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1. List of Abbreviations

ANT - rock type of the terra units on the Lunar surface consisting of the three main components:
anorthosite, norite, troctolite; which together are highly characteristic components much of the
lunar surface, however these are space weathered directly at the surface, while only pulverized
but maintain almost original composition at several meter depth and below.

CRISM — Compact Reconnaissance Imaging Spectrometer for Mars: instrument onboard the Mars
Reconnaissance NASA mission that records the Martian surface in the visible-near infrared
range between 0.3 and 3.6 micrometer range around 100-200 spatial resolution. Using its
spectra it is possible to identify the main mineral components of the Martian surface.

ISRU — In-Situ Resource Utilization: methods and approaches, which use mainly (or solely) local
materials and energy resources for any activity on a planetary surface beyond the Earth, in this
project extrapolated to Moon and Mars, mainly to reduce the mass to be transferred there from
the Earth, making the mission much less expensive. Without ISRU activities the main
exploration plans toward the Moon and Mars for the next decades cannot be realized and go
beyond the launching capabilities and budget of space agencies on the Earth.

M3 — Moon Mineral Mapper instrument onboard Chandrayaan-1 lunar orbiter, which recorded the
radiation of the Lunar surface between 0.4 and 3 um range at 70 m spatial resolution in order
to identify mineral components including hydration state of the surface covering regolith,

OMAT - Optical Maturity parameter, based on spectral properties of the Lunar surface that
indicates how much the surface has been altered by space weathering, mainly driven by solar
radiation and micrometeoroids

OMEGA — Observatoire pour la Minéralogie, I’Eau, les Glaces et I’ Activité instrument onboard the
Mars Express mission that records the radiation of the Martin surface in the 0.38 and 5.1 pum
range with spatial resolution between 0.3 and 5 km for mineral identification.

THEMIS — Thermal Emission Imaging System instrument onboard the Mars Odyssey mission that
records the infrared radiation of the surface between 6 and 13 pm with spatial resolution of
some km and 100 m. It is able to separate between some basic mineral and rock types and also
provide information on the surface thermal properties.
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3. Publishable Summary

The aim of this document is to provide background for the requirements, what should be fulfilled
by the activities during the project progress; and also provide an overview of Moon and Mars
relevance of this project. The general requirements are listed in Table 1, where the mode of
verification is the submission of the corresponding deliverables. The overview of Moon and Mars
relevant aspects can be read in Table 2 with specific details in the corresponding text, which should
be further evaluated and improved during the ArchiSpace project. This could be done by
comparing the Earth based field analogue characteristics (using satellite images, on-site samples
and laboratory analysis) and Lunar and Martian observed or inferred characteristics (using GIS
based satellite data, and meteorites plus in-situ missions measured parameters).

4. Methods

The general requirements are derived from the project plan according to the proposal and the
research projects related experiences of the project participants. The specific information listed in
the 3.1 section came from literature overview and discussion with specific experts.

5. Results

This section contains an overview of the analysis and evaluation of current knowledge, including
the view of experts (representing the view of the related community), linked to the corresponding
plans of this project, in order to define the requirements. Table 1 contains the general requirements,
while Table 2 contains the Earth analogue, Moon and Mars relevant requirements.

Table 1. General requirements of the ArchiSpace project

ID | Description Acceptance criteria | Verification
1 | Preparation including field sites Compilation of documentation on field D1.1-1.3,
selection, characterization, locations including maps, geographical D2.1-2.2
authorization and geological characterization, field
access possibilities
2 | Moon and Mars relevant aspects | Definition of relevant parameters and D3.1, D8.1
supporting European technical specific methods for habitat building at
and industrial activities, space analogues on Earth, on the Moon and
mission strategies, suggestions for | Mars, together with their related technical
ESA and EU and industrial needs
3 | Outline constructional aspects of | Definition of site related specifics D3.2-3.4,
local materials, site including mineralogy, grain size and D7.1
access/mobility and working methods to apply, travel routes and
logistics sampling modes
4 | Habitats and habitation related Define the habitat design related needs D4.1-4.4
aspects including psychological for Earth field sites and Moon plus Mars,
and environmental consequences | specify sustainable and environment
friendly approaches
5 | Outline technical realization and Define specific architectural parameters D5.1-5.3
connected laboratory works and design aspects, laboratory
specification, including the specific needs
for habitats on the Moon and Mars
6 | Outline robotic contribution Providing numerical assessment and D6.1-6.4
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possibilities, ISRU aspects and
useful local conditions

evaluation of different target materials
plus methodological needs, both
including regular Earth based and
specific Moon and Mars based
parameters

7 | Achieve joint research, improve Realize secondments, joint works, D5.4, D6.5,
the specific community (both in visiting research, co-locations, focusing D9.2-9.4
planetary science and on methos supporting the project progress
architecture), transfer knowledge
between partners

8 | Manage project progress Maintain up-to date schedule plan, D6.5, D9.1,
according to the plans, fulfil present the findings for the community D10.1,-10.5,
administrative needs, make (publications, conferences) and students | D11.1-11.9

outreach and dissemination
activities

(lectures, educational materials, outreach
talks, media interviews), compile
progress and other reports

Beside the above listed topics, development of “joint language” is also aimed what is linked to
several of the above listed specifics. The acceptance of the results toward this aim should contain
discussion of terms, related text-based definitions with exploration of architectural definitions
beyond the Earth, also publication of joint works at meetings and in journals.

5.1 Moon and Mars relevance

Considering the relevant development of knowledge, methods and processes for habitat building on
Moon and Mars using local resources, the project aims to
e support European initiatives for local material usage (ISRU) and habitat design for next

Lunar and Martian projects,

e define the relevant technological needs and strategic directions in Europe, including
specifics for space industry development with innovations,
e improve the synergic applied aspects between planetary research and architecture with
specific focus on recent smart methods and 3D printing and improvement of joint language.

The connection and relation between Earth based analogues plus laboratory analysis, and Moon
plus Mars relevant aspects are summarized in the Tables 2 and 3 below, focusing on local target
material and environmental characteristics, as well as technologies to be used or improved

respectively.

Table 2. Relations of materials and environmental characteristics between Earth Moon and Mars

Topic Earth field aspects Lunar aspects Martian aspects
Mineral variable, at the target sites | homogenized regolith regolith with basalt,
composition | mainly quartz, carbonates | with two main sulphates, iron-oxides,
and basalt based components: ANT and | occasionally
basalt with many phyllosilicates, salts
amorphous phases
Grain size variable, at sand deserts coarsening downward, | loose dust at the top,

mainly sand sized,
occasionally with large
locks and bedrock
outcrops

heavily pulverized,
mainly with gm-cm
sized sharp surface

irregular grains inertia

weathered large blocks
below, top dm could be
characterized by thermal
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Wind action | moderate no occasionally moderately
strong
Temperature | -20 ... +40 °C -140 ... +120 °C -120 ... +15°C
regime
Radiations weak, occasionally very strong, unfiltered | moderately strong UV and
somewhat elevated UV UV and ionizing weakly damped ionizing
particle radiations particle radiations
Gravity 1 0,16 0,38
Illumination | daily and annual cycles, in | month long daily daily (24.6 hours) and
desert areas usually with cycles, unfiltered and annual cycles (687 Earth
cloudless sky strong days long)
local soil variable, bedrock and well homogenized, heavily oxidized and dry,
chemistry climate dependent reducing in general, locally might be formerly
dry, poorly oxidized wet weathered, in winter at
and weakly weathered | high latitude contains H20O
or CO2 frost
atmospheric | usually dryness, large not relevant dryness in general
humidity daily temperature especially daytime,
and fluctuation, rare nighttime nighttime rare solid H.O
precipitation | dew formation frost formation

Considering the analogue aspects of the Earth based sites, each of them provide specific knowledge
separately, which should be targeted and exploited by highly specific and in advance planned work
there. These different activities should be made compatible, e.g. separate results need from the
planed three different sites should be evaluated jointly, and should be linked to each other as well
as to Moon and Mars. The properly selected sites provided complementary aspects should be
further completed with laboratory-based analysis including 3D printing to test various design
aspects, where possible using numerical values also.

Table 3. Applied technologies for Earth analogues,
Moon and Mars in habitat design and building

Topic Earth field Lunar aspects Martian aspects
aspects
analysis of | field sampling small mass Lunar regolith small mass Martian meteorites
local and detailed samples and meteorites plenty of simulants available,
materials laboratory available, remote sensing: remote sensing: thermal inertia
measurements M3 and OMAT data for from THEMIS, composition
composition from OMEGA, CRISM
instruments
raw selection, target selection is important, | should be improved based on the
material collecting, identification of proper comparison of outcrop at
processing | crushing regolith unit to be improved | analogues on the Earth,
(grain size and amorphous large vertical difference in
plus agglutinate content oxidation state
varies by depth)
cementatio | usually carbonate | to be selected, important smaller grains at shallow
n aspects based, but water + | aspects is the very rough oxidized material, and larger,
clays might work | abrasive grain surfaces deeper less weathered grains
also ephemeral H,O cementation
strength measurement of difficulty: few and small difficulty: few and small mass
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and its mechanical mass material, very rough material, large difference along
estimation | properties in shaped grains, small mass with water content is expected to
laboratory samples, thus sophisticated | exists what might show
analysis is necessary daily/seasonal changes
travel, previous GIS survey of surface features, roughness, elevation
transport evaluation of differences, slope angles, dangerous areas (Moon: permanently
existing routes, shadowed regions, Mars: high dust coverage, ephemeral CO>
topographic frost
undulation
energy petrol engine mainly solar panel based but on the long-term nuclear source

budget for | based, completed | will be also accessible, however highly limited and strong
activities with solar power | economisation is needed, thus specific and locally adapted

based technologies and methods are important
sustain- low energy usage, | same as Earth case, plus same as Earth case, plus abrasive
ability economizing of good local stability and low | wind driven dust transport,
raw materials, chemical rection rate, moderately low chemical
reuse and thermal insulation is needed | reaction rate, thermal insulation
recirculation is needed
6. Discussion

Most of the specifics (like geographical location of analogue sites on the Earth, grain scale
characteristics of building materials, evaluation of mineral data, GIS based analysis of logistical
mode and transport at routes etc.) will be done during the project progress according to the
requirements defined in this document. No deviation from the Grant Agreement (Annex 1) and
contingency plans is planned or expected, specific schedule plan will be maintained by the project
leader.

7. Conclusion

General requirements defined in Table 1 above will support the compilation of deliverables, which
will contain further, more detailed specifics according to Tables 2 and 3, as well as the proposal
and to currently used scientific and architectural standards. The various challenges require specific
handling and well in advance planned methods, however according to the plan all activities are
realistic. Beside technical aspects the knowledge transfer between participants from various
scientific and engineering domains are also addressed, as well as the interdisciplinary aspects of
improving joint language between architects and planetary scientists is considered. Participants will
work together supported by target-oriented plans but also aiming flexibility and providing the
produced knowledge to the European stakeholders including space technology and architecture
companies plus university is also addressed.

8. Repository for primary data!

See the corresponding deliverable.

1 Suggested headings
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Disclaimer: This report reflects only the author's view. The Research Executive Agency
(REA) is not responsible for any use that may be made of the information it contains.
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