Optical Communication

e Much higher data rates possible

e Inter-satellite communication for autonomous operations g

—(
S

dependant on formation topology

e Communication concept

e Combination of Sat <-> Sat and
Sat <-> Ground communication

Multi-Satellite Systems

e Increased data security

e No radio frequency coordination

 Increasing number of formations and constellations
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Quantum Key Distribution
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 Crucial technology for the interconnected world of the future

e Making eavesdropping impossible on a fundamental physical level

TOM & TIM

Telematics Earth Observation Mission (TOM)
Cameras on three satellites
Photogrammetric imagery

Complemented by 15 international partners:
Telematics International Mission (TIM)
Inter-satellite link for feature exchange
OSIRIS optical downlink system

Formation of four nano-satellites
Demonstration of inter-satellite communication
Low power UHF transceivers

Two redundant A/2 dipole antennas

Precision attitude control

Electric propulsion with Enpulsion thrusters
Launch in 2020

NetSat

e Formation upkeep and payload data exchange
e Small gain antennas and low transmission powers

 Highly integrated circuits and advanced transceiver technologies
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Inter-Satellite Communication

Precision Orbit/Attitude Control

Directional ISL

High gain downlink /uplink
Optical communication
Prevention of polarization losses

Link security

Quantum key distribution experiments
3U satellite based on UNISEC standard
Advanced reaction wheels

UHF TM/TC

OSIRIS optical downlink system

Testing of components required for QKD

The Buture of Small Satellite Communications,
Quantum: Cryptography, lnter-Satellite Links, and HighrData Rates

Ten cooperating small satellites
Cloud scattering-tomography
Simultaneous imaging of cloud fields
Resolution of 50m

Multidisciplinary mission

Advanced in-orbit autonomy
Distributed computing

Networked control Cl oul dCT

UNISEC Europe; Available online at: http:/ /www.unisecglobal.org/pdf/uniglo3/day3_09100920.pdf
(accessed July 2019)

O. Kondrateva and H. Débler; Throughput-optimal joint routing and scheduling for low-earth-orbit
satellite networks; Wireless On-demand Network Systems and Services (WONS); pp: 59-66 (2018)

Klaus Schilling, Yoav Y. Schechner, Ilan Koren; CloudCT — Computed Tomography of Clouds by a Small Satellite
Formation Proceedings 12th IAA Symposium on Small Satellites for Earth Observation 2019; Berlin, IAA-B12-1502

Busch, S., P. Bangert, S. Dombrovski, K. Schilling; UWE-3, In-Orbit Performance and Lessons Learned of a
Modular and Flexible Satellite Bus for Future Pico-Satellite Formations; Acta Astronautica Vol. 117. 2015, pp.73-89

Schilling, K.; Tzschichholz, T.; Motroniuk, I.; Aumann, A.; Mammadov, I.; Ruf, O.; Schmidt, C.; Appel, N.;
Kleinschrodt, A.; Montenegro, S.; Nuechter, A.; TOM: A Formation for Photogrammetric Earth Observation by Three
CubeSats; Proceedings 4th IAA Conference on University Satellite Missions, Roma,. 2017, IAA-AAS-CU-17-08-02

Schilling, K.; Perspectives for Miniaturized, Distributed, Networked Systems for Space Exploration; Robotics and

Autonomous Systems Vol. 90 (2017), p. 118-124
Reterences

Acknowledgements Contact Information
QUBE is funded by the German Federal Ministry of Education and Research (BMBF)

within the IKT 2020 program. Project partners in QUBE are LMU Munich, MPL SSC19-P3-13
Erlangen, DLR-IKN, OHB System AG, and ZfT. NetSat is funded by the ERC Advanced ’
Grant (320377). TOM is funded by the Bavarian Ministry of Economic Affairs and

4 3 Roland Haber

Media, Energy and Technology. Project partners in TOM are University of Wiirzburg, TU
Zentrum fur Telematik e.V.

Munich, DLR-IKN, and ZfT. CloudCT is funded by the ERC Synergy Grant. Projects
partners in CloudCT are Technion - Israel Institute of Technology, Weizmann Institute of .
rolandh@telematik-zentrum.de

Science, and ZfT.






