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WHO AM | ¢

Leuven, Belgium
MSc Mathematics / Physics
PhD Plasma-Astrophysics

Started with Space Applications Services,
Brussels in 1999

Supported EADS (Airbus) on ATV spacecraft
Coordinated operations ISS science payloads

ESA Mission Science Office cross-agency
coordination ISS research & technology & edu

ICE Cubes space access service for research,
technology & education



WHY TECHNOLOGY DEMONSTRATION UNDER
MICROGRAVITY / HYPERGRAVITY ¢

* DEMONSTRATION / VALIDATION OF TECHNOLOGIES, PROCESSES AND SYSTEMS IN RELEVANT SPACE
ENVIRONMENT

* VALIDATION OF SPACE TECHNOLOGIES FOR SATELLITES, FOR SPACECRAFT, ...

* TECHNOLOGY READINESS LEVEL (TRL) RAISING

* PROOF-OF-CONCEPT OF OPERATIONS, TRAINING, CREW INTERFACES, LOGISTICS

« OBTAIN OPERATIONAL KNOWLEDGE IN A RELEVANT ENVIRONMENT

e DE-RISKING

* |N-SPACE ENGINEERING RESEARCH

« CAPACITY BUILDING AND SUPPORT OF EDUCATION ACTIVITIES IN ENGINEERING CURRICULA
e TECHNOLOGY MARKET CREATION & DEVELOPMENT



TECHNOLOGY DEMONSTRATION - TERMINOLOGY

e TECHNOLOGY READINESS LEVEL (TRL)

e IN-ORBIT DEMONSTRATION /
VALIDATION (IOD/IOV)

e PROOF-OF-CONCEPT

 COMMERCIAL-OFF-THE-SHELF

TECHNOLOGY (COTS)

Credit: ESA



WHAT TECHNOLOGY DEMONSTRATION ¢

3D PRINTING,
ADDITIVE
MANUFACTURING,
RECYCLING,
SOLDERING

TOWARDS SUSTAINABLE,
FLEXIBLE SPACE MISSIONS

ON-DEMAND FABRICATION,
REPAIR AND RECYCLING

MODULAR ARCHITECTURE /
INFRASTRUCTURE

IN-SITU RESOURCES UTILIZATION

3D PRINTING IN ZERO-G
REDUCE COST OF MISSION — MADE IN SPACE
EXTENDING MISSION LIFE

INCREASE FEASIBILITY AND
SELF-SUFFICIENCY

PROFOUNDLY CHANGE SPACE
EXPLORATION

COMMERCIAL POLYMER RECYCLING
FACILITY — MADE IN SPACE



ROBOTICS, TELE-
ROBOTICS AND
AUTONOMOUS
SYSTEMS

DYNAMIC RESPONSE OF THE
SYSTEM, CANNOT REPLICATE
ON EARTH

PERFORMANCE AND
OPERATIONAL CONCEPTS OF
(TELE-)ROBOTIC SYSTEMS

TRAINING AND EXPOSURE OF
Al / ROBOTIC SYSTEMS

UPSTREAM ACTIVITIES
POSSIBLE SPIN-OFFS

GITAI - J-SPARC - BISHOP

ROBONAUT - NASA



IN-SPACE
PROPULSION

ELECTRIC, CHEMICAL, HYBRID,
WASTE GAS, NUCLEAR OR
PROPELLANT-LESS PROPULSION
SYSTEMS

SPACECRAFT RELIABILITY AND
LIFETIME

REDUCING THE COST OF LONG-
DURATION MISSIONS

GAINING OPERATIONAL RUN TIME IN
THE MICROGRAVITY, VACUUM AND
THERMAL ENVIRONMENTS OF SPACE

GAINING EXPERIENCE IN FUEL FLOW
MANAGEMENT AND PERFORMANCE

LINKING TO IN-SPACE REFUELING

THRUSTME — SPACETY- IODONE-PROPELLED

EXOTRAIL — EXOMG HALL-EFFECT ELECTRIC PROPULSION



SATELLITE
SERVICING /
REFUELING

ACTIVITIES SPANNING FIXING,
IMPROVING, AND REVIVING
SATELLITES

REFUEL, REPAIR, REPLACE OR
AUGMENT AN EXISTING ASSET IN
SPACE

ALLOWS FOR SATELLITE LIFE-
EXTENSION AND UPGRADABILITY

ASSEMBLING MASSIVE LIFE-
SEEKING TELESCOPES IN SPACE,
REFUELING AND REPAIRING
SPACECRAFT ON JOURNEYS TO
DISTANT LOCATIONS, ...

DEMONSTRATING THE
FOUNDATIONAL CAPABILITIES IN
ORBIT

CONTEXT OF SPACE DEBRIS
MITIGATION / REDUCTION

FURPHY — ORBIT FAB

ROBOTIC REFUELING MISSION 3 — NASA



COMMUNICATION
AND NAVIGATION

NAVIGATION SYSTEMS
DEMO, ADVANCED OR
AUTOMATED RDV AND
DOCKING DEMO

COMMUNICATION DELAY
TOLERANCE, ELIMINATION OF
SPACE COMMUNICATION
ARCHITECTURE BOTTLENECKS,
THUS INCREASING
THROUGHPUT OF THE
INTEGRATED SYSTEMS

TESTBED FOR DEPLOYABLE
ANTENNAS, OPTICAL CROSS-
LINKS, CHARACTERIZE ON-
ORBIT PERFORMANCE

SPHERES RESWARM — NASA MIT

DELAY/DISRUPTION TOLERANT NETWORKING (DTN) - NASA



THERMAL
CONTROL

TRANSPORT, STORAGE, AND
REFRIGERATION DEVICES ,
RADIATORS, AND INSULATION

LONG-TERM EFFECTS OF THE
SPACE ENVIRONMENT ON
THERMAL CONTROL
COMPONENTS

RE-ENTRY THERMAL
PROTECTION

SPACECRAFT THERMAL
TECHNOLOGIES TO MAINTAIN
CRYOGENIC SYSTEMS AND
THERMAL CONTROL OF A
SPACECRAFT'S SYSTEMS AND
INTERNAL ENVIRONMENT

SPACE TEST PROGRAM - HOUSTON 3 - NASA



MATERIALS,
STRUCTURES AND
MANUFACTURING

USE OF MATERIALS IN HARSH
ENVIRONMENT OF SPACE

RETURN VEHICLES SAMPLE
MATERIALS EXPOSURE

EFFECTS OF MICROGRAVITY
AND OTHER ASSETS FOR
MANUFACTURING OF
GOODS

ZBLAN OPTICAL FIBER — MADE IN SPACE - FOMS

CARBON NANOTUBES - DEXMAT



LIFE SUPPORT &
HABITATION

ENVIRONMENTAL
TECHNOLOGIES

STABLE, SELF-CONTAINED
MICRO-ENVIRONMENT

REVITALIZING THE AIR,
COLLECTING AND
PROCESSING WASTEWATER
STREAMS, PROVIDE SAFE
DRINKING AND HYGIENE
WATER FOR THE CREW,
MANAGING SOLID WASTES

INCREASE OPERATIONAL
AVAILABILITY AND REDUCE
SYSTEM MASS,
CONSUMABLES AND POWER
NEEDS

AMINE SWINGBED - NASA



LOCAD-PTS

« TEST BED TO
DEMONSTRATE
OPERATIONAL
EXPLORATION TECHNIQUES AND
DESTINATION CAPABILITIES

SYSTEMS - BENEFIT HUMAN AND
ROBOTIC EXPI—O RAT|ON SPACECRAFT-ON-A-CHIP EXPERIMENT
B EYO N D LEO PLATFORM — SPRITE — CORNELL UNIV

RELATED TO EVA,
PLATFORMS OF THE ° o/t o” ks,

FUTURE HABITATION, ...

« BENEFIT FROM
MICROGRAVITY
ENVIRONMENT



AR / VR

ARTIFICIAL
INTELLIGENCE

AR / VR IN FLIGHT
SIMULATIONS, IN SURGICAL
TRAINING, OPERATIONAL
SUPPORT

AR’S RANGE INCREASES AS
COMPUTING POWER GROWS
ARTIFICIAL INTELLIGENCE
TECHNOLOGIES OF HIGH
RELEVANCE TO SPACE
APPLICATIONS

JUXTOPIA CONTEXT-AWARE MOBILE MIXED
ASSISTIVE DEVICE (CAMMRAD)

CIMON-2 — DLR, AIRBUS, IBM



Space power and energy

Computing

Science Instruments

Clothing / Textiles

Operational processes and
procedures

Fuel Cells, Energy
generation, capture,
storage, solar cells and
arrays

Electronics
Avionics

Science and sensor systems,
prototypes, evaluation

Evolving and maturing
towards exploration
missions

E.G. Testing TiSi2 Nanonet
Based Lithium lon Batteries
for Safety in Outer Space

E.G.SG100 Cloud
Computing Payload,
Hewlett Packard
Spaceborne Computer

E.g. Reducing Signal
Interruption from Cosmic
Ray Background in Neutron
Detectors

E.g. ACTIVE DEPLOYMENT OF
FIRST AEROSPACE ELECTRONIC
TEXTILE - MISSE

E.g. Supervision of
Autonomous and
Teleoperated Satellites -
Interact (SATS-Interact)



HOW TECHNOLOGY DEMONSTRATION UNDER
MICROGRAVITY / HYPERGRAVITY ¢

* AGENCIES: NASA, ESA, JAXA, CSA, SANSA, ...

e AGENCIES EDUCATIONAL / CAPACITY BUILDING PROGRAMS
* THROUGH CHALLENGES OR COMPETITIONS

* |SS US NATIONAL LAB

« COMMERCIAL ACCESS SERVICES



WHERE TECHNOLOGY DEMONSTRATION UNDER
MICROGRAVITY / HYPERGRAVITY ¢

* TERRESTRIAL-BASED PLATFORMS (PARABOLIC FLIGHTS. DROP
TOWERS, SAIL PLANES OR GLIDERS, NEUTRAL BUOYANCY)

* SUB-ORBITAL
« |ISS

* INTERNAL
e EXTERNAL

e AIRLOCKS
o (CUBESATS: HOSTED OR DEPLOYED
 RIDESHARES

* SPACECRAFT SERVING AS TECHNOLOGY DEMONSTRATION
PLATFORM FOR MORE EXPERIMENTS



WHERE TECHNOLOGY DEMONSTRATION UNDER
MICROGRAVITY / HYPERGRAVITY ¢

* TERRESTRIAL-BASED PLATFORMS (PARABOLIC FLIGHTS. DROP
TOWERS, SAIL PLANES OR GLIDERS, NEUTRAL BUOYANCY)

* SUB-ORBITAL
« |ISS

* INTERNAL
e EXTERNAL

e AIRLOCKS
o (CUBESATS: HOSTED OR DEPLOYED
 RIDESHARES

* SPACECRAFT SERVING AS TECHNOLOGY DEMONSTRATION
PLATFORM FOR MORE EXPERIMENTS

Identification of User Needs and Possible Platforms for Future Microgravity
and Space Experimen

tation
C.Boggs, andV.Dhiri , Telespazio



WHERE TECHNOLOGY DEMONSTRATION UNDER
MICROGRAVITY / HYPERGRAVITY ¢

BARTOLOMEO AIRBUS

FARADAY — INSPACE MISSIONS
BISHOP AIRLOCK NANORACKS

I-SEEP SPACEBD EXOPOD -

EXOLAUNCH

SPHERES-ASTROBEE
— NASA - MIT

MISSE ALPHA-SPACE
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usSe CASES

Wireless

material
manufacturing aufonomous tfechnologies

 Heat Pipes

miniaturized
docking / berthing / capturing

miniaturized subsystems

mechanisms and robofic systems



example cases

http://www.esa.int/ESA Multimedia/Images/2019/07/Crypt
oaraphy ICE Cube experiment

https://www.ohb.de/en/news/2019/iss-to-ohb-technology-
demonstrator-spectrodemo-transmits-first-data-set-to-earth



https://www.ohb.de/en/news/2019/iss-to-ohb-technology-demonstrator-spectrodemo-transmits-first-data-set-to-earth
http://www.esa.int/ESA_Multimedia/Images/2019/07/Cryptography_ICE_Cube_experiment

CONCLUSION TECHNOLOGY DEMONSTRATION
UNDER MICROGRAVITY / HYPERGRAVITY

* WHY<2 VALIDATION IN TRUE SPACE ENVIRONMENT, TRL RAISING
« WHATS TYPES / SCOPES / USE CASES

e HOW?Z DIFFERENT ROUTES

 WHERE2 WHICH TYPES OF PLATFORMS

e OPPORTUNITIES
e NETWORK AND COLLABORATE



THANK YOU

HILDE STENUIT, PHD
SPACE APPLICATIONS SERVICES, ICE CUBES

HILDE.STENUIT@SPACEAPPLICATIONS.COM
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