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LRO: Continued
surface and landing
site investigation
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Artemis Support - Mission: First

Artemis I: First humans ~~ Mission:First = pressurized
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- Large-Scale Cargo Lander’
- Increased capabilities for science
and technology payloads .
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Volatiles Investigating Polar Exploration Rover
- First mobility-enhanced lunar volatiles survey
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ARTEMIS PREPARES FOR MARS
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ol /’i ) . Foundation Surface Habitat Expanded habifation capability
Gateway augmented and Habitable Mobility Platform  added to Gateway to enable Mars mission

Expanding the range with international habitat  delivered to complete Mars mission dress rehearsal dress rehearsal with
0 4 ,}“" of surface exploration for increased capabilities ~ Artemis Base Camp at the Moon longer in-space
, / and ISRU demonstrations S and surface durations
Testing landing and 2026 - 2030
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MULTIPLE SCIENCE AND CARGO PAYLOADS | INTERNATIONAL PARTNERSHIP OPPORTUNITIES | TECHNOLOGY AND OPERATIONS DEMONSTRATIONS FO

SUSTAINABLE LUNAR ORBIT STAGING CAPABILITY AND SURFACE EXPLORATION ‘m})






Artemis | — VI missions
Vehicles for biological research beyond LEO

EXPLORATION MISSION-1: ‘ - 13
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SCIENCE & TECHNOLOGY . ; TS A GOING TO DEEP SPACE
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PAYLOADS
THE RING THAT WILL

PRIMARY CONNECT THE ORION SHOEBOX SIZE
MISSION i SPACECRAFT TO NASA'S 7 PAYLOADS EXPAND
TESTING SLS ‘ A SLS ALSO HAS ROOM | OUR KNOWLEDGE
AND ORION 1 B o oyl * FOR THE JOURNEY
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THAN ANY TRAVELING THOUSANDS OF : ‘
EXISTING MILES BEYOND THE MOON, * AVIONICS -
LAUNCH WHERE NO CREW VEHICLE (SELF-CONTAINED AND INDEPENDENT

H 1 VEHICLE HAS GONE BEFORE FROM THE PRIMARY MISSION)
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GeneSat-1 (2006 / 3U): gene expression
EcAMSat (2017 / 6U): antibiotic resistance

E. coli

S. cerevisiae  PharmaSat (2009 / 3U): drug dose response

B. subtilis  O/OREOS* (2010 / 3U): survival, metabolism__-
*Organism/Organic Response to Orbital Stress %

C. richardii




MarCO (Mars Cube One)
1stinterplanetary CubeSats




BioSentinel: the 1st interplanetary bio satellite

Objective: study biological response to deep space radiation & develop instrument to support bio in deep space

- First biological CubeSat to fly beyond LEO (launched on Artemis | in 2022)

- First CubeSat to combine biological studies with autonomous capability & physical dosimetry beyond LEO
- Far beyond the protection of Earth’s magnetosphere (~0.3 AU from Earth at 6 months; ~40 million km)

- Control experiment on ISS (2022) & on the lunar surface (Artemis Ill; radiation + partial gravity)

16-well fluidic card (x18) Card stack 9-card fluidic manifold (x2)




Technology miniaturization & evolution

2020 - 2030

DNA/RNA sequencing | s \
@1 integrated cell growth i~ S
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2030 - & sample preparation
. Single-cell
studies (aging,
evolution)
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Optical measurements
(growth & metabolic activity)

ENSOR S| OR SIDE 2
CIRCUIT BOARD
SHIELD

Dielectric biosensors
(bioelectric signatures)

. Continuous culturing
Optical measurements & artificial gravity

(fluid exchanges, selective media) (multigeneration studies) Fluorescence imaging & cytometry
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