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Space Exploration Needs Science

Space exploration is not only about reaching new destinations...
... it is about bringing science where science has never been performed before

Manned _
®2 missions biolabs exploration

Effect of space environment on living cells 3 Complex organic molecules
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Astronaut health monitoring

On-board food and environment safety Metabolic studies
Drug development and testing Traces of exo-life

Biotic precursors

Monitoring of micro-organisms on ISS
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The Challenge

= Traditional laboratories are
powerful, but they are large and
resource-hungry

= Space missions impose the = , =
opposite constraints: mass,
volume, power, consumables
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= The farther we go, the harder it |
becomes to rely on laboratories AP s ey 1 -
on Earth o= a":\ |
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Bringing the Laboratory into Space

®= The role of miniaturization:
miniaturized laboratories integrate analytical
functions into compact platforms

= Many benefits come from miniaturization
= Small volumes
o Faster reactions
= Rapid thermal cycles
= High parallelization/multiplexing
= Higher efficiency

s |ncreased throughput
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Why Miniaturization Is Not Enough

Miniaturization alone does not solve the problem

=  Conventional microfluidic devices are rather ‘chip-in-lab’:
they need bulky, power-hungry instrumentation for
operation
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Why Miniaturization Is Not Enough

Miniaturization alone does not solve the problem

=  Conventional microfluidic devices are rather ‘chip-in-lab’:
they need bulky, power-hungry instrumentation for
operation

Integration is the key

On-chip sensors On-chip microfluidics On-chip analytical
and actuators detection

Integrated
into one device
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Building the Technology Base

= A technology-development step toward

& ¥ s space-compatible lab-on-chip systems

_

/5 ’ ; = From laboratory concepts to solutions:
| " . .
IPLEIADES = technology screening
":_ r —:"N ] .

o trade-off among alternative
approaches

:
i
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o integrated sensing and electronics

s capillary microfluidic operation

s compact analytical architectures

= Complete system development
s Analytical protocols
= Lab-on-chip
= Front-end electronics

o User interface

Design-for-space approach
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From Technology Development to In-Orbit Validation: AstroBio CubeSat
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Validating key technologies in orbit

= glass-based lab-on-chip with integrated
a-Si:H thin-film sensors
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o ultra-low-noise front-end electronics
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= sealed payload environment
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o autonomous experiment execution
= advanced thermal control
= distributed data collection
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AstroBio CubeSat was launched with
the Vega-C maiden flight on
July 13, 2022

From “designed for space”
to “tested in space”
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In-orbit validation

One long-term vision:
Enabling compact scientific
laboratories for space

APHRODITE

Science for =)
human spaceflight

ALCYONE
Miniaturized

biological laboratories

BOREALIS
From lab to mission:

biological experiments in space

BESIDES
Searching for signs of life

in the Solar System
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Challenge 1: Science for Human Spaceflight

= Astronauts need compact
analytical tools directly where
they live and work

= Crew time is precious:
experiments must be simple,
safe and reliable

= The International Space Station is
the ideal laboratory for this step
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APHRODITE

Autonomous PHotosensing Reusable Onboard Device for Immunological Tests Execution

= Compact analytical device for
saliva analysis onboard the ISS

ALTEC Time

UTC Time

= Autonomous assay execution

= Minimal crew time

" |n-house-developed lab-on-chip,
electronics and software

= Successfully executed in orbit
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Challenge 2: Understanding How Life Responds to Space

= Before sending humans farther from . _
Earth, we should send biological i W \
models first

= Model cells can: e
o reveal radiation effects /

= show responses to combined stress
conditions AN

= help design shielding and protective
countermeasures

A biological testbed for future exploration
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ALCYONE

Autonomous Living Cell analYsis ON-chip for Evaluation of Space Environment Effects

A compact biological testbed for the space
environment

= four independent cell-culture micro-incubators

o different biological models on the same chip

Funded by o integrated thermal and optical sensing
the European Union

ALCYON

o real-time monitoring through bioluminescence
expression of genetically engineered cells

UNIVERSITY = Radiation environment monitoring
OF TWENTE.

Living cells as sentinels of the
space environment
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Challenge 3: Taking the Laboratory Beyond Low Earth Orbit

= To understand how biology responds to -
space, we need experiments across T Ay S MEQO
different orbital environments e

= Distinguish between effects related to
microgravity alone and those of LEO
combined microgravity and high-energy
radiation environment

/" microgravity

= Additional system complexity required

A compact laboratory must become part
of the mission itself
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BOREALIS

Biofilm Onboard Radiation Exposure Assessment Lab In Space

A 6U CubeSat mission built around a
biological laboratory

= biofilm growth in the lab-on-chip

= six independent experiments in different
conditions

= concurrent on-chip fluorescence
detection and miniaturized fluorescence
microscopy

rum KAYSER
GNA

T Photosensors | ...
grownon
B muttidielctric |
aSiHptype filter
B

= in-situ monitoring across different
orbital environments

Filter

Temperature sensor

= LEO - MEO transfer: microgravity vs
microgravity combined with radiation

A laboratory designed as a space mission
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Enabling the Next Steps in Space Exploration

Compact and autonomous
laboratories can support:

= |ong-duration human missions | | . (
= |unar and planetary ' ol |

infrastructure N
= robotic exploration and 2

in-situ sample analysis
= search for life and biosignatures

From miniaturized instruments
to scientific capability beyond Earth
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Future exploration is not only
about reaching new worlds...

It is about bringing science with
us when we get there

STUDLA O INSEINERIA AERCSPALIALE
1926 - 2026

A hundred years of education, =
shaping humanity’s path beyond Earth.

Centennial of the School of Aerospace __En_gingge;_inﬁg:,__,:
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