training courses based on space-related
resources. This is achieved either by introducing ESA
material to existing courses or by developing and
delivering original courses.

In cooperation with Nordic partners and the
University of Nordland, Nordic ESERO Norway will
every year in the period 2013-2015 develop and
perform 8-12 web based including field based
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formal teacher training courses.

Each course gives a formal competence with 10
credits. The aims of the courses are to improve
teachers’ qualification within science and geography
areas, and also to generate teacher enthusiasm in using
space-related resources in the classroom. The field
based activities will be set up in different areas of
Norway and in the other Nordic countries.

In addition there will be at least 8 in-formal trainings
each year. The target group will be both upper primary
and secondary teachers in the Nordic countries. Every
year Nordic ESERO will offer a total of minimum
160-240 teachers formal trainings and minimum 160
teachers expect to attend the in-formal trainings each
year.

In 2013 Nordic ESERO will offer the following
formal teacher trainings as original courses (developed
and performed by Nordic ESERO): ”Climate Research
in the Polar Landscape”, “Space and classroom”,
“Geology in schools” and “Below the polar sky”. The
office will also take part in existing formal trainings
with activities and space resources.

Figure 6. Teachers at traing course

Example of in-formal trainings will be CanSat teacher
trainings held in Norway and Denmark, Northern
lights and Space Weather in Finland, Rocket physics
and Nordic Teacher Space Camp in Norway.

Figure 7. Northern lights above ARR



The teacher trainings will be the main activities for the
Nordic ESERO in the period 2013-2015. But in
addition the office will offer workshops and events
within different space areas and take part in
educational conferences with lectures and exhibitions,
and give support to different school projects.

Related to the different trainings and projects, there
will be developed, adapted and published relevant
content/ activities at the space education website
www.sarepta.org. The different content will be
developed in cooperation with Nordic space
specialists/science experts and teachers at various
levels. The cooperation with the teacher networks of
evaluators is very important to secure that the
resources are based on pedagogical concepts and
didactical methods that are well proven. At the same
time, ICT resources should stimulate the development
of new concepts and methods for learning.

Resources offered by ESA will also be important for
the different trainings, e.g. classical material and
online material. In addition we will also introduce
access to real space data sets, e.g. use of Earth
Observation data in monitoring climate change and its
effect. Some of these will be space data based on ESA
projects and expertise. The scientific data will be
adapted for the elaboration of teaching and learning
activities.
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ABSTRACT

This paper presents the outline and some preliminary re-
sults of the development of an UAV to be used in sound-
ing rockets operations. The aim of this UAV is to scan
impact points of this rockets searching for unexpeced
boats for secutiry reasons. This project requires an multi-
disciplinary team including image recognition, robotics,
space operations and telecomunications experts. This pa-
per shows the main concepts used to develop all this areas
for this project.

Key words: Sounding Rocket; Impact Points; Safety Pro-
cedures; Robotics; UAV; Telecomunications.

1. INTRODUCTION

Like many other Rocket Ranges around the world the
Brazilian ones, Barreira do Inferno and Alcéntara are in-
stalled on the coast and, in order to minimize the con-
cerns about flight safety, the impact point for the rockets
are offshore. Despite the fact there is a Defined Safety
Envelope where planes and boats cannot trespass, some-
times unexpected situations occurs and invasions, espe-
cially with small boats. Thus, tactical and logistic sup-
ports are provided to assure there is no unaccepted risk of
injuries for any people at the moment of launching. This
support includes airplanes, helicopters, boats and others
facilities provided by other organizations apart the rocket
ranges. Depending on the mission profile, the launch
timeline could have many hours or could be repeated
many days. This increases costs as well as the depen-
dence on external organizations.

In the other hand, due to the fact that Unmanned Aerial
Vehicles (UAVs) applications have become more com-
mon, this study intends to develop an UAV (or even an
UAV squad) capable to scan the sea surface and identify
possible unexpected boats. In a second phase of project,
the UAV will be used to transmit warnings to these boats
and keep the registry of the violation for legal purposes.
Project directives includes: At least eight hours of flight

time, flight range of hundreds of kilometers, operation at
any time of the day, customization to different missions
profiles, secure communications and control links.

The next sections will discuss the main concept and
projects decisions for the UAV development in the fol-
lowing areas: image processing, path planning, interface
and communication. The team involved in this project in-
cludes several researchers of different areas, both of Bar-
reira do Inferno Launching Center and Federal University
of Rio Grande do Norte.

2. IMAGE PROCESSING

Remote sensing of images has been increasing over the
past decades and is becoming a very useful method to
identify targets in the industry and the military. On
the other hand, the application Unmanned Aerial Vehi-
cles (UAVs) have also become more common, and the
features of lightweight digital cameras, like flexibility
and high resolution, have enabled more affordable UAV-
systems, and remote-sensing platforms better conceived.

In this way, this section of the paper intends to present
one of the possible solutions for the problem. It will
present the attributes needed for a good target percep-
tion, such as camera stabilization; and the heuristic used
to recognize the objects and how to merge these images,
as well as the results obtained.

2.1. Camera Stabilization

Due to the initial state of the project and one of its ob-
jectives, which is to create a low cost system, it will not
be afforded a proper camera mechanical stabilization sys-
tem. However, a good software stabilization system is be-
ing developed. The software stabilization is based on an
image registration with a transformation model as in [1]
and a good image stabilization proposed by [2]. Thus, it
is possible to detect an image perfectly, although the me-
chanical stabilization system of the camera is not one of
the best.
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Although the mechanical stabilization is not focused, a
simple one will be developed based on a controlled gyro-
compass. Therefore, a damping system will involve the
camera, smoothing the noise and vibration of the avion-
ics.

2.2. Target Recognition Heuristic

The heuristic used is based on a shape detection, so it is
possible to identify the targets and compare them with a
database. It can be separated into two parts: the recog-
nition of the target; and how to merge all the images ob-
tained during the flight in order to compose a mosaic us-
ing the images.

2.2.1. Recognition

The main objective of the target recognition is to identify
boats in the water that eventually invade the restricted im-
pact area of the rocket fall. In this way, the techniques
used to do the image processing are image threshold and
shape recognition.

The first step of the heuristic is filtering the image noise,
so a smooth filter is applied as a low-pass filter. The sec-
ond step is to pass from color image to grayscale image
for for further image processing. The last step is the ap-
plication of the threshold filter. This last filter allows the
identification of the shapes of the different elements on
the image. Some shapes are boats, others shapes are wa-
ter foam or a reflection of the sun. To distinguish these
three possibilities, other heuristic is applied. As the im-
ages shows basically water, then different elements are
categorized as possible targets. In addition to this, the
average RGB color of the image is calculated and com-
pared with the pixels next to the contour of the shapes
identified: if the color of these pixels matches with the
average value, this possible target could not be a real tar-
get, it could just be sea water foam or a reflection of the
sun. However, if the value next to the shape contour is
different from the average value, this classifies a possible
target, considering that the boat is a different color to the
water. Another important point is to compare the images
with a database of boat shapes. However, this can only
be done after some real pictures have been taken from the
aircraft.

In Figure 1 it is possible to see how the threshold filter
acts on the image, and after this, the contours of the de-
tected objects are identified. As it is possible to see in
the images, it is clear how the shapes are identified. It
is worth mentioning that at least one of the boats must
be recognized, because after recognition the images go
to the ground station operator, who can make the subse-
quent decision to send the coast-guard using the specific
coordinates sent by the UAV.
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FOV

Figure 2. Schema of the height by the FOV of the camera

2.2.2. Merged Images

Another objective of the image processing is to produce
large images with the mosaic of all the images obtained
during the flight. This mosaic is a composition of im-
ages generated by the spatial position of the airplane and
the size of the images. Other applications of the mosaic
images are observed in [3], where a landslide investiga-
tion is made. The difference between landslide and ocean
surveillance is that the ocean is always changing because
of the waves, while the landslide does not have big dif-
ferences between the frames of the camera.

In this case a simple mosaic will be made with the im-
ages. The position and the direction of the UAV is pro-
vided upon request and the distances on the water can be
calculated by the FOV (Field of View), along with the
height, which can also be accessed upon request. In the
Figure 2, it is possible to take the simple trigonometry
function of the linear space of the water by the height of
the UAV through the Equation (1), where L is the width
of the observed area and H the height.

(FOV) L
tan ( —— ) = o

2. H W

Therefore, once the value of the width of the observed
area is obtained, it is possible to relate to it the resolu-
tion of the camera and count how many pixels are needed
for 1 meter, which allows the calculation of any area or
distances between pixels.

3. PATH PLANNING

Due to autonomy restrictions, one of the main goals when
the trajectory of a UAV is planned is to make it able to
identify the targets, covering the largest distance in the
shortest possible time. Besides, the path that the airplane



(a) the original image

(b) the processed image

Figure 1. The application of the threshold filter. Image obtained by Google maps (maps.google.com)

is going to perform will be directly linked with the field of
view of the camera used in image processing, the height
of the flight and with the airplane velocity. In this way,
it is possible to see how important is to create a good
trajectory.

To solve the path planning problem there are two main
search algorithms in convex areas: Spiral and Back and
Forth [4, 5]. The idea of the Spiral method is start search-
ing on the outer perimeter, and go to the center of the
area in spiral pattern (Figure 3). In the method Back and
Forth, the search is made by going back and forth in par-
allel and turning at the perimeter of the area (Figure 4).

Therefore, for the UAV path planning be performed, this
following variables are needed: the area to be investi-
gated, the coordinate of the rocket target and the covered
area by one frame of the embedded camera in the air-
craft (Figure 5). Initially, it was decided to choose a sim-
ple algorithm based on the spiral to obtain the trajectory
of the airplane, however the starting point, the center of
the spiral, will be chosen near one of the previous calcu-
lated impact points (the closer to the impact areas). This
method was chosen since it starts to cover the main im-
pact points areas first. Once occurs the time to investigate
is shorter than expected, the main impact point area has
already been covered.

The idea is to perform a spiral described in [6] with the
center on the impact area. The distances between the
turns must be the width of the observed area of the cam-
era used to the surveillance. Thus, using the parametric
equations of the spiral, it be possible to create an algo-
rithm to provide us the (x,y) coordinates of the vertices
of the spiral path in the Cartesian plane. It is worth men-
tioning, for the stop condition of the algorithm, that the
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radius of the spiral should reach up to 2x the radius of
possible rocket impact area for increase the security.

According to these specifications, the path planning algo-
rithm is given by:

Algorithm 1 Spiral Method Algorithm

01: C,, = X of center spiral,

02: C, =Y of center spiral;

03: [ = width of the observed area;

04: 7,4, = diameter of possible rocket impact area;
05:7=0:1/4: 1 - 2.0;

06:t=0:7/4: (length(r) —1)-7/4;

07: x = Cy + 1 - cos(t);

08:y =Cy +r-sin(t);

Assuming that the camera can cover 192m wide by photo,
the rocket has the impact point coordinate 05° 57.97 °S /
034° 30.1° W and has a radius of 3km as a possible area
of impact, the following result shown in Figure 6 was
obtained. It must be remember that is necessary to con-
vert the coordinate system in degrees, minutes and sec-
onds for the Universal Transverse Mercator (UTM) sys-
tem. For our application, the location is the 25M zone.

4. GROUND STATION INTERFACE

The human-machine interface of the ground station was
divided in two different screens, one to be used by the
pilot, while the other is used by the sensor operator, in
charged of the operation’s security. The decision of sep-
arating the interface in two screens was to maintain the
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MainWindow

Figure 8. Pilot’s screen

pilot’s attention on guiding the VANT, not needing him
to focus on the camera’s image.

The sensor operator’s screen can be seen in Figure 7. The
mission map shows the origin point, the VANT’s desired
trajectory and it’s current position. There is also a nu-
meric representation of the location, in latitude and lon-
gitude. The processed camera image shows the filtered
image of the VANT’s camera, already identifying possi-
ble boats surrounding the impact area.

Figure 8 shows the interface to be used by the pilot. All
the important and relevant information for the pilot to
monitor the flight as well as assume manual command are
show in it: autonomy, flight time, engine temperature, lo-
cal temperature, engine’s oil pressure, fuel level, battery
voltage, compass, slide angle indicator, speed, altitude,
engine’s rotation per minute, positioning of servos and
flaps, as well as an indication of the horizon line and roll.
The angle positioning for servos and flaps is important
for the pilot to verify that his commands are activating the
correct devices, while the slide angle indicator shows the
difference between the VANT’s longitudinal axis vector
and the speed vector, so it’s possible to verify if the ve-
hicle is moving towards the same direction the camera is
observing.

5.  COMMUNICATION LINK

The main purpose of link budget is to ensure that the data
transmition error rate and the average time of system un-
availability meets the needs of the application [7]. In or-
der to achieve this goal, it is essential that the channel ef-
fects over the transmitted signal to be properly modeled.

Propagation through the atmosphere and near Earth’s sur-
face can cause different effects over the RF signal, such as
absorption, reflection, diffraction or scattering. The wire-
less channel characteristics clearly generate degradation
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in the quality of the communication link.

When the distance between the transmitter and receiver
is of the order of tenth of kilometers, the atmospheric ab-
sorption effects on RF signals transmitted in line of sight
is given by the Friis Equation [8],

2
P = P,G:G A\ @)
(4m)2d?L

where P, is the received power, P; is the transmitted
power, G is the gain of the transmitting antenna, G, is
the gain of the receiving antenna, A is the wavelength of
the transmitted signal, d is the distance between the trans-
mitter and receptor and L is the attenuation due to the
losses in the transmission and reception circuits.

The attenuation of the signal, measured in dB, is de-
fined as the difference between the effectively transmitted
power and received power, as expressed by:

32, 4+ 20 IOg f(MHZ)
20 log d(km)

PyaBm) — PrdBm)

+ +
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From Equation 3, it can be observed that as higher are the
frequency of the radio signal and the distance between
transmitter and receiver, the greater will be the attenua-
tion of the signal in the receiving antenna.

In addition to the absorption effects on the transmitted
signals, some wireless channels, such as that considered
in this work, can cause time-variant fluctuations in the
signal received amplitude. The model based on the Friis
equation cannot explain this phenomenon, which is called
multipath fading. The presence of multiple propagation
paths is due to factors such as atmospheric refraction and
diffraction, or reflections on planes surfaces. In this com-
munication environment, the signals that arrive from dif-
ferent paths will have different delays and attenuations.
Moreover, the paths can be continuously altered with the
change of the channel geometry or the relative movement
between the antennas. These phenomena affect the signal
in a random manner and cause time-variant attenuation
and dispersion [8, 9, 10].

The multipath fading can be taken into account in the link
analysis through the concept of fading margin, which is
the difference between the nominal received power (in the
absence of any multipath fading), denoted by P,, and re-
ceiver threshold power P, that depends on the reception
sensitivity of the radio equipment:

FMggy = Pr(aBm)=Pin(dBm)- “4)

The fading margin must be large enough to accommodate
the random fluctuations of the signal caused by the mul-
tipath fading. Thus, the probability of unavailability of
the communication link should decrease when the fading
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margin is increased. According to the Barnett-Vigants
model, the probability of a fade of depth FM (dB), which
leads to an interruption of the radio link, is given by [11]:

&)

where Pr is the probability of a fade as a fraction of time,
d is the path length in kilometers, f is the frequency in
gigahertz, F'M is the fading margin in dB and C' is se-
lected based on the basis of the type of environment in
which the link is to operate. In humid regions, the factor
C' is approximately equal to 6 [11].

Pp=6x10""Cfd*10~ %M

The project of long distance radio links for UAVs with
operations in sea areas should also consider issues related
to the earth curvature and mobility of the airplane. The
earth curvature can result in the absence of the line of
sight between the transmitter and receiver antennas. On
the other hand, the UAV can move outside of the coverage
area of the base station antenna (Figure 9).

The link budget developed in this work took into ac-
count all the characteristics of the communication envi-
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ronment previously presented to define the system pa-
rameters used in the communication with the UAV. These
parameters are presented in the Table 1.

Table 1. System Parameters

Maximum Path Length 160 km
Average Height of Overflight 500 m
RF Power Output (Base Station) 50 W
RF Power Output (UAV) 5W
RF sensitivity, 1ppm BER —90 dBm
Base Station Antenna Gain 43 dBi
UAV Antenna Gain 6 dBi
UAV Antenna Beamwidth 80°
Height of Base Station Antenna 70 m

From Table 1, considering a circuit loss of 2.5 dB in the
transmission and reception circuits, the power of the sig-
nal received by the UAV on the uplink can be calculated
from the Equation 2, being equal to —22.56 dBm for a
path length of 160 km, whereas the received power at the
base station on the downlink is approximately equal to
—55.35 dBm.

From Equation 4, the fading margin in the uplink is equal
to 67.44 dB, which leads to an unavailability probability
approximately equals to Pr = 9.88 x 107%%. In the
downlink, the fading margin is equal to 34.65 dB with an
unavailability probability approximately equals to Pr =
0.259%.



6. RESULTS

First results obtained in the project includes: image
recognition for boats, optimized path planning for mis-
sion profile, airplane software interface for missions and
the development of the communication link.

The image processing results obtained were acceptable.
An experimental test considering 10 different images
with boats was performed, and all the image elements
was identified. Next step in development is match the
type of boat. Actually this is not a problem since it is
only necessary to identify one boat in the image for the
ground operator to send to the coast guard.

A spiral algorithm for path planning was developed and
applied in a simulation using real data. The results show
the simulated airplane was capable to scan the interested
area from a given previous calculated impact point. Next
step in development is to implement other methods to
compare the algorithms, analyzing the distance to be trav-
eled and the path easier for the plane.

A human-machine interface to manage the UAV was
developed for the ground station using two different
screens, one to be used by the pilot, and the other to be
used by the sensor operator, in charge of the operation’s
security.

A radio system was specified in order to ensure reliable
communication with the UAV. The values obtained for
the fading margins of the system indicate a very low un-
availability probability, approximately equal to 3 seconds
per year in the uplink (control link) and 23 hours per year
in the downlink (data link).

7. CONCLUSIONS

The Brazilian rocket range Barreira do Inferno operates
with sounding rockets in order to make many different
scientific experiments like micro-gravity physics and me-
teorological researches, and develops an UAV to scan im-
pact points of this rockets, searching for unexpeced boats
for secutiry reasons. The results of the project will possi-
ble modify Brazilian launch procedures and safety rules.
The project has started in December 2011 and the first
flight of the prototype is scheduled for 2013.
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ABSTRACT

Hainan sounding rocket launch site is a non-military site
built in 1980s by Chinese Academy of Sciences. The
geographic location in Chinese low-latitude area makes it
to be a unique and important observation of the space
China by

ground-based instruments. This paper introduces the

environment in sounding rocket or

location, infrastructure, facilities and observation
instruments of the site. The site is still in developing
phase, the planning of new facilities and range expansion

is involved.

1. INTRODUCTION

The Chinese Hainan sounding rocket launch site
(19°30'N, 109°8'E)
northwestern of Chinese Hainan Island, 12 km southeast
to the Beibu gulf, and 140km to the Meilan airport. The

is located in the Fuke town,

site was established in 1985 to utilize sounding rockets to
detect low-latitude space environment, by National
Space Science Center (NSSC), Chinese Academy of
Sciences, formerly known as Center for Space Science
and Applied Research (CSSAR).

Also, its geographic location near equator makes it to be
a unique and important observation of the space
environment in China. Now, the site has the capability of
launching sounding rockets, and deploys about ten
ground-based observational instruments. About 7 rockets
have been launched in the site. And, it has been
appointed as a Chinese national field research station for

space weather in the low latitude area.

Figure 1. Geographic position of the Chinese Hainan

launch site
2. INFRASTRUCTURE

After the launch site was established and ZN-3 sounding
rockets launched in 1991, no sounding rocket mission
was carried out in the site during 1991 to 2010[1]. And,
no financial support was obtained for the facilities
maintenance and repair, until the Meridian Project started
in 2008.

Meridian Space Weather Monitoring Project (Meridian
Project) developed the rocket sounding subsystem in the
site[2]. After limited rehabilitation and reconstruction,
the site regains the capacity of assembling, launching and

tracking sounding rockets.

Therefore, the site is still in its true developing phase,
with limited technical facilities. The impact area is the
Beibu gulf near the Hainan island. Till now, the site has
no recovery system, or no TC facilities. All the rockets

launched here were non-recovery.

The site is divided into 3 zones: the main zone, the
The

communications in the site are implemented by a Cisco

assembly zone and launch zone. internal

IP communications platform based on the local fiber

Proc. 21st ESA Symposium European Rocket & Balloon Programmes and Related Research’,
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LAN, with more than 20 IP phones.

The main zone covers an area of nearly 20 acres,
comprising the main building, the commanding hall, the
meeting room, scientific ground-based observation
instruments, hotels, apartment houses, and a restaurant. It
can accommodate nearly 50 people. The 40 people
meeting room is close to the commanding hall. The
restaurant is generally open for breakfast, lunch and

dinner during campaigns.

T4 LENTXWS RS
SRR SR

Figure 2. The commanding hall

The assembly zone covers an area of nearly 8 acres,
located 1.5 km west of the main part, including a
assembly workshop and a storage. The assembly zone is
300 square meters large, deployed a 3-ton hoist, where
the payloads and rockets are assembled. The launch zone

includes a launcher pad and a blockhouse.
3. WEATHER

Hainan Sounding Rocket launch site has a tropical
monsoon climate, mild climate. Its annual average
sunshine is more than 2000 hours, with annual average
temperature 23~24 °C. In January average temperature
is 16.9 ‘C, while mean temperature in the month of July
is 28.3 “C. Annual rainfall is nearly 1800 mm. It is the
rainy season from May to October, throughout which
rainfall accounts for 85% of the year. Situated in
northwest of the Hainan island, the site is less affected by
the typhoon. Every year there are nearly 3 times strong
winds. The annual average of wind speed is 3.5 m/s. As
the site is near the Beibu gulf, the daily average air
humidity is above 70%RH. At nights or rainy days, the

air humidity is often above 90%. Moisture-proof design
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is necessary for payloads onboard and instruments on

ground.

It is suitable for launching activities in Hainan sounding

rocket site from November to April of the next year.

—--III
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Figure 3. The monthly average temperature and rainfall

in Hainan sounding launch site [3]
4. FACILITIES
4.1. Launcher

The launcher is rated as a 1.5 tons maximum design load
launcher, with one 7 meter long rail. The azimuth angle
is fixed, with the northwest direction. Launcher is
suitable for rockets of TY-3 or TY-4 type, developed by
China Aerospace Science and Technology (CAST).

Figure 4. Launcher

4.2. Telemetry

Two mobile telemetry stations, supporting S band 2.3
GHz RF downlink, are situated on the seacoast of the
Beibu gulf. One locates in the Haiwei town nearly 40km
west of the launch site, while the other is in the Eman
town 40km northeast. For the Kunpeng-1 sounding

rocket with a 4W RF transmitter and antenna, tracking



near the 200km altitude range is guaranteed.

1)  Operating frequency: S-band (nom. 2300MHz );
2)  Modulation mode: BPSK;

3) Antenna diameter 3m, parabolic;

4)  Gain: 60dB;

5) Demodulation sensitivity: -99.5dBm;

6) Tracking modes: manual, auto, program;

7) Maximum tracking velocity: 10s.

20107/04/22

Figure 5. Telemetry station in Haiwei
4.3. Meteorological facilities

For sounding rockets without guidance and navigation
control, it is very import to confirm that the wind speed
meets the launch criterion. Usually, the wind is 2~4 class
in the site. Meteorological facilities of the site include a
ground-base automatic meteorological monitor and a

balloon radiosounding system.

Measure altitude range of balloon radiosounding system
is 0~30km. Measure items are wind speed and direction,
temperature, pressure. Automatic meteorological monitor
on ground, WMAS-600, measures wind speed and

direction, temperature, pressure, humidity and rainfall.
4.4. Observational instruments

As a national field research station, ground-based
observational instruments of space environment are
listed below [4].

1) Digital ionosonde DPS-4D: To investigate electron
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2)

3)

4)

density profiles and plasma drift.

Figure 7. UZ-CGRSGPSReceiver and antenna

GPS-TEC Monitor, Ashtech uZ-CGRS GPS
receiver: To monitor the total electron content of

ionosphere on global scale.

GPS scintillation monitor: To monitor ionospheric

scintillation by the means of GPS radio signal.

Very high frequency radar: To detect ionospheric
irregularities structure and electrical field in the
ionospheric E layer, and the intensity and drift of

the spread F layer.



Figure 8. Very high frequency radar

5)  All-sky meteor radar: To detect the wind field and
diffusive coefficient of the atmosphere, the flux,
position and velocity of the meteors between
70~110 km by tracing the meteors.

6) All-sky airglow imager: To detect the horizontal
structure and transmitting feature of gravity waves.

7) Lidar: To detect temperature and density profiles of
the middle atmosphere

8) Atmospheric electric field instrument: To monitor
atmospheric electric field.

9) CHIMAG fluxgate magnetometers: To detect

variations in the earth’s magnetic field.
5. New infrastructure and facilities

In 2011, Chinese Strategic Pioneer Program on Space
Sciences Satellite initiated. NSSC reconstructs the
Hainan launch range, and proposes to use sounding

rocket to support space science mission.

The Hainan sounding rocket site will construct a new
hotel building with more than 20 double rooms. A new
ground-based instruments observation building has been

constructed recently.

The fixed station of telemetry and recovery system is
being built now on the beach of Eman town, with nearly
5 acres area. New infrastructure includes a boat dock, a
recovery workshop and a lodging building. The new fix
telemetry station will be equipped to tracking sounding
rockets above 300 km altitude.
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And, a new launcher is going to be developed, with a
12m length beam, 2000kg load. Its elevation and azimuth

would both be adjusted automatically.

Currently, an enlargement plan is under consideration, to
make the assembly part and the launch pad to be one
zone. And a new modern assemble hall, at least 10 meter

high and 1000 square meters area, will be built.
6. CONCLUSION

Hainan sounding rocket launch site is a quit new launch
site in Chinese low-latitude area. And it has the
elementary capacities of assembling, launching and
tracking sounding rockets, with altitude range up to
200km. Also, it was a comprehensive ground-based
observation for space environment in Chinese low

latitude.

About 7 rockets have been launched in Hainan sounding
rocket launch site, such as ZNs, Haiyan-1, Kunpeng-1
and Kenpeng-1A. In the future, with more infrastructure
and facilities developed, more sounding rockets would
be conducted in Hainan launch site. International
co-operations in jointed detections or launch services are

welcome.
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ABSTRACT

The determination of the winds (both at surface and
upper air) at a Space Launching Center is crucial for
the safety in a rocket launching. The wind profile can be
used for the determination of the flight trajectory as
well as to predict the dispersion of the plume released
by the gases exhausted during the lift-off. The mesoscale
model WRF (Weather Research and Forecasting) is the
state-of-art in terms of atmospheric model and it can be
used to forecast all the climatic elements, specially the
winds. So, the goal of this paper is to investigate the use
of the model WRF at the Centro de Langcamento de
Alcdntara (CLA), which is the Brazilian access to the
space, to provide forecast winds information to the
Operational Flight Coordinator. The validation was
made through out comparisons between outputs of the
model and wind measurements. The observations were
made at CLA by rawinsoundings released each 6 hours
during 10 days period in the dry season 2008 and wet
season 2010. The model WRF-ARW (version 3.2.1) was
tested for a domain centered at the CLA. The
configuration of the runs was 3 grid nested with a
resolution of 9, 3 and 1 km, respectively and 40 vertical
levels. The wind forecast for 72 hours were made with
initial data-set from GFS (Global Forecasting System,
which is the operational analysis from NCEP), starting
at 00 and 12 UTC for both periods. The statistical
metrics used were Wilmott indexes; bias and square
mean error, computing from the differences between the
outputs from the model and observations up to a height
of 5000 m (ballistic winds). From the boundary layer
parameterizations tested (ACM2, MYNN2,5, ETA and
YSU), the ACM2 and MYNN2,5 gave the best results for
the dry and wet season, respectively. The model WRF
was able to represented, reasonable and within the limit
of 1 m/s, the wind profile up to 36 hour, for both periods
(dry and wet). Also, there is no difference if the
simulation started at 00 or 12 UTC. In order to verify
the influence of the initial input data, 4 simulations (2
for each season) were made with GFS (analysis) and
FNL (re-analysis). The results did not show any
significant difference, concluding that it is possible to
use the GFS (which is operational) for the simulations
during a launching operation. In summary, the model

WRF was proved to be useful for a rocket flight
providing winds in advance.

1. INTRODUCTION

The Alcantara Space Center (CLA) is the Brazilian gate
to the space. From this Center, it is launched the guided
rocket as Satelite Vehicle Launcher (VLS) and
unguided sounding rockets (like VSB30). Especially for
the sounding rockets, the winds are very important to
determine the flight trajectory and it is computed as a
sum of the internal (characteristics of the rocket) and
external (winds) forces involved [1].

Consequently, the wind determination is a key
parameter for the successful of the mission. During the
countdown, the wind profile is determined using
different techniques (including rawinsoundings and/or
wind profiler). However, for future determination, only
numerical models can do it based on the prognostic
Navier-Stokes equations.

The wind regime at CLA is very complex as it is a
superposition of the trade winds and the sea breeze
developed due to the thermal contrast between ocean
and continent [2]. Following the reference [3], the
rainfall regime at CLA is governed by the position of
the Intertropical Convergence Zone, which follows the
relative position between Earth and Sun.

The objective this work is to compare the outputs from a
numerical mesoscale model with the observations
collected at the Alcantara Space Center. The better
boundary layer parametrization (which distributes the
momentum within the atmosphere) was also determined
for the tropical conditions.

2. DATA SET AND METHODOLOGY

The ASC is located along the coast at the latitude 2° 19'
S and the longitude 44° 22' W and 40 m above sea-level
(Figure 1). The climate presents a precipitation regime
divided in wet period (from January up to June) being
March and April the peak of the rain (higher than 300
mm/month) and a dry period (from July up to
December) with precipitation lower thanl5 mm/month
(Figure 2). The wind regime possesses a distinct
behavior between the rainy and dry season. During the
wet period the surface winds are weaker (typically
around 4.0 — 5.0 m/s) than during the dry season (winds

Proc. 21st ESA Symposium European Rocket & Balloon Programmes and Related Research’,

9-13 June 2013, Thun, Switzerland ( ESA SP-721, October2013)

69



around 7.0 — 9.0 m/s). This is due to intensification of
the sea breeze that presents its maximum influence
during this time (particularly from September until
November). The wind direction is from the NE at both
periods.

Two observational data-sets made by radiosondes have
been used to compare with the numerical outputs. The
rawinsounding system used was from Vaisala Oy
(Helsinki, Finland) MWI11 using a sonde RS80-15G
(with GPS capabilities). During the ascension phase, the
GPS sensor sampled the balloon positions at 2 s and an
average winds for 50 m height interval were processed
as the averaged wind profile for the layer. The data-set
used were obtained from an intensive field campaign
from September 15 until 30, 2008 (representing the dry
season) and from March 19 up to 25, 2010 (representing
the wet season).

Figure 1. Geographic Localization of the ASC and a
view of the launching pad

For this work the mesoscale model named WRF —ARW
(Weather Research and Forecasting - Advanced
Research WRF) version 3.2.1 was used as it is the
“state-of-art” for regional models [4].It is also an open
code, friendly user and has several parametrizations for
radiation, boundary layer, convection, etc that can be
easily tested and changed to be locally adapted.
Especifically for the boundary layer parameterizations,
the following schemes were tested and compared with
the measurements (rawinsoundings): ACM2,
MYNN2.5, ETA and YSU. This software is relatively
easy to install and operate it at the range center [5].

Rainfall Climatology
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Figure 2. The rainfall climatology for ASC.

In general, the statistics metrics used to compare the
observations and the numerical outputs are bias, root-
mean-square. For this study, the Willmott indexes were

also used to identify which boundary layer
parameterization are better [6].

D1
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{
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Figure 3. The 3 domains used for the numerical
simulations.
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3. RESULTS

The data used to initialize the model was the
meteorological field from National Center of
Atmospheric Research (NCEP) named GFS, with
spatial resolution of 0.5° x 0.5° (approximately 55 x 55
km). The land use — land cover data was obtained at
United States Geological Survey (USGS) (available at
http://www.mmm.ucar.edu/wrf/src/wps_files/geog.tar.g

z), with spatial resolution 30”. All the simulations were
made with 42 vertical levels at the 3 nested grids
centered at CLA (Figure 3). The spatial resolution was
9, 3 and 1 km for the inner grid. The simulation was
started at 12 UTC, with a forecast of 72 hours (3 days)
and a spin-up of 6 hours.

The Figure 4 presents the time series of the windspeed
(ballistic winds) for all simulations (2008 and 2010). It
can be observed that the either the intensification (case
for 2008) or reduction (case for 2010) of the measured
winds was simulated by the model. The differences are
within the range of 0.5 — 1.0 m/s which is absolutely
negligible for trajectory determination. The temporal
variation is much more important for the operational
perspectives.

Time series of windspeed (2008)
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Time series of windspeed (2010)
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Figure 4. Time series of the windspeed: observations
and numerical outputs for 2008 and 2010.

At Fig. 5, it is presented the time series for the wind
direction for the dry and wet periods. Again, the
direction of the winds was very well represented (for
both cases 2008 and 2010), although the results for the
dry season is slightly better. A diurnal oscillation of the
wind direction (probably due to the sea breeze) was also
captured by the model.

Time series of wind direction (2008)
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Figure 5. Time series of the direction: observations and
numerical outputs for2008 and 2010.

Finally, the initial data assimilation (GFL or FNL) was
tested. It should be mentioned that the GFL is a
operational scheme (e.g., there are outputs from a larger
model each 6 hours) and FNL is a better description of
the meteorological fields, but it is not available rapidly.
The results are presented at Figure 6 and there is no
significant different between the 2 initial data-sets.

Intercomparion of results from GFS and FNL (2008)
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Figure 6. Time series of the windspeed for the
numerical outputs for different initialization (GFS and

FNL) for 2008 and 2010.

4. CONCLUDING REMARKS

The differences amongst the 4 parametrizations used
were very small and the best parameterizations that can
be used for the tropical region is either ACM2 (better
results for dry season) or MYNN2.5 (better results for
wet season). The differences between them are
negligible. The WRF model was able to represent very
well the wind profile at CLA up to 2 days in advance
and this information is very useful for the launching
operations. Another important result is that the use of
FNL does not represent an improvement of the results
and the initial data from GFS can be used.
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ABSTRACT

The two CHAMPS rocket payloads were attitude
controlled to maintain (almost) zero angles between
rocket axis and velocity vector. Each payload carried
two positive ion probes on hinged booms opposite to
each other. With such an arrangement no spin
modulation of the measured current is expected,;
however the currents measured by the two probes were
slightly modulated with the spin frequency and clearly
in antiphase. The hitherto best explanation for this
unexpected phenomenon is that winds perpendicular to
the rocket axis led to an effective misalignment of the
otherwise almost perfectly attitude controlled flights.

1. THE USUAL ARRANGEMENT

Electrostatic probes to measure the number density of
ions have been used by the rocket community for
decades. The basic idea is that a gridded sphere,
sweeping through stationary plasma, collects an ion
current primarily determined by the (relative) velocity
and the probe's effective cross section. The current to a
stationary probe is due to the ions' thermal velocity vy,
but the main contribution is due to the velocity of the
probe relative to the plasma [1]. For realistic rocket
trajectories (apogees >100 km) the (assumed) thermal
velocity considered in these calculations only
contributes a minor uncertainty near apogee when the
rocket velocity is lowest and of the same order as vy,.
Fortunately at altitudes above 90 km the ions’ mass is
known (30 or 32 amu) and the assumptions concerning

Figure 1. Location of the ion probe (PIP) on the
REXUS payload. The configuration in the insert is
preferable, but a very exceptional case (payload
NLTE-91).

their mass and temperature are not critical; at low
altitudes on the other hand, the rocket velocity by far
exceeds vy. The usual location of positive ion probes
(PIP) is on a boom deployed sideways, whereas the
central location is only rarely available for this
instrument (Fig. 1). The length of the boom ideally
positions the probe outside the shock cone which is
developed by the forward instrumentation, thus the
probe samples the undisturbed ionosphere. The Rexus
payload flown in October 2004 provides a good
example of such a scenario. In Fig. 2 the ion current
near 85 km is shown. In this particular flight at that
height the angle of attack exceeds 4° and apparently the
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3 85 km|
~ 1E-00
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= M
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115

Figure 2. lon current measured near 85 km on upleg.
For angles of attack beyond 4° the PIP only reaches
outside the shock-cone once in a spin period.

probe moves in and out of the shock cone. Fig. 3 shows
the measured current of the whole flight. The general
practice is to assume that only the maxima in each spin
period represent the undisturbed ionosphere. The ion
density thus based on only one value per spin period is
depicted in the right panel of Fig. 3. The good
agreement between up- and downleg confirms the
validity of the procedure of relying on the highest value
in a spin period.

2. THE SPECIAL CASE OF CHAMPS

CHAMPS were two sounding rocket payloads
designated to investigate charged dust particles by
means of a dedicated mass spectrometer. As outlined
above, one generally expects only one current value per
spin period representing the true ion density. Primarily
in order to improve the height resolution two (largely)
identical ion probes were flown on the CHAMPS
payloads 180° to each other (Fig. 4, left panel), notably
sincie these payloads had a very low spin rate of only
25"
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Figure 3. lon current of the whole flight (left) and the resulting ion density profile (up- and downleg) using only the
maxima in a spin period (right).

The instrument MASS (= Mesospheric Aerosol
Sampling Spectrometer) required attitude stabilised
flights of the payloads to ensure unimpeded direct flow
into the detector, both on up- and downleg. These
NASA rockets, which were flown from the Andgya
Rocket Range, were therefore actively controlled to
maintain an angle of attack of less than 1.3°. One rocket
was flown in darkness (41.094, 2011-10-11, 21:15 UT,
at a solar zenith angle of y = 116°), the other in daylight
(41.093, 2011-10-13, 13:45 UT, y = 83°). The region of
the main interest was 70 to 90 km, i.e. where charged
meteoric dust is expected; the DSMC (= Direct

MASS instrument <=

3!

Positive ion
probes (2)

Simulation Monte Carlo) simulation for that height
shows that the booms are long enough that the probes
sample the undisturbed ionosphere ([2]; Fig. 4, right
panel). Fig. 5 shows the current measured by the PIPs as
a function of flight time (night flight 41.094). As one
would expect the currents measured by the two PIPs

Number density (x 1020 m3)

Figure 4. Forward instrumentation of the CHAMPS payloads (left), and DSMC simulation of the neutral number
density at 80 km: note that the probes appears to be well outside the shock cone [3].
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Figure 5. lon currents measured by the two PIPs (night flight 41.094). Green: HV (-4 V bias), red: LV (-2.5 V bias).
The curves are separated for graphical reasons.

show no obvious spin modulation; contrary to the Rexus
flight the ion densities on up- and downleg are very
different which is confirmed by the data from other
instruments aboard the payload. Fig. 6 shows the blow-
up of the currents of the two PIPs. The large signal dips
are due to the firings of the attitude control and are
removed in the further processing. Upon close
inspection the currents are modulated with the spin
frequency at 180° between the two probes. The
sinusoidal spin modulation is less than 10% compared
to a factor of four or even more in the case of the Rexus
flight. In addition there are also small, anti-correlated
rapid ripples on the current (less than 2%; not shown).
We now determine the amplitude (in % of the current,
Fig. 7 left panel). For the phase we add 180° to data of
the PIP with -4 V and form the mean of the two probes
(right panel). To allay all arguments that the
observations might be due to instrumental effects, Fig. 8
shows the corresponding diagrams with the data of the
daytime flight (41.093).

For the spin modulation we can at this stage propose a
number of explanations:

(1) The attitude control assures that the rocket axis is
aligned with the nominal velocity vector (the tangent of
the trajectory). A wind across the rocket axis is
equivalent to an alignment error. In such a situation the
radial distance of the probes from the shock cone will
vary at the spin frequency. According to the DSMC
simulation (Fig. 4) and the resolution in that figure a
misalignment of >20° should bring the probes in and out
of the shock cone.
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(2) We have so far always conveniently ignored the fact
that the probe spinning with payload moves at a velocity
at right angle to the vehicle’s velocity. In the case of the
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Figure 6. Expanded view of the ion currents measured
by the two PIPs (night flight 41.094) clearly displaying
anti-correlation between the two probes. The
signatures of the attitude corrections and the in-flight
calibrations are removed in the further analysis.

CHAMPS payloads this velocity is about 8 m s*
contributing to the total velocity; this has to be
compared to the vehicle's velocity of between 200 and
1100 m s™. Neglecting this contribution leads to an error
of the total velocity of between 0.08 to 0.002%. A
horizontal wind has to be added or subtracted from the
tangential velocity of 8 ms™, or in other words, the
horizontal wind effective for the total velocity "seen" by
the probes, will be spin-modulated by +8 m s™. In that
scenario the currents will indeed be spin-modulated and
in anti-phase, but the effect is orders of magnitude too
small to explain the observations.



(3) A typical thermal velocity of 400 ms™ leads to a
gyro radius of 2.5 m (for an ion of 30 amu); the payload
may therefore at times obstruct the ions' motion of such
a radius. The fact that the phase of the spin modulation
is very different bet