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P.A.T.H.-M
Program Advancing Towards
Humans on Mars
The idea of sending humans to Mars has been thoroughly explored since the 1950s. Scores
of human Mars missions have been designed at a rate of almost one per year. The fact
remains that despite all of our endeavors, humans have yet to go to Mars. Though much
thought and effort has been put into how we will go to Mars, very little thought has gone into
simply preparing to go, that is, conducting those activities that will enable a human mission.
The gap between today and the day a human mission to Mars is launched must be bridged.
During the literature survey for this project, we found that while we know how to get to Mars,
there are several science questions requiring answers, many technologies needing development,
and many policy, business, and legal issues requirng resolution. No literature was found suggesting
that any agency has developed a comprehensive strategy to conduct Mars precursor work.
A human mission to Mars will undoubtedly be the most complex, and potentially the
most expensive, non-military project ever undertaken. It is essential that a coherent,
systematic approach to enable such a project be developed and implemented to ensure
mission success. P.A.T.H.-M therefore suggests a possible structure for a program of
activities before a commitment is reached to send humans to Mars - the “Pre-Mars” phase.
The following summarizes the Morpheus Project report that was written by the “Human
Mission to Mars Using the International Space Station” Team Project group in the
Master of Space Studies program 2002/2003. The Morpheus Program was developed
using both facilities on the Earth’s surface and on the International Space Station to
conduct an overarching series of activities in preparation of a human mission to Mars.

Mission Statement

“If I could add
one thing to the
Space Station,
it would be
one very large
module...because
I think there
would be a lot
of important
research that
could be done
that could help
us get out of
low earth orbit
and move on to
flying towards
Mars...”
Edward Lu,
Astronaut,
from the
International
Space Station,
June 24, 2003

“The team will design a program in preparation for sending a human to Mars. The
program will involve two complementary facilities, one based on Earth’s surface and the
other on the ISS. The goals and utilization plan of the program and the design of the
facilities will be thoroughly addressed in an interdisciplinary manner.”
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The Morpheus Program

“On station
(using
TransHab) we
can work the
bugs out for
Mars missions
lasting 500 to
1,000 days,”
-Doug Cooke,
Head of
NASA’s Mars
Exploration
Office

“Beyond
2005-2006,
the possibility
of developing
an inflatable
habitat flight
demonstrator,
e.g. on the
ISS, should be
explored.”
- ESA
Technologies
for
Exploration,
Aurora
Program
Proposal:
Annex D

The Greek god of dreams gave name to the Morpheus
program. It was conceived to consolidate international
efforts in science and technology advancement, and
provide a solid framework in preparation for the first
human mission to Mars. Morpheus will create a focal point
for all research on the critical path to human Mars mission.
It consists of two main parts, the Gaia facility on the
ground and the Ares module attached to the International
Space Station. The realization process of the program is
shown in figure 1.
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The
Morpheus
Program is initiated by
an entrepreur (an individual
or a group of people), who
will make the first crucial
steps towards its
creation.

The
entrepreneur
creates the Kasei
Company that aquires
and operates the
Gaia facility.
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The Kasei
Company is
responsible for the
establishment of Gaia
and the collaborative
network.
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Enabling Overhead Activities
Project Timeline
The timeline of the Morpheus program begins with
a two-year construction period of the Gaia facility
(phase 0). The facility will then operate for 5 years
(phase 1A), before the major development effort
of the Ares module commences (phase 1B). After
2 years of construction and development, the Ares
module will be launched in the beginning of phase
2A. Phase 2A is set to last for 5 years and will involve
research leading to a human mission to Mars. Phase
2B is the last phase of the Morpheus program and will
be devoted to commercial uses of the Ares module.
See figure 2 for illustration of the timeline.

Organization

2

The private organization will seek partners from around the world that can join the Morpheus program
when the Gaia facility is built and is running. A consortium will then be created, consisting of private
industry, space agencies, universities, and research institutions.

Towards Humans on Mars
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After
research
operations in Gaia and
the affiliate network have
begun, the Kasei Company
initiates a PPP, which
is the Morpheus
Consortium.

When Ares is
completed, it will
be delivered to the space
agency for launch. This is
likely to be NASA due to
its obligation to provide a
habitation module for
the ISS.
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Figure 1: Outline of the main
steps of the Morpheus Program

5

The
financial
commitment of a
space agency will lead to
the intensive development
and construction of the
Ares module.

“Morpheus will create
a focal point for all
research on the critical
path to a human Mars
mission.”

Ares will
then be launched
and docked with
the international space
station. The operator
will be NASA.

7

“After 2 years of
construction and
development, the
Ares module will be
launched”

Figure 2: Timeline which shows the different phases of the project

The Kasei company will be established by a private group who will gather the initial investments. The
company will be registered as a non-profit organization, and thus the profit that the company generates
will be used for further development of the program
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Operation Costs and Income

“The initial
financing needed...is
USD 6.5 million”

“The full capacity
of the Gaia facility
is expected to be
reached in year 3 of
operations.”

“Morpheus offers
state-of-the-art
equipment and
facilities...”

The initial financing needed to build the Gaia ground facility and to equip it with labs, a Martian
environment room, two Ares mock-ups and other utilities will be USD 6.5 million. This sum must be
raised over the two-year building period of the Gaia facility.
The Gaia building will
be built by a leasing
company, and leased
to Morpheus. This
approach reduces the
cash needed up front
and makes the realization
of the project easier, but
it increases the yearly
operating costs slightly.
Morpheus will have
a positive cash-flow
during the first five
years (see figure 3). The
full capacity of the Gaia
facility is expected to be
reached in year 3 of the
operations.

Marketing

Morpheus
offers state-ofthe-art equipment and
facilities, designed for research
preceding a human mission to
Mars, PR assistance for scientists,
a conference room, and full-size
mock-ups of Ares. Gaia is
also open to visitors and
tourists.

Product

The main
target groups are
the general public, space
agencies, private industry,
government and politicians, the
scientific community, and the media.
They will be reached mainly through
public relations, advertising, and
personal selling. The promotion
activities are vital for the
success of the Morpheus
Program.

Promotion
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Figure 3: Cash-flow for the first 5 years of Morpheus Program

Morpheus

Price seeks to keep the
fees for lab rental and other
uses at a reasonable level, but
enough to operate and generate
a surplus that will be used in phase
1B when the major development
phase of the Ares module begins.
The uniqueness of the Gaia
facility will make this
possible.

Place

The Gaia
facility will be built
in the desert close to Los
Angeles, California, USA.
There are four reasons for this: 1)
Aquisition of the TransHab license,
2) Large desert area, 3) Closeness to
a large city, 4) Closeness to space
research institutions, and 5)
USA is the leading nation in
the ISS cooperation.

Towards Humans on Mars
Legal Considerations
The execution of the Morpheus program
requires the establishment of a single legal
entity, the Kasei Company, to build up
contractual relations with various actors in
order to initiate both the construction of
the Gaia ground facility and the founding of
a collaborative network. Furthermore, the
utilization of Gaia, including a mid-fidelity
version of Ares, must be regulated and
structured, and preparations made for the
eventual Morpheus Consortium partnership.
Implementation of Ares requires a
thorough assessment of the regulatory
framework of ISS and the legal
implications of docking Ares to ISS as
well as insurance, safety, and utilization
aspects such as intellectual property rights.

The international law dimension of the
Morpheus program ranges from aspects
of technology transfer to norms of space
law regarding the launch and operation of
Ares. The ultimate rationale for Morpheus
is a future human flight to Mars, and thus
this program should provide the impetus to
analyze the existing UN treaties governing
outer space leading to an eventual Mars Treaty.

Outreach
Over the course of the Morpheus Program
a number of outreach activities will be conducted. The outreach is split into two main
areas of focus: local and global.
The local focus will mainly occur in the
Gaia facility. Key elements are the Ares
mock-up that will be fully accessible to
the public (which can be seen in figure 4),
observation windows to the scientists and
researchers, and the possibilites of students
having classes and courses in the facility.

Figure 4: Vistors at the Gaia facility
exploring the Ares mock-up

The global focus activities take place outside
of the Gaia facility. The main tool for these
will be the extensive website that will reach all
corners of the globe. Other activities includes
displaying an Ares mock-up in other locations,
and collaborations with universities around
the world.

Policy and Politics
The space policies of the United States,
Europe, Russia and China have been assessed
in comparison to major characteristics
that support Morpheus: desirability of
international and commercial cooperation,
interest in Mars exploration, and participation
in human space flight programs. Morpheus
is in accordance with the policy of all the
nations studied.
Morpheus may provide a forum for initial
cooperation leading to a human mission
to Mars. The political entities involved in
making space policy have been identified.
Morpheus will engage businesses, the
scientific community, and the groups desiring
eventual human settlement of Mars.

“The international
law dimension of the
Morpheus program
ranges from aspects
of technology transfer
to norms of space
law regarding the
launch and operation
of Ares.”

“Morpheus is in
accordance with the
policy of all the
nations studied.”
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The Gaia Facility

“The Gaia
facility...consists of
two main parts: The
core center, the Gaia
building...and the
partners’ network
that is spread around
the world”

“The Ares Hall is
dedicated to a full
scale mock-up of the
Ares module, which
the general public is
allowed to enter and
tour.”

The Gaia facility’s unique capabilities
make it a desirable base for research,
thus contributing to the final goal of
the Morpheus program: sending humans
to Mars. It consists of two main parts:
the Gaia building that is the core center
located in the desert near Los Angeles,
and the partners’ network that is spread
around the world in different universities
and organizations.

Wing

Facility

R i g h t Machine Shop
wing
Rover Garage and Mars Rover Track
Control Room
Integration Room
Martian Atmosphere Room
ISPP Room
Mars Regolith Brick Development and
Production Room

The Gaia building has three main
components: the left wing, the right
wing and the Ares Hall, which is the
central part of the “M”-shaped (for
Mars) Gaia building when viewed from
the air (see figure 5 and 6). The Ares
Hall is dedicated to a full scale mock-up
of the Ares module, which the general
public is allowed to enter and tour. The
left and right wings include the main
research segments. The main sections
in the right and the left wing of the
Gaia building are summarized in table 1.

The Gaia building is designed to: 1) house
specific/identified science and technology
developments, 2) have re-configurable/
extra labs not addressed in this report,
3) have maximum access and “hands-on
feel” for visitors, without disturbance to
the investigations, 4) provide facilities for
entertainment, education, and outreach, 5)
provide any other necessary facilities for
staff and for future expansion.
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Table 1: The main sections in the right and left
wing of the Gaia building

Dust Lab
Cafeteria
Library
Medical Center
Offices
L e f t Mars Space Suit Room
wing Centrifuge Test Facility
Ares Operations Room
Conference Room
Offices

Towards Humans on Mars

Figure 6: The Gaia building seen from the front

Gaia experiments
A human mission to Mars constitutes interactions
between three elements: the human, the system and
the environment. It is vital for a mission to Mars
that human beings are empowered with scientific
knowledge and technology in order to push the
frontiers in the realms of space exploration.

Figure 5: Internal layout of Gaia

Systems should be compatible with the
environments encountered on Earth, in space,
and on Mars. Demonstrating a technology
on Earth helps to achieve a certain level
of confidence in the technology. Testing
on Ares may prove to be a vital step in the
validation process, due to different factors
such as gravity, atmosphere, and temperature.

“Systems should
be compatible with
the environments
encountered on
Earth, in space, and
on Mars.”

“Demonstrating a
technology on Earth
helps to achieve
a certain level of
confidence in the
technology. Testing
on Ares may prove
to be a vital step
in the validation
process...”
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Experiment Proposals
“The aim of
the Gaia Mars
Dust Analog
is to seek an
optimum analog
to standardize the
composition of
dust models... ”

“The Martian
Regolith-based
Shielding
(MRS) science
demonstration
will test...concrete
made of Martian
regolith and
hydrogen-based
polymers...”

The Morpheus Program focuses on
areas that are critical to investigate before
sending humans to Mars. Table 2 outlines
some of the science and technology that
needs to be developed on Earth before
undertaking a Mars mission, independent
of the specific mission architecture.
The following experiments and facilities
are described in detail because of their
criticality in affecting a human Mars
mission: Mars Dust Analog, Martian
Regolith Based Shielding, Isolation,
In-Situ Propellant Production (ISPP)
and
Mars
Environment
Room.

Mars Dust Analog
A
globally
uniform layer of regolith
dust exists on the surface of
Mars that poses unique challenges
to future missions. The aim of the
Gaia Mars Dust Analog is to seek
an optimum analog to standardize
the composition of dust models
for use in a multitude of
ongoing studies.

Martian Regolith
Based Shielding
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The Martian
Regolith-based
Shielding (MRS) science
demonstration will test how
materials (particularly concrete made
of Martian regolith and hydrogenbased polymers) attenuate neutrons
and heavy nuclei from Galactic
Cosmic Radiation without
producing significantly large
amounts of secondary
radiation.

Table 2: Science and technology that need to be
Mars mission independent of the specific mission
Areas

Brief Description

Propulsion

Chemical/cryogenic systems,
propellant storage systems

In-situ resource

Propulsion production researc

utilisation

extraction, purification metho

Power

Solar power, nuclear power, p

Attitude Control and

New/improved software tech

Determ. Systems

and attitude information, imp

Thermal Control

Radiators for nuclear power p

adapted for Mars environmen
Structures

Inflatable and deployable stru

Materials

Material degradation (radiatio

impact protection technology
Entry Descent

Aerodynamic braking, develo

Landing Systems
Spacecraft

Maintenance and repair opera

Autonomous

equipment testing infrastruct

Systems.
Surface Mobility

Rovers and robots (fuel cell p
wheels, navigation

Information

Advanced avionics software,

Technology

mathematical models for rad

Dust Mitigation

Martian dust characterization

systems

decontamination systems (EV

Tele medicine

Infrastructure improvements

Crew Health

Isolation and confinement, ar

gravity, decompression illnes

and performance issues, hum
Biological Sciences

Plant/cell biology and suppor

exobiology and earth based e
Closed Ecological Life

Static discharge systems, filt

Support Systems

systems, water management
systems

Environmental

Thermal control, biological pr

Protection
Communication

Communication infrastructure

Habitation

Space and privacy, color, ligh

structural testing/certification
Extravehicular Activity Development of EVA suit for
Radiation Shielding

Regolith, hydrogen and carbo

and habitat, early warning se

Towards Humans on Mars

e developed on Earth before undertaking a
architecture

, nuclear thermal rockets, electrical propulsion systems,

ch and necessary hardware development, drilling,

ods for water

power storage systems

hnologies for ACDS systems, improved sensors for velocity

proved navigation systems

plant, active and passive thermal control systems

nt

Isolation
The Morpheus
program proposes an
experiment to study and find
countermeasures for the effects
of isolation and confinement on
the psychological well-being, group
(interpersonal and intercultural)
dynamics, cognitive functioning
and work performance of
the participants.

uctures, Structural Analysis Software

on exposure), contamination of materials, meteorite

y

ISPP

“The Morpheus
program proposes
an experiment to
study and find
countermeasures
for the effects of
isolation and
confinement on the
psychological wellbeing...”

opment of heat shields, soft landing systems

rations in space (limited assistance from Earth),

ture

powering), solar storm shelters within the rovers, type of
nanotechnology, Ultra Large Software Integration,

diation studies

n, filters and filtration systems, EVA suits, dust and

VA suits and rovers)

ISPP is an
important part in the
mission architecture. The
goal is to study the process of
ISPP in detail, and develop a set
of adaptable hardware that will be
able to provide propellant for
robotic missions and for the
manned missions to
Mars.

“The goal is to study
the process of ISPP
in detail...”

s, autonomous diagnostic and health care systems

rtificial gravity and hardware development, partial

ss, EVA schedules, portable hyperbaric chambers, health

man factors, pharmacological research

rting hardware, effects of heavy ions on biological tissues,

extremophile studies

tration systems, humidification systems, air management

t systems, waste management, food management

rocess control (microbial contamination)

e, signal delay research

hting and interior architecture, vibration/ acoustics,

n for a habitat
Mars , reusable EVA suits

on nanotubes as shielding, radiation sensors for EVA suits

ensors for predicting solar particle events

Mars
Environment
Room
The Morpheus
program will develop
an isolated Mars Room where
it is possible to perform tests in
conditions similar to those found on
Mars (pressure, temperature, light, and
atmospheric composition). This room
will be a cylinder 2 meters in diameter
and 5 meters in length, closed at
each end by two hemispheres
2 meters in diameter.

“The Morpheus
program will develop
an isolated Mars
Room...”
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Ares Module
“Habitation has to
be improved…if
you don’t have a
good place to live,
you won’t have a
productive crew and
you won’t be able to
use this wonderful
facility (ISS) to the
max.”
Shannon Lucid,
NASA astronaut
with the American
record for space
flight duration
(at a conference
on the
commercialization
of TransHab)

Ares’ innovative inflatable design provides for
three times the volume of conventional ISS
modules, without a corresponding increase
in required launch volume or mass. The top
of Ares will be docked to the nadir pointing
docking port on Node 2 of the ISS, while
the bottom port of Ares will allow for the
docking of a second Soyuz module. The
additional Soyuz will enable the crew size
of the ISS to increase to six, which is the
number that Ares is designed to accommodate
and the crew size called for in the majority
of human Mars mission architectures. See
figures 7 and 8 for illustrations of Ares.
The Ares module design is based on TransHab
because of its continued prevalence in
NASA Mars mission architectures and its
compatibility with the Morpheus project’s
major research objectives. Inflatable habitats
are crucial to the human exploration of
Mars. The development of the Ares module

for placement on the ISS will in effect be one
of the steps for a development of a Mars transit
habitat, and possibly also a Mars surface habitat.
Therefore, the Ares facility itself is a significant
step towards human exploration of Mars
regardlessof the activities that take place inside.
Ares is unique because it provides possibilities
for discrete activity centers for exercise,
sleeping, eating, hygiene, medicine etc. The
crew quarters, which are located in the center,
are completely surrounded by a water tank that
serves as a radiation shelter for the sleeping
crew and a safe-haven for solar particle events.
In addition, the work area and mechanical
room have been acoustically and physically
isolated from the rest of the living space.
This makes it habitable, as well as allowing
for ample science return. The exercise
area is located on the opposite side of the
module compared to the galley/wardroom.
Both have access to earth-viewing windows.

“Ares’ innovative
inflatable design
provides for three
times the volume of
conventional ISS
modules, without
a corresponding
increase in required
launch volume or
mass.“
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Figure 7: The interior of Ares showing the Crew Quarters, Science
Lab, and Mechanical Room

Towards Humans on Mars

“Ares is unique
because it provides
possibilities for
discrete activity
centers for exercise,
sleeping, eating,
hygiene, medicine
etc.”

1

2

“The crew
quarters...are
completely
surrounded by a
water tank that
serves as a radiation
shelter for the sleeping
crew and a safehaven during solar
particle events.”

3

1

4

Exercise/hygiene/
Exercise
medical area

Airlock/Soyuz
Docking Point

2
Science Lab/
Mechanical Room
(outside)
Crew quarters
(inside)

4

3
Galley/Wardrobe/
Control center

Figure 8: A cross section of Ares showing the different interior parts
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Experiment Proposals
“Ares will allow
research in areas that
must be understood
in order for humans
to go to Mars...”

“ViGAR is a
combination of a
bicycle on a centrifuge
and an integrated
virtual reality system”

“The Radiations
Studies considers
ground and space
facilities that can be
used for heavy ions
research...”
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Some of the major science and technology
fields require space validation to enable a
successful mission to Mars. Ares will allow
research in areas that must be understood
in order for humans to go to Mars, and it
can be a testbed for hardware to be used
on a Mars transit in the space environment.
Criteria that have been used to choose the
science and technology demonstrations to
be conducted on Ares are as follows. The
science and technology demonstrations
should interact with the space environment

in a manner that cannot be simulated
on Earth, reduce the cost and risk of
a human mission, greatly increase the
performance of a human mission,
and have been subject of very little
previous study. See table 3 for possible
demonstrations that can be done on Ares.
In this report, the following experiments
on Ares have been described in detail:
Radiation Studies (biological Sciences),
ViGAR Space Research Proposal (Medical
countermeasures) and Dust Filtration.

Table 3: Science and technology that need to be developed in space before undertaking a
Mars mission independent of the specific mission architecture
Areas

Brief description

Propulsion

Nuclear thermal rockets, electrical propulsion systems

Power

Solar power, nuclear power, power storage

Thermal Control

Radiators for nuclear power storage

Structures

Validation of inflatable structures, deployable structures etc.

Materials

Material degradation due to exposure to radiation,
Meteorite impact protection technology

Spacecraft
Autonomous
Systems

Maintenance/repair operation in space (limited assistance from the Earth),
advanced built in testing equipment infrastructure

Information
Technology

Advanced avionics software, nano technology,
Ultra Large Software Integration

Tele Medicine

Improvement in the telemedicine infrastructure,
autonomous diagnostic and health care systems

Crew Health

Crew psychology issues (isolation and confinement),
space deconditioning (artificial gravity, hardware development, partial gravity
research)

Biological
Sciences

Effects of heavy ions on biological tissues

Closed Ecological Life Support
Systems

Static discharge systems, filtration, humidification systems, air management,
systems, water management systems, waste management, food management,
biological process control, thermal control

Habitation

Ergonomics, color, lighting and interior architecture, vibration and acoustics,
structural testing and certification for habitation

Radiation
Shielding

Radiation shielding materials (hydrogen, carbon nanotubes), radiation sensors
(EVA suits and habitat), early warning for solar particle events

Towards Humans on Mars

ViGAR
Existing
countermeasures are not
enough to adequately counter the
physiological effects of microgravity.
Virtual Gravity Artificial Reality (ViGAR)
is a novel “all-in-one” countermeasures device
capable of an integrated package of countermeasures including artificial gravity, exercise, and
virtual reality. ViGAR is a combination of a
bicycle on a centrifuge and an integrated virtual
reality system (see figure 9). The device
will help counter the cardiovascular and
musculoskeletal deconditioning and
will also have some psychological
benefits.

Radiation Studies
A
future
interplanetary crew will be
faced with an unprecedented exposure
to heavy ions. There are limited studies on
this topic, and more research is needed. The
Radiations Studies consider ground and space
facilities that can be used for heavy ion research,
and outline a focused international effort on
the ground and in space to address the
dangers to cells posed by the heavy ion
component of the Galactic Solar
Radiation.

Figure 9: Shows a scetch of the ViGAR device

Dust Filtration
Martian dust,
due to its abundance and
small size, is a problem that must
be dealt with before sending humans
to Mars. Elements of current filtration
systems need to be changed continuously and
have not been developed fully or designed with
Martian dust in mind. Dust Filtration will design
a system that will remove the dust and particle
contamination from enclosed environments
used throughout a Mars mission. It will
operate in microgravity and in
Martian gravity.

“Dust Filtration
will design a system
that will remove the
dust and particle
contamination...”
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Making our Dreams the Future:
Concluding Remarks
In our quest to reach the stars, the first human
footprint on Mars is inevitable, but the path
ahead is long and fraught with uncertainty.
Humanity must join together from today,
accept the challenge to tread this path with
spirit, and open the door to the next chapter
of human history.

“In our quest to
reach the stars,
the first human
footprint on Mars
is inevitable, but the
path ahead is long
and fraught with
uncertainty. ”

“Humanity must
join together from
today, accept the
challenge to tread
this path with spirit,
and open the door to
the next chapter of
human history.”
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Program Advancing Towards Humans
on Mars (P.A.T.H.–M) has presented the
Morpheus Program to address the challenge
to enable humans to go to Mars, to facilitate
the development of a systematic, coherent
approach to answer the questions that arise
when planning a human Mars mission. Earth
and space have been considered as two primary
platforms for conducting necessary research
and development. This has taken the form of
a dedicated ground facility, Gaia, and a large
module, Ares, to be integrated to the ISS.

Figure 10: The Ares Hall, where you can see th
with the Martian Environment Chamber in the b

Many lessons have been learned in the process of this project. One of the most important must be
that we need to take a coherent approach to human Mars mission planning. Coherent relates to:
•
•
•
•
•

What?
Who?
Where?
How?
When?

Comprehensive
Inclusive
International
Systematic
… from today

including everything
including everyone
conducted everywhere
in a logical, ordered manner

Figure 13:Soyuz d
Figure 12: Ares docked with the International Space Station

Towards Humans on Mars

he plans for Ares,
background

Figure 11: The Gaia Gift Shop where it is possible to buy souvenirs
from the Morpheus Program such as a mini Ares module

An interdisciplinary approach employed correctly can lead to extremely coherent
results. It allows possible conflicting requirements to be resolved at an early point
in the design phase and allows the maximum possibility to exploit complementary
requirements. Early and accurate definition of goals, objectives, and requirements
is essential. Failure to do so has been seen previously.
The complex program created encourages the development of many new and
innovative ideas:
1. Investigation proposals presented in the Earth and Space Segments
developed from significant original material
2. Common location from where the program can begin and gather
momentum, and at the same time it is used to raise awareness (i.e. to act as a
‘head quarters’)
3. Concept of distributed work (through the collaborative network), but
centralized information (Gaia).
4. Private-Public-Partnerships, where the initiation is done by a private company
rather than the government
5. Development of a consortium leading to collaboration rather than
competition.
6. Systematic and coherent approach applied at all points

We, the students of the MSS
Class of 2003, want our
work to have some lasting
influence. We wish to pass
on our fresh perspective
and enthusiasm. We hope
to inspire people with the
means to make a difference.
We
take
responsibility
for a dream special to us.

docked with Ares
Figure 14: The ViGAR bicycle device

“We, the students
of the MSS Class
of 2003, want our
work to have some
lasting influence. We
wish to pass on our
fresh perspective and
enthusiasm.”
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The P.A.T.H.-M Report was written by the “Human Mission to
Mars Using the International Space Station“ Team Project group
of the Master of Space Studies class 2002/2003. The report was
published in July 2003.

Additional copies of either this Executive
Summary or the final P.A.T.H.-M Project Report can be
ordered from the International Space University.

International Space University
Strasbourg Central Campus
Parc d’Innovation
1 rue Jean-Dominique Cassini
67400 Illkirch-Graffenstaden
France
Tel: +33 (0)3 88 65 54 30
Fax: +33 (0)3 88 65 54 47
E-mail: info@isu.isunet.edu
Web: www.isunet.edu
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