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PREFACE

This report is the result of the final thesis assignment that I have performed as part of
my study Aerospace Engineering at the Delft Technical University of Technology
(LR489). The work has been done at the ESA Office for Educational Projects
Outreach Activities (ADM/RE) located at ESTEC, The Netherlands. During the initial
four months of my stay at the ADM/RE Office, I have performed the practical work
period of which a brief overview of activities is provided at the end of this report (LR-
PW8). All my activities at the ADM/RE Office were under the supervision of Prof. Dr.
W. J. Ockels.

I clearly remember the moment when I started with my final thesis work: end of 1997, I
was sitting at home looking at a book with superb photos of the Apollo missions.
Trying to figure out an appropriate subject for my thesis assignment, it suddenly
appeared to me: my fascination for space does not stand on itself but originates from
my fascination for the frontiers of human reality. To share this fascination for space
with other people was going to be my thesis work subject. I realised that Mr Ockels,
who himself has experienced this ‘outer space’ frontier, was the best person with
whom I could work out this objective. It resulted in the ‘Faces of Earth’ proposal for the
Euromoon 2000 project, a proposal which I developed with the help of Noortje Marres
and my brother, Job van Dijk. Looking back, I greatly thank Wubbo Ockels for allowing
me to conduct my thesis work on the further work out of this proposal for a real space
mission: the LunarSat project.

Being part of the ESA Office for Educational Projects Outreach Activities at ESTEC, I
took full advantage of the opportunity to learn about and work on the practical reality
of space. Maybe this is why it took me a little bit longer to finish my thesis work. But I
have never learned so much as in the last two years. I therefore thank my supervisor
Wubbo Ockels for sharing his vision and for his patience and inspiration.

I thank Joris Thijssen, my partner in the virtual FFU space engineering company, for
his fruitful support and advice: a true brother in arms. Who knows, FFU space
engineering might still become a reality one-day (TBD). I thank my Office colleagues
Robin Biesbroek for snow boarding and Clovis de Matos for a great diner in Leiden. I
much thank Audrey Paterson for everything she has meant and done for me during
my stay at ESTEC. I thank Michiel Rodenhuis and Peter van de Plas for helping me
out with Eurosim. I thank Peter Eckart and everybody from the LunarSat team in
Munich or elsewhere for their support and co-operation during my thesis work. I thank
Stefano Angelucci for a bed to crash on in Munich and Gernot Groemer for letting me
in with the work of LunarSat public outreach and education.

I thank my parents for their unconditional support. This one’s for you Piet. I thank my
brother, who continues to be an important source for inspiration and without whom my
life would not be the same (‘The van Dijk Brothers’). I thank Anna for her unconditional
support and patience. Its time to meet the post-thesis Sander. I thank Marzel and Max
for their pleasant company during the long nights behind my Apple, Max in real space
and Marzel in cyberspace. I thank Rebecca and River for a touch of real life. I thank
Noortje Marres for inspiring me during the initial conception of the ‘Faces of Earth’
proposal.

Finally, I would like to give a shot out to all people at Good Looking records for making
the music that kept me going so many nights: the biggest space is in the mind.

…beam me up, Scotty….

Amsterdam, May 2000
Sander van Dijk
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ABSTRACT

At a time in which the world seems to indulge in the virtual promises of the Internet, a
renewed effort to communicate the visions and benefits of outer space has been
initiated worldwide. The underlying objective being both to stimulate people’s interest
in and enthusiasm for science and technology and to create awareness of the key role
the Earth oriented use of outer space plays in modern day society. In Europe, the
establishment of a dedicated ESA Office for Educational Projects and Outreach
Activities (ADM/RE) has been one of the first major results of this renewed
communication effort.

The prime engagement of the ADM/RE Office at the time it was established (June
1998) was related to the ongoing development of a pan-European lunar mission called
LunarSat. The scientific objective of this low cost mission is to investigate the lunar
South Pole suitability for the first extra-terrestrial human outpost. It is designed
primarily by (under)-graduate students from all around Europe. With the LunarSat
mission being managed by the ADM/RE Office, public outreach and education has
become the main objective of the mission.

One of the public outreach and education projects defined by the ADM/RE Office for
the LunarSat mission is the EarthViews project. The goal of this project is to re-
introduce the reality of outer space to today’s cyberspace generation by providing on
the Internet a near real-time visualisation of the spacecraft’s journey to the Moon.

The goal of this report is to further develop the EarthViews project and to assess its
feasibility within the LunarSat mission. As LunarSat is a low cost mission, the primary
aim is to develop the project within the already established mission/spacecraft design
and stringent budget constraints imposed on the mission.

As such, the objective of this report is twofold:

•  A further work out of the EarthViews concept and its opportunities for the
communication of space.

•  A comprehensive development/feasibility study for the realisation of the
EarthViews project within the LunarSat mission. This includes:

•  The development of a visualisation scenario based on the LunarSat mission
design and the specifications of the onboard cameras

•  A technical and operational feasibility assessment of a Near Real Time
direct visualisation on the Internet, the latter consisting of the following
two objectives: (1) Continuous Imaging throughout the transfer, (2) Near
Real Time distribution of the images on the Internet

The main conclusion is that the LunarSat mission is very well suited to realise the
EarthViews project. By assessing the project’s feasibility in the LunarSat mission on a
considerably detailed level w.r.t. both mission design and spacecraft design, the
feasibility of both the engineering part as well as the operational part has been
demonstrated. The main additional requirements requiring further study and
development are related to the LunarSat ground segment design.

Overall, the following three issues are found to be the main drivers for the extend to
which the project can be realised within the current LunarSat mission design:
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•  Ground station coverage during transfer.
•  Capability of ground segment for NRT image distribution.
•  Availability of budget for further project development and implementation.

For all three drivers, different options are provided which enable a better
implementation of the EarthViews project within the nominal LunarSat mission design.
The search for these options was done with special focus on their contribution to the
educational value of the project.

 Visualisation concept for the LunarSat journey to the Moon
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CHAPTER 1. INTRODUCTION

‘Space…The Final Frontier…’

Today, this quote from the well-known television series ‘Star Trek’ seems to refer
more to the virtuality of cyberspace than to the reality of outer space. At a time in
which the world indulges in the ‘endless’ promises of the Internet and Virtual Reality
environments, modern day visionaries are preparing us for a virtual future1. A very
unexpected turn, considering the fact that the ‘door’ to outer space has only recently
been opened.

From infinite time in space to infinite space in real time
Confronted with the view of the Earth from outer space, the sensation of the Earth
being only a very small and fragile habitat rapidly changed our once so fragmented
world into a global village. Pushed by the development of the Internet, we have now
come to live in a world where ‘everything happens in the perspective of real time:
henceforth we are deemed to live in a one-time system’ (Virilio, 1984). Apparently, the
progression into outer space itself is at least partly responsible for bringing down this
outwards oriented ‘final frontier’ to the Earth’s surface2. A ‘final frontier’ inwards,
holding the promise to overcome all our physical shortcomings: infinite virtual space in
real time.

Visions of the future
This ongoing transformation towards a globally connected ‘real time’ society is
dramatically changing the meaning of the term ‘future’. Where the ‘final frontier’ of
outer space inspired long-term visions of human exploration and settlement beyond
Earth, the development of cyberspace leads people to believe that the future is
tomorrow. The modern world seems captured in a maelstrom of instant satisfaction
and short-term capitalism: ‘time is money, so real time means real money (CNBC
quote).

This current trend, which can be found on all levels in modern day society, ignores
however the fact that there is and always will be a fundamental need for long-term
vision: not only for our own future, but more importantly, as a guide for the generations
to come. Growing up in the sophisticated world of today, a world so completely
different from only 50 years ago, young people ask for genuine vision to guide their
lives. Hungry as they are to gain fundamental understanding, they want to learn about
the physical world in which they grow up, a world that they want to discover and
explore. In a global society governed by short-term economics and virtual promises,

                                                       
 1  Striking visions of ‘our’ virtual future are portrayed in recent movies such as the Matrix (1999,

dir.: Wachowski Brothers) and ExistenZ (1999, dir.: David Cronenberg).

 2 Interesting in this respect is the fact that the Defense Advanced Research Projects Agency
(DAPRA), who’s ARPANET is generally seen as the ‘birth’ of the Internet, was established in
1958 as the first U.S. response to the Soviet launching of Sputnik.
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the incentive to acquire such fundamental understanding is hard to find, leaving
behind a reality deprived of true hope and inspiration.

Shoot for the Moon and you will end amongst the stars
Zooming out, we find that in our culture, a culture which at its very heart is still driven
by the continuous search for fundamental understanding, the vision of humankind
leaving the Earth remains to be one of the most universal dreams for ‘our’ future. It is
a dream that touches upon the most fundamental drive of human existence: the
curiosity for the unknown. When asked what people believe to be the most exciting of
all long-term futures, chances are most people will point at the sky and say: ‘the
sky…an important part of our future is up there somewhere’. Even when they don’t
exactly know what it will look like, they feel  it must be up there somewhere,
somewhere amongst the stars. This holds especially for the youth, because it is a
vision which both conceives hope and challenge. One of the most popular professions
when asked a teenager is still to become an astronaut, to discover unknown worlds
and look back on our planet floating amongst the stars.

Creating the opportunity for people to actually experience their own existence in outer
space -to see the totality of their every day reality- is therefore a very good way to
inspire people, to bring about new and personal visions of the future. Actually
experiencing the reality of outer space, to see the Earth in the broader perspective,
will bring about feelings of wonder, of hope and inspiration, moments of reflection,
beauty and consolation. Outer space, and most importantly, the view of Earth from
space, will allow people to elevate from their every-day existence.
Creating this opportunity will thereby also revitalise the enthusiasm for the outward
looking emphasis of our future. Where nowadays people are spending most of their
time behind small computer screens, the information overload resulting from the
unification of the terrestrial world keeps them from looking at the sky. We have to
persuade people to look away from their computer and television screens, up again
towards the sky. Today only experience can do the trick. Because of the impossibility
of physically transporting millions of people into space with present day technology,
we have to offer people the feeling of being in outer space themselves.

The EarthViews project aims to offer people such a feeling and ironically enough, the
emerging Internet is perfectly suited to realise this aim. By mediating the reality of
outer space in cyberspace, the feeling of being in outer space –to see and experience
the Earth from space- can be offered to the Internet community world-wide.

In 1996, an exiting new space exploration mission called LunarSat was initiated which
aims to refocus our future towards outer space by taking the first step in the definite
return to our closest neighbour, the Moon. This mission, which is entirely designed by
students from all around Europe, recently emerged from the legacy of the visionary
Euromoon2000® project as an education and outreach mission under the auspices of
the ESA Office for Educational Projects Outreach Activities (ADM/RE). Here, it was
recognised that the LunarSat mission provides a unique opportunity to realise the
EarthViews project. With the Moon being the satellite’s final destination, the real-time
visualisation of the journey will give people not merely the feeling of being in space but
will allow them to travel all the way to the Moon and experience the Earth from an
even more evocative perspective. The EarthViews project has therefore been included
as one of the main public outreach and education activities for the LunarSat mission.

This decision requires both the EarthViews concept to be further worked out and the
project to be adapted to and assessed for the LunarSat mission. Together, these two
assignments form the goal of this report.
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As such, the objective of this report is twofold:

1. A further work out of the EarthViews concept and its opportunities for the
communication of space.

At the time the EarthViews concept was first proposed, it included a variety of
plans and ideas for the communication of space, which all were in one way or
another related to the original idea as, described above. With the project
becoming part of the LunarSat outreach and education activities, the first objective
is to establish a more comprehensive outline of the concept and related
opportunities to enhance the communication strategy of the LunarSat mission.
Being part of the ADM/RE Office, this strategy focuses on two distinct goals:

•  Public outreach and education of space and therewith science and
technology.

•  Creation of awareness within the European audience of space activities
conducted in Europe.

2. A comprehensive development/feasibility study for the realisation of the
EarthViews project within the LunarSat mission.

 
The goal to realise the project within the already established LunarSat mission
design requires the project to be developed/assessed with the design of the
LunarSat mission as the starting point. As the EarthViews concept itself is not
directly related to any space mission in particular, this study will therefore at the
same time be both a LunarSat-EarthViews development study and an
EarthViews-LunarSat feasibility study. It includes the following parts,
•  The development of a visualisation scenario based on the LunarSat mission

design and the specifications of the onboard cameras
•  A technical and operational feasibility assessment of a Near Real Time

visualisation on the Internet, the latter consisting of the following two
objectives: (1) Continuous Imaging throughout the transfer, (2) Near Real
Time distribution of the images on the Internet.

This feasibility assessment for Near Real Time visualisation is broken down in the
following two parts,

•  ‘Space TO Ground’ segment.
- Continuous imaging
- NRT downlink of image data

•  ‘Ground TO Internet’ segment.
- NRT exposure of the images on the Internet

The structure of the report reflects the set up as provided above.

Introduction
The first three chapters together form the introduction, leading up to a detailed
definition of the anticipated LunarSat-EarthViews project. Chapter 2 describes the
background of the recent worldwide focus on the communication of space. It
specifically focuses the European situation, i.e. the European Space Agency, where
the establishment of the ESA Office for Educational Projects Outreach Activities has
been one of the first successful initiatives. Chapter 3 provides an overview of the
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LunarSat mission’s history, together with a general overview of the reasons and
perceivable benefits of a return to the Moon. It also includes an overview of the
scientific and technological objectives of the LunarSat mission. Chapter 4 returns to
the issue of space communication. An analysis of the communication of space in
today’s society provides the background for the establishment of the LunarSat-
EarthViews project. It concludes with the establishment of the requirements and
constraints for the LunarSat-EarthViews feasibility study.

LunarSat mission overview
The following three chapters provide a comprehensive overview of all important
aspects of the LunarSat mission. Chapter 5 describes in short the overall LunarSat
mission design, the spacecraft design on subsystem level and the currently foreseen
operations concept. Chapter 6 elaborates on the issue of mission design, more
specifically on the foreseen transfer strategy to the Moon. Here, a baseline strategy is
selected which will be used for the remainder of this study. Chapter 7 gives a detailed
description of the onboard camera system. This system will be used to visualise the
journey to the Moon and is therefore one of the most vital assets of the mission when
it comes to the feasibility of the project.

Conceptual and NRT visualisation feasibility assessment
The last four chapters together comprise the work out of the feasibility study. Chapter
8 deals with the so-called ‘conceptual feasibility’: it contains a detailed work out of the
visualisation concept for the baselined Lunar Transfer strategy. Chapter 9 is the first
chapter of the technical and operational feasibility assessment. It starts with an
important outline on how the issue of technical and operational feasibility is assessed
in this final part of the report. The remainder of this chapter deals with the technical
feasibility for the ‘Space TO Ground’ segment. Chapter 10 describes the operational
feasibility of the ‘Space TO Ground’ segment. Chapter 11 finally provides an overview
of the issues concerning the ‘Ground TO Internet’ segment.

The overall conclusions and recommendation for further work are provided in chapter
12.

A dedicated EarthViews homepage has been set up which serves as the central
location for information on the further development of the EarthViews project. It can be
reached directly at www.estec.esa.nl/outreach/EarthViews or via the official LunarSat
Homepage.

Currently, it includes:
•  The original ‘Faces of Earth’ proposal (PDF format)
•  The LunarSat-EarthViews feasibility study report (PDF format)
•  Several VRML simulations, including both the transfer and the EarthViews

visualisation, which were made as part of this thesis work.
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CHAPTER 2. THE COMMUNICATION OF SPACE

‘…Nothing ages more quickly than the future.
The future has a history too…’

The expansion of humankind into outer space has undoubtedly been one of the most
striking metaphors for the conception of the future in the 20th century. Although
physically speaking, space only came within reach less than 50 years ago with the
launch of Sputnik in 1957, outer space has always played an important role in human
history ever since the rise of the early civilisations. Within this context, it can therefore
be argued that the actual going into outer space of the human race is a logical
progression into the future, in line with the explorations undertaken by Columbus,
Vasco da Gama and others more than 500 years ago. The Sputnik launch did not
come as a complete surprise after all.

This chapter will start with a brief introduction on the question why there is a need to
communicate space (§ 2.1). The European view point for the communication of space
is outlined in § 2.2 and the newly established Office for Educational Project Outreach
Activities (ADM/RE) which is one of the first results of this effort is introduced in §2.3.

2.1 Welcome to the Space age

Today, entering the 3rd Millennium, one could say that the space age has truly come of
age. Human presence in space, once seen as the absolute paradigm of the future,
has now become a reality, taking place on a regular basis in every day. Both
cosmonauts and astronauts are spending more and more time in space and with the
recent start of the assembly of the ISS, this trend towards permanent presence in
space will be further expanded. At the same time, back on Earth, our global society
has also become increasingly dependent on a variety of space applications.

The best argument can however be found by looking at the way space is perceived by
the public. Today, it seems nobody is startled anymore about the fact that humans go
into space, let alone live in space onboard space stations. With space being used so
extensively, it has become a natural fact that we humans use space for the benefit of
our lives on the Earth.

During the relatively short period in which space activities have actually began to take
shape, the constantly changing interpretations of our ‘future in space’, as mediated in
different areas of society (popular culture, philosophy, politics and others), give an
interesting insight in the history of humankind’s practical pre-occupation with its ‘space
future’.
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Space applications
take a leading role

in every day
activities

Nothing ages more quickly than the future
A famous example of the speed of aging of our space
oriented future is the so-called Clark orbit. Already in 1945,
the famous science fiction writer Arthur C. Clark proclaimed
the possibility of a global communication network using only
three Earth oriented satellites, something that at that time
was perceived to be a concept within the realm of science
fiction. Today, this Geostationary Orbit is extensively used
for telecommunication satellites and presents one of the
most valuable assets of Near Earth outer space.
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During the early days of modern space activities, which ended with the landing of the
first humans on another world, humankind’s near future was thought to see fast
development of ‘overseas’ colonies. A decade of total dedication of an entire nation
culminated in the split second, which it took Neil Armstrong to set its footprint in the
dusty surface of the Moon.

‘…Soon it will be filled with park and cars…’ [Satellite of Love, Lou Reed]

Outer space was perceived as being one of the most essential guidelines for the
future of the western world. After a few consecutive landings on the Moon however,
the Apollo program was cancelled, thereby disclosing the true reason for the
endeavour: to beat the Russians in the Earth bound space race.

After Apollo, technological and scientific development in space returned to an altitude
as low as 400 km above the Earth surface, a region also known as the Low Earth
Orbit (LEO). Here, the various space habitats such as the Space Shuttle and MIR
station were developed. The retraction from the Earth-Moon system during the Apollo
days to a region so close to the Earth resulted in a turn around of the outward looking
emphasis towards an Earth oriented focus; the Earth receding actually being one of
the most impressive sights experienced during the Trans-Lunar journeys. Space was
after all not only a means of getting away from the Earth but also a very good way of
looking back at our home planet.

During the last three decades, this Earth oriented focus lead to an impressive
development of applications of space technology for Earthly purposes, technologies
that eventually also lead to the development of commercial services provided from
space. Consequently, space has now become an essential part of our civilisation, not
only as a guideline for the future but more importantly, as a practice, right at this very
moment.

Meanwhile, the awareness and interest of the general public in space, which during
the early days was primarily oriented towards discovery and adventure, appears to
have lost momentum with this repositioned emphasis on the applied use of space.
The public seems to have lost direct feeling with space, and consequently it starts to
wonder about the usefulness of space activities, especially in contrast to the amount
of money being spent on it. This attitude on its turn is reflected in the way space is
portrayed in today’s interpretation of the future. Where today space is more useful
than ever, our future in space is being questioned, something which only 30 years ago
was unthinkable.

Because of this apparent (and unfortunate) contradiction between the importance of
space in our present society and the public perception of space, the space community
has once again come to realise that there is a fundamental need to communicate the
importance of space to the public. New initiatives focusing on the communication of
space are therefore being developed around the world. These programmes are based
on two distinctive goals,

•  Education of the new generation about outer space
•  Outreach of space awareness towards the general public

Verne vs Apollo

MIR space station
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Following is a list of topics representing various reasons why space education and
outreach is believed to be important in today’s society.

1. New frontier for science and technology
Space has ever since the launch of the first satellite been one of the most important
areas for new scientific and technological breakthroughs. As the world in which we live
today is to a large extend based on science and technology, the communication of
space represents a good opportunity to provide the public with the knowledge needed
to understand this world around them, both present and in the future. Where people
tend to fear what they don’t know, the current trend indicating a decreasing interest for
science and technology makes it of vital importance to again stimulate young people’s
engagement with science and technology. Bringing back enthusiasm for science and
technology is therefore one of the main goals in the communication of space.

2. Knowledge about the Earth and the universe
The knowledge gained with the use of astronomical satellites, Earth observation and
planetary missions about the Earth and the universe around us is unprecedented.
Where the general search for knowledge and understanding is one of the most
fundamental drivers in the development of today’s culture, space related activities are
essential.

3. New market for commercial business
Space related activities have matured to a level where there are now a lot of
commercial services related to space available which have increased the living
standard of the people on the Earth (e.g. telecommunications). It has for example
been stated that we use space-related technology and/or information approximately 7
times each day. With the development of these commercial services based in space,
the global market has expanded beyond our atmosphere, something that would not
have been possible without the continuing investment in space.

4. Deciding on ‘our’ future in space
Another reason why it is important to communicate space boils down from the
previous ones. In order for people to make well–considered decisions on their future
‘in space’, it is important to have a certain level of understanding about the role space
plays in today’s culture. This also holds for our politicians who to large extend shape
the future of both society and ‘our’ future in space.

2.2 The European Space Agency: Europe in space

The European Space agency (ESA), as one of the major space agencies in the world,
has also recognised the importance to communicate space and space related
activities. As a European organisation, its prime focus is directed towards the
communication of space and space related activities conducted in Europe to the
European public.

ESA was formed in 1975, replacing the ESRO satellite and ELDO launcher
organisations. At that time, the all-consuming space race between the USA and the
USSR had already resulted in a man on the Moon. Up to today, this historic moment is
still seen as the most overwhelming event in space history. No wonder therefore most
people still tend to look primarily at NASA when it comes to space. A good example of
this tendency is the misconception of the Hubble Space Telescope (HST) being solely
an American project while it is in fact an international co-operation with strong
involvement of the European space industry.
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Recently, the reports of two interesting studies came out which strongly relate to the
issue of European space communication and the future of space in Europe.
The first report [Saatchi&Saatchi, 1999] gives an overview of a study conducted in
Europe about the public’s interest in and awareness of space, together with a survey
on the perceived image of ESA within this field. One of the results that came out of
this study was the fact that although the interest of the European public in space is
high, the awareness of Europe’s activities in space and the existence of ESA is rather
low throughout the different member states. It also showed that the public’s interest in
space is focused on two aspects.

•  Tangible benefits of space for Europe
•  Discovery of the unknown

First of all, the European public is critical on space related topics. When asked what
they perceive as the prime reason (if any) for Europe to be in space, their response
emphasised the importance of tangible benefits space should bring to the European
citizens. Next to this utilitarian view on space, it was recognised however that there is
clearly also a general fascination about space, a fascination that relates to space
exploration and the discovery of the unknown. It was therefore concluded that the
communication of space in Europe should include both these aspects.

The second report presented the outcome of a second round of deliberations by
ESA’s Long Term Space Policy Committee (LSPC) on a framework for long-term
strategic thinking w.r.t. a future European space policy [LSPC, 1999]. Here, both
education and the involvement of the general public in Europe’s activities in space
were specifically mentioned as key issues for a successful European space program
as stated in two proposed actions below.

2.3 The ESA Office for Educational Project Outreach Activities

One of the actions which has been taken to implement this renewed focus on space
education and outreach in Europe, has been the erection of a new ESA Office for
Educational Project Outreach Activities (ADM/RE). The objectives of this new Office,
which was officially established in June 1998, are provided in Table 1-1. In order to
fulfil these objectives, the ADM/RE Office will work in close co-operation with both the
various departments within ESA as well as external interfaces including the national
space agencies, industry and educational governmental and non-governmental
institutions such as schools, universities etc.
At the time the ADM/RE Office was established, its prime engagement was related to
the ongoing development of the LunarSat project that will be described in more detail
in the next chapter. A few examples of other activities that have been developed over
the last year or are ongoing at the Office are listed in Table 2-2. Up to date information
can be found on the Internet: www.estec.esa.nl/outreach.

‘Education is a key to tomorrow’s successes in the space field, as well as in many other areas’
Action 18 : Contribute to the creation of a European focus for space education.

‘The public needs to be more aware of the huge potential of space and of what is being done on
its behalf in this field, and to be fully engaged on the discussion to decide on priorities’
Action 19 : Increase the public’s awareness of Europe’s space institutions, policies and
programs.

Investing in space, the challenge for Europe [LSPC, 1999]
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Table 2-1. Objectives of the ADM/RE Office.

Give youth a space future
…‘better, younger and more exiting’…

Education
- promoting the inclusion of space-related topics in the curricula of students at all levels
-  fostering the creation of possibilities for students to actively work on space projects

before graduating, thereby promoting space activities and preparing them for a career
in this field

On-the-job training
- offering students the opportunity to work on real projects, in a stimulating environment,

together with professionals from ESA, national space agencies and European industry

Technology
-  making students aware of technology available on the market or in its development

stage
- introducing methods to evaluate available technology for the future needs of projects

knowledge
- promotion and co-ordination of advanced information and communication technologies

for educational outreach purposes

Table 2-2. Examples of activities at the ADM/RE Office.
Space pinball
The goal of the space pinball game is to provide (young) people with the fundaments of
orbital dynamics that are at the very basis of every conceivable space mission. With the
emphasis of reaching out to young people, the required information is communicated in an
informal way such that it is both fun and intriguing to learn about orbital dynamics [Bol,
1999].

Games
Along the same line of thought, the idea of presenting space to children in a playful
manner has lead to the initial development of a number of other games, one of which is the
space kwispel game.

Stagaires and Young Graduate Trainees
The objective to let people learn about space ‘on the job’ is achieved by providing the
possibility to apply for both stagaire assignments and YGT posts at the Office. Up to now,
several students and young professionals have participated in the activities of the Office,
all being very enthusiastic about our ‘future in space’.

Dedicated Student Parabolic flight campaign
Another activity that has proven in the past to be very successful in making youngsters
enthusiastic about space is the parabolic flight program. In this program, young people are
encouraged to develop zero-g experiments, which they themselves can test during
parabolic flights.

IAF ’99 students outreach project
500 students from around Europe with divergent backgrounds were invited to participate in
the 50th IAF congress that was held in Amsterdam last October. Their presence at the
congress lead to a very fruitful interaction between the younger generation and the global
space community
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CHAPTER 3. THE LUNARSAT MISSION TO THE MOON

‘Check out Europe’s future in the Solar system ’
[LunarSat homepage]

The first major challenge for the newly established Office for Educational Project
Outreach Activities was the management of the LunarSat project that came out of the
legacy of the Euromoon® 2000 program. Because of the mission’s intriguing
objectives, a return to the Moon, and a strong focus on space outreach and education,
it presented an ideal opportunity to bring into effect the objectives of the Office.

Before focusing on the various plans and possibilities to communicate space with the
LunarSat mission, this chapter will provide an overview of the project’s history (§3.1),
the reasons for a return to the Moon (§3.2) and the mission’s scientific and
technological objectives in relation to this (§3.3).

3.1 History of the LunarSat mission

The origin of the LunarSat mission dates back to July 1996, when 52 students, young
scientists and engineers from the 15 ESA member states gathered in Alpbach,
Austria, for the annual ESA summer school. The theme for the summerschool’s ‘96
session, which consisted of various lectures and workshops, was ‘Mission to the
Moon’. At the end of the 10-day workshop, two groups presented their results to
ESA’s Director of Science, Dr Roger Bonnet, and other representatives of the
European space community. After the presentations, Dr. Bonnet challenged the
participants of one of the groups, which worked on the design of a small Lunar orbiter
mission, to elaborate on the idea of a small Lunar mission in order to come up with a
feasible proposal. This incentive was picked up by a large number of the participants,
resulting in the LunarSat proposal.

In October of that same year, the LunarSat proposal was presented to the ESA Long-
Term Space Policy Committee (LSPC) in Paris on invitation from Dr. Bonnet. At this
time, an ambitious initiative called Euromoon® 2000 was already underway, which
aimed at sending both an orbiter and a lander to the Moon [Euromoon® 2000, 1997].
This lander would perform a landing on the Moon and deploy one or more rovers for
the investigation of the Lunar South Pole. The ESA council and the ESA Director
General expressed their interest in the LunarSat project and recommended in
December 1996 that a co-operation between LunarSat and the Euromoon® 2000
initiative should be investigated as the objectives of both missions were
complementary. It was thought that the LunarSat project could serve as a good
precursor-mission to map the South Pole area in order to pinpoint the best landing
spot for the Euromoon® 2000 spacecraft. An initial six months feasibility study of the
Euromoon® 2000 project was approved of, which took place between April 1997 and
November 1997.

The Euromoon® 2000 core team, based at ESA-ESTEC and consisting of
representatives of several major European space companies, ESA and two LunarSat
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team members, conducted the Euromoon® 2000 feasibility study. During this period,
the Institute of Astronautics of the Technische Universität München developed into the
engineering centre for the LunarSat project. Lead by Dr. Peter Eckart and supported
by local industry, a growing number of around 20 students, research fellows and
professors worked on the initial design of the LunarSat mission and satellite. The
Munich team was also supported by several members of the original Alpbach group in
other European countries. Meanwhile, the development of the scientific experiments
onboard the LunarSat spacecraft also involved a number of original Alpbach
participants. These efforts were co-ordinated by the Swedish Institute for Space
Physics in Uppsala, Sweden, which essentially became the LunarSat science centre.

After the successful feasibility study was finalised in November 1997, the council
approved for a further exploratory phase A (pre-phase B) until June 1998 in order to
investigate the proposed unconventional funding scheme for the Euromoon® 2000
project. During an interim meeting in March 1998, the Euromoon® 2000 project
however was cancelled due to various reasons, which meant that the LunarSat
project, at that time financially dependent on ESA, was without funding. After the wrap
up of the Euromoon® 2000 project, an agreement was reached by which the phase B
study for LunarSat could be finished with the remains of the Euromoon® 2000 budget.
This work continued under auspices of the Office for Educational Project Outreach
Activities until February 1999, when an internal ESA review showed the basic design
to be sound and the project in general to be feasible.
Being part of the ADM/RE Office, the focus of the LunarSat mission shifted towards
space outreach and education (i.e. a minimum of 51% of observation time dedicated
for public outreach and education) and the mission was now positioned as the official
ESA ‘Millennium Celebration’ mission, to be launched in 2001, the real start of the
new millennium! Besides the management of the project, several students were now
working at the Office on various aspects of the LunarSat project.
During the spring of 1999, a go-ahead by the ESA council to start building the satellite
(phase C/D) under contract at the British small satellite development company SSTL
was expected. Sadly this approval has not been granted and ESA has officially
withdrawn from the project. Currently, the development of the LunarSat project is
however still continuing as an academic study at the TU Munich, where various efforts
are underway to obtain the funds, needed to actually fly the first European satellite to
the Moon.

Figure 3-1. History of the LunarSat project.
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3.2 The return to the Moon

LunarSat would be the first European  satellite to ever visit our nearest neighbour: the
Moon. Nevertheless, why should Europe go to the Moon, a place left abandoned ever
since the last Apollo astronauts took off from its surface 25 years ago? Certainly not
because Europe has never been there, as one could imagine it to be the reason in
earlier days.

Recently, two Lunar missions, the American Department Of Defense’s (DOD)
Clementine mission in 1994 and NASA’s Lunar Prospector mission in 1998, have
caused world-wide excitement amongst planetary scientists and space engineers
interested in Lunar research and development.

Figure 3-2. Clementine (left) and Lunar Prospector (right) spacecraft.

Already in the early 60’s, it had been suggested that water ice could be present at the
lunar poles which, if this were to be the case, would greatly facilitate any future
manned activities on the Moon. The water ice provides both liquid water (H2O) and
oxygen (O2), two essential elements to sustain human life anywhere in the solar
system. As the transportation of equipment and supplies from the Earth is currently
one of the biggest cost drivers for space exploration, the availability of these elements
on the Moon would provide a very cost effective solution for future human presence
on the Moon. The Moon also has only one sixth of the gravity of the Earth, making the
process of launching rockets from the Moon much more efficient than from Earth. The
availability of rocket fuel, in the form of liquid oxygen (LOX) and liquid hydrogen (LH)
could therefore even serve the purpose of using the Moon as a (re)fuelling station for
future deep space missions (e.g. to Mars).

Apart from the possible presence of water ice, another interesting Lunar feature which
was found as a result of the Clementine mission data, is the so called ‘peak of eternal
light’: an area on the lunar poles were the Sun would be visible on a near continuous
basis (see insert for further explanation on both issues).
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Special phenomena at the Lunar poles

The poles of the Moon are a unique environment. Because the Moon’s spin axis is
nearly perpendicular to the ecliptic plane (tilted only 1.6° from the vertical, see Figure
3-4), the Sun appears close to the horizon at both poles as the Moon slowly rotates
over the course of its 708-hr day (one Earth month).

Figure 3-4. Relative orientation of Moon, Earth and ecliptic [Gemmink, 1999].

With the existence of large meteorite impact craters at both poles, it has been
theorised that there might be areas at the poles which are either in permanent shadow
(the bottom of the craters), while others are in permanent sun light (the rims of the
craters).

Cold traps
The permanently shadowed areas could trap the water ice, deposited by numerous
impacts of asteroids and comets over the last 4 billion years as the extreme low
temperatures inside the craters prevent the water from vaporising into outer space
(90% of a comet nucleus mass consists of water). This ice would provide the means
to make water from which oxygen and hydrogen can be derived.

Peak of eternal light
The second proposition, the existence of areas where sun light is available for very
long periods of time (>70%) would not only provide an exceptionally stable and benign
thermal environment (-50°C +/- 10) on the otherwise extremely fluctuating Lunar
surface temperature (250°C temperature swing between Lunar day and night). It
would also provide a direct source of uninterrupted solar energy. These places are
therefore thought to be the best places to establish the lunar outposts.

[from ‘Lunar exploration’, Paul D. Spudis et al, Aerospace America February 1999].



THE LUNARSAT MISSION TO THE MOON

15

The combined result from these two recent Lunar missions
seems to support both theories, showing convincing evidence
for both the existence of the water ice and a ‘peak of eternal
light’ on the Lunar South Pole. The Lunar prospector
specifically refined the measurements on the existing lunar ice,
using an onboard spectrometer to detect hydrogen, while the
image data from Clementine mission revealed some locations
on the South Pole with continuous Solar illumination over a
long period of time. More detailed measurements are however
necessary to really determine the volume and location of the
water ice and the extend of solar illumination on the expected
peak of eternal light.

Figure 3-3. Peak of eternal light.

Assuming that the Lunar South Pole will indeed turn out to be a good location to
establish a lunar outpost, what would actually be the practical benefits of a return to
the Moon?

Nowadays, the most obvious reasons for a return to the Moon are expected to
originate from a scientific and/or technological background (compared to the political
background of the Apollo missions). Possible objectives in this respect have been
formulated in three main categories [LSSG, 1992] :

•  Science of the Moon , including all investigations concerning the
Moon as a planetary body.The Moon provides a unique record of
the history of the Earth-Moon system. Geophysical, geo-chemical
and geological observations of the Moon can therefore lead to a
better understanding, not only of the Earth-Moon system but also
of the entire solar system and its history.

•  Science from the Moon , using the Moon as a platform and
therefore including observatories in the broadest sense. Due to the
Moon’s lack of atmosphere, its stable ground and, on the far side,
its radio-quiet environment the Moon provides an attractive
platform for the observation and study of the Universe.

•  Science on the Moon , including not only questions relating to the
human activities in space, but also the development of artificial
ecosystems beyond the Moon. One of the obvious goals of lunar
bases is to develop the first extra terrestrial human outpost and
thereby gaining knowledge about the human condition beyond the
Earth environment. These results will be of direct interest in the
context of human exploration of Mars and beyond.
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Scientific objectives alone will however never justify the investment needed to develop
such a program leading to the first human extra-terrestrial lunar outpost. Therefore,
next to the scientific benefits, other tangible benefits must be recognisable in order to
get the momentum for lunar development and space exploration going. This is where
the outward going emphasis of space activities comes around again.

Over the last few years, the International Lunar Exploration Working Group (ILEWG)
has established four main categories of objectives for the development of a lunar base
which are worked out in [ILEWG, 2000] ,

•  Scientific objectives
•  Humanistic objectives
•  Political objectives
•  Utilitarian objectives

These include visions such as the inclusion the Moon within the living environment of
a future human society; the Moon really being part of the larger Earth-Moon system
which represents the actual Earth planetary system within the larger Solar system.
Possible activities, associated with this movement towards an extended ‘Earth
environment’ are for example Moon tourism, solar power plants on the Moon, and the
mining of minerals (He3). With the fast decrease of our limited resources on Earth, the
need to explore the universe for new resources is generally perceived as one of the
most important reasons for humankind to expand into outer space.

Within ESA, this progression towards the exploitation of the overall Earth-Moon
system has been recognised as one of the main developments in space for the near
future [Ockels, 1994] [LSPC, 1999]. Development of the Moon thereby implying the
real progression towards the exploitation of the Earth-Moon system, i.e. to go back to
the Moon to stay! To accomplish this, the Agency developed a Moon program,
namely, a phased approach leading to the long-term goal of creating the necessary
infrastructure for the development and utilisation of the Moon.

Figure 3-5. The ESA Moon Programme [Ockels, 1994].
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3.3 LunarSatÕs scientific and technological objectives

In line with the phased approach favoured by ESA, the LunarSat mission would
accomplish the first task, i.e. an overall study of the Moon’s surface together with a
detailed investigation of the lunar South Pole. For the latter, it aims to continue the
search for the existence of the ‘peak of eternal light’ (i.e. the best landing spot for the
first outpost) and to provide more detailed information on the existing ice deposits.

Apart from these primary scientific tasks, a space mission usually also includes other
objectives which might be indirectly linked to these prime objectives. In case of the
LunarSat mission, as a low cost mission primarily designed by young engineers and
students, these objectives include the ones tabulated below.

Table 3-1. LunarSat’s scientific objectives.
Investigation of lunar South Pole suitability for future human outpost

•  Obtain high resolution map of the south pole region
•  Investigation of the water ice deposits in this region
•  Continued search for the existence of the ‘peak of eternal light’

Table 3-2. Other objectives of the LunarSat mission.

•  Prove the feasibility of designing and building a micro satellite within a 3 year
schedule ( targeted launch in the beginning of the new millennium, i.e. 2001,
fixed price 15 MAU)

•  Gain knowledge in the design and management process of small space
missions which are conducted throughout Europe (faster, better, cheaper
missions)

•  Prove feasibility of designing small space missions that are launched as
auxiliary payloads onboard commercial GTO launchers such as the European
Ariane-5 launcher.

•  Prove feasibility of novel trajectories to the Moon: Weak Stability Boundary
Transfer (WSB)
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CHAPTER 4. THE EARTHVIEWS PROJECT

‘Soon knowing about space will be as useful as getting your
driver’s license’

Wernher von Braun (end of the sixties) [Virilio, 1995]

With the LunarSat mission being part of the Office for Educational Project Outreach
Activities, one of its primary objectives is to stimulate enthusiasm for space, and
therewith science and technology, to the general public of Europe (with emphasis on
today’s youth). The scientific goal of the LunarSat mission, i.e. the assessment of the
lunar south pole’s suitability for the first human extra terrestrial outpost, provides a
unique opportunity for the communication of space because it both includes the
exploration aspect and the utilitarian aspect of space activities. These two were found
to be the two most important reasons for people’s interest in space. As explained in
chapter 2, the strategy for the communication of space divides into two categories,
which are regularly found to overlap:

•  Space education  to the youth
•  Space awareness outreach  to the general public

This chapter will focus on one of the projects aiming to outreach space with the
LunarSat mission, namely the EarthViews project.

First, in § 4.1, an overview will be provided of other space education plans that have
been or still are under development for the LunarSat mission. In § 4.2, a short analysis
on the outreach aspects of space communication will be outlined. This will serves as a
background for the LunarSat-EarthViews project, which will be described in § 4.3.
Finally, this chapter will conclude with the establishment of the requirements and
constraints for the feasibility study of the LunarSat-EarthViews (§4.4).

4.1 Space education with the LunarSat mission

Where education assumes an active involvement of the participants, the overall
organisation of the project already achieves an important first step as it is mainly being
designed by students, young engineers and scientists (for a list of participants see
appendix A).

This is however still only a relatively small group of already space enthusiasts. The
real challenge lies in the goal to actively involve the European youth that has never
before been in direct contact with space activities. This challenge was quantified by
the Office by stating the goal to actively involve 50.000 young people in the mission
over the course of the development and flight operations. While the focus was still on
the development of the mission itself, a further investigation on the possibilities to
involve youngsters was therefore initiated during the phase B study. Different plans
were conceptualised by the Office to bring into effect this space education objective of
the project. Two of these planes are shortly described here.
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Space pinball : The concept for this computer game, which has already been
described in §2.3, originated from the LunarSat project. The aim is to organise a
contest in which youngsters are challenged to help find fuel saving trajectories to the
Moon by using the Weak Stability Boundary transfer concept. This way young people
can actually take part in the mission design process of a real space mission.

Foster crater : The idea of the Foster Crater initiative is to let school classes adopt a
crater on the Moon which would be investigated by the different experiments onboard
the satellite, in order to learn more about both the Moon and the LunarSat mission.
This project was one of the ideas related to the 51% observation time allocation for
space education and outreach.

At the same time, the already established and Austria based Public Outreach and
Education (PO/E) team of the LunarSat project developed a strategy paper [Groemer,
1999], in which a variety of ideas were brought together on how to involve the
European youth in space exploration. The first step in this process was the
establishment of a dedicated LunarSat homepage on the Internet, which provides
information and updates on the project’s development and the possibilities to actively
participate in the mission. One of the first educational projects which has been
performed by the PO/E team in Austria with great success, was the organisation of a
contest amongst architecture students which were challenged to design future Moon
cities (Figure 4-1).

The unfortunate decision of the ESA council to discontinue the project has forced the
Office to retract from further development of the education and outreach activities
related to the LunarSat project. Today, these activities are therefore primarily
developed by the LunarSat PO/E team in Austria.

Figure 4-1. Moon base contest organised by the PO/E team in Austria.

4.2 The outreach of space

The second objective of the space communication strategy, i.e. the creation of space
awareness within the European public at large (still with emphasis on the youth),
requires a different approach. Here, the emphasis is focused towards a direct
communication of the mission in order to stimulate the interest in space and thereby
science and technology. This will at the same time of course also have an important
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educational flavour, as the knowledge about factual space activities, present and/or
future, has an intrinsic educational value. Furthermore, it serves as the first step in the
overall communication strategy, namely to get people’s attention directed towards
space. Once this has been achieved, their interest in and knowledge about (space)
science and technology can be further extended by the different space education
programs.

Looking at the human activity in space over the last 50 years, roughly four types of
missions can be recognised:

•  Missions/projects focused on the Earth (e.g. Earth observation, commercial space
applications)

•  The manned space flight program (e.g. Shuttle flights, MIR space station, Apollo)
•  Space exploration missions (e.g. Voyager, Cassini/Huygens, Mars Pathfinder)
•  Scientific missions (e.g. Hubble Space Telescope, Chandra, XMM)

The application of outer space
The impact of space applications for Earthly use (e.g. weather satellites, Earth
observation missions, telecommunication etc.) in today’s culture can not be over
estimated. Pointing out the direct relation between these applications and their
incorporation in our western society is therefore an obvious starting point for the
communication of this type of missions. The background for this strategy being:
bringing the reality of space and its applications down to Earth, showing the direct and
indirect benefits of space for humankind. Here we recognise one of the two main
reasons for people’s appreciation of space activities.

A good example to point out
how close space actually is, are
the so-called Iridium flares.
These flashes of light are
caused by the Iridium
spacecraft in LEO reflecting
Sunlight down to Earth as they
fly over the dark side of the
Earth.

The exploration of outer space
At the same time, space represents one of the most important ideological frontiers in
our science and technology based culture. The impact of activities in this field (e.g.
space science, manned space flight and space exploration missions) on the general
public is however less obvious, as these missions do not practically effect our
individual lives on Earth. The communication of these activities can therefore not be
done along the same line used in the communication of the practical use of near Earth
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outer space. Where the goal of these missions is to discover and gain knowledge
about the mysterious world surrounding the Earth, their focus is directed away from
the Earth, outer space itself being the prime subject for investigation. The
communication of these missions should therefore not try to bring space down to
Earth, as is the case with the Earth oriented use of space. On the contrary, here we
have to bring the public ‘into space’ in order to mediate the reality of outer space, the
Solar system and beyond.

The language of space communication
Up to the present, the communication of these types of space missions has most often
meant the distribution of scientific data and results in the public domain, most
strikingly in the form of pictures. The Voyager and Hubble Space Telescope (HST)
missions are good examples here: where the Voyager spacecraft gave everybody
their first glimpse on the outer planets, the Hubble Space Telescope is continuing to
reveal astonishing new views on the Universe.

Figure 4-2. Voyager and Hubble Space Telescope image.

Usually, these pictures are however distributed after a predefined time delay from the
actual time of observation, a delay that can go up to more than one month.
Communication in this sense, only to provide time delayed images from above,
however still brings space down to the Earth. Where the impact of these images takes
place, not on a practical level but on a conceptual level. There are two reasons for
this,

•  Seen from the Earth, we experience the different planets only as bright stars in
our nightly sky; a view difficult to correlate to the high resolution images taken by
spacecraft in outer space, not to mention the extraordinary galaxies depicted by
the Hubble Space Telescope which are sheer invisible with the naked eye

•  Because of the time delay between actual observation and eventual distribution to
the public, the pictures loose their direct association with the reality they
represents.

Experiencing the magic of space
In order to communicate outer space as being more than just the ‘magical’ pictures of
far away planets and galaxies, there is clearly a need to bring the communication of
these types of missions to a more experiential level.
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Humans in space
The manned space flight program forms an important
exception, because here there is the possibility to
directly relate to the human aspect involved in
sending people into space. The practical directness
of astronauts actually experiencing outer space
enables the creation of a direct link between the
experience of daily life here on Earth and in space.
The mediation of the astronaut’s experience, to hear
what it is like in space, is therefore not surprisingly
perceived as one of the most important
communication aspects of manned space flight.
Illustrative of the importance to be able to relate to
space on a practical level, is the apparent
communication strategy for NASA’s recent
unmanned Mars missions which heavily lean on
attractive elements such as the possibility of life on
Mars and the future goal of sending people to Mars.
In general, this human link is however not always
directly present in space science and exploration
missions.

Figure 4-3. Hubble repair mission with the
Space Shuttle [LSPC, 1999].

This fact was fully recognised during the communication of NASA’s 1997 Mars
Pathfinder (MP) mission, which landed on the surface of Mars. Without the possibility
to mediate the experience of astronauts landing on Mars, its communication took an
even more direct turn. As the little rover ‘Sojourner’ was running around on the surface
of Mars, people on Earth themselves were given the ability to have a direct look on the
surface of Mars through the eyes of the rover’s cameras. Richard Cook, the Mission
director of MP explained it this way: ‘ Now, everyone can find out what it feels  like to
be on Mars’ (Figure 4-4).

The novelty here was the fact that the images taken by the various cameras on Mars
were displayed in Near Real Time (NRT) on the Internet, such that people sitting at
home behind their PC’s had the feeling of being directly linked to the spacecraft’s
presence on Mars. The proprietary period between the data reception on Earth and
the successive distribution of these images in the public domain, which used to be in
the order of weeks or months, was thereby kept to the minimum. Clearly, this brought
the communication of space to a level of intimacy that arguably even went further than
the televised landing of the Apollo 11 astronauts on the Moon. The Internet, which has
already played an important role in the progression towards a unified ‘global village’
on Earth, thereby proved to be a very effective means to communicate the directness
of space, i.e. bringing people into space.
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During the spacecraft’s activities on Mars, the Martian surface was incorporated in
cyberspace, and the cameras mounted on the Sagan Memorial Platform became the
outer space equivalent to the variety of webcams installed on Earth. This direct
involvement in space exploration made Mars Pathfinder one of the most striking
exposures of space exploration in recent history and it clearly showed the possibilities
of outreach that can take place along this line of direct involvement.

At the same time, another important aspect of the mission’s successful
communication was the fact that both the mission and the spacecraft itself were
directly used to outreach space; outreach in itself being a substantial part of the
overall mission. This time, the communication did not only mean the mediation of
scientific data, but the event itself. Similar actions we see happening today with
scientific missions, e.g. the XMM mission were ESA is allocating actual flight time on
the spacecraft for outreach and education.

4.3 The EarthViews outreach project

Continuing along the line of the Mars pathfinder mission to Mars, what are the
possibilities to follow this communication strategy for the outreach of the LunarSat
mission to the Moon? And even more so, what are the most important features of the
mission to be communicated in such a way?

The reality of outer space
One of the most intriguing aspects of the LunarSat mission is undoubtedly the fact that
it represents a realistic first step in the long process of returning to the Moon to stay, a
process which in itself is part of humankind’s continuing expansion into the Universe.
As remarked by NASA astronaut Jeffrey Hoffmann, an important goal for the
communication of any activity related to humankind’s progression into space is the
mediation of the reality of space itself. The development of manned space habitats
such as the Space Shuttle, MIR and the ISS has clearly helped to rationalise the Low
Earth Orbit region which now seems to be assimilated into the perception of the Earth
as our natural environment, a process equivalent to the assimilation of the Earth’s
atmosphere during the early days of aviation. An important goal for the communication
of the LunarSat mission will therefore be to help stretch this human horizon even
further, from Low Earth Orbit to the greater Earth-Moon system, because achieving
this will most certainly help to make the practical goal of a Moon base more realistic in
the perception of the public at large.

Outer space: Science fact or science fiction?
But how can this be achieved within the framework of the LunarSat mission?

‘Space may be the final frontier, but it’s made in a Hollywood basement’
Californication, Red Hot Chilli Peppers

The first thing that is required for any communication to be effective is a common
language of understanding. We must therefore start by understanding how the general
public, especially the youth, learns about space. In today’s culture, we see that one of
the most important areas were the youth gets information from and actually learns
about space is popular culture’s adaptation of space in science fiction (e.g. Star Trek,
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Star Wars, etc.). Here is where they find themselves confronted with the idea of living
in space, an idea which in science fiction is ‘magically’ conceptualised using warp
speed engines, transporter rooms, a great abundance of both human and ‘all too
human’ extra terrestrial life and space travelling in spaceships which seem to fly
around like aeroplanes. Not surprisingly, there is a great discrepancy between today’s
factual reality of space activities and the way space is being portrayed science fiction.
Today, even the establishment of a manned outpost on the Moon is largely conceived
as science fiction. By focusing on these differences, science fiction can however serve
as a very good starting point for the communication of real space.

An important issue which is related to reality of space and which appears to be
essential for any activity in space, whether real or fictional, is the need to travel in
space, i.e. travelling through the four dimensional space time continuum. In this
respect, the communication of the Mars Pathfinder mission was still rather magical.
With the wide media coverage having started only after  the spacecraft had landed on
Mars, it did not succeed in communicating this important aspect of outer space.
Consequently, the landing and the actual presence on Mars were completely cut loose
from the spacecraft’s departure on Earth. With the Martian surface strongly
resembling an Earth desert, the 497 million km covered during the seven months
voyage through outer space were instantly transformed into light minutes as the
images were being displayed on the Internet.

The EarthViews project
The goal of the EarthViews project is therefore to communicate outer space by
specifically focusing on the communication of space travel as a real space event with
duration (see mission statement).

EarthViews mission statement

Today, a renewed effort to communicate s pace related activities has
been initiated world-wide in order to increase public awareness and
support for these activities. Recent activities in this field have shown
the effectiveness of a direct involvement of people in s pace missions,
somethin g that onl y recentl y became possible as a result of emer ging
new technolo gies such as the Internet. These develo pments have also
created the possibilit y to communicate on a more direct level the
underl ying realit y in which these s pace activities take place, drawin g a
more com prehensive picture of outer s pace. The communication of this
outer s pace realit y, somethin g which u p to now has primaril y been in
the hands of science fiction, provides the o pportunit y to actuall y brin g
space and its related activities closer to the public.

One of the most adventurous and a ppealin g aspects related to this
outer s pace realit y is the conce pt of travellin g throu gh space. The
communication of this as pect is therefore the main goal of the
EarthViews project.

Within the LunarSat mission, the communication of real space travel is planned to be
achieved by providing a complete visualisation of the spacecraft’s journey to the Moon
through the ‘eyes’ of the satellite. The onboard cameras will therefore continuously
take images of the Earth and/or Moon which are to be displayed on the Internet in
Near Real Time [van Dijk, 1998].
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This project, which gives people the opportunity to go on a virtual journey to the Moon,
will once again stretches the human horizon from the LEO region towards the larger
Earth-Moon system. Within this setting, a (manned) outpost on the Moon is more likely
to be perceived as a realistic possibility instead of mere science fiction.

Overall, the EarthViews outreach project will have the following objectives within the
LunarSat mission:

1. Realistic communication of space travel in four dimensional outer space
Where the Earth represents people’s practical reality, seeing the successive images of
a receding Earth taken by the spacecraft from outer space will link the presence of the
spacecraft out there to the reality we experience here on Earth.

2. The inclusion (embracement) of the place called the Moon in our world of
experience
By creating the possibility for people to experience themselves what it means to fly to
the Moon, the EarthViews project will help to stretch the border of our perceived living
environment from the LEO region to the Earth-Moon system.

3. Communication of the LunarSat mission as a true space adventure
The communication of the spacecraft’s journey to the Moon aims at bringing outer
space and space exploration more into the realm of experience by showing the reality
of space travel as opposed to its fictional counterpart. Where today space adventures
are believed to exist mainly within the realm of science fiction, this project will help to
bring back and emphasise the adventurous side of factual space activities.

4. Renewed introduction of the Earth as a three dimensional living planet
In today’s culture, where space programs are fully accepted as part of every
day life, the reality of space is flattened by the commercial use of space
images we see in the media. The best example of this is the image of the Earth
itself, which has become an iconised, two-dimensional disk. By providing a
dynamic sequence of the ‘real’ Earth and its phases, the EarthViews project
aims to bring back the perception of the Earth as a three dimensional living
planet.

5. Strengthening of the relationship between outer space and cyber space
(Internet)
The Internet has proven to be a very effective means to establish a more intimate
relationship between the public and space related activities. One of the objectives of
the EarthViews project is to further investigate the possibilities and implications of this
co-operation between outer space and cyberspace. Here on Earth, the Internet is
often used as a metaphor for the global society in which we live today: a world that
seems to be based on velocity rather than distance. This trend towards a virtualisation
of the world around us could also one-day lead to the virtualisation of the outer space
environment (tele-presence). The visualisation, on the internet, of the spacecraft’s
journey through outer space as an event with duration will introduce the reality of outer
space and space travel in a world which has recently come to know time merely as an
imperfection of the available hardware. At the same time, the Moon as the final
destination will remain to be a clearly visible target from the Earth during the journey.
A direct link will therefore be established between the mediated experience of
following the spacecraft around on the Internet and the every day reality of seeing the
Moon in the nightly sky.
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6. provide an interesting entry for further space outreach and education
programs
Within the overall communication strategy for the LunarSat mission, the EarthViews
project can serve as a guideline and background for a variety of other outreach and
education programs. Some initial ideas are presented here (also see [van Dijk, 1998]
and [Groemer, 1999]).

•  A continuously updated movie on the Internet of the journey to the Moon
•  Incorporation of the EarthViews images in a three dimensional virtual world,

creating a virtual stairway from the Earth to the Moon. This idea was inspired by a
project called ‘The invisible shape of things past’ that is being developed by the
German company ART+COM (www.artcom.de).

Figure 4-5. Visual of the project ‘The invisible shape of things past’
[from ART+COM website].

•  The EarthViews images can also be posted in public spaces (e.g. airports, train
stations, TV channels etc.)

•  The web interface which is to be developed for the EarthViews project can be on
display at different locations (e.g. museums, shopping malls etc.)

•  The reception of the image data telemetry can possibly be performed by mobile
ground stations, allowing direct exposure of the images at specific locations (e.g.
specially organised EarthViews parties).

•  ‘Group photo from space’, organise events where classes pose outside of the
school for a group photo taken from space by the LunarSat spacecraft. These
photos would later distributed to the different groups. This way, the Earth images
are directly linked to the world of experience of the youth.

•  ‘The LunarSat personality disorder’ project.
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The LunarSat personality disorder project
Something should be done with the images to make it really interesting…creating
a story about the spacecraft, give it personality: A few days after it has
been launched some malfunction causes the spacecraft to start thinking
about itself. As it is making all these Earth images, it start to
wonder…He!, where am I going to…I am leaving the Earth, my home…I
don’t want to go to the Moon, I would rather head directly to Mars…How
does this go about?…. It starts to ask questions to people on the Internet
about various things…can somebody look up orbital mechanics for me?
Can somebody find out where I was launched and build? How does this
camera here work? Etc…The satellite sees the entire reality of
mankind…the Earth, and with the Internet it has access to this entire
database and to the people to learn about humankind. It is in this sense
something like an alien who wants to learn about the human race…

The initial idea for EarthViews, which was first conceptualised for the Euromoon® 2000
project [van Dijk, 1998], resulted from two important features of the LunarSat mission
design:

•  State of hibernation
In the initial operations time line for the mission, the Lunar Transfer was
planned to see only little activities, and it was found that this is the case with
most space exploration missions. The transfer phase is usually perceived as
having the sole purpose of bringing the spacecraft to the targeted destination
where it will perform its measurements. During this transfer phase, the
spacecraft is in a state of hibernation with only the most critical functions
operating. This phase therefore presents a unique opportunity to use the
actual spacecraft itself for education and outreach purposes.

•  Availability of optical cameras
The payload onboard the LunarSat spacecraft includes two scientific cameras
which are designed to map the surface of the Moon once the spacecraft
reaches its targeted Lunar orbit. Considering the point mentioned above, the
availability of these cameras during the transfer resulted in the question to see
what could be done with these cameras for POE purposes.

4.4 Outline of feasibility assessment for the LunarSat mission

The goal of this feasibility study is to assess if the EarthViews project can be realised
within the framework of the LunarSat mission. This requires first of all an
establishment of the requirements and constraints from where the feasibility study can
be initiated.

4.4.1 EarthViews requirements

4.4.1.1 Interesting visualisation of the journey to the Moon

The goal to visualise the reality of space travel requires first of all that the journey of
the spacecraft to the Moon can be visualised with the available cameras. For the
LunarSat journey to the Moon, this requirement relates to two elements in the
LunarSat mission design:
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•  The foreseen transfer strategy of the spacecraft to the Moon
•  The possibility to develop an interesting visualisation concept of this transfer with

the two existing cameras onboard the spacecraft

This first part will be referred to in this report as the project’s conceptual feasibility in
the mission.

4.4.1.2 NRT direct visualisation on the Internet

In order to bring the mediation of space and space travel over the Internet to an
experiential level, it is necessary to establish a directness between the actual transfer
to the Moon and people’s perception of it via the Internet back on Earth. This concept
of NRT directness for the EarthViews project consists of the following two aspects:

•  Continuous Imaging (CI)
•  Near Real Time image distribution on the Internet (NRT)

Continuous Imaging (CI)
The visualisation of the journey requires the following:

- Continuous imaging throughout the entire Lunar Transfer
- A small and constant interval between the successive images

The first part of the Continuous Imaging requirement is obvious as the goal of the
EarthViews project is to visualise the entire journey from the Earth to the Moon.
The second part requires however some further explanation. The time interval
between successive images is an important parameter for the goal to mediate the
reality of a journey to the Moon. First of all, it should not be too large, because
otherwise the individual images will remain static pictures without a direct correlation
to each other and therefore to the ongoing journey to the Moon. Furthermore, this
imaging interval should remain fixed throughout the transfer as the goal to show the
duration aspect of the journey will be best achieved with a constant update of images.
The imaging process should therefore continue, even when the content of the
individual pictures ends up being very similar. There are also other reasons why a
constant imaging interval is taken as a requirement:

•  The goal to compile an EarthViews movie sequence from the successive images.
•  The possibility for people to get used and adapt to the regular downstream of new

images
•  The goal to communicate the journey to the Moon unedited

The ideal case for the registration of the journey is of course to have a cinema like
stream of images, i.e. 24 frames/sec. However, it is clear that such a sophisticated
registration is certainly not feasible within the framework of the low cost LunarSat
mission. A baseline imaging interval of 1 hour (i.e. 1 image/hour) is therefore defined,
as this is believed to be sufficient for the task to ‘let everyone find out ‘what it feels  like
to be in outer space’. By assessing this baseline, it will become apparent whether or
not this is still a too high frame rate or not.
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Near Real Time image distribution on the Internet (NRT)
The second and most important part of the NRT directness concept refers to the time
delay between the time the image is taken onboard the spacecraft and the time of its
exposure on the Internet. In order for the audience to actually experience the
spacecraft’s presence in outer space by seeing the image on the Internet, this time
delay should be minimised for each individual EarthViews image.

IN the case of the Mars Pathfinder mission, the term ‘Near Real Time’ mainly related
to the time required to get the images on the Internet once the data had been received
on Earth. The main challenge for the EarthViews project however lies in the goal to
minimise the overall time delay, from registration onboard the spacecraft to the
distribution on the Internet, as a shorter time delay will better serve the effectiveness
of the EarthViews project.

Overall, the goal to realise the NRT directness presents the main technological and
operational driver for the implementation of the EarthViews project in the LunarSat
mission. Bringing the two aspects together leads to the following set of requirements
of which the feasibility must be assessed in the LunarSat mission.

Table 4-1. EarthViews requirements for LunarSat feasibility assessment.
Driver Imaging interval Overall image distribution delay

baseline objective 1 image/hour
As short as possible within the LunarSat
mission design

4.4.2 LunarSat constraints

The most important constraint for the feasibility assessment is the requirement to stay
within the existing design of the mission. This presents a constraint that has
implications on different elements of the EarthViews project:

•  Most importantly, the LunarSat mission is a low cost mission with a fixed cost
ceiling of 15 MAU. The implementation of the EarthViews project within the
mission must therefore be realised with a minimum of additional costs to the
overall mission. Where possible, solutions must be found which increase the
educational value of the project.

•  The main driver for the design of the satellite is mass. The project is therefore not
allowed to add any hardware to the satellite which will increase the mass. The
availability of the two scientific cameras onboard the spacecraft is clearly an
important condition for the realisation of the project.

•  The mission design must be considered fixed so the project is totally dependent
on the overall design of mission. This holds for,

•  The lay out of the transfer strategy
•  The availability of the spacecraft for the EarthViews project during the

transfer

Overall, the implementation of the project is not allowed to specify any major technical
requirements on either the spacecraft or the mission. It will however of course have
considerable impact on the foreseen operations of the mission, especially during the
lunar transfer.
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5.1.1.2 Bi-elliptical transfer

The Bi-elliptical transfer orbit is composed of two ellipses. The spacecraft is first
injected from GTO into an elliptical orbit with an apogee distance of about 1 million
km. Here, the spacecraft is inserted into another elliptical orbit with a raised perigee to
almost lunar distance (Figure 5-2). Because of the spacecraft’s low velocity at the
apogee of the first ellipse, the ∆V requirement to make an inclination change at this
point is relatively low. With the use of an inclination change, the Moon can be
encountered at various positions and times. The bi-elliptical transfer is therefore not
subject to any restrictions concerning the launch window, and provides permanent
transfer opportunities from GTO to the Moon. There are however significant
fluctuations in propellant mass requirements depending on the launch time and date.
The transfer time of the bi-elliptical transfer strategy varies between 45 and 70 days
depending on the exact launch day.

Figure 5-2. Bi-elliptical Transfer Strategy [SSTL, 1999].

Lunar gravity Assist
A lunar gravity manoeuvre can be employed in combination with the bi-elliptical
transfer in order to further reduce the required ∆V. The initial transfer is similar to the
regular bi-elliptical transfer, but instead of a direct lunar orbit injection, a lunar gravity
assist is applied to place the spacecraft in a circular Earth orbit similar to that of the
moon but with a different inclination. As this manoeuvre will induce better arrival
conditions for the final lunar orbit injection, the total required ∆V will be lower.

The use of the Lunar gravity assist raises the transfer time with approximately 13
days, leading to a total transfer time between 58 to 83 days.
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Figure 5-3. Bi-elliptical Transfer Strategy employing a lunar gravity assist
[Seefelder, 1998].

 

5.1.1.3 Weak Stability Boundary Transfer (WSB)

A further reduction of the required ∆V can be obtained by employing a Weak Stability
Boundary Transfer. This orbit, which is similar to the bi-elliptical transfer, is designed
to cross the so-called Sun-Earth weak stability regions which are situated at both the
Lagrange points L1 and L2 of the Earth-Sun system (Figure 5-4).

Figure 5-4. Location of Lagrange points for Earth-Sun system.

In these regions, the gravitational attraction of the Earth and the Sun are of the same
magnitude. When a spacecraft passes through this region, the Sun’s gravitational
attraction on the spacecraft must be considered as third-body perturbations, which
induce an effect on the orbital parameters of the lunar transfer orbit. By exploiting
these third-body perturbations of the Sun, the magnitude of the second ∆V manoeuvre
can be reduced, thus saving propellant. Furthermore, this transfer strategy
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