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ABOUT OHB SE

OHB TODAY ...

“ = Listed on the stock exchange, family-

- run | OHB = ,,Orbitale
%" 3 “" “
i Hochtechnologie Bremen

“. " Approx. 2,900 employees worldwide,
: approx. 1,000 at the headquarters in
% Bremen (as of October 2021)

‘ = 1 of the top 3 European space

companies
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EXAMPLE METEOSAT THIRED GENERATION WEATHER SATELLITE

Europe’s most advanced
weather satellite is now
fully operational ospecember 2024
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SPACE TECHNOLOGY IS IN A DISRUPTIVE
PHASE TODAY!
A trends are observed to move from traditional refultictional large spacecraft to
distributed, networked systems of smart small satellites
similar to information processing, which moved during the last 50 years from
mainframe computer already available at internet connected smart phones
A satellites benefit from miniaturization to provide in a much moreeffisient way similar
functionalities like traditional satellites in orbit
launcher costs scale with mass; production of larger quantities reduces costs, too.
A effizientuse of commercial instead of special radiation hard components
use of software (FDIR, filter technoloaies) for correction of radiation effects
Ain low Earth orbits multiple satellites are required for a continuous service

before 2010 typically about 50 satellites were launched worldwide into orbit; during the
last 5 yearsStarlinkalone launched about 6000 satellites

A from space agencies to commercial space

except for telecommunication space business was earlier dominated by space agencies
now private entrepreneurs dominate, despite government remains a key customer

=» New scientific and educational tasks, new economic opportunities, new application fields



Evolution of Space Technology
during my Professional Life

traditional miniaturization cooperating multi- production of
satellite systems

NetSat space factory
Mission by NASA / ESA first German pice distributed, networked robo_tics and automation
to explore Saturn and satellite; 10 cm cube; multi-satellite system; for timely realization of
Titan (initiated 1986) mass<0,9 kg; Four nanosatellites to multi-satellite systems
6.7 m height/ @4m  for Internet from demonstrate 3D self Industry 4.0, netvorked
launch mass: 5.82 t space; organization in orbit integration and test
launch: 27.10.2005 launch: 28.9.2020 procedures

launch: 15.10.1997 initiated: October 2022



UWE-1: UNIVERSITY WURZBURG’S EXPERIMENTAL SATELLITE WITH ONLY 1 KG
MASS, LAUNCHED ON 27. 10.2005, 8:52 FROM PLESETSK




UWE-1 OBJECTIVES

= Adaptation of parameters in internet protocols for the |
telecommunication link to delays and disturbances, |
typical for space environments

= Technology Development Tests

- Demonstration of modern miniaturization
techniques to implement of fully functional
satellite at a mass below 1 kg

- Use of micro-Linux as on-board operating system

- Test of highly efficient, triple-junction GaAs solar cells,
manufactured in Europe, in space environment

- Integration of the ground control station into a inter-
national network of CubeSat ground stations via

Internet Hilﬁiﬂiiﬁi 'i iiiii_i _
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The Wiirzburg Space Ecosystem:
experiences in distributed networked pico-satellites
Roles A Uni Wiirzburgwith in basic research and education (since ZOOm@ESR@W

A ZfT in applied research and technology development (since 2 -
A S*GmbH markets advanced pisatellite products (since 2017) 5

Forthcoming: UWES, CuBy (6 Satg, QUBE-2, TAMARIV (2 Satg
—— 2025LoLaSat Low latency telecommunication satellite for future 5G/6G (VLEO)

— 2025/6 CloudCT: computed tomography of clouds by 10 pico-satellites

2025 TOM satellite formation with 3 pico-satellites; Earth observation by
photogrammetric methods

— 2024 QUBE secure telecommunication link by quantum
key distribution

— 2020 NetSat-1 to -4: formation control, DTNs, MANets §i§
—— 2018 UWE-4 : orbit control '
—— 2013 UWE-3 : attitude control

—— 2009 UWE-2 : attitude and orbit determination
— 2005 UWE-1 : telecommunication “Internet in Space” |




>, B: NETSAT SATELLITES TO DEMONSTRATE KEY
"FORMATION TECHNOLOGIES LAUNCHED 28.9.2020
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ZfT/S* emphasisn telecommunication

technology development application missions

QUBE (16.8.2024)
Technology demonstration
g for Quantum Key

Distribution (QKD)

s T
- Gmbt

QubEniK
= parallel QKD
S transfer to 2
receivers

QUBE-II
improved
QKD
(2025)

LoLaSat (2025)
communication in

< VLEO for
?f‘m minimum delays future 5G/6G-
nano-satellite formations - telecommunication-
formation technologies networks in LEO
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) TIM / TOM (2025)
;;_‘é\«: & 3D-Earth observation §
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2 methods

NetSat launched 28.9.2020)
Networked control, intesatellite link
relative navigation, sekbrganization for
formations of small satellites

multi-satellite test

environment
by N v

CloudCT (2025/26)
Computertomographgf
improved

climate predic

satellite factory 4.0
supported by advanced
robotics and automation



Z1T / S* Emphasis in Earth Observation

Technology Development Application Missions

future Earth
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- ADVANCED MANUFACTURING OF
- “INDUSTRY 4.0”
AT SPECIFIC EXAMPLE OF SMALL

modular satellite bus

Integration an production

architecture to support flexible

Specific advantages include

- high flexibility to variations
of standard product

- fast integration of modular
components

- respecting high quality
requirements

flexible flow of materials
between integration and
testing areas by transport
robots

™ automated tests
. | for functionality
£ and performance
W of the satellite




MULTI SATELLITE SIMULATION ENVIRONMENT IN
WURZBURG

Turntables providing high precision
and high dynamics capabillities for
attitude determination

Hardware in the Loops Tests:
Solar lllumination Simulations

Broad spectrum of automated test
equipment supported by robots Mobile robots fo
position change




CONCLUSIONS FOR DISTRIBUTED
SATELLITE SYSTEMS
= The paradigm shift from large spacecraft with multiple payloads to decentralized, distributed,
networked, small satellite systems is obvious.

= High level of autonomous operation capabilities is implemented.

= Satellite systems, composed of few large and many small satellites will provide high data quality, as
well as flexibility and robustness.

= Advantages for Earth observation and monitoring are higher fault tolerance and robustness of the
overall system, as well as better temporal resolution.

= Significant application potential in Earth observation, navigation, and communieatigarticular
for 10T and highly dynamical processes.

= Challenging control topics for future research in relative navigationpsgdnisation, networked
and modelpredictive control

= Excellent opportunities for international cooperation !
by exampl e: Netwbrked Foranptiotsr oup 4. 21
Composed of Cooperating Small Satellites”

contact: klaus.schilling@telematdentrum.de



PROF ARBINGER

Das Columbus-Kontrolizentrum in Oberpfaffenhofen

Erkunden Sie das Couvmbus-Kontrolzentrum (Col-CC) wivael im Rafynen dey 300 -Tour ges DLR Raunmfiugbetneds
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Name Andreas Lindenthal

Born May 24, 1962

Address Kuckuckstrasse 14A, 82237 Worthsee
Contact +49 (0) 172 577 3233

Citizenship German

Status Married, two daughters (29, 25)
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IVADA

THE OUTERNET =
IS COMING

Discover the Outernet: the world'’s first truly SRR
global point-to-point low latency orbital e N e s e
network. A Private Space Network Built For IO b g SO RS
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CORE TECHNOLOGIES

Intersatellite links Regenerative payload
Optical space network allowing for high security and high Fully digital with optimal Increased spectral efficiency and less
f'!-_-ll_L"Y:I'J‘. n-.oron interference at satefite level

Smart User Terminals

Modular gesign to accommodate varying types of user classes (size,
power and platform)

Autanomaus and smaoth switching between Deams or sateflites, without
o33 of cannection

inherent Nigh security due to optical Intersatellite links and support for
additional user-level security protocols

Variable QoS settings to support customers SLAs for priority,
performance, capacity, data rates, and other service standards

Potential Integration with terrestrial systems (4G, 3G)

Active phased arrays On-board Router
Active multi.-beam management allowng for recanfigurabie intefligent on-board router to support differentiated QoS and
coverage and variable radiateg power pptimal patn fmaing
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GERNOT GROMER
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The Mission Support Center

SPACESUIT SIMULATOR 2.0

The next generation of spacesuit simulators will be implemented based upon the field-proven Aouda suits. That mainly implies a
structural redesign, with the opportunity to also work on getting closer to a flightworthy suit and lowering the system mass

SEITE 25







OSTERREICHISCHES WELTRAUM FORUM
‘ AUSTRIAN SPACE FORUM

OPTIMISM

Optoacoustic Monitoring of Shoulder Compression

Laser pulse Ultrasound detector Transmission medium

‘ (water, ultrasound gel)

und Forschung

* Bundesministerium
fir Bildung

Living tissue

Ultrasound waves

Blood vessel

DFG

Absorbing molecule
(e.g. haemoglobin)

e laser pulses cause ultrasound waves to be emitted, which are picked up by the

Figure 1: How photoacoustic imaging

produce images of structures within the tissue.

Hypothesis

* Neuropathy caused by (superficial) reduction of
micro-perfusion (also clinically suspected)

* Optical mesoscopy to study perfusion behaviour
under planetary surface operations conditions can

resolve that required vascular details

Various solutions have been studied, including space fabrics

with asymmetric pressure spreading, posture dependent load Jite-ound

Nature Photonics 9, 219-227 (2015)




Multi-disciplinary Research Expertise : toward solutions

> 480 papers
~ 40,000 citations

Cell'engineering
selected Awards:

2018 Chaire Blaise Pascal Chair DFG
2017 SPIE Fellowship /' Inverse Problem '/ Fluorescence
2013 Gottfried Wilhelm Leibniz prize (DE) : . Computation Molecular Imaging

2014 German Innovation Prize (DE) posas
2015 Gold Medal Society for Molecular Imaging (USA) B
2015 m4 Award (DE) DWMIS
2013 Erwin-Schrodinger prize (DE) emn———— CBI/IBMI
2018 OSA Fellow Electiq[}_ \

érchH funding in DE é:ié%

7 ERC Awards

ultiscale Funct.”

Consortia Coordination and other funding mechanisms _ vma”magin | ;
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Portable Optoacoustic Imaging

Unprecedented opportunities

Table la:
Unigue readings not
offered by conventional
Sensors

Data I Trained
Analysis _ algorithm

o Vascular Density )
P[;) ert/alglee . Vascular Dilatation | Additior.uraall:cla?a}i?r;gs also
: Earlywarhing Inflammation offarad
wireless : Tissue Oxygenation Heart rate
conn G Ny Metabolism/AGE's, Breathing
— Microcirculation Arterial Saturation
Sensor Lipid composition Activity monitoring
Tissue Density
Depth discrimination
Arterial pulse-wave
Elastin/Collagen
. : ) |: Confidential
Chair for Biological Imaging el L L LU TI.ITI



Thank you
Very much
for

your

attention
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