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Science questions

What are the conditions for planetary formation?
(bombardment chronology, Isotopic dating)
How does the Solar System work?
(Impact basins, accretion, collision)
Comparative planetology:
(volcanics, tectonics, cratering, erosion, Interior & subsurface)
\What are the conditions for life?
(Search for extraterrestrial ice/organics on Moon)
\alidation ofiextreme erganics and life detection technelegies
(Grganics and Ice)
Hanitability, o IVioon
(Survavalrandreturny life SCIENCES), ECOSY/SIEMIS, MIRIBIOSPRENES)
SearchforEanly Eartirsamples
SCIENCcE from the IMoeoen (Earth, selarsystem, astronomy, cosmology, SETI)
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MoonVillage Roadmap: International Lunar Exploration Working Group 1998

Unmanned missions < Crewed missions
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Food production systems
Energy production systems

Man-tended
human outpost

Il
|
Orbiters Heavy-duty robot
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Rovers
Robotic construction
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ILEWG Community events

ILEWG Int’l Conferences on Exploration & Utilisation of the Moon

- Beatenberg 1994 (founding conference co-chaired by Prof H. Curien),

- Kyoto 1996 , Moscow 1998, ESTEC 2000, Hawaii Nov 2003,

- Udaipur Nov 2004, Toronto Sept 2005, Beijing Jul 2006, Sorrento Oct 2007,

- ICEUMI10O/NASA LEAG/Space Resources Roundtable, Port Canaveral 27-31 Oct 2008,
- GLUC/ICEUM11 Beiljing 2010 (with ITAE & CSA),

- ICEUM13 Pasadena/COSPAR 2018, ICEUM14 Geneva EPSC/DPS 2019

\Washington92, Hamburg94, Nagoya9s, Warsaw00, Houston02, Paris04,
Beljing06, Montreal08, Bremendl0, Mysorel2, Moescowd4d, Pasadenal8, Sydney20-=21

Houston 02, Bremen 038, Vancouver 04, Fukuocka 05, Valencia 06,
Hyderabad 07, Glasgow. 08, Daejong 09, Globhal Lunar Beljing 10, Prag 10,
Cape 20415 Naples 2042, dioronte 2044 Jerusalem 2045, Guadalajarar 16,
Adelaide 2017 Bremen 2048 \Washington 2049, Cyher 2020, Dukal 20215
Paris 20212

Hamburg 95, Vienna 97, Nice 98, lihe Hague 99; Nice 00 — 04,
Vienna 2005-201.9 yearly.

2 Berdin7Zs Muensters; Potsdam9; Remel 0 (yeary) Rigadz, Berinds; Genevalo
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Some of rthe Innovaftive Technologies
on Smarik-17
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Laser Link

Communication

Lithium ion batteries
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Autonomy Technologies
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Lunar village: next steps
Surface Robotic Village
2013/0Q4 Chang’E 3 lander & rover
2018/0Q3-4 Chang’E 4 far side relay & lander
2019 Space IL Beresheet & Chandrayaan 2
2020/Q2 Chandrayaan 3 lander & rover
2020/Q4 Chang’E 5 sample return
2020/Q4 commercial GLLXP follow on
2020 US Commercial Lunar Paylead CLPS
2022+ Karl, Chang’E 6 pole sample return
2024+ J SLIM; Luna 25, 261 KARI lander:
2025 LLuna 27 Pelar lander RU/ESA
2026 ESA technoelegy reseurce lander
HIUMEANRSISALOROLS
2020 EMI: Orien= ESA ServiceMod (auitoe), 2022 Space X ( 7HY)
2023 EM2 Orien ESA ServiceMod (54" crew), Space X (=8 H)
2024 BlUuer©rg@ins; Space X, DynRetics) Human lander

0' | u{/jd 2024 AtemiSSTREIESEWoeman on Moon, 2028 Sustain base









Human Robot partnership in ILEWG/ESTEC/OWF
MoonMars field tests at Eifel volcano region







ESTEC/ILEWG ExoHab Lab module
EuroMoonMars workshop July 2016




ILEWG EuroMoonMars Field Campalgns 2009-2019
¢ Lab & Field research

— Geology In-situ and samples
— Astrobiology and life sciences

¢ Instruments demo
— Cameras, spectros, comms
— Rovers & drones, Navigation, maps
— Traverses, Sampling, GPR, drills

+ Habitat technologies:

— Halb structure

— Architecture and layout

— Power comms

— Grey water, Greennouse
l LLalberatory/

¢ HUman aspects

— [ime sheets/Perfermance
— Astronauts & EVAS suits

— Feod and medical stuay/
v TrrurJr 10 OF younge/advanced:, oUEreack
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lgLuna Ice Moon Habitat 2019
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Hawall EuroMoonMars 2018 instruments







Day 3 at MoonBase
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Preparing MoonMars Village on Earth

Robotic Village
Landers and rovers , telerobotics
Instruments
Fleld tests in MoonMars analogues
ISRU & life sciences
Dusty Vacuum facilities

HuUuman Bases
Habitats & pressurised vehicles
Lalboeratories (geo, astro, bio)
Infrastructures (transport, pewer, ISRU)

Human facilities
— ESIEC ExoHab/EXellalh, EAC Luna

— LunAres iIsolation studies
— ESA [Lals & lce Habitat (CH)

s MooenMars analeguelhases
— MDRS HiSeas, Intl MeonBAse Alliance
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Young Lunar Explorers brainstorming

and recommendations

YLE L=t Young Lunar Explorers

The Top Five Recommendations

Foundation of Lunar
Explorer Society

Continuous YLE
Communication

Periodic Student Lunar

Projects
Increase Oppartunities
for Young Professionals
Evolutionary Approach

for Moon Exploration --
Launch Missionsof ol 1
popular Concern =/ 77 - - -
o m 20 0 40 an 60
ioting Foirt:
»
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