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Preface

Space technology is regarded as an area of strategic importance
for all industrialised nations. It not only is an important sector of
industry, it also makes major contributions to the promotion of
scientific research and facilitates the accomplishment of the
government’s infrastructure responsibilities in a dynamic know-
ledge-based society. Space activities are important for the fields
of mobility and transport, telecommunications, environmental
and climate research, astronomy and Earth sciences.

Space technologies are a worldwide market with dynamic
growth. In order to support Austrian science and industry to
increase their importance in this market the Federal Ministry for
Transport, Innovation and Technology (bmvit) initiated a national
Space Programme, the Austrian Space Applications Programme
ASAP, a bottom-up programme targeted at space science,
technology and applications.

The main objectives of the Austrian space policy are to strengthen
the position of the Austrian Space Cluster on the commercial
market and to support international and bilateral cooperation on
the one hand and, on the other hand, to promote optimal use of
space technologies for commercial products and services and
for space applications and space research.

ASAP prepares, supports and complements our participation in
bilateral and international programmes, in particular of ESA and
EU. The national programme enables us to support scientific
participation, build interesting technology niches for Austria and
use the potential of space based applications. These applications
concern the fields of remote sensing, telecommunications and
navigation with increasing importance of the combination of
these service domains. As a general strategy, focus is laid on
applications of space technologies in particular on the promising
fields of Earth observation and satellite navigation.

This 3 edition of the publication of successful projects supported
and funded by the national space programme in 2007 and 2008
shows that the Austrian space community is well prepared for
important coordinating roles within international programmes.
The national projects lead to applied scientific missions or to
technologically interesting components and equipments for
Austria.

To prepare the implementation of GMES in Austria, an “action-
line GMES in Austria” was designed in 2007 and 2008, that
provided additional funds. The new possibility for the community
was presented via a roadshow. Itinformed the community in the
Austrian space regions. Many new users took advantage of the
special opportunity, which could be shown by the overwhelming
participation in this field and the excellent projects. As one of
the biggest outcomes, a space-SME created a concept for a
nationwide data model for land-use and land-cover (LISA). While
building the concept, the team could find new co-operators and
at the end of the first phase the team, amongst others, included
all nine Austrian federal states.

Having a look on the results and impact of the programme we
see an increase in the number of participating organisations and
cooperation and also in the variety of new topics which could be
explored. Since 2002 the programme has provided space-
interested and creative people and organisations with the
opportunity to let their ideas become great projects. The national
space programme supported a group of young students to
develop, assemble and test the first Austrian nanosatellite
“BRITE/TUGSAT” to train young experts for an entire space
mission.

There is a long list of excellent projects: In this brochure you will
find 72 projects of the national programme funded in 2007 and
2008. This all is a vivid sign of the broad expertise and the
success of the Austrian space community and of the national
funding sustainability.
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Doris Bures

Federal Minister

Austrian Federal Ministry for Transport,
Innovation and Technology
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Austrian Space Applications Programme

>asap->

Programme Description

The Austrian Space Applications Programme ASAP was initiated
by the Federal Ministry for Transport, Innovation and Technology
(bmvit) in 2002. It is a bottom-up research funding programme
targeted at space science, technology and applications. The
programme should enable bilateral cooperation, support scientific
participation in ESA and bilateral projects and complement
developmentin the application domain. It also aims at promoting
interesting technology niches in Austria. The Austrian Space
Applications Programme addresses Austrian and international
scientists, scientific institutions, industrial enterprises and other
companies, including SMEs located in Austria.

Through ASAP Austrian research institutions as well as
commercial enterprises have been supported in their efforts in
conducting space science and exploration projects, and in
developing space technologies, products and services.

The programme elements ““Scientific Excellence”, “Economic
Benefits” and “Benefits for Society” are affected by the main
objectives of the Austrian Space Applications Programme:

> Development of scientific instruments for European und
international space missions

> Building new scientific skills within the scope of space
missions

> Development of innovative technologies, products and
processes

> Diffusion of space technologies in other sectors

> Utilisation of space technology for further applications like
navigation, telecommunication, Earth observation and
integrated applications

> Use the potential of space based applications to contribute
solutions to the great challenges of our future

Furthermore, ASAP, Austrian Space Applications Programme, on
the one hand aims at building national and international networks
through multi- and bilateral projects and on the other hand at
increasing user communities of space technology.
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ACCU-Clouds

Preparing a Key Dimension of ACCURATE Climate Utility:
Cloud sensing and Greenhouse Gas Profiling in Cloudy Air

The ACCURATE (Atmospheric Climate and Chemistry in the
UTLS Region and Climate Trends Explorer) satellite mission
enables joint atmospheric profiling of greenhouse gases,
thermodynamic variables, and wind in the upper troposphere
and lower stratosphere (UTLS) and beyond. It achieves this
unprecedented scope by employing inter-satellite signal links
between Low Earth Orbit (LEO) satellites, combining LEO-to-
LEO microwave occultation with LEO-to-LEO infrared-laser
occultation (LIO). This novel concept was conceived at the
WegCenter and proposed by an international team of more than
20 scientific partners from more than 12 countries to an ESA
selection process for future Earth Explorer Missions. While not
selected for formal pre-phase A study in 2006, because it was
partly immature at that time, it received very positive evaluations
and was recommended for further study and development.

On this basis FFG-ALR has funded pioneering initial projects
under previous ASAP calls (ACCURAID, EOPSCLIM) and ESA
supports studies as well. ACCU-Clouds builds on these activities
as an innovative project complementing the ESA studies in the
key dimension of providing cloud sensing and cloudy-air
greenhouse gas profiling capabilities.

Related to this pivotal potential for climate change monitoring
and research, ACCU-Clouds prepares novel scientific algorithms
for retrieving cloud extinction, cloud layering, and cloudy-air
greenhouse gas profiles from LIO data. These algorithms are
seamlessly embedded into WegCenter’s occultation software
system (EGOPS), also used to integrate all ESA study
developments. Furthermore, in order to test the advanced
system, an end-to-end performance analysis is undertaken,
which uses the new cloudy-air greenhouse gas profiling capability
to assess its uniqueness for climate science. Results show that
the detection of clouds works in a highly reliable way and
greenhouse gas concentrations are accurately derived in all
conditions not blocked by clouds. Overall ACCU-Clouds
represents a crucial milestone on the way towards realizing an
ACCURATE mission for the benefit of monitoring the changing
atmospheric composition and climate in the 21 century.
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Measurement channels for IR-laser signals in the 2—2.5 micrometer wavelength region.
© WegCenter/UniGraz 2009

Infobox
Project duration:
1 July 2009 - 28 February 2011

Coordinator:

University of Graz

Wegener Center for Climate and Global Change
Prof. Gottfried Kirchengast

Leechgasse 25, 8010 Graz, Austria
gottfried.kirchengast@uni-graz.at
www.wegcenter.at

Partners:

University of Munich

Meteorological Institute

Claudia Emde

Munich, Germany
www.meteo.physik.uni-muenchen.de

University of York (UK)
Department of Chemistry
Prof. Peter Bernath
www.york.ac.uk

University of Arizona

Institute of Atmospheric Physics
Prof. Robert Kursinski

Tucson, AZ, USA
www.atmo.arizona.edu

Conceptual artistic depiction of the ACCURATE occultation measurement concept.
© UniGraz 2002
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AT-X

Advanced Tools for TerraSAR-X Applications in GMES

.

s

TerraSAR-X data and derived forest products: (a) backscatter; (b) INSAR coherence; (c) canopy height; (d) forest mask (green)

The project AT-X was concerned with the development of
methods for the operational and scientific utilization of data
from TerraSAR-X and other very high resolution spaceborne X-
band SAR sensors. Itaddresses the applications snow and glacier
monitoring for water management and climate monitoring and
the retrieval of forest parameters. The project work is also
relevant for the exploitation of X-band SAR data of the Italian
COSMO-SkyMed mission and contributes to preparatory
activities for the CoReH20 Ku- and X-band SAR mission presently
in Phase-A study at ESA.

The work at ENVEO deals with the development and testing
of tools of robust and automated procedures for spatially detailed
mapping of the surface motion and deformation of glaciers
using TerraSAR-X data. Concepts and software for SAR image
correlation and SAR interferometry were developed for
generating ice motion maps. The new procedures were validated
with in-situ ice motion measurements by means of GPS at the
Vatnajokull Icecap in Iceland. Ice motion maps retrieved from
TerraSAR-X data stacks were applied to calculate and estimate
the ice export and the mass balance of outlet glaciers at the
Antarctic Peninsula that are presently subject to rapid
downwasting due to global warming.

JR-DIG developed methods for the retrieval of forest parameters
(3D canopy height models, forest segmentation and forest border
line extraction) from TerraSAR-X data by means of multi-image
radargrammetry and segmentation using backscatter, texture
descriptors, canopy height model and interferometric coherence
information. The achieved accuracies observed in two test
sites in Styria outperform state-of-the-art algorithms, while
simultaneously providing improved accuracy of forest border
delineation.

The project results provide an important basis for strengthening
the position of ENVEO and JR-DIG as service providers and
consultants for utilization of high resolution SAR satellite data.
ENVEO will exploit the developed tools in the Climate Change
Initiative Program of ESA and in the downstream service
”’CryoLand - GMES Service Snow and Land Ice”. The CryoLand
project under the lead of ENVEO is presently under negotiation.
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Ice velocity field of Sjogren and Boydell glacier, Antarctic Peninsula, derived from TerraSAR-X data
of 2008/10/25 to 2008/11/05. Green lines indicate the ice flux gates of the glaciers.

Infobox
Project duration:
1 June 2008 — 31 March 2010

Coordinator:

ENVEO Environmental Earth Observation IT GmbH
Technikerstral3e 21a, 6020 Innsbruck, Austria

T +43 (0)512 507 4830

F +43 (0)512 507 4839

office@enveo.at

www.enveo.at

Partner:

JOANNEUM RESEARCH Forschungsgesellschaft mbH
DIGITAL - Institute for Information and Communication
Technologies (JR-DIG)

Wastiangasse 6, 8010 Graz, Austria

T +43 (0)316 876 1754

F +43(0)316 876 9 1720

DIGITAL-FER@joanneum.at

www.joanneum.at

JR-DIG wiill exploit the results within EUROLAND, a subproject
of the GMES GeolLand-2 project, the ASAP 6 project TripleM and
various projects dealing with REDD.

This project was carried out in co-operation with the following

international partners:

> INFOTERRA GmbH, Friedrichshafen, Germany

> Microwaves and Radar Institute, DLR, Oberpfaffenhofen,
Germany

> Alfred Wegener Institute for Polar and Marine Research,
Bremerhaven, Germany




e _SPIDER

Conceptualization of a Global Virtual Academy for Space-based Information
for Disaster Management and Emergency Response

e_SPIDER directly supports the initialization of an e-learning
environment for UN-SPIDER by providing a conceptual frame-
work for a Global Virtual Academy for Space-based Information
for Disaster Management and Emergency Response. It
contributes to the development of an appropriate curriculum in
collaboration with the Regional Centres for Space Science and
Technology Education, affiliated to the United Nations, and other
national and regional centres of excellence to train end-users
and strengthen national institutions. The distant learning initiative
provides an ideal opportunity to link Austrian expertise to
UN-SPIDER and, by this, to a global community.

While the project contributes to the achievement of UN-SPIDER’s
overall objectives, it is specifically advancing the promotion of
e-learning linked to Earth Observation for Disaster Management
and Emergency Response. This should help to (i) extend, support
and strengthen the educational, scientific & technological
background of Disaster Management practitioners and their
institutions (ii) initiate inter-regional, multilateral and inter-
continental networks among practitioners, and stimulate flows
of synergies (iii) through above processes, construct, widen and
branch out the paths for mutual exposure to Disaster
Management educational systems.

e_SPIDER provides the following results:

(a) Existing e-learning offers for Earth observation (EO)
applications in disaster risk reduction, and emergency
response are assessed on a global level.

(b) An e-learning concept for UN-SPIDER is developed consider-
ing the requirements for an international platform (in terms
of technical performance and content management); the
curriculum responds to the needs of DM practitioners for
continuing education and pays particular attention to the
provision of near-real-time exercises.

(¢)A monitoring and evaluation concept is established to
ascertain the quality of learning modules and exchange of
feedback between tutors and participants.

eLearning for practitioners in emergency response and disaster risk reduction

Infobox
Project duration:
1 April 2009 - 28 February 2010

Coordinator:

University of Salzburg

Z_GIS Centre for Geoinformatics

Peter Zeil

Schillerstral3e 30, 5020 Salzburg, Austria
T +43 (0)662 8044 5210
peter.zeil@sbg.ac.at
http://www.uni-salzburg.at/zgis

Partners:

Paris Lodron Universitét Salzburg

Zentrum fiir Geoinformatik / UNIGIS
Hellbrunnerstral3e 34, 5020 Salzburg, Austria
T +43 (0)662 8044 5222

office@unigis.ac.at

www.unigis.ac.at

Zentrale Servicestelle fiir Flexibles Lernen
und Neue Medien

Kapitelgasse 4-6, 5020 Salzburg, Austria
T +43 (0)662 8044

elearn@sbg.ac.at

www.uni-salzburg.at/zfl
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e_SPIDER Body of knowledge
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ENVICHANGE

4D Information Products for the Monitoring of Environmental Changes

Based on LIDAR- and Satellitedata

The project ENVICHANGE as proposed here intends i) to identify
the possibilities of analysing spatial features for monitoring land
cover and essential infrastructure facilities based on high-
resolution satellite and LiDAR data and ii) to implement methods
for its operational generation. The possibility of fully or partially
automated information extraction is evaluated based on user
requirements of corresponding federal authorities and
infrastructure operators. The essential benefit is considered to
be the inclusion of LiIDAR derived elevation data, which is a further
and inherent information layer besides conventional analysis
products, which have been mainly evolved from traditional
remote sensing data so far.

The pivotal advantage of the integral, combined interpretation
proposed here is that LIDAR as active remote sensing technology
precludes drawbacks from shadowing and thus, complements
optical satellite data in case of ambiguity. Land cover or
infrastructure which could not be interpreted realiably from
optical satellite data due to topographical shadows can now
clearly be identified and interpreted. The three-dimensional
mapping of rock slopes including derived products like rock fall
endangered zones or exact location of protective structures are
examples for the utilization of data of that kind. The delimitation
of forestal areas (protective forests or forest cultivation) or rock
slopes as well as the correct positioning of protective structures
are in the field of responsibility of the project’s user group (Federal
State of Vorarlberg, OBB Group).

Beneath non recurring analyses the focus is on the multi-temporal
evaluation of data of two kinds, satellite and LiDAR data. The
recurring combination of the data facilitates the recognition of
qualitative as well as quantitative changes. In collaboration with
the project user ‘Land Vorarlberg’ a comprehensively recurring
LIDAR dataset is available, which is considered to reveal
qualitative and quantitative testimony on changes in river
sections, which were affected by the 2005 flooding. Further
recurring coverage is to be expected for most parts of Austria
in the near future.

The objective of the project is the evaluation of available satellite
and LiDAR data with respect to the joined interpretation as well
as the development of methods, which render efficient non
recurring and recurring analysis products.

10 AUSTRIAN SPACE APPLICATIONS PROGRAMME

Infobox
Project duration:
1 March 2009 - 30 November 2010

Coordinator:

University of Innsbruck

Institute of Geography

Innrain 52, 6020 Innsbruck, Austria
T +43 (0)512 507 5401
geographie@uibk.ac.at
www.uibk.ac.at/geographie

Partners:
Laserdata GmbH
www.laserdata.at

GRID-IT GmbH
www.grid-it.at

Innsbruck Tivoli quarter 2006,
ALS altitudes — airplane

Innsbruck Tivoli quarter 2009,
ALS altitudes — helicopter

Innsbruck Tivoli quarter —
urban development
between 2006 and 2009
















MICO

Mission Critical Controller

o

o
7 il

Up-link of software

In many space applications the mission critical controller (MICO)
is a key element of the satellite control system. Among other
functions, such a MICO offers the possibility to load and update
software to the satellite (Fig. top) without SW support onboard.
RUAG Space GmbH (RSA) has developed a controller board for
space applications, intended to be used as ““standard controller”
in future projects. This board is based on the Atmel AT697
LEONZ2 fault tolerant processor and is equipped with a MIL-STD-
1553B remote terminal control interface. However, in its present
form the board does not allow for direct SW update (without
software intervention) via the control interface, hence it cannot
be used for mission critical applications.

The aim of the project is to theoretically derive and design an
innovative fault tolerant controller function for mission critical
applications to be introduced into the already existing processor
module. The implementation is entirely accomplished by
modifications/augmentation of the processor module printed
circuit board (PCB) and/or the (existing) processor module field-
programmable gate array (FPGA), referred to as ECOM FPGA.
Physical dimensions of the board as well as FPGA size and
footprint are foreseen to remain unchanged.

The present study focuses on an assessment of the needs of
possible users such as the European Space Operations Centre
in Darmstadt and the choice of the adequate concept to be
implemented. Prof. Andreas Steininger of the Institute of
Computer Engineering of the Vienna University of Technology
was strongly involved in this latter task.

In a next step the mission critical controller is planned to be
incorporated into the existing RSA controller PCB-design as well
as into the design of the ECOM FPGA. The results of this study
will be the baseline for later use and success in operational
programs, allowing to provide embedded onboard systems at
lower cost, within a shorter time frame and with better
performance than competitors.

Infobox
Project duration:
1 January 2010 — 31 October 2010

Coordinator:

RUAG Space GmbH

Gerhard Osterseher

Stachegasse 16, 1120 Vienna, Austria
T +43 (0)1 80199 2290
Gerhard.Osterseher@ruag.com
www.ruag.com

Partner:

Vienna University of Technology
Institute of Computer Engineering
Prof. Andreas Steininger
steininger@ecs.tuwien.ac.at

European Space Operation Centre. © ESA
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NanoMatSpace

Nano-Composites and High-Performance Materials for Space

The concept study of “Nano-composites and high-performance
materials for space”, NanoMatSpace, was worked out in order
to evaluate the possibilities and potentials in Austria in the area
of high-performance materials for future application in space.
Special attention was put on the technology maturity level of
new materials and of high-performance materials, particularly
that of nano-composites.

Why do space projects require new materials? On the one side,
there is a continuous need for further improvement of structural
composite materials. Extreme lightweight construction is
mandatory. Furthermore, such structures have to be designed
in accordance to outmost dimensional stability and thermoelastic
stability requirements for many applications. On the other side,
advanced functional materials are also needed. In particular,
designers of space mechanisms look for new materials showing
enhanced properties — for example, for the construction of high-
grade long-life bearings that are exposed to the harsh
environment of space dominated by large temperature variations
and high radiation densities.

One main part of the study NanoMatSpace presents typical
applications for space transportation, satellites, platforms and
instruments, which require enhanced materials with improved
properties to meet requirement specifications. The other main
part of the study concentrates on evaluating and assessing the
actual status of material technology in Austria in close cooperation
with national institutes and industry.

As the result of a comprehensive investigation, a number of
promising material technologies were identified as already being
established in Austria, which imply a strong potential for further
development of “space materials™ for application in future space
programmes. The essential outcome of the study NanoMatSpace
was that amongst the prospering material technologies
established in Austria, one of them, namely the polymer
composite technology, has reached a high level of know-how
and infrastructure and would therefore provide an excellent basis
for further development of advanced (nano-modified) polymer
composites.

Fabrication of advanced (nano-) composite structures by application of modified fiber
placement technique

76 AUSTRIAN SPACE APPLICATIONS PROGRAMME

Infobox
Project duration:
1 October 2007 — 31 August 2008

Coordinator:

Space Technology Consultancy Vienna
Hans Georg Wulz

Kroissberggasse 27, 1230 Vienna, Austria
T +43 (0)1 89 00 625

Mob.: +43 (0)699 171 44 987
info@rtbv.at

www.rtbv.at

y Long-term Strategic Goal
\ Austria becomes Reliable Partner in Manufacturing of
“.__ Lightweight and Functional Structures for Space

The following evaluation criteria were applied for the selection of

the most favourable material technologies for space application:

» Specific experience and know-how in the special technology
area looked at

e Opportunity of application in near-term European space
projects

» Existence of technological infrastructure including quality
control measures to establish process modifications, avoiding
large economical investments for installation of new process
routes

e Easy access to raw materials, avoiding import limitations and
single sources of delivery

« Diversification potential of Austrian material technology to
other non-space industrial applications and its significance to
national economy and its expansion

The results of the study “NanoMatSpace™ were also presented
to ESA in the frame of an invited presentation on technological
capabilities in Austria in the autumn of 2008.

Recently, a selected consortium of industry and research has
been joined to bid for a follow-up project in the frame of the
Austrian ASAP 7 programme. Objectives of the project entitled
“Advanced Composite Technologies for Extreme Light-Weight
Space Structures, ACTRESS”, which has been accepted for
funding, are to demonstrate Austrian capabilities for the whole
process chain for advanced composite technologies at a high
technology maturity level.




ProUST - a “Guardian Angel’” for Satellites

Protection Unit for Satellite Testing

A nightmare scenario during assembling and testing a satellite
is that it could be damaged due to malfunction or operational
error and lead to mission delay and exploding costs. This risk
especially occurs at the power subsystem such as solar array
interfaces or onboard battery.

Siemens’ Power Special Check-Out Equipment (SCOE) product
line contains a proven dedicated safety system, which reacts
within microseconds to any anomaly and shuts off power.

Due to rising power demand in spacecraft and related test
equipment the protection unit was designated for an upgrade.
It had to address several severe requirements at the same time:
higher voltages, higher currents, more channels, more flexibility,
smaller size (factor 10), and, of course, lower cost.

New features were added such as smart diagnostic capabilities
for documentation and quick analysis of events (effectively a 60-
channel scope).

The essential challenge to the engineers was stretching
electronics to the limit without taking a risk in reliability and
trustworthiness.

The investigative approach explored multiple technology trends:

» State-of-the-art platform FPGAs for complex custom digital
logic, including a powerful microprocessor for embedded
software:

» |solated sigma-delta modulators for miniaturisation of analogue
measurement

» Leading-edge Power-MOSFETSs allow fast reaction and dense
packing

Boulevard of electronics *)

Infobox
Project duration:
1 April 2009 — 30 June 2009

Coordinator:

Siemens Communication, Media and Technology, Space
Alfred Fuchs

Siemensstraf3e 90, 1210 Vienna, Austria

T +43 (0)51707 - 34113

alfred.fuchs@siemens.com

www.siemens.at/space

Pizza box front view *)

e The technology mix comprises the best available reed and
safety relays

= All devices get connected by sophisticated PCB technology
capable to combine high currents with fine-pitch ICs

Efficient manufacturing and thorough testability can not be
traded-off and were a focus of research.

Even the mechanical side needed innovative solutions.

Fitinto a flat 19" “pizzabox” format, the power dissipation must
correspond to a tailored thermal management. An additional
constraint are the extreme vibrations during operation at the
launchpad, which require a robust construction.

A milled aluminium base plate acting both as housing and heat
sink, a steel cover with redundant radial fans mounted to it and
atransparent front panel compose the rugged box, which is made
of only a handful of ingeniously shaped parts.

One subtle detail tells the expert how extraordinary the result
is: 138 independent voltage domains on a single PCB set a new
record — far above any consumer electronics you can buy. A key
customer initially assessed the product concept as a “dream”.
In the follow-up project GPSCOE (Generic Power SCOE) in the
frame of the ESA GSTP programme, this dream has become true.

*) The ProUST concept has been realized in the follow-up GSTP project "Generic Power SCOE" (GPSCOE) as Multi-Channel Protection Module MCPM.
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RF-Suitcase

Generic RF-Suitcase Core

So called Radio Frequency Suitcases (RF-suitcases) are required
for every spacecraft, in order to assure compatibility of the
spacecraft and every groundstation delivering support to the
mission. An RF-suitcase contains a simplified, yet representative
configuration of the satellite flight hardware in order to make
these tests representative.

The Generic RF-Suitcase core aims at procuring a generic
platform that facilitates integration of hardware modules of
different missions in a cost- and time-efficient way. By that, the
proposed activity shall strengthen the position of the Siemens
Space Business Unit in its major core business and shall help
extending our Electrical Ground Support Equipment (EGSE) and
satellite test system product portfolio with a new product
element: Just like all our other portfolio elements, such as EGSE
systems (RF & Telemetry, Telecommand and Control (TT&C),
Specific Check-Out Equipment (SCOE), Power & Launch base
SCOE, Core EGSE, and Payload EGSE), the Generic RF-Suitcase
will constitute the baseline for our future mission specific RF-
suitcase turn-key solutions.

Offering a generic product as the baseline for the mission specific
turn-key solution is essential both for winning the contract for a
mission specific solution, and for implementing the project within
time and budget and at the requested technical quality level.
This approach significantly reduces the technical risk, schedule
risk, and the overall cost.

il |

RF-suitcase — interconnection
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Ordinary RF-suitcase designs tend to be completely mission-

oriented and therefore strictly mission specific, while the

ASAP 6 activity focused on:

* Re-use as many hardware and software parts as possible

« Provide a high degree of flexibility between missions through
synergies with our ASAP 6 project ProUST (deploying an Field
Programmable Gate Array (FPGA)-based approach for all digital
interfaces required within the Generic RF-Suitcase core)

» Provide generic support for analogue interfaces

* Support adaptation through configuration

« Provide a software framework for configuration and execution
(supporting all required configuration, control and monitoring
activities) by massively exploiting our heritage of TT&C/
RF-SCOE systems (test procedures, database and graphical
user interface)

This ASAP 6 activity is executed in cooperation with an SME,
namely with Alexander Kerl Service (one-person company). This
company is in charge of the elaboration of the generic analogue
interfaces concept, as well as for cabling harness design and
construction.

We expect that the proposed ASAP 6 activity Generic RF-Suitcase
core infrastructure will put Siemens in a position to submit
competitively priced offers for RF-suitcases without sacrificing
quality or credibility, allowing Siemens to provide RF-suitcases
for the European Space Agency (ESA), the German Aerospace
Center (DLR) and commercial telecoms missions.




RPOD

Real-Time Precise Orbit Determination

One key component of any GNSS receiver is the navigation
solution, i.e. the determination of position, velocity and time. It
can be observed that for the GPS receiver applications, which
are in the focus of the RUAG Space product development, the
real-time navigation solution has evolved from a basic feature,
which allows for autonomous operation of a stand-alone
instrument, to an element being crucial for the complete mission.
The evolution of the respective performance requirements
became so stringent that they go beyond classical navigation
and require precise orbit determination (POD) in real-time, already
onboard the satellite.

RSA defined and implemented a real-time navigation solution in
the MetOP GRAS project, where the position requirement was
100 m, and refined it in successor projects, where the
requirement was tightened to 20 m in the three dimensions.
Although, this advanced navigation solution already shows a very
good performance, the required position, velocity and time (PVT)
accuracy of missions currently being developed, and planned,
respectively, exceeds the performance capabilities of the first
RSA implementation.

The present activity supports RSA’'s on-going GNSS receiver
product development and aims at establishing real-time
navigation algorithms, which enable the RSA receiver to reach
a navigation performance in the range of one meter.

A very fruitful cooperation with the Institute of Navigation and
Satellite Geodesy of the Graz University of Technology, which
disposes of an internationally acknowledged know-how on
precise orbit determination and satellite navigation, has been
established.

In order to meet this overall target several prerequisites and
accompanying measures had to be accomplished. An
assessment of the main error sources and their actual magnitude
was performed. For high-end receivers the GPS system errors
are the dominant errors, which, however, have decreased over
the last years. In order to determine the actual navigation
performance of a selected algorithm, it was necessary to have
justified assumptions on the GPS error. Furthermore, a validation
environment has been established, which provides the possibility
to quantify the actual performance. An enhanced navigation
algorithm was then identified and tested, which can be
implemented in real-time receivers with the next generation of
space qualified processors.
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GPS simulation environment

Solar radiation pressure related forcesonanEarth ~ Residual forces comparing algorithm force

orhiting satellite model and GSS simulation
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SMDE

Spaceborne Motor Drive Electronics

Onboard of satellites many subsystems comprise mechanisms
that serve either to secure the functioning of the platform, such
as solar array drive mechanisms and thruster pointing
mechanisms (example see picture) or to support the operation
of the payload, such as deployment systems, antenna position
systems, high-speed pumps etc.

The objective of this study was to assess the requirements of
pastand near future space missions and to conduct a technology
and topology survey. The results of this survey allowed selecting
concepts for power electronics building blocks, with the help of
which spaceborne motors, that drive different kinds of
mechanisms, can be controlled.

Moreover, the electrical subsystem comprising motor and
electronics was studied in detail by choosing a specific motor
and analyzing the drive electronics in view of avoiding oscillations
and shocks in the system. The generation of smooth control
signals for motor movement is of high importance in order to
increase the performance of the unit.

For this purpose, the Institute of Electrical Drives and Machines
of the Vienna University of Technology supported RUAG Space
by building a simulation model based on measurements of a real
two phase permanent magnet stepper motor.

The model is used to simulate the motor dynamics as accurately
as possible, in order to optimize the design of the drive
electronics. It is further used to test different drive design
concepts and to find the most promising approach for future
projects.

Motor driven thruster pointing mechanism. © RSA
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SVEQ-2

GNSS Receiver SW Verification & Qualification Framework — Phase 2

GPS constellation

The present activity is the follow-up of a study already performed
within ASAP 4. The first part, concentrating on the simulation
based software qualification platform, was successfully finished.
The second part comprises the remaining activities, mainly the
target based software qualification platform, i.e. hardware in the
loop testing and qualification.

Both phases together aim at supporting inevitable product
evolution by providing a framework for software verification and
qualification, implementing it into our GNSS-receiver software.
The need for such tools has been emphasized in the mean time
by the differing software requirements of the various Sentinel
missions even for a so-called ‘recurring’ GPS receiver.

This activity is part of our product development program, aiming
at the establishment of a product line of spaceborne GNSS
receivers. Our strategy is to apply a synoptic view to all
applications and to develop receiver components such and at
such level that they can be applied to all space applications and
that they allow for continuous, but gradual receiver evolution in
line with technological progress and with the evolution of satellite
navigation services. Apportioning component non-recurring costs
to all applications is the only way to arrive at competitive products.

All elements of a GNSS receiver are ultimately united by the
receiver software. Almost each and every hardware and/or
system change will have software modifications, which
comprises design, implementation and test, as a consequence.
The effort to test and qualify spaceborne software systems with
these stringent requirements in terms of functionality, reliability
and maintainability typically make up about 50 % of the complete
software development life-cycle.
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The overall development activity of the GPS product line is an
international cooperation between RUAG Space AB of Sweden
and RUAG Space GmbH (Austria) being responsible for the
precise orbit determination line. This cooperation builds on the
respective technical expertise of the two companies in the radio
frequency and digital processing area, respectively.

Hardware in the loop testing

Semmma flie b rmataen | et [RIH 1)

Architecture of the science data evaluation tool (SDET)
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USI - Phase 2

Non-flammable Super-Insulation (USI) — Phase 2

Based on the multi-layer insulation technology for spacecraft,
this technology transfer project about non-flammable super-
insulation focuses on the development of a novel, inert multi-
layer thermal insulation, which satisfies the applicable
requirements and standards for cryogenic vessels used for
storage and transport of liquefied technical gases such as He,
Ar, N2 and Oz, with respect to oxygen compatibility.

The cornerstones for the project were prepared in phase 1.
Using the now well defined requirement specifications for
different applications and considering the necessary adaptations
to the needs of major cryogenic device suppliers, USI Phase 2
featured an ambitious test program.

The scientific partners, the Austrian Research Institute for
Chemistry and Technology (ofi) and the Institute of Applied
Physics of the Vienna University of Technology, contributed their
strength in the fields of chemistry, physics and the theory of
combustion, extinction and fire dynamics.

New ultra-light spacer materials were employed to reduce the
influence of absorption between reflective foil layers in the
spacer material and thus increase the insulation efficiency.
Specialized glass fiber materials without organic content were
identified and used. All new materials were tested with
calorimeter measurements for insulation efficiency and with
drop tests in liquid oxygen for oxygen compatibility and non-
flammability according to international standards.

Gas flows through narrow gaps filled with novel spacer material
were measured and the possible impact of residual gas in super-
insulation packages was determined.

Alternatives to non-flammable super-insulation were investigated:
For surfaces at very low temperatures (e.g. 4 Kelvin at helium
cryostat surfaces), anew and more robust laminate material was
successfully developed and tested.

Simulations using generic algorithms for optimization of the

mechanical spring elements employed in whole-metal-insulation
concepts improved the theoretical performance considerably.
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Telecommunications

QCSs
TelcoPTS

VSAT
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QCS

Quantum Correlation in Space

Proposed quantum
communication
experiment in space.

Quantum mechanics makes a number of predictions, that are in
stark contrast to our intuition of the world around us. The most
essential ingredient of these counterintuitive predictions is
entanglement (correlations between particles), a property of
groups of particles that exists independent of their spatial and
temporal separation. Entanglement can be used to show that
any ‘intuitive’ theory (where the properties of particles are well
defined and interacting particles exchange some force) is not
consistent with the world. Up to now no one has conclusively
shown this. Entanglement must also be tested over length scales
far beyond current laboratory experiments to check the universal
validity of quantum mechanics. The work presented here is an
important stepping stone to a proposed Space-QUEST mission,
which would utilise satellites to make such experiments possible.

In this experiment entangled photon pairs were created on La
Palma, Spain. Then, one of these photons was sent to Tenerife,
144 km away. Additionally, random numbers were generated on
both islands so that the way the correlations of the entangled
photons were measured was independent of the photons. The
spatial separation and timing of these actions was precisely
arranged to show the counterintuitive nature of our world.
Although this work does not completely rule out any ‘intuitive’
theory it is the single most conclusive experiment of its type at
the present time.

The counterintuitive features of quantum mechanics are not only
of theoretical interest, they can be used to for tasks, that would
otherwise not be possible, most notably quantum cryptography
(the sending of information in an absolutely secure way) and
quantum computation (solving problems using quantum

84 AUSTRIAN SPACE APPLICATIONS PROGRAMME

Infobox
Project duration:
1 January 2008 — 31 December 2009

Coordinator:

Austrian Academy of Sciences

1QOQI - Institute for Quantum Optics and Quantum
Information

Rupert Ursin

rupert.ursin@univie.ac.at

www.quantum.at

Here the receiver telescope used in this ASAP project is shown, located on the Canary Island of
Tenerife.

systems). The technology created to complete this work can be
used to directly aid research in these fields and also serves as
a proof of principle for future experiments in space. Such
experiments would both allow quantum tasks to be distributed
throughout the world and also open the door for a new generation
of experiments on a scale far beyond the capabilities of any earth-
bound experiments.

The work presented here was possible due to a number of
national and international collaborations and support, most
notably with the help of the Austrian Research Promotion Agency
(FFG).




TelcoPTS

Generic Telecom Payload Test System

Astrium UK in Portsmouth has a long-term experience in building
telecommunication payloads. The current Astrium telecom
payload test system (TelcoPTS) is project-specific and therefore
requires the re-procurement of the PTS for each payload.
Furthermore, the existing Astrium TelcoPTS lacks a generic and
automatic test sequence execution system. Hence, for each
payload Astrium has to re-implement the payload test procedures
by itself. This makes the current TelcoPTS solution very expensive
and, what is even more important, extremely time critical, as
the test system provisioning may even delay the AIT/AIV of the
satellite’s payload. This is an unacceptable situation in the time
critical commercial Telecom payload business, where late
delivery is subjected to high penalty payments!

Moreover, Astrium and other telecom payload manufactures
expect new and more business opportunities with respect to
more complex telecom payloads. These new complex systems
will cause new AIT needs and therefore will pose new challenges
for the TelcoPTS.

As a consequence, Astrium plans to refurbish the existing
telecom payload test system with a new generic TelcoPTS
capable of meeting the new AIT needs for mobile telecom
satellite and spot beam payload projects (multi-spot-beam and
mobile telecom satellite). This new generic ASAP 5 TelcoPTS
will be the baseline for most of the future telecom payload test
systems. Since Astrium manufactures at least 4-5 telecom
payloads each year, the contract for the generic Astrium TelcoPTS
is of high strategic and long-term commercial importance for
Siemens.

Generating of multicarrier signals required for testing mobile

payloads on Alphasat and TerreStar is crucial for testing under

realistic conditions. Nevertheless, several aspects of such

stimulus signals demand specific attention. In particular the

following key requirements on the multi-carrier signal generation

drive the process of selecting the right combination of

measurement hardware and preparation software:

e The wide required maximum bandwidth

e The maximum number of individual carriers to be simulated
(e.g. 75000 for each source for Alphasat)

« The flexibility with respect to the carrier frequency ranges for
the mobile and feeder uplink (in L-band and C-Band for
Alphasat)

The solution for the generic TelecoPTS was implemented
together with TU Graz and is in use at the Alphasat RMS Test
system delivered to Astrium UK in April 2010.
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Alphasat RMS block diagram

Alphasat RMS rack
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VSAT

VSAT Monitoring System

VSAT commissioning

The physical RF link of VSAT stations, especially the quality of
the MF-TDMA return link, is crucial for ensuring high quality
satellite communication. An accurate aligned antenna minimizes
interference and secures the best physical way of maximizing
the Bit/Hz/Year ratio.

The SIECAMS VSAT monitoring system allows terminal per
terminal measurement of RF quality parameters dedicated to
MF-TDMA traffic transmitted from VSAT satellite networks
without service interruption.

Benefits of VSAT monitoring:

e Automatic measurement of cross-polar isolation on terminal
level

< Alarm generation in case RF quality parameters are beyond
requirements

< Minimizing interference risk by detection and identification of
cross-polar leakage on terminal level

e Minimizing OPEX in an ACM network showing bad aligned
antennas not utilizing the potential maximum physical
transmission link rate (Bit/Hz/Year)

* Permanent or on demand check of RF-link quality on terminal
level without service interruption

< |dentification of “quick and dirty” installations

RF-check only at installation

Usually, the correct alignment of the antenna is only verified
during the pre-transmission line-up phase when accessing the
satellite for the very first time. The standard alignment method
requires the installer to transmit a test signal (usually a CW signal),
which is measured in terms of power and polarization
discrimination by the satellite control centre.

Once the VSAT is in operational service, several occurrences
(weather conditions, soil erosion, vandalism, construction work,
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hardware failure, etc.) may lead to antenna misalignment
situations causing performance degradation and, even more
important, potential interference due to cross-polarization leakage
to services transmitting in the opposite polarization.

The challenge

Due to the nature of MF-TDMA traffic, it is a challenge for the
service provider to identify misaligned terminal(s) in the network.
One possibility is the “clearing the uplink™ approach, which
means to switch all terminals into CW mode and repeat the
polarization discrimination and RF parameter measurement in a
similar way as it is done during the line-up phase. But this is a
time-consuming task and requires the interruption of operational
services.

The Solution

The SIECAMS VSAT monitoring system overcomes these
problems by permanently measuring the RF parameters such
as polarization discrimination, uplink EIRP, C/N, Eb/NO,
modulation type, symbol rate, BER, etc. of all operational
terminals belonging to the network.

This approach allows detecting and solving problems in a very
early phase, even before it will become transparent to the
customer and before it will cause significant interference to
other services.
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