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SCICCt, among the identified keg concepts, technologies, and systems that will enable
human Mars exPloration, those that can best be tested on the Moon, and suggest a
framework forinternational lunar missions that can be carried out to validate them }33 2020.
]nclude the enabling Po!icy, legal, societal, and economic asPects.bg 2020. ]ncluc]e the
enab]ing Policg, legal, socictal, and economic aspects.
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Some day peo sle will travel to Mars. Jt will be a long trip, but fun. T his will be a big step for mankind. We would be
g peop &R & SEE
able to find out if there was life on this Planet ¢ Probablg will look like a red desert.
\). Stephen [Hartsfield, SCVCI’!H"A (Grader, 1984

Space agencies worldwide are moving toward an orientation of lunar
exploration. The Vision for Space Exploration in the United States and the
Aurora program in Europe include an international effort of preparation for
human missions to Mars as an important component of their lunar plans.

v

This report identifies the enabling elements for an initial human mission
to Mars and selects those that can best be rehearsed in the context of near-
term international human and robotic lunar missions. The report uses this
list of enabling elements to suggest a set of lunar missions leading to an
eventual human mission to Mars. The analysis includes a recommended
policy, legal, and social framework in which to implement the missions.
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Technology rehearsal
Operational activity
Supplemental science

International
Human Mission for
Mars Exploration

Figure 1 Proposed approach for exploration of Mars
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with valuable scientific data, technology validation, and operating experience.




T he past is but the beginning of a }Jeginning, and all that is and has been is but the twi]ight of the dawn.
HG Wc”s, “TI"IC Discovcrg of the Future,” 1901

The implementation of a lunar program in preparation for a human mission
to Mars that uses and supplements current plans requires an assessment of
the policy, budget, outreach, science, and technology objectives of those
plans. Looking also at the gaps and overlaps of these plans provides a basis to
make the necessary assumptions for an international framework and to define
the possible enabling elements to be selected. The different Mars and Moon
related programs of the space agencies are shown in Figure 2.

Main Research topics:
- Three dimensions and
high resolution images
- Mneralogical analysis
- Cherrical mapping
- I sitiresource utilisation
- Confinementfsolation
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T he future cannot be Preclicted, but futures can be invented.
Dennis (Gabor, 1963

Figure 3 presents an integrated timeline for these plans.
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Figure 3: Roadmap of existing programs to the Moon and Mars

Features of Mars
- 3/8¢g
- Presencel of an
atmosphere

- A Iunar day 27,3 o | - Lower surface
Earthrdays temperature thani the Moon

- Sandsterms
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| had the ambition to not onlg go farther than man had gone before, but to go as far as it was Possib]e to go.

Captain Jamcs R. Cook

~ The similarities make the lunar environment a good location to serve as a test

bed for enabling technologies to be used for future human missions to Mars.
Table 1 below describes the differences in mission design for a human mission

to the Moon or Mars.

Flight and mission
duration

Distance from Earth

Short transfer

No special training

Long transfer

More psychological tests and
training required

Total mass in LEO at
departure

Up to 550 tonnes

Up to 750 tonnes

Total mass in LEO at
departure and need
of integrated transfer
vehicle

Can split up in several
single transfers

Need more mass to sustain
long duration transfer

Gravitation

Less

More

Needed AV

3050 m/s (Apollo type)

5600 m/s (for minimal energy
Hohmann)

Orbit mechanics

Free return possible

Trade off between transfer
duration and propellant mass

Distance 3 -5 days 150 — 300 days
Mission duration Same Same
Possibility to resupply | Is possible (fast response) | No

Distance

Low gain,
~2.5 sec. round trip time

High gain, power, accuracy,
~20 up to 50 min. round trip
time

2

Solar Flux 1368dW/ m( 589 W/m?2

: 27,3 days (except at
Day/Night cycle poles) 24.66 hours
Soil composition Yes Yes
Atmosphere No atmosphere Yes
Water Maybe Maybe
Alien lifeforms Not necessary Maybe yes

Table 1: Comparison between Human Missions to the Moon and Mars



The greatest gain from space travel consists in the extension of our knowledge. ]ﬂ

won knowledge will pay huge and umexPectec{ dividends.
Fro?essor Wernher von Braun

A human Mars mission involves no emergency return or abort options. Hence,

crew selection, training, psychological support, and reliability of
will need to be emphasized.

Enabling Elements

Technical and scientific enabling elements for human Mars exploration are

identified in the following areas:

Guidance Navigation and Control

Safety & Survivability
Medical Issues, |

uman Physiological Research

Operations
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Life Supeﬁ: Systems
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Extravehicular Activity
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The enabling elements that can best be rehearsed on the Mo

and rated by performance, relevance to safety, technology readiness level, cost,

political acceptability, sustainability, and scientific value.
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Lunar Sample Return Lunargo Nucargo

Demonstrates a soft Support spacecraft for all This mission will have
and precision landing preparation missions in a the nuclear reactor as
and sample return permanent Earth-Moon main payload
mission orbit.
Type I - Robotic missions: Type II - Preparation mis
Remote sensing and resource Essential technology demonstrations to prepare sp:
mapping, technology testing, auto- cargo missions for the pre-deployment of infrastr

mated science experiments.
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Heavycargo I¢

2ol Heavy landing missions Missior

eveloped @ﬁaf’ consistency will include robotic units ISRU s
; {precurser missions and inflatable structures.
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Habcargo

The main paiload of
this mission will be
the Habitation Module

sions:

cifically for a human mission;

ucture for human missions.

__________202(

Short Human Mi
14 days near the luna
south pole.

Type III - Human
short-stay missions:
Human expeditions of a

Tﬁe IV - Human Iong
tay mis:

few days duration. to three years a
' - the Lunar surface

sRUcargo Ecocargo Long Human Mission
| 6 will have the The last preparation e Land a human crew on the
/stem as a main mission will have an Moon around 2020, for a
payload inflatable low-pres- IS e P STt e
sure greenhouse as (Sjaa;/s) ars mission scenario (
the main payload « Demonstrate enabling ele-

ments needed to support a
human presence on Mars.
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The more constraints one lmPoscs the more one frees one’s self. Ancl the arbitrariness of the constraint serves onlg to
obtain rrecxslon of execution.

gor Stravmskg

~ The goal of the lunar rehearsal missions will be a long-term in a lunar surface
base, comparable to the Mars mission profile and operations.

The missions

The rehearsal missions for the enabling elements are classified into four
categories in order of complexity:

Type I - Robotic missions: Remote sensing and resource mapping,
technology testing, automated science experiments, operations, simulations

Type II - Preparation missions: Essential technology demonstrations
to prepare for a human mission; cargo missions for pre-deployment of
infrastructure for humans

N |esieayay

Type III - Human short-stay missions: Human expeditions of up to 14
days duration

Type IV - Human long-stay missions: Human missions of up to three
years on the lunar surface
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soft landing c
craters

ISRU demonstrators I-IV (IDEM): It demonstrates the practicality
of different ISRU processes

il
- 0 i

-,..,Inﬂatabte Structure Experiment (ISE): It demonstrates the
R alhty of inflatable structures on the lunar surface and demonstrates



To set foot on the soil of the asteroicls, to lift }:)3 hand a rock from the Moon, to observe Mars from a distance of
several tens of kilometers, to land on its satellite or even on its surface, what can be more fantastic?

K onstantin [~ Tsiolkovsky, Father of Russian Astronautics, 1896

Automated Plant Growth Experiment (APEX): It demonstrates
automated plant growth in the lunar polar environment

Construction Rover: It investigates the use of unprocessed lunar
regolith

II Cargo preparation missions

Test all the capabilities and the technologies needed for heavy landing and
simulate a possible Mars sequence of cargo missions

A first assembly of a cycler occurs, called Lunargo, from five main taxi
missions:

3 - Heavy robotic and structures landing- Heavycargo

4 - Nuclear Reactor - Nucargo

5 - ISRU Unit - ISRUcargo

6 - Habitation modules - Habcargo

W [esieayoy

III First Human Moon Mission (Short Stay)

ISSI

Human Short Stay Mission to the Moon

Safe Haven, Advanced Planetary Suits , Arlocks,
Decontamination, Contanment and Sterilization

Life Science, Surface stay countermeasures, Radiation, Mission Operation
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anding, Soft Landing, Precise Landing with Crew

N e e A SR s Tl A’
Mission Tlme ~ T=14 days '
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And now “4is man who dares assault the skg‘..And as we come to claim our Promisccl P]acc, aim onlg to repay the goocl you
gave, And warm with human love the chill of space.

Prof. T homas (. Bcrgiﬂ, Yale Univcrsitg

IV Long-duration Human Mission to the Moon

Demonstrate technologies and reproduces a Mars mission with the
assumptions that necessary equipment will have been transferred using
cargo missions, a basic lunar base will have been built during the short-stay
missions, and low-gravity and radiation shielding will have been developed.
The objectives are:

Land a human crew on the Moon around 2020, for a mission duration
typical of a long stay Mars mission scenario (450 days) and return them
safely afterwards, ensuring planetary protection for both Earth and
Moon

Demonstrate enabling elements needed to support a human presence
on Mars

Continue of the construction of a lunar base

W |esieayay

Test the vehicle building-blocks that will be used in a Mars mission

Develop surface stay protection, medical procedures, crew selection
and interaction, inflatable structures, building construction using
regolith, and food production and storage using the green house

OISSI

Q_. Lunar Surface Habitation Station

d&: ICT-+Power+Propulsion Modlules

O Crew Transfer Vehicle

Component Crew launch . Crew
launch entry

. Earth’s
- Su rface |




The |gl'1<:st and }Jcst f:orm o1c eglcxencg 1S tl'me sPontaneous cooPcratlon o{: Free PeoP]e

Woodrow Wi lson

Policy, Legal, and Social Framework

Any political framework that will successfully implement international
cooperation among space exploration programs must acknowledge the
individual motives and needs of the nations involved. It must ensure that, to
the extent practical, agencies minimize duplication of effort while accomplishing
their space exploration activities.

Exploration Program Management Structure — The Space Exploration
Forum

LunAres recommends a loose coordinating body called the Space Exploration
Forum. Its primary role will be to maintain a database in which participating
nations will register their lunar and martian exploration activities, to limit
duplication of effort and to allow for synergies among them. Such a structure
will allow nations to coordinate their space exploration activities while still
maintaining several national space identities.

Management of individual missions is accomplished by the agency or

bstructure -
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is difficult to say what is imPossible, for the dream oggesterdag is the hope of todag and rea]itg of tomorrow.
Kobert Gocldard

Implementation

Membership in the Forum will be voluntary. Member states, agencies, or other
organizations that express an interest in participation in the Forum will define
its rules. Representatives from industry and social organizations (e.g., space

advocacy groups such as the Planetary Society) will be welcome as observers.

Given the current political scene, establishment of a commitment by most
space-faring nations to the Space Exploration Forum is premature. In the
near-term it is recommended that regular meetings should occur between
space agencies at the Administrator level to encourage future coordination.
These meetings should become progressively more formal, culminating in the
eventual formation of the Space Exploration Forum. The Forum, together with
its technical, legal and societal advisory boards, should be established prior to
the first human lunar mission period.. The first highly-publicized act involving
the Forum should therefore be the first international human mission to the
Moon.
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T he moon is the first milestone on the road to the stars.

Arthur C Clarke

Recommendations

Test on the Moon those elements of a human Mars mission identified as
best suited to lunar rehearsal.

Emphasize human-driven mission elements, including psycho-social
issues, medical factors, and operations.

Conduct lunar science that yields knowledge useful to preparation for
a human Mars mission, contributes to sustainability by attracting public
support, or promises significant scientific return at a relatively small
additional cost.

Demonstrate both operational and technical implementation of in situ
resource utilization (ISRU) on the Moon while paying special attention to
the aspects that are transferable to Mars and favoring approaches that
support a sustained presence on the Moon.

Choose one or more potential transition or exit strategies to be

implemented upon completion of the lunar rehearsal program. These
strategies should be designed to ensure availability of resources for
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T his |~ xecutive 5ummarg was written by the students in the 2004 Summer Ses-
sion Frogram at the |nternational Spacc umversitg. FPublished: August, 2004

]mages courtesg of

NASA ESA CNOA JAXAISRO

Additional copies of the [ xecutive Summarg and the [Tinal Report may

be ordered from the |nterational Space Univcrsitg Headquartcrs.
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