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Overall

Conduct fast, dedicated space science missions

Scientific Objectives

• Verify new sensor/detector technologies in space 
environment

• By combining expertise of ORIGINS researchers in the 
field of space sciences and related engineering 
disciplines

Technical Objectives

• Develop Pico- and Nanosats (1 kg to 20 kg Class) with 
a flexible yet reliable bus system.

• For rapid science and technology-demonstration 
missions.

The Laboratory for Rapid Space Missions
Project Charter

Dr. Langer at LRT with MOVE Picosat (Cubesat)
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Positron 
Background

Positron background owing 
to SN remnants (green track) 
and by proton collision with 
interstellar gas (yellow track).

Detection of 
WIMPS 
Annihilation 
with AMS-02 
on ISS and 
PAMELA

5 April 2013

Pronounced additional positron 
counts at >7 GeV owing to WIMP 
annihilations

Positron background owing 
to SN remnants (green track) 
and by proton collision with 
interstellar gas (yellow track).
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The Antiproton Flux on Space (AFIS) Mission
Overview

Mission Objective: To measure the flux of antiprotons in Earth’s Van Allen 
radiation belts during crossings of the South Atlantic Anomaly.

Target Orbit: polar, 600 to 800 km

Mission Duration: 2+ years

Primary Payload: Active-target particle detector

South Atlantic Anomaly

AGN Emission

AGN = Active Galactive Nuclei

Total release 
of 1044 J !

Black hole

typically 
50 Million 

km

 250 000°C

 50% are 
flung away
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The ComPol Mission
Overview

Mission Objective: To measure the polarization of X-rays 
emitted by the Cygnus X-1 black-hole binary system.

Target Orbit: low inclination (<50 deg), <500 km

Mission Duration: 2+ years

Primary Payload: X-ray Compton polarimeter

J. M. Paredes, F. A. Aharonian, et al. Gamma rays from compact binary systems. In AIP Conference Proceedings, 
pages 157–168. AIP, 2008. doi:10.1063/1.3076631.

• Pico- and Nanosats are excellent vehicles for small science
and technology-demonstrator missions:

• Standardized form factor for Cubesats

• Standardized deployment mechanisms

• Short development times

• Inexpensive 

• CubeSat missions can be used to perform scientific
investigations or to demonstrate technologies for future,
larger missions 
(so-called in-orbit verification = technology readiness level 9 verification)  

• Due to short development times and low cost, higher risks are acceptable

• Possible application areas:

• Solar and space physics: constellations, augmentation of larger missions

• Earth science: constellations, augmentation of larger missions, mitigation of data gaps

• Planetary science: multi-point measurements, high-risk missions

• Astronomy and astrophysics: interferometry, long-term observations

• Biological and physical sciences: inexpensive access to microgravity and space environment
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Why CubeSats?

From: Achieving Science with CubeSats: Thinking Inside the Box; National Academies Press

TRL level
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Heritage from the TUM MOVE Program
Overview

First-MOVE

November 21st, 2013

Yasny, Russia

MOVE-II

December 3rd, 2018

Vandenberg AFB, USA

MOVE-IIb

July 5th, 2019

Vostochny, Russia

• Never trust datasheet values without making own measurements

• Perform integration and full system tests as early as possible

Page 10

Heritage from the MOVE Program
Lessons Learned
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Flight Readiness achieved
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Ready for Shipment
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• Make your power budget positive by a wide margin

• Ground stations are an important part of a mission, make sure they deliver the required performance
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Heritage from the MOVE Program
Lessons Learned

Waterfall plot of MOVE-II radio transmission

• Currently there is no flight-proven radiation-hardened CDH for CubeSats available on the market

• Main limitation so far: availability of affordable radiation-hardened microcontrollers

• Now: radiation-hardened ARM Cortex-M4 microcontroller on the market (~5 k€) but no flight-proven CDH 
available based on this chip

 Development of CDH at LRSM

• Standardized interfaces and simplified reuse of software

• Radiation-hard and/or redundant design

• System design allows to distribute CDH across several 
microcontrollers for inherent redundancy and future extensions
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Technology Highlight
Bus Computer / Command and Data Handling System

Radiation testing of VORAGO VA41620 
microcontroller at Paul Scherrer Institute 
in June 2021

 Publication of results in preparation
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Rocket Launch
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What Does a CubeSat Launch Look Like?
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Future of LRSM


