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INTRODUCTION 

Civil applications for space technology started to emerge in the early 1960s, initially in the 
realm of telecommunications, then meteorology, positioning, data collection and search and 
rescue. The United States and the Soviet Union were the first to develop space resources and 
put them to use, soon to be followed by Canada, France, Germany and the United Kingdom,, 
and then by other European countries. 

This in-depth analysis into the political, strategic, scientific, technological and economic 
aspects of space and its practical applications to society in early 21st century France and 
Europe is meant to propose recommendations submitted to the Bureau and to the General 
Assembly of the Académie Nationale de l’Air et de l’Espace. It aims to provide a basis for 
decisions which will have to be taken in Europe in the short and medium term, by drawing up 
a detailed picture of overall medium and long term prospects (15 to 20 years hence) and by 
formulating recommendations accordingly. 

1. EXPECTATIONS ON THE PART OF THE EARTH’S INHABITANTS 

At the beginning of this new century, the Earth’s inhabitants have at their disposal a set of 
technical resources that can provide: 

! instant access to information and knowledge via the Internet, and to audio and video 
entertainment; 

! the possibility of communicating with anyone, anywhere in the world; 

! the possibility of knowing one’s geographic position and navigating anywhere on the 
globe to within a few metres, and transmitting one’s position; 

! access to Earth observation (atmosphere, land masses, oceans); 

! monitoring and forecasting of the earth’s weather and oceans; 

! access to search and rescue facilities.  

The evolution of telecommunications – with mobiles replacing fixed telephones and 
computers becoming transportable – means that human beings are beginning to take for 
granted access to communication or positioning services, whether at home or at work, 
whether walking or travelling by car, train, boat or aeroplane. The ground- or space-based 
technology involved is incidental, what counts is the service (a sure sign of the system’s 
maturity). Users expect a guaranteed service with a certain level of performance (Service 
Level Agreement): this is currently the case for telecommunications but is not still the case for 
other applications, including navigation by GPS. Satellites have contributed to this success by 
conferring a global dimension as well as the technical possibility of providing such services 
worldwide. 

The global population makes heavy demands in terms of security: people are becoming 
increasingly aware of their growing vulnerability to natural disasters as well as the fragility of 
a planet whose climate is clearly being modified by human activities (as witness successive 
IPCC reports). These two concerns are compounded by the observed or forecast increase in 
the frequency and intensity of extreme phenomena such as heat waves and have become 
inseparable in the collective consciousness and in any debate around sustainable development 
and the precautionary principle.  
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This explains why the man in the street, which insists on improved forecasting of extreme 
phenomena capable of ravaging his environment (storms, tsunamis, floods, earthquakes, 
forest fires, pollution …), will soon be demanding seasonal or climate forecasts and 
continuous access to indicators monitoring the “state of health” of the planet. The progress of 
science, moreover, will allow the definition of more representative indicators and give way to 
more integrated forecasting thanks to widespread access to complex information systems 
combining space-based and in situ observation, computerised modelling and data 
assimilation. For instance, the heating or cooling of the ocean observed in a particular region 
could lead to an improvement in risk management of heat waves or El Niño episodes and help 
the general public to grasp the situation from a planetary perspective. This is only possible if a 
global system of information, monitoring and alarm is permanently accessible both to the 
general public and policy makers. 

Safety also includes actions that put populations at risk, such as terrorism, banditism and all 
types of trafficking. Satellites can contribute in these areas by providing tools for verification 
and monitoring, such as frontier control. 

Other aspirations – access to knowledge, access to the different media contributing to 
intellectual life (music, cinema, books, video and audio broadcasting) – call for ever greater 
resources in terms of communication and storage of information, and trigger new expectations 
from the Earth’s inhabitants. 

It must be emphasised too that diminishing energy resources will, sooner or later, discourage 
travelling when telecommunications can provide an effective alternative. At that point, 
contradictory impulses will emerge: on the one hand, the demand to travel anywhere in the 
world in total safety and, on the other hand, the desire to use communication technology to 
avoid travelling when virtual presence is sufficient. 

Such expectations on the part of all population groups, both from industrialised and 
developing countries, can technically be met, but they do have a cost, which raises the 
question as to how such demands can be met and what role Europe could play in relation to 
poorer countries. 

2. GROUND- AND SPACE-BASED TECHNOLOGIES 

The early 21st century has been marked by the development of ground technologies – which 
now account for a large proportion of communication and information infrastructure– and the 
explosion of digital technology and miniaturisation. 

Europe, and particularly France, has developed both ground- and space-based technologies, 
enabling European industry to deliver ground networks and/or satellites. 

The following observations can be made: 

! After extensive geographical deployment, a steep rise in their capacities and a dramatic 
reduction in investment and operational costs, ground-based resources are gradually 
replacing satellites in some zones, and for certain telecommunication applications, that 
were hitherto the reserve of the latter. This is the case for both fixed applications, 
broadband over fibre optic cable or copper wire with ADSL (Internet, television, data 
transfer, videophonics …) and mobile communication, with 1G (1st generation), 2G and 
3G cell phone mobile networks (3G has access to broadband through the UMTS 
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standard). It explains the setbacks of constellations such as Globalstar, Iridium and 
SkyBridge. At the same time, society has become totally dependent on 
telecommunications infrastructures for its daily functioning, while capabilities to restore 
services have become vital, thus presenting a renewed opportunity for space systems. 

! As in the past, if ground infrastructures are lacking, or during natural disasters or warfare, 
communication satellites (Inmarsat, Thuraya and Iridium) remain the only solution. This 
is also the case for any user outside main land masses (excluding the coastal zones) 
whether he is on the ocean surface or in the atmosphere (air transport). Similarly, in areas 
of rapid economic development, satellites are essential for connecting new industrial sites 
or individual clients to the rest of the world, before the ground networks can be deployed. 

! Broadcasting satellites provide stiff competition to ground-based networks, because of 
their capacity to broadcast the same television or radio programme to millions of antennae 
situated in the coverage zone of a single satellite. What is more, these satellites offer 
global cover from the outset, so access is available to all interested parties, thus avoiding 
the digital divide created by ground infrastructure which are deployed from urban centres 
out towards the countryside or from rich countries to poorer countries (in the United 
States, Direct To Home Television has supplanted cable television and in Europe 
operators such as Eutelsat broadcast 800 channels from one orbital position). These 
satellites are also increasingly used for real-time news broadcasting and relay of 
meteorological images designed to protect persons and property (Retim, Eumetcast …). 

! In the area of navigation, if one makes a comparison with the other positioning 
techniques– astronomical (sextant and clock), radio (Loran C, Omega …), inertial, 
acoustic positioning –, satellites alone are capable of providing a global service with an 
accuracy of a few metres, using mobile terminals. Satellites also offer a time-
synchronising application that is much more effective than that used by ground 
techniques, and which is widely used to synchronise different networks of 
communication, energy distribution, etc. Navigation by satellite is the ultimate solution to 
a problem facing humanity since the beginning of civilisation: “How to apprehend, in 
space and time, one’s own position and that of the machines one has built”. 

! In the area of Earth observation, satellites are unique in providing global, uniform, 
repetitive planetary observation of the atmosphere (weather, atmospheric chemistry), the 
land masses, the oceans (operational oceanography), the icecaps and lakes. This is why 
observation satellites have become essential to the development of increasingly 
sophisticated information services. In the case of medium-term weather forecasting, it is 
generally agreed that the major advances achieved in the past 20 years are due in equal 
parts to progress in space observation and in digital modelling. Thanks to weather 
satellites, for instance, forecasting quality is now as good in the southern hemisphere, 
poorly observed by conventional ground networks, as in the northern hemisphere . Space-
based observation and data collection systems such as Argos have revolutionised 
oceanography by giving rise to almost real-time operational oceanography on a global 
scale, pushing beyond the limits of purely “ground-based” technologies (e.g.: in situ 
measurements in open ocean). In all these disciplines, space techniques and other 
techniques have been successfully incorporated: satellites have become an essential tool, 
used alongside in situ observation and numerical simulation. 
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3. SITUATION IN FRANCE AND IN EUROPE 

Telecommunications 

Thanks to concerted efforts on the part of the different ESA countries and the action of the 
French space agency CNES, Europe has developed the capacity to construct, launch and 
operate telecommunications satellites, with a strong industrial base for satellite manufacturing 
(Alcatel Alenia Space1, EADS/Astrium), launchers (Arianespace), ground terminals, and 
satellite operators (Eutelsat, SES/Global, Hispasat, EuropeStar, Hellasat…). 

Manufacturers and operators alike are present in the international arena and export to 
numerous countries including the United States, Russia, China, Canada and Japan. 
Manufacturers have set up many joint initiatives enabling them to cooperate with other 
industrial partners (NPO/PM in Russia, Boeing and Loral in the United States, Melco in 
Japan…). 

Positioning and navigation 

Considerable efforts have been made by Europe on a fundamental level in the area of space 
geodesy, positioning and data collect systems (Argos, Doris, Sarsat, EutelTRACS). Europe 
pioneered the setting up of truly commercial services with differential GPS networks such as 
Skyfix. 

As regards the GNSS Global Navigation Satellite System, Europe designed the Egnos system 
(currently under validation) as a complement to GPS and embarked on the development of the 
Galileo positioning system which is of major strategic, scientific and technical importance. 
Europe is undertaking this programme twenty years later than the United States and Russia. 

Europe possesses an industrial capacity in all areas, from terminals to systems. The numerous 
associated services – mobile telephones, navigation by satellites and geographic information 
systems, for instance – represent an important source of economic development and job 
creation.  

It should also be pointed out that applications for atmospheric sounding are also being 
developed using occultation techniques of signals from navigation satellites (on the ground 
and from the MetOp satellites). 

Observation of the Earth, the atmosphere, the oceans and the land masses 

In 2003 Europe started operation of a new system of geostationary meteorological satellites 
called Meteosat Second Generation (MSG). Built by European industry, this system is 
unequalled in imaging performances. These satellites are operated from Darmstadt by the 
European organisation Eumetsat. By 2006 Eumetsat will have added MetOp polar low orbit 
satellites to its fleet, developed by ESA, CNES, Eumetsat and European industry. These 
second generation satellites will complement the NOAA2 polar low orbit satellites, scheduled 

                                                 
1 Set up on 1st July 2005 after the fusion of Alcatel Space and Alenia Spazio 
2 National Oceanic and Atmospheric Administration 
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to be updated by 2010 (NPOESS3). Studies for Third Generation systems have already begun 
(MTG and post-EPS4). 

Observation of the oceans by various satellites (Topex, Jason, ERS, Envisat) has paved the 
way for operational oceanography, for which a demand and an expertise have gradually 
emerged over the 10 years of the Topex-Poseidon/ERS/Jason/Envisat demonstration. This 
demand, and the corresponding supply service, is now met through international (GODAE5) 
and European (Mercator, Mersea) structures, and the feasibility of an operational chain of 
service has been demonstrated. Altimeter product line, with a precision of just a few 
centimetres, must be consolidated (as regards continuity of observations), since it provides 
information to many customers (maritime professionals).Earth observation, by means of 
satellites such as SPOT, is also of great benefit to society. The SPOT family is a little over 20 
years old, and it is only at this point, when applications become mature with a strong growth 
in demand, that Spot Image is increasingly called on to provide data. Many countries have 
already built and launched observation satellites. Spot 5 possesses an optical resolution of 
around 2 metres, with stereoscopic observation capability which allows the generation of 3-D 
digital terrain models. The existence of this national satellite-based optical observation 
technology has enabled French industry to reap remarkable export success (satellites 
Formosat-2, Theos, Kompsat-2). Programmes currently underway include Pleiades in France, 
for optical observation with an imaging resolution lesser than one metre, and in Europe, radar 
imagery satellites such as TerraSAR-X, SAR-Lupe and Cosmo Skymed. 

4. FUTURE PROSPECTS 

The progress of electronics and computer systems due to the digital revolution and the 
miniaturisation of terminals have enabled access to communication, information, 
entertainment, navigation and observation services from any point on the globe. 

21st century man wishes to be able to avail himself of these facilities without having to 
consider location, time or technique (ground or space). The result is a gigantic demand, with 
mass production leading to lower costs and fixed and with operating costs being shared over 
hundreds of millions of people. 

We will continue to call on satellites to meet this demand; indeed in many cases they offer the 
only solution. 

To avoid being dependent on the major world space powers, many countries wish to be a part 
of the design, construction and operation of space systems (this is the reasoning that led 
Europe to decide to develop the Ariane rocket so as not to be dependent on the United States 
for space telecommunications). 

Europe will have to bear this aspect in mind in any long-term strategy, even with such 
countries as China, Russia, India, Japan and Brazil which are already involved in space 
activities. These countries still procure equipments from Europe or the United States in 

                                                 
3  Polar Orbiting Environmental Satellite System 
4 EPS = European Polar Satellite = METOP 
5 Global Ocean Data Assimilation Experiment 
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certain technical domains where they are lagging behind. This situation will not last, unless 
we keep one step ahead of them in terms of technology and industrial competitiveness.  

EUROPEAN UNION SPACE POLICY 

It can be noted that in the proposed European Constitutional Treaty, article III 254, mention is 
made specifically of space, thus recognising its importance. 

1. To promote scientific and technical progress, industrial competitiveness and the 
implementation of its policies, the Union shall draw up a European space policy. To 
this end, it may promote joint initiatives, support research and technological 
development and coordinate the efforts needed for the exploration and exploitation 
of space. 

2. To contribute to attaining the objectives referred to in paragraph 1, European laws 
or framework laws shall establish the necessary measures, which may take the form 
of a European space programme. 

3. The Union shall establish any appropriate relations with the European Space 
Agency. 

Without waiting for the Constitutional Treaty to be adopted (now problematic), the European 
Union decided to start work on Galileo in cooperation with ESA in 2002, and freed up 
Research & Development credits dedicated to space within its Framework Programme for 
Research and Technological Development. 

In the next 20 years, space will offer crucial services on behalf of society in the realm of 
communications, positioning and navigation, Earth observation, meteorology and 
oceanography. 

It is essential then, if Europe is to maintain its position in the space sector, that an 
interim solution be found at the European Union level in order to free up a greater level 
of funding than that currently earmarked for the Galileo and the Research & 
Development programmes. 

4.1 Satellite communication services 

(Cf. Annex 3 for a detailed explanation of the different applications and Annex 1 for the 
technologies to be developed). 

The development of telecommunications satellites services over the past 20 years might have 
led one to think that their future was guaranteed. But the context has changed radically and 
the current period may be considered as a pivotal point. Faced with the rapid progress in 
ground technology and infrastructures, satellites in the next 10 to 20 years are facing a major 
challenge: they must position themselves within a new strategic, technical and commercial 
context, serving an increasingly global society with soaring communication needs which is 
demanding greater diversity and specificity of service. In this respect, one of the major 
challenges for satellites will be to seamlessly integrate into existing ground systems and 
networks in a totally transparent way.  

The world market potential can be assessed at around twenty commercial telecommunication 
satellites per year, of which 30 to 40% could be manufactured by European industry. 
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Used in parallel or as a complement to ground-based techniques, satellites will provide 
communication services for direct television and radio broadcasting, broadband transmission 
and Internet access, particularly for emerging countries and large countries where the 
population distribution does not make ground networks a credible solution. In mobile 
telecommunications, global and regional services will continue to be used and will take 
advantage of an increase in launcher capacity and in satellite on-board power to improve 
output capacity and allow the use of terminals similar to ground mobile ones. 

Sectors such as air transport will make greater use of satellites in order to offer a wider range 
of services to passengers. 

In emerging countries, particularly poorer ones, satellites should provide access to 
communications and the Internet, as well as to training and health programmes, although this 
would depend on aid from richer countries. 

After years spent developing larger and larger satellites in order to optimise costs per channel, 
the possibility, or even the need, to return to smaller satellites (which could be launched by 
the Soyuz rocket from the Guiana launch base, for instance) is being considered, for specific 
applications or users. Some operators consider this approach to be an effective way of 
targeting specialised “niche” markets or exploring new markets with uncertain revenues. 

In terms of new technologies to be developed and implemented in future geostationary 
telecommunications satellites, we are equally at a turning point. Operators should simplify 
and hone down their demands in terms of performance, and industry should reduce 
development and manufacturing costs by using generic designs and standard materials. Lastly, 
in highly competitive sectors such as broadcasting and fixed service, operators will require 
satellites with flexible orbits if they are to be reactive enough to win new markets. Operators 
of fixed service and broadcasting satellites (FSS and BSS) working in C and Ku bands will 
demand satellites that are versatile, flexible (in terms of orbital position, coverage, channel 
and power allocation) and … low cost. Such satellites, that might be qualified as “universal”, 
will require new groundbreaking technologies. 

Requirements on the part of satellite operators wishing to make the most of the potential 
convergence of fixed and mobile services or to take over the market for Internet access by 
satellite are more direct; they will need high capacity satellites, cheap to buy and to operate, 
capable of carrying large payloads and of offering a greater number of finer spotbeams in all 
frequency bands. A greater degree of flexibility would also be welcome here given the ups 
and downs of the market. This approach is characterised by Boeing’s Spaceway satellite: 
initially designed to serve the multimedia market, it will broadcast high definition television 
in the meantime. 

4.1.1 Direct To Home television broadcasting by satellite 

Television broadcasting by satellite (DTH) will continue. It is the ideal way of covering 
extensive zones comprising several countries and cultural and linguistic groups. Their high 
capacity in orbit will give satellites the availability, flexibility and competitiveness needed for 
high definition television and interactivity. It is this service that will continue to account for 
most of the satellites placed in orbit, in numerous orbital positions around the world, with 
some operators controlling large fleets and others possessing only a few, possibly smaller, 
satellites. The advent of high definition television (HDTV) and interactivity (iTV) should 
stimulate demand for broadcasting satellites and support this market. 
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4.1.2 Connection of ground networks 

A number of ground applications will use communication satellites hitherto devoted to 
relaying telephone traffic for ground network connection: GSM, GPRS or UMTS, wireless 
networks such as Wi-Fi and local radio loops and data communication networks such as the 
Internet. Satellites are a low cost way of linking base stations spread over the rural zones of 
industrialised countries or of rapidly deploying a network infrastructure in emerging countries 
which do not already possess one, such as in Africa (e.g.: world network of 260 sites under 
construction in 2005 by Loral Skynet and Global Crossing; DSL in the Sky network set up by 
Alcatel in Saudi Arabia). An initiative like Rascom is a good example of how satellites can be 
used when space and ground segments are simultaneously optimised, thanks to advanced 
space technology: from 2007 on, more than 100,000 African villages, far away from any 
infrastructure, should be offered the possibility of communicating between themselves and 
with any customer of the African phone network. 

4.1.3 Broadband services 

Satellites will offer broadband services equivalent to ADSL at a comparable price, targeting a 
clientele of small to medium firms and private individuals. This will help reduce the digital 
divide in industrialised countries as well as in rapidly developing emerging countries. 
Feasibility studies have already been successfully carried out using multibeams, flexibility 
and Ka band. The implementation of a broadband service by satellite requires investments 
that traditional telecommunication operators seem unwilling to make in the short term. 

4.1.4 Satellite digital audio broadcasting (S-DAB) 

Whether interactive or passive, audio broadcasting is the inseparable companion of the 
traveller, who wishes to receive a programme in his own language, in his car, even when 
travelling abroad. S-DAB is already very widespread in the United States, where the Sirius 
and XM Radio systems together count 4 million subscribers, while the Worldspace radio 
broadcasting satellites cover the African and Asian continents. It can be noted here that 
European industry played a part in constructing these satellites. This technology should spread 
to other countries. 

4.1.5 Satellite digital multimedia broadcasting (S-DMB) 

This service enables the user to receive a rich multimedia content – including image, audio, 
TV/video, advertising and other information – on a 3G terminal (B3G or even 4G in time). 
This content can come either from a satellite broadcasting directly or from a 3G (B3G/4G) 
base station, playing the role of satellite repeater. The content server is accessed through a 
GPRS or UMTS mobile network. These two possibilities ensure that contents can be received 
in rural areas (satellite better placed), within cities or inside buildings (signal transmitted by a 
3G station). 

This indispensable complement to the deployment of 3G, and later 4G, mobile networks has 
been possible thanks to the convergence between satellite and ground technologies. Satellites 
relieve UMTS, B3G or 4G ground networks of multicast and broadcast traffic thanks to their 
capacity for diffusion over a large zone. 

S-DMB is an important potential area of growth for the satellites industry. Already marketed 
in Japan and Korea, it could prove to appeal to a mass market as early as 2010 and is 
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attracting growing interest from European operators who are currently looking into two 
options based on purely ground systems or a mixed ground-satellite solution. A new type of 
satellite will need to be developed to meet the demands of this new service. Satellite 
architectures will need to be compatible with emerging standards (MBMS6, 3Gvideo, 
DVBH7 …) and future norms (4G). 

4.1.6 Mobile telecommunications by satellite 

Mobile telecommunications via satellite will continue to thrive, particularly in zones where 
ground cell networks cannot be deployed (on the ocean surface, in airspace, deserts or thinly 
populated zones) or have been destroyed (war zones or areas of natural disasters). The on-
board power of satellites and size of the antennae mean that terminals will be able to be 
reduced in size and output data capacity increased (Inmarsat 4). Global cover and regional 
systems will coexist and develop. It is unlikely that the Iridium and Globalstar constellations 
will have a low orbit equivalent, but it might be worth looking into the possibility of using 
Galileo or GPS-type constellations to carry telecommunications payloads on all or some 
navigation satellites. Such an option should take account of the competition that could be 
exerted by satellites on telecommunication operators. 

4.1.7 Communications for commercial and business aviation 

Air transport will make greater demands on satellites for the following purposes: 

! to increase aircraft and Air Traffic Management automation; 

! to improve passenger comfort by providing access to communication (Internet, email), 
information, entertainment (TV) and telemedicine services, initially on long-haul flights 
and then on all types of flight to all regions of the world; 

! to improve the processing of logistical questions between aircraft and ground. 

Communication and navigation satellites will need to guarantee continuous service – 
transmission and reception – throughout the flight by using several satellites in the course of a 
journey. A whole new system must be set up (Boeing and Airbus have begun to implement it) 
using existing or dedicated satellites. A certain standardisation will of course be required by 
the airlines and the business aviation community and data links to the cockpit will have to be 
separated from data links to the passenger area, for security reasons. 

4.1.8 Emergency communication 

An emergency communication satellite service will be set up for crisis and disaster 
management. Satellites are an ideal way of providing reliable, rapidly deployable, broadband 
radio connections, anywhere on Earth. These communications services (voice, fax, data, 
medical imagery, video …) will be designed to link rescue teams between themselves and 
with distant decision centres. These links will allow data concentration, in particular for 
automatic observations, and will allow the broadcasting of synthetic information. 

                                                 
6 Multimedia Broadcast and Multicast Services 
7 Digital Video Broadcasting Handhelds 
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After the crisis, these services will be deployed for the benefit of disaster-stricken populations 
until destroyed communications means are re-established.  

Certain types of natural disasters (floods, tsunamis …) could be forecast by setting up data 
collect systems and networks, and the populations informed by means of an alarm, which 
could be broadcast by satellite. 

Tele-epidemiology could also be usefully linked to this service. 

4.1.9 Tele-education 

In the realm of education, tele-learning will become more and more widespread. In order to 
take full advantage of these possibilities, the education world will need connectivity, 
interactivity and broadband. Alongside ground techniques, satellites will be essential for 
emerging countries with no ground network. They will help avoid the digital divide in the 
area of access to education. 

4.2 Positioning and navigation 

From 2010 on, there will be three satellite positioning and navigation systems in operation, 
with the Galileo civil system guaranteeing access to the different positioning services, 
including integrity. These satellite systems will be completed by regional augmentation 
systems such as Egnos, WAAS and MSAS, which will have demonstrated their reliability and 
accuracy in aeronautical applications.  

Applications initiated with GPS will further develop with the deployment of Galileo. The 
miniaturisation and consequent combination of positioning, telecommunications and 
geographical information functions in the same mobile terminals will cause the market to 
rocket (The European Union estimates that the world market of €20 billion in 2003 should 
soar to €275 billion by 2020 with 3 billion terminals in service around the world). 

These forecasts also show that most of the population in developed countries and their 
transport services will be equipped: 

! either with simple navigation terminals, 

! or with terminals comprising a navigation function coupled with some other technology 
such as geographic information, mobile telephony, data collection, and distress warning. 

All mobile units, from private cars to aircraft, will be able to make contact with all others, and 
to identify and transmit their position. Precise time distribution will give rise to different uses 
including network synchronisation. 

Europe must play an active role in the resulting products and applications, taking into account 
all the services offered by Galileo, including that of integrity. The integrity application will 
make an immense difference by providing guaranteed information for different utilisations 
linked to safety, reliability. It will thus offer a true positioning and navigation service. In this 
sense, the introduction of regional integrity services based on Egnos, WAAS and MSAS is 
important, particularly in the transition phase before Galileo becomes fully operational. 
Subsequently, Galileo must offer the integrity service worldwide so that there is no divide 
between regions. 
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The products and applications will take different forms: specialised terminals, ground systems 
using navigation satellites and other ground or satellite infrastructures. 

Many realms of activity will benefit from these products and applications.  

4.2.1 Application to transport 

! Commercial air transport will be able to use satellite navigation systems with the 
necessary levels of safety and security for flights to all points of the planet and for all 
weather landing at most airports in the world. In the longer term, with the improvement in 
communications between the cockpit and ground, one might envisage automating the 
air transport system to cope with the growth in traffic and the insertion of drones. This 
would give greater freedom to civil helicopters in adverse weather conditions or at night 
and make rescue operations more effective as a result. 

! Much of the ground transport system already uses GPS. More and more vehicles are 
fitted with a GPS navigator, whether for individual drivers or for vehicle fleet 
management. Major applications will also be developed in the areas of road traffic 
management or road tolling automation. The major challenge here is the availability of an 
equipment that is less dependent on complementary sensors such as odometers and rate 
gyros, in order to cut costs and produce standardised models (like car radios that can be 
fitted to any type of vehicle). One might expect to see a basic navigation system on most 
private cars in the medium term with additional functions allowing users to receive traffic 
information or any other information required. 

! Sea and rail transport will also be improved, generating new applications in the fields 
of navigation, traffic control, management of large fleets of wagons or containers, toll 
systems, etc... 

4.2.2 New value added services 

Some value added services that are just beginning to emerge with GPS will continue to 
develop: 

! Precision agriculture. Certain services will combine position and time tagging with 
geographical information and data from satellite observation. This application already 
exists but will be able to develop fully with the continuity ensured by Galileo. 

! Guidance. Techniques in which mobility is combined with positioning will generate 
many applications (movement of vehicles within airports, tourist guides, museum visits, 
navigation within a shopping centre). Here too, Galileo will ensure the future of 
applications initially developed with GPS, providing the guarantee of permanence for the 
various services. 

! Coupling with mobile telephony. The coupling with a mobile phone will cause an 
explosion comparable with that of cell phones. (Problems currently holding back 
applications particularly in urban centres will be solved by combining in the terminal the 
positioning possibilities of mobile cell networks with satellite navigation systems). In a 
few years time, all mobile phones could contain a GNSS (GPS+Galileo) chip, which 
gives some idea of the potential market.  

! Search and Rescue. Many applications for safety, search and rescue will be launched. 
Emergency calls requiring the automatic transmission of positioning information could 
act as a catalyser as regards the question of coupling with mobile phones (it must be 
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noted that the American regulation E112 on emergency calls imposes precision criteria 
that are not currently required by the EU’s E911). 

! High-precision topography. In order to improve precision, either differential or phase 
measurements will be carried out. Some applications could use differential measurements 
with the base stations of the cell networks coupled with the satellite navigation system. 
This could lead to important markets (high-precision topography, cadastre …). 

! Geodesy and cartography. Applications will involve all geographic information systems 
(GIS) including sea and land maps. All the geodetic work already done in Europe will 
have to be properly used for an accurate referencing to existing geodetic and cartographic 
systems, in full conformity with international reference systems. 

4.2.3 Studies of new applications of navigation by satellite  

The explosion in applications will turn GPS and Galileo into universal systems and 
revolutionise numerous sectors, bringing benefits to the whole planet and widespread, positive 
socioeconomic repercussions. Europe must take an active role if it is to use these systems to 
the full and to develop the various products and services, ranging from chips and equipment 
to systems of all sizes, for applications that will be local, regional or global. It might be 
interesting to set up in Europe one or more study centres to look into future satellite 
navigation applications. The Greater Toulouse region – with an industrial base of 
aeronautics, space, car electronics and air traffic management and with public organisations 
centred on air navigation and space, research laboratories into space geodesy and engineering 
schools – has the necessary credentials to set up such a centre. 

On a more general level, the possibilities offered by satellite navigation must be exploited by 
an industrial partner network capable of transferring these technologies towards markets and 
customers outside of the aerospace world. 

4.2.4 Evolution of the Galileo constellation 

As well as developing and implementing applications, we must look into replacing satellites 
of the Galileo constellation, as is done for GPS. The system’s performance can be improved 
by adding new capacities, in the field of communication, for example and ensuring better 
interoperability with GPS’s follow up. 

4.3 Earth observation: medium and high resolution imagery of land masses 

20 years ago, when the first SPOT satellite was about to be placed in orbit, civil satellites 
were not authorised to offer a level of resolution better than 10 metres. The end of the cold 
war brought about the end of this severe restriction and enabled the market to attain a certain 
maturity. As a result, in another twenty years time, Earth observation space techniques can be 
expected to have conquered a much wider market. 

4.3.1 A tool that is increasingly used for managing our living space 

Satellite observation of the Earth’s land masses, whether by optical or radar techniques, 
provides humanity with an ideal way of meeting a growing need for planet management.  

In this area, satellite systems confer a real added value due to their: 

! global character (worldwide cover); 
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! capacity to access any region of the globe without administrative formalities (unlike 
airborne observations); 

! frequency of observation, making it possible to monitor the evolution of observed 
phenomena; 

! very high reactivity: in a matter of hours, they are capable of producing images of any 
zone of interest; 

! perceived neutrality, born of objective, factual observation that is difficult to falsify. 

The result is a palette of extremely varied applications, on a global or regional level. 

4.3.2 An element of sovereignty with political and legal repercussions 

Observation of the Earth surface from space helps maintaining sovereignty in European states. 
Without a competitive satellite observation industry, Europe runs the risk of being deprived in 
the long term of basic data in such areas as environment, security, management of natural 
resources, defence, etc. 

In the realm of Earth observation, the commercial sector remains very dependent on the 
government policy and on the public sector for several reasons: 

! the dual (civil/military) nature of Earth observation; 

! the dependence on government and public contracts, which represent two thirds of the 
market, and the control practised by individual states on sales to third countries of 
satellites or images; 

! constraints linked to political directives (cf. the United States President’s directive to all 
government agencies to use commercial space imaging services) and legal aspects (the 
attribution of frequencies and orbital positions, for example). 

4.3.3 New modes of cooperation 

On 29 January 2001, at the Turin summit, an intergovernmental agreement signed between 
France and Italy defined the overall organisation of a joint civil-military programme, Orfeo. 
The division is equitable: Cosmo-Skymed, a constellation of four X band radar satellites for 
the Italian space agency, and Pleiades, the optical imaging system of two high resolution 
satellites for the French space agency, CNES. 

Likewise, in the purely military domain this time, France and Germany signed an agreement 
in 2002 to exchange Helios II images for SARLupe images. France and Italy signed a similar 
agreement over Helios II and Cosmo-Skymed. 

These agreements illustrate a new type of cooperation. Rather than building joint 
programmes, with all the financial, industrial and political difficulties that can be encountered, 
capacities for image-taking are exchanged between countries. Each satellite project remains 
independent and each nation keeps strategic access to the images of its satellites, but the 
partnerships enable the end users to have access to the totality of optical and radar satellites 
simultaneously, as long as certain operational rules are respected. 

However, as soon as commercial distribution networks are set up, it is essential to manage and 
control distribution circuits and to charge one single entity with the responsibility for 
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marketing the images. These aspects must be perfectly clear in the cooperation agreements 
signed between the different countries. 

4.3.4 Cartographic applications 

Mapping applications today account for a large part of Earth observation. At once civil and 
military by nature (the basic topographic map was still, not so long ago, called a “Military 
staff map”), cartography relies increasingly on satellite data rather than traditional methods 
for establishing basic maps of emerging countries or updating existing maps. Stereoscopic 
views from space produce highly accurate, three-dimensional databases that have become 
irreplaceable tools both for the armed forces and for civil engineering firms. 

Another associated application is that of land use mapping: the European Corine landcover 
programme is aimed at producing thematic maps giving a synthetic vision of the organisation 
and evolution of land use in European states, thus providing European decision makers with a 
dynamic vision for future land planning. Similarly, Chinese public bodies make massive use 
of satellite data to monitor and manage the urban explosion this country is currently facing. 

The combination of 3D landcover mapping programmes is also exploited by mobile telecom 
operators seeking optimal situations for their relay stations. 

4.3.5 Agricultural applications 

The use of Earth observation satellites for agricultural purposes is growing. Features 
mentioned above are used by public bodies (for monitoring implementation of the Common 
Agricultural Policy for instance) and by farmers who subscribe to services providing them 
with information directly applicable to the management of their holdings.  

Information provided to farmers on the state of their holdings is processed with the aid of 
GPS receivers capable of pinpointing the zones needing action. 

4.3.6 Risk management 

The use of observation satellites in risk management began with the detection of hydro-
meteorological phenomena by geostationary satellites and has now been extended to other 
domains. Risk level must be determined and, if the event in question should come about, be 
followed by crisis management. The International Charter on Space and Major Disasters, to 
which a number of space agencies are signatories, offers a framework in which satellite 
acquisition capabilities can be pooled in order to come to the help of rescue teams on the 
ground and proceed with damage estimation. On the pre-emptive side, inventories of risk 
zones (floods, forest fires) help in setting up preventive actions. 

Since 11 September 2001, the awareness of the vulnerability of our societies has led to a 
number of initiatives being launched in the area of security. The monitoring capabilities of 
observation systems (LEO satellite constellations or, in the future, geostationary satellites) can 
thus be exploited in the maritime domain, for instance, where operational applications are 
already being implemented. 

4.3.7 Synergy with positioning and communication techniques 

In the future, the combined use of observation, positioning and mobile communication should 
lead to the development of operational applications. It is interesting to note that the time 
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needed to transform observation data into a mapped product is decreasing by the day, and that 
in 20 years we may be in a position to map observation data and distribute the information by 
broadband telephone networks in almost real time. The combination of differential 
Galileo/GPS data with the products of high resolution space-based observation should make 
for interesting cadastral applications. 

The positioning capabilities (to the decimetre) and orbit calculation on board (Doris/Diode 
system), coupled with precise attitude measurement by stellar sensors, provide satellites such 
as SPOT 5 with accurately positioned observation data to meet the demands of certain 
applications. 

4.3.8 Public service and commercial applications 

These examples show the variety of applications currently, or soon to be, in use, and can be 
placed into three categories: defence applications (French and European); civil “public 
service” applications (for French or European authorities); and purely commercial 
applications. When talking of countries outside Europe, we use the term “commercial” even if 
the customers are mostly foreign governmental bodies. Thus, 80% of the turnover of Spot 
Image comes from sales outside of Europe, mainly to governmental organisations. 

The public service/commercial mix must be dealt with as a type of “public infrastructure” in 
order to meet the requirements of France and of the European Union whilst maintaining a 
commercial capacity so as to satisfy other needs. 

This commercial capacity helps cover operation costs and generate profits that can be 
ploughed back into satellite replacement, since the costs of satellites and launchers 
evolve in such a way as to make this accessible. 

These are the distribution models currently under study for data from the future Pleiades 
satellite observation system, which will take over from the current Spot series of satellites. 

This public/private partnership must make it possible to guarantee observing capacity in the 
long term, which represents both a factor of sovereignty and a tool at the service of society, 
while minimizing the cost for the taxpayer. This presupposes government funding for 
research and development of the first satellites in a series: the market is capable of paying 
for subsequent satellites, but not prototypes. This model might also be used to federate access 
to data in the framework of the GMES programme (oceanography, land cover, risk 
management, humanitarian missions, security, etc.). The possibility of simplifying access to 
data from the different constellations of observation satellites and encouraging their 
interoperability for the benefit of GMES themes constitutes one of the keys for success of the 
programme. 

The interoperability of the systems is essential for end users, since they need information that 
is not dependent on the satellite system. 

4.4 Operational meteorology 

In the field of operational meteorology, short term efforts are mainly concentrated around 
operation of the MSG system and preparation for the polar satellite system MetOp/EPS, but 
reflection is already engaged on the 3rd generation Meteosat system, MTG, which must be 
available by 2015 in order to progressively replace 2nd generation Meteosat satellites. 
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4.4.1 Missions for the 3rd generation of meteorological geostationary satellites 

An analysis of user needs and priorities carried out by Eumetsat and the European 
meteorological services shows that immediate forecasting (from a few minutes to 3 hours) 
will remain the priority and indeed the defining mission of MTG, given the latter’s unique 
capacity for taking repetitive (every few minutes) and immediately superimposable images. 
The importance of this mission results from the priority assigned to risk prevention and 
management of protecting property and persons, in a logic in which the meteorological cause 
and consequences are increasingly taken into account, especially in the area of hydrological 
risk. The mission of rapid imagery remains a priority then, and demands are increasing in 
terms of frequency of imaging, of multispectral diversity and of ground resolution in order to 
arrive at clearer, earlier identification of dangerous phenomena, and the integration of this 
information with observations obtained from weather radar networks, in a “meteorological 
object-oriented” approach. 

4.4.2 Evolution in forecasting techniques 

The evolution in short term forecasting techniques (3 to 48 hours) will also be a determining 
factor. The gap currently separating immediate forecasting – which is based essentially on 
direct exploitation of observations – and short term forecasting – which uses both observation 
and models – will soon close, with the advent of very high resolution models (2-3 km) 
capable of simulating storms, etc. From 2008, for instance, the Meteo France Arome model 
will be put into operation every 3 to 6 hours or on demand, and will be used for immediate 
forecasting. It will be able to realistically simulate radar and satellites images and therefore be 
able to assimilate them. This evolution in the model’s operating frequency also leads to more 
stringent requirements (in terms of spectral and horizontal resolution) for humidity sounding 
observations from the geostationary orbit and for multispectral imagery, coming close to the 
kind of requirements applicable to low orbit systems (IASI). 

4.4.3 Targeted observation strategy 

In view of the volume of data produced and the progress in determining “critical areas” to be 
kept under observation, it is likely that geostationary missions will in the future be 
programmed on the basis of model forecasting and that observation strategies will be 
“targeted” at given situations. 

4.4.4 Contribution of low orbit MetOp satellites 

In the area of low orbit, the MetOp satellites, due to be launched from 2006 on, will represent 
a decisive step forward with regard to the current generation. Significantly enhanced sounding 
capabilities (IASI, MHS, GRAS, GOME) should continue to bring improvements to medium 
term forecasting quality. The goal in the next few years is to obtain useful 10-day forecasting, 
of the same quality as current 7-day forecasts. 

4.4.5 The future of low orbit satellites 

Beyond this timeframe, Europe will need to look into post EPS systems, bearing in mind its 
international commitments (atmospheric sounding from the “morning” orbit) and results from 
experimental missions, especially in the area of wind profile measurement by Doppler lidar 
(Aeolus) which could constitute a unique complement to the wind maps obtained from 
geostationary imagery. 
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4.5 Operational oceanography, a new space application 

Operational oceanography is developing in Europe and throughout the world to cover all 
scales, from the global ocean to coastal areas; its extended range of services varies from 
forecasting the state of the global ocean to managing coastal ecosystems. 

This development is based on an integration of both scales and scientific disciplines. 

4.5.1 Scale integration (from coastal zone to global ocean) 

As in meteorology, integration of the different scales is based on a hierarchy of interlinked 
digital forecasting models, dealing with scales going from the global ocean to a specific 
coastal zone. These models are fed by observations generated by a hierarchy of systems 
matched to the needs of the different scales. Global models such as Mercator provide precise 
values representing the state of the ocean in three dimensions (for example surface and 
underwater temperatures, direction and strength of current …) at any moment and for any 
oceanic region. They can also predict how this state will evolve over several days. Like Meteo 
France for weather forecasting, operators of this type of modelling (Mercator-Ocean in 
France) provide the general public or professionals with a bulletin or map predicting the 
ocean’s conditions for the days to come. These global services are at the heart of all maritime 
applications. With the aid of sophisticated digital modelling, they are capable of real-time 
assimilation of space observations concerning the temperature (infrared imagery) and 
topography (altimetric measurements) of the ocean surface, and in situ measurements (relayed 
by satellite). This is why the operational continuity of altimetric observations must be 
guaranteed in the long term by uninterrupted operational systems, with the addition of 
observations of the colour or of the salinity of the oceans. 

The different scales are integrated and the corresponding services linked by means of an 
organisation network featuring a small number of centres for global oceanic forecasting, 
which feed information to regional networks charged with more specific services, notably the 
management of coastal ecosystems: global centres thus provide information up to the limits 
used by coastal models. This is the structure of the Mersea project in Europe, for instance. 

4.5.2 Multidisciplinary integration, meteorology, physical and biological oceanography 

Multidisciplinary integration necessarily involves the meteorological and oceanographic 
communities, whose activities are more and more interdependent. The coastal models, for 
instance, must have access, for their “forcing”, to detailed wind field forecasts (with a 
resolution of 2 to 3 km) which will become operationally available from 2007-2008, thanks to 
progress in atmospheric modelling (cf. section 4.4). Similarly, advances in seasonal 
forecasting come from interconnected ocean-atmosphere models, deriving, as far as the ocean 
side is concerned, from the global ocean services mentioned above. Some applications that are 
closely linked to weather conditions, such as forecasting the sea state, drift patterns of objects 
or pollutants, or storm tides, also require integrated work combining forecasts of ocean 
currents, derived from Mercator, and forecasts of surface conditions, carried out by specific 
ocean-atmosphere interaction models, such as the Mothy and VAG models of Meteo-France. 
This is how the drift pattern of pollution from the wrecked oil tanker Prestige in 2004 was 
better predicted. 

Within oceanography, closer cooperation can be perceived between the physical 
(thermodynamics and circulation) and biological oceanography communities: this is 
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indispensable for the modelling and operational management of coastal ecosystems, which 
rely on the combination of in situ measurements and space observations of the colour of the 
oceans. 

4.5.3 Setting up an operational service 

Setting up an operational service will require: 

! the creation of global forecasting centres, to supply information to regional networks 
charged with specific services, notably in the coastal zones (cf. annex 4); 

! the maintaining of a multi-sensor space-based observation capacity: 
" altimetry: continuity of the Jason satellites must be ensured, with at least two satellites 

in flight simultaneously; 
" surface temperature: by weather satellites; 
" sea colour: currently measured via different instruments, its operational use needs to 

be developed; 
" salinity: this is important for monitoring models. This parameter is hardly dealt with 

by in situ observations. Tests in orbit of satellites such as SMOS and Aquarius will 
make possible its introduction into models; 

" observation of sea ice for climatology and navigation; 
" sea states by scatterometry and interpretation of altimetric measurements. 

The next 20 years should be devoted to the setting up of such ocean forecasting centres and 
networks which would pave the way to applications targeted at different professions (military 
and merchant navy, fishing, pollution monitoring, marine meteorology, search and rescue, 
offshore industries …). Global missions will clearly remain in the public domain, raising the 
question of the financing of the space infrastructure and the global forecasting centres, in a 
framework of international cooperation. The funding of the space infrastructure – in particular 
in terms of the articulation between development agencies and operational agencies – should 
plainly be based on the model used for meteorological cooperation: it has already been 
implemented for scatterometric observations on MetOp and Jason-2. The coastal domain 
ought to be a joint public-private venture. In fact, given the scope of applications, there is 
discussion as to what will clearly be in the public domain, what will be the object of 
partnerships and what will lead to paying services. 

5. STRATEGIC AND ECONOMIC ASPECTS 

5.1 A commercial sector and a sector of public interest and sovereignty  

Space serves society by generating commercial activities (telecommunications, and soon 
navigation) and services in the public interest (meteorology, Earth and ocean observation). 

Commercial activities spawned by satellite telecommunications are not only in use in Europe, 
but worldwide; indeed in this area, Europe exports both technology and services (Eutelsat and 
especially SES Global are present internationally). 

This situation was achieved thanks to the efforts of the space agencies (ESA, CNES …) and 
the telecommunications operators (France Telecom …) and in a context of huge subsidies by 
defence programmes to American industry. 
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If Europe had made no effort to develop launchers and satellites, we would now live in a 
world dominated by US industry. The European sky would be occupied by satellites 
manufactured by Boeing, Lockheed and Loral, and the European satellite operators would be 
called Loral Skynet, GE-Americom and Direct TV. 

In Europe then, space industry includes a commercial, hi-tech sector, obeying the laws of the 
market, with many countries wishing to acquire the technical know-how for their own needs 
or for export purposes. By 2020 the United States and Europe will no longer be the only 
players in this market. 

It seems to us indispensable strategically for Europe to keep control of commercial and public 
interest sectors with important sovereignty stakes. This implies: 

! being able to count on a European launching capability in order to ensure access to space 
with launch vehicles at least as advanced as American, Russian or Chinese rockets; 

! Europe controlling orbital positions and frequencies for satellites deployed over Europe 
as well as for those with global cover (constellations such as Galileo; observation 
satellites such as Spot, Pleiades …); 

! allowing European satellite industry to access the most sophisticated space technologies, 
under competitive conditions, either via Research & Development programmes or by 
benefiting from synergies with institutional (military or civil) and scientific programmes. 

It is clear that the dual nature of institutional and commercial industrial activities is essential, 
since each party benefits from the other. European industry would be at risk if one sector was 
to decline. 

5.2 Role of space agencies and of the European Union in this context 

Space applications are an asset for Europe in a context of globalisation. Innovation will 
remain an important part of this process; it is a vital political and financial driver, requiring 
mixed public-private financing, even in the competitive sector of telecommunications. It is 
also strategically important for Europe to strongly support technology so as not to find itself 
dependent on countries with a monopoly in such areas, especially for key elements such as 
equipments, generic technologies and components. 

There are organisations in Europe committed to the development of space activities: European 
or national space agencies (ESA, CNES, ASI, DLR, etc). The European Union, a late arrival 
in the space sector, has the means to politically support and to fund space activities on behalf 
of the citizens of its 25 member states. 

This report will attempt to define the respective roles of the European Union and of space 
agencies, a subject already broached between ESA and the European Union. 

In a few words, the space agencies should: 
! develop scientific missions devoted to study the universe or the Earth and its 

environment; 

! play a pioneering role in the development of new technologies with medium or long term 
relevance to space applications, whether in the public interest (meteorology, Earth and 
ocean observation …) or commercial (telecommunications, navigation …); 
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! develop and carry out in-flight experiments of prototypes for future commercial satellites 
(as was the case for Symphonie, OTS, MAROTS or the first Galileo satellites). Such 
development should benefit from total or partial public funding; 

! support the development of technologies currently not available in Europe in order to 
protect Europe from potential embargos; 

! support innovations aimed at keeping one step ahead in technological terms to avoid 
being overtaken by clients with space capacities currently supplied by Europe (China, for 
example). 

One question that remains open concerns the agencies’ role in maintaining competitiveness in 
the realm of telecommunications satellites. 

For its part, the European Union should use its power to regulate and coordinate the 
Union’s activities in order to support space applications by: 

! promoting applications of space technology in sectors where the European Union is 
developing a common policy (transport, environment, agriculture, security, fishing …), 
thus hopefully leading to operational systems; 

! supporting innovation and standardisation of products issuing from applications, possibly 
by co-funding pilot projects; 

! setting up common policies in certain cases and bringing strategies of member states into 
line as much as possible; 

! using space technology as an instrument in the construction of major political priorities 
such as security, international cooperation, open sky, foreign affairs … 

! ensuring that operational space systems set up to achieve its goals provide availability 
and continuity of service; 

! using its political weight in international negotiations on the use of space (as was the case 
with the United States for Galileo). 

The European Union should be made responsible for the availability and continuity of 
operational services that are being used to implement its policies and should contribute 
financially to the development, deployment and operational phases of space 
infrastructures, in particular Galileo and GMES. 

Cooperation between the European Union and ESA initiated with Galileo should be pursued, 
with contributions from countries that are not members of ESA and do not dispose of a 
national space organisation. 

Apart from the organisations mentioned, one must not forget the operating entities, in 
particular those offering services in the public interest, services which will be partially free of 
charge or fully paid for : 

! Europe must maintain and develop its meteorological space programme with the backing 
of ESA, certain space agencies and national meteorological organisations present in 
Eumetsat. These missions are crucial for meteorological risk prevention – weather 
phenomena accounting for 70% of damage costs in Europe – and take on a strategic 
dimension in meteorology and Eumetsat; 

! new services using space means will emerge. The European Union should take proper 
actions bearing in mind that these services are important for the countries of the Union 
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and that regulation can be necessary. This can be undertaken in cooperation with space 
agencies and existing or new operators (concession): Eumetsat, civil aviation (Egnos …) 
civil security (GMES …). 

5.3 Frequencies and orbital positions: a strategic challenge for Europe 

The development of space activities serving the general interest requires frequencies, like 
ground-based infrastructures, but also orbital positions. 

Europe must do its utmost (cf. paragraph 5.1) to safeguard orbital positions and frequencies 
acquired by the different European Union member countries or to obtain new frequencies 
from ITU8, as was the case for Galileo. Sometimes this means sending prototypes rapidly into 
orbit to take control of orbital positions or frequencies. It also means anticipating the future so 
that Europe is not prevented from developing new space applications. 

Standardising frequency attribution and, more generally, the regulatory framework applicable 
to space services is a major challenge on both a European and international level. Satellite 
applications are mainly regional or global in scope, it is therefore essential to avoid any 
fragmentation of markets available to satellites which could result from badly coordinated 
national decisions. This is particularly true for non geostationary satellites, which need 
frequency bands that can be exploited over the whole planet. 

5.4 In-flight testing of new concepts and technologies, if necessary with experimental 
satellites 

For reliability considerations, satellite operators prefer to equip their satellites with 
technologies that have already flown. Insurance companies have similar preoccupations. 

New technologies could be tested on board experimental satellites or as “passengers” on 
established satellites. 

The positive example of Stentor (cf. annex 2), despite its failure at launch, should stimulate 
initiatives towards the creation of a new technological programme to flight test new 
technologies and equipment and demonstrate new services. This initiative would stimulate 
and reinforce a weakened European space sector at a difficult time when productivity gains 
are not enough to compensate for the effect of the euro/dollar exchange rate and when the 
evolution in technologies and their testing in orbit are crucial competitive assets. 

5.5 Insurances and size of satellites 

Increased launcher capacity will undoubtedly lead to a tendency on the part of operators and 
manufacturers to increase the size and complexity of satellites. But at the moment of 
launching, a payload composed of one or more satellites will have to be insured. 

Insurers will not themselves put a limit on the size of satellites; insurance capacity on the 
other hand is a finite figure. A very large satellite could conceivably exceed the capacity of 
world insurance brokers, depending of course on the value of the satellite being launched. In 
the next fifteen years, the possibility of other insurance companies joining the club of space 
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insurers could be envisaged, thus increasing the available capacity. Their attitude would be 
dictated by the size of the market and the reliability of launchers and satellites. 

5.6 State or private financing 

Private financing can be obtained if a project’s business plan has proved its short term 
profitability. In the space sector this represents a substantial level of risk – as shown by the 
setbacks of Globalstar, Skybridge and Iridium – and return on investment is often delayed 
because of the long development cycles inherent to space activities. This demonstrates the 
difficulty for the private sector of financing the development phases of new space 
programmes. 

Only institutions can break this cycle by: 

! purchasing and operating satellite systems for their own purposes. This is true not only of 
military missions but also of civil “universal service” type missions which ensure access 
to the same services for all individuals without discrimination, over the whole territory. In 
certain cases, procurement can be realised via the “PFI” mode (private finance initiative: 
by which an institution commits itself to buying services for several years. Such 
programmes are set up for constructing and operating satellites, and are reimbursed over 
several years, according to the satellites’ use); 

! funding research and development activities by co-financing programmes with private 
players, thus allowing them to improve their offers not only on the international 
commercial market, but also on the institutional market mentioned above. 
These public-private shared actions can be more ambitious and can extend beyond the 
Research & Development period, generating larger-scale initiatives financed by “Private 
public partnership” schemes. Such shared financing can go as far as to set up an 
operational satellite system and organize its exploitation. 
In whatever case, the initial impulse for innovation can only be given by government 
funding. 

In the realm of meteorology, the funding and cooperation model between development 
agencies and operators has proved its worth with Meteosat, MSG and EPS/MetOp and could 
be extrapolated to operational oceanography and certain GMES services. 

6. CONCLUSION AND RECOMMENDATIONS 

6.1 Conclusion 

Space, with its telecommunications, observation and navigation satellites, plays a major role 
in contemporary society. The planetary scale of space activities means that they participate in 
the globalisation of our society and satisfy many of humanity’s expectations; human beings 
live in a society undergoing a digital revolution in which new information and communication 
technologies provide universal access to many services and in which observation and 
positioning techniques ensure their safety, whether on the ground, at sea or in the air. 

Users of these new technologies do not ask themselves whether the means behind them are 
ground- or space-based. The very rapid development of ground networks and the 
miniaturisation of terminals could lead one to think that satellites are no longer needed. This 
is not the case; satellites are vital in various sectors of telecommunications and offer 
complementary services such as direct broadcasting; they are essential when a global vision is 
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required to observe the atmosphere (meteorology), the land masses (management of resources 
and risks) and the ocean (to study and predict its variations). Navigation and positioning 
satellites replace all resources hitherto imagined by man to find his way and move around the 
earth, radically transforming different sectors of activity including that of transport. 

Europe, in a more limited configuration than today, succeeded in developing space 
applications and their different industries: launchers, satellites, ground equipment and 
associated services. With its decision to commit itself to the Galileo navigation programme, 
the European Union has added an essential application, for which it used to be dependent on 
the United States, and has shown its determination to embark on a space policy of global 
dimensions at the service of society … 

In the future, satellites will continue to play a vital role often in conjunction with ground 
resources; hybrid solutions will emerge for instance combining satellites with 3G mobile 
telecommunication networks. 

It is strategically important for Europe, both economically and in terms of sovereignty, to be 
independent in terms of space applications, in other words to have the capability to build and 
operate launchers and satellites for its own needs or for export purposes. This means 
developing and manufacturing components, key technologies and equipment that might be the 
object of an embargo or other restrictions from supplying countries, and ensuring access to 
frequencies and orbital positions. 

Space is an asset for Europe in the globalisation process. It is an exporting sector, encouraging 
cooperation on an international level. It also stimulates new applications and new services, 
creating new jobs. Certain activities belong to the commercial sector, others are backed by 
public funding, but all are factors of sovereignty and political and financial independence, 
making it essential that the European Union and its member states continue to provide the 
conditions that guarantee the viability of their space industries. 

The United States, Russia, China, India, Japan and Brazil are pursuing an active space policy, 
determined to be present in all sectors of activity. There can be no doubt that other emerging 
countries will seek to join them and that competition will be stiff. 

Europe must carry on efforts begun forty years ago in the area of space, by encouraging 
innovation, industrial competitiveness and the development of new applications. It is essential 
to support research and development into new technologies via joint initiatives with the 
European Union, its space agencies, industry, research laboratories and universities. New 
applications can be developed with the help of the different European programmes – public, 
public/private, dual usage – including the launching of demonstration satellites. 

6.2 General recommendations 

R1. Efforts made by Europe since the early 1960s have provided it with an independent 
capacity for building, launching and operating communication and observation 
satellites, which are now used on a daily basis. 
An extra effort was necessary in the realm of positioning and navigation, and was 
achieved through Galileo. 
We recommend, given the economic stakes and the implications for sovereignty, 
pursuing a space policy that allows Europe to design and develop space applications to 
meet society’s expectations and boost industrial activities, services and employment. 
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R2. The digital revolution is transforming an offer into a gigantic demand on the part of 
consumers, affecting communications, positioning and observation. Certain demands 
will be met by satellites, where there is no other solution or because satellites are better 
adapted to the socio-economic context of a particular population. 
We recommend an in-depth analysis of the situation which would from the outset take 
into account the complementary nature of space and ground resources, and particularly 
the insertion of satellites into existing or planned ground networks; this applies equally 
to telecommunication, navigation and observation satellites … 

R3. In a global society in the midst of a digital revolution, communication satellites will 
continue to play an important, and often unique, role along with ground-based networks. 
We therefore recommend that Europe maintains its capacity to build and launch 
communication satellites for its own needs or for those of other countries. In order to 
comply with rules of competition or to enter into partnerships, other non-European 
launchers could be used, as is the case currently. 

R4. France and Europe must develop state-of-the-art space technologies in order to remain 
competitive internationally and to develop new, innovative applications; the latter 
would also allow Europe to keep ahead of the other members of the field (Russia, 
China, Japan, India and Brazil). We recommend: 
a) implementing an ambitious Research and Development programme, backed by 

public or public/private funding; 
b) promoting dual civil/military space technologies, for both satellites and ground 

installations, and their validation before operational exploitation; 
c) setting up technology demonstrators with the help of space agencies so as to validate 

new applications up to pre-operational stage and thus encourage commercial 
operators and insurers to accept innovation; 

d) reinforcing European independence in the field of components, technologies and 
equipment that could at any moment be subject to embargos or utilisation or export 
restrictions, by means of a concerted European funding policy of corresponding 
technologies. 

R5. The development of new space applications calls for access to frequencies and orbital 
positions. It is strategically and economically vital to ensure this access by means of 
prospective studies into future space systems and cooperation with most of the countries 
represented in the ITU. 
We recommend that the European Union pursues an active policy within the ITU, in 
close collaboration with the organisations dedicated to spectrum management within the 
different countries of the Union. We also recommend that Europe contributes to the 
development of a harmonised European regulatory framework for space services. 

R6. Europe must play a role on an international level by encouraging access to space 
applications for all inhabitants of the planet. 
Satellites often remain the speediest solution for emerging countries to have access to 
new telecommunications, navigation/positioning and observation techniques. This is 
particularly true in the case of Africa as witness the difficulties of African countries to 
set up their telecommunication system (RASCOM). We recommend that they be 
supported in such initiatives. 
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R7. The strategic and commercial stakes involved require Europe to guarantee the security 
of its space systems, protecting sensitive data and preventing illicit use of data or 
satellites and possible attacks on its systems. 
We recommend carrying out the necessary studies and developments needed to acquire 
the techniques and technologies which will guarantee the security of space systems. 

6.3 Specific recommendations 

Recommendations linked to communications 

R8. A new service will develop around the use of satellites for crisis management, natural 
disasters and epidemics. Satellites have already demonstrated their capabilities with the 
Sarsat/Cospas global search and rescue system. This service will use existing or 
dedicated satellites for observation (weather, land masses, ocean …), 
telecommunications, positioning and data collection. It could also use existing structures 
(e.g. Eumetsat …) or set up dedicated regional or global services (tsunami warning, 
etc…). We recommend preparing the introduction of this new service. 

R9. The rapid development in the United States of digital audio broadcasting by satellite, 
mainly on board ground vehicles, suggests that such systems should be developed in 
Europe, even if the linguistic and geographical context is different. A strong demand 
could appear, created by similar possibilities on cell phone terminals. We recommend 
continuing to monitor this specific application, particularly since European industries 
play an important part in building these satellites. 

Recommendations linked to Galileo 

R10. In terms of positioning and navigation, we must develop, build and deploy Galileo 
with all its planned services, without placing ourselves in a position of dependence in 
relation to the United States. There are many applications involved and their 
development must be encouraged. One promising application concerns mobility and the 
convergence between positioning and mobile telephony. European industry has the 
capacity to be present in all sectors: satellites and launchers, operations centres, 
specialised systems and terminals. 

R11. At a time when commercial and business aviation is evolving and new aircraft coming 
into operation, satellites will play a role in automating the air transport system, 
improving safety and security, with Galileo/GPS navigation systems and 
communication satellites providing links with the cockpit. The well-being of 
passengers will also be enhanced with the advent of telephonic links, Internet access, 
and TV reception. We recommend that Europe studies the consequences for flight 
automation and air transport and that an analysis be carried out into ways of improving 
passenger comfort. Events organised by the Académie Nationale de l’Air et de l’Espace 
(ANAE) in 2005 aim to examine these areas. 

R12. The European Union must support and promote critical applications for satellite 
navigation, such as the road and highway tolling, which require full reliability and 
security, thus ensuring that the system has the necessary level of integrity. Such value 
added services should be introduced very soon so as to take advantage of Egnos’ entry 
into operational service. 
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Recommendations linked to meteorology and operational oceanography 

R13. Meteorological missions are indispensable for preventing risks linked to weather 
conditions, which Europe a great deal in damage compensation, and have an undeniable 
dual dimension, as has been shown in the regional crises in Afghanistan and Iraq. 
Current discussions on GMES must not mask the fact that Europe’s priority must 
continue to be the continuity and evolution of its meteorological space programme, 
according to a tried and tested model that can be extended to operational oceanography. 

 

R14. Operational oceanography, a relatively recent space application, is opening up vast 
possibilities. An operational worldwide service should be set up, organised around 
global forecasting centres with ongoing satellite systems based on the current 
meteorological systems. Since this is a global application par excellence, we 
recommend that Europe appropriates this activity as soon as possible. It can be noted 
that operational oceanography is of interest to the navies (dual dimension) and is based 
on the notion of multidisciplinary integration with meteorology. We thus recommend 
that the duality of oceanographic programmes, which is currently well taken into 
account in France, the United Kingdom and Italy, be assimilated into a wider European 
context. 

Recommendation linked to Earth observation 

R15. Europe must possess global observation facilities, both civil and military. We are 
satisfied that the continuation of the Spot programme is ensured by the development of 
another family of satellites, Pleiades. We recommend maintaining French and European 
excellence in this area by beginning preparations for future optical (post-Pleiades) and 
radar observation programmes, whether civil and commercial or dual. In addition to a 
scenario of full procurement and ownership by governments, we also recommend 
looking into the feasibility and implementation of public-private partnerships on the 
basis of public funding on two levels: on the one hand institutional support for the 
development of new applications as far as the pre-operational stage (i.e. public funding 
of the first satellite in a series) and on the other hand a commitment, in the case of 
public service applications, to purchasing observation data throughout the system’s 
operational lifetime. 

Recommendation linked to telecommunications, positioning and observation 

R16. The convergence of three applications – mobile telecommunication (via terrestrial or 
space infrastructures), positioning (with Galileo and GPS in normal or differential 
mode) and Earth observation (with different thematic products) – on a single mobile 
terminal will lead to new applications. New products and services must be conceived 
involving different combinations of broadband broadcasting, high resolution rectified 
satellite imagery and highly accurate terminal positioning with Egnos/Galileo (with the 
possible contribution of cellular networks in urban areas). We recommend studying and 
developing new applications made possible by this technology, for businesses as well as 
for the general public. 
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ANNEX 1 

Themes for Research and Development 

In terms of new technologies to be developed and implemented in future geostationary 
telecommunications satellites, we are at a turning point. 

Operators must be persuaded to simplify and standardise their requirements and 
manufacturers to cut their development and production costs by generic designs and standard 
sub-systems. In highly competitive sectors (television and fixed service), operators will 
require flexible satellites in orbit for greater reactivity in their search for new markets. 
Operators of fixed service and broadcasting satellites (FSS and BSS) working with C and Ku 
bands will be looking for versatile, flexible, low cost satellites. Such “universal” satellites 
require the development of groundbreaking technologies. 

The requirements of satellite operators with their eye on the Internet access by satellite market 
are more direct: high capacity satellites that are inexpensive to buy and to operate. A touch of 
flexibility would also be welcome, given the vagaries of the market (Boeing’s Spaceway was 
intended to address the multimedia market but will temporarily broadcast high definition 
television, for instance). 

1. Antenna technology 

The first antenna technology to be developed must be the multi-spot antenna, either with 
shaped-beam Ku band for linguistic coverage, or circular beam Ka band for multimedia cell 
coverage. A second antenna technology is the reflect-array antenna whose surface is printed 
with metallic patterns which locally phase shift radiofrequency waves, allowing the 
generation of shaped coverage. The reflect-array network can be either passive, and the 
coverage is driven by the design, or active in which case the coverage can be programmed in 
orbit, in a first step thanks to a skin covered with diodes and in a second step thanks to micro-
systems (MEMS). An interim step will involve hybrid solutions in order to keep costs down 
(e.g. use of power minitubes …). The more advanced technology is the active beam shaping 
antenna, which draws on other technologies: ultra-compact microwave low noise amplifiers 
(LNA), high performance solid state power amplifiers (SSPA), beam-forming networks 
(BFN) calling on digital signal processors (ASIC), micro-switches (MEMS) … Active 
antennae pave the way to smart antenna technologies which enable an improved spatial 
selectivity and a greater immunity to electromagnetic disturbances (involuntary interferences 
or intentional jamming) by using digital beamforming; a combination of the two contributes 
to an improved use of the radiofrequencey spectrum and enables a high level of frequency 
reuse. 

As far as broadcast to mobiles is concerned, large-scale deployable S-band antennae are 
necessary. Their technology is not available in Europe but the United States already possesses 
it, Japan will validate it in 2006 with ETS-8 satellite and Russia already has prototypes. 

2. Transponder technologies 

Transponder technologies follow two main trends. The first is signal digitisation and 
processing by VLSI digital integrated circuits. Once digitised, the microwave 
telecommunications signals are ready for efficient and sophisticated processing: digital 
filtering in order to increase frequency selectivity, channel mixing to extend routing 
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possibilities, demodulation and error correcting decoding of digital voice, data and video 
signals, ATM or TCP/IP packet switching, amplifier equalisation and linearization … Digital 
processing improves performance, can be reprogrammed during flight (radio software) and 
offers total flexibility. 

The second trend is the use of optical technologies to process microwave signals. These 
techniques come from optical techniques used in ground-based fibre optic networks. Optical 
technologies offer an almost unlimited bandwidth together with compact, lightweight 
equipment and excellent immunity to electromagnetic interferences. One initial technique will 
be the conversion of microwaves into their equivalent optical waves and vice versa. Optical 
microelectromechanical systems (OMEMS) make it possible to mix optical signals carried by 
optical fibres in a light, compact way. 

Finally, new thermal management techniques will enable different satellite zones to operate at 
different temperatures. A cryogenic container at 70 Kelvin will house both reception and 
filtering stages. These receptors and filters will use superconductive electronics which 
guarantees minimal loss and excellent figures of merit (sensitivity). Another container cooled 
to 4 Kelvin will house the digital processing circuits in superconductive RSFQ logic (Rapid 
Single Flux Quantum). Finally, power stages will be maintained at high temperature in order 
to benefit from better dissipation of calories towards space. New semi-conductors (SiGe, 
GaN) will allow operation above 100°C with higher levels of reliability and better energy 
conversion ratios. 

3. Platform technologies 

In the area of platforms, new technologies to increase electric power (solar panels, 
accumulator batteries …), enhance thermal dissipation (heat pipes, radiating surfaces, heat 
transport loops, thermal machines …), improve manoeuvrability (attitude and orbit control, 
star sensors, inertia wheels, gyros …), increase the operational autonomy and reliability of 
satellites (calculator, artificial intelligence, fault management …), reduce fuel consumption 
(electric and plasma propulsion), lighten mechanical structures and improve mechanisms will 
be welcome. 

4. Technologies for navigation and positioning by satellites 

In the first place, the Galileo programme must be consolidated and technological efforts on 
key aspects such as onboard atomic clocks reinforced. 

Then a campaign must be launched to prepare, promote and organise the use of the Galileo 
system. This means developing a value added user terminal equipment and services industry 
which, in terms of turnover and job creation, will exceed the corresponding figures for the 
space sector by several orders of magnitude. Such an effort can be made on a European level, 
or by different countries and regions. 

In order to reach the mobile applications market, especially in indoor and urban canyon 
environments, it is essential to support Research & Technology programmes to promote the 
development of local and regional augmentations, innovative technologies and the 
hybridisation of GNSS with other means or systems. 

Given that coverage is global, cooperation on a worldwide level is essential.  
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While Galileo clearly constitutes a major asset for Europe, one that will pave the way for new 
applications, one must bear in mind that many applications and services offered by satellite 
navigation can already be implemented with GPS (cf. all existing applications, the 40 to 60 
million GPS receivers in operation around the world, or the 400,000 sold every month). It 
would thus be a mistake to focus exclusively on Galileo, which will not be in operation before 
2010, thus leaving others to take position in the corresponding market. 

Technologies ensuring integrity for user applications are crucial for the development of 
applications linked to reliability and security. The integration of chips equipped with cellular 
3G communication and navigation functions is necessary in order to reduce terminal size and 
consumption. 
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ANNEX 2 

Experimental satellites. The example of Stentor 

The development of the Stentor satellite, decided in October 1994 by the French government, 
is a good example of an experimental programme, along the lines of the technological and 
experimental satellites that the United States and Japan had launched as precursors. 

The work plan initially intended to consolidate and enhance the positions of Alcatel Space 
and EADS-Astrium (already ranked among the top world prime contractors), as well as that of 
national equipment manufacturers, in a tough competition with the American industry, 
included 4 components:: 

! Research and Development activities, 

! development of an EHF payload, 

! realisation of the actual technological satellite, 

! insertion of these new technologies into the Eurostar and Spacebus series of satellites. 

A fifth axis: “demonstration and validation of new services” was decided subsequently. 

The launch failure of Stentor on 11 December 2002 had a dampening effect on this ambitious 
satellite project that was carrying almost 85% of innovative equipments: no in-flight testing 
was possible to check whether these equipments were functioning properly and to 
demonstrate new services.  

In a world context in which insurers play a fundamental role in helping customers chose new 
telecommunications satellites this had a slowing domn impact on sales of the new Eurostar 
and Spacebus platforms. However, the W3A and Intelsat 10-02 (Eurostar) satellites launched 
in 2004 and the launches scheduled in 2005 of the AMC 12 and Syracuse 3 (Spacebus) 
satellites have since permitted the necessary in-flight validations. 

Moreover, since 2003, operators have used technologies developed for the Stentor project 
resulting in direct commercial spin-offs. Some examples include: Lithium ion batteries 
(Syracuse 3, W3A, Amazonas, Loreasat5 …), plasma propulsion (Astra 1K, Intelsat 10-02, 
Inmarsat 4 …), the Eurostar 3000 avionics (Intelsat 10-02, W3A, Amazonas, Anick F1R …), 
the unified propulsion system manufactured by Alcatel Space for its new Spacebus, the 
mobile processor (MTSAT), the Regys 3S gyro (Apstar and Proteus) and sundry other devices 
spread over new satellite programmes. 

Despite the significant backlash of the Ariane 5-ECA failed launch, the benefits of Stentor in 
export orders for Alcatel Space and Astrium have been remarkable in the past years, 
confirming the logic behind the development of new technologies/equipment aimed at 
reducing weight, improving electric performance, enhancing thermal capacity, increasing the 
capacity of telecommunications traffic and reducing operational costs. 
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ANNEX 3 

Different telecommunications services by satellite 

1. Direct To Home television by satellite to fixed users 

Television broadcasting by satellite will continue to exist alongside other ground techniques. 
Satellites are the ideal tool for broadcasting to large zones covering several countries with 
shared cultural or linguistic aspects. It is easier to broadcast programmes directed at a 
community present in several countries by satellite than to use different cable networks or 
radio transmitters. 

The vast capacity in orbit linked to advances in video compression (MPEG-4) enables 
satellites to be available and competitive for broadcasting HDTV. 

The transmission of one-off events will continue to drive heavy demands on capacity. 

Interactive television (iTV) will boost demand for satellite broadcasting. The operation of iTV 
will require a “return” path to link the viewer to the broadcaster. This return path can be 
terrestrial (telephone, GSM, ADSL, cable) or via satellites. The use of flexible satellites, 
capable of modifying their mission throughout their life (in terms of coverage, orbital position 
and frequency plan) should grow. These flexible satellites will require new technologies. 

Aside from the current direct broadcasting, satellite operators will move towards HDTV 
broadcasting and interactivity. They will also have to increase their offer towards developing 
countries where new television services are emerging. 

It is also clear that the arrival of powerful launchers such as Ariane 5, Atlas 5, Proton Breeze 
M …) will open up new possibilities: more powerful, flexible satellites, higher frequency 
ranges etc… 

The availability of less powerful launchers will lead to the production of smaller, cheaper 
satellites for local markets, with the appearance of new small satellite manufacturers (e.g. 
OHB, etc).  

2. Fixed service telephone traffic 

The development of fixed service telephone traffic and data by satellite (FSS) will not come 
through growth in volume but through diversification towards new services. 

One new application for the fixed satellite service is that of providing signals to mobile and to 
wireless telecommunication base stations. Satellites are technically and economically suited to 
connecting to other networks such as GSM, GPRS and UMTS base stations, local radio loops 
or Wifi access points … This is particularly the case for countries in the process of setting up 
their mobile networks (Africa and Asia) but also applies to the deployment of UMTS 
networks in Europe. UMTS networks require a notable increase in the number of radio base 
stations connected to the network. 

3. Broadband by satellite 

A second application is Internet access by satellite. A new satellite service – high density 
fixed satellite service (HD-FSS) – has thus been created and frequencies allocated to it (in Ku 
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band). This service is designed to connect millions of small terminals to the relay stations of 
Internet access providers via broadband connections. It is aimed at the general public and 
small to medium size firms. In the medium term, this service will move towards the provision 
of broadband links between terminals (peer-to-peer) thus creating a vast local network 
(WAN) of users. The future prospects for this market are difficult to assess. The competition 
of ADSL in urban areas will force it to seek out niche markets: isolated users in rural and 
mountainous areas, travelling professionals and mobile residences, regions or countries in 
development … The future of this new service will depend on sending gigantic satellites into 
orbit with transmission capacities in the range of tens of gigabits per second over continental 
coverage areas (Europe or the United States). The size of the satellites cuts the cost of 
communications and makes it possible to remain competitive with ADSL. The cost of 
terminals and licences delivered by national radiocommunications authorities are also an 
obstacle to the development of Internet access by satellite. 

Access to broadband services (multimedia, Internet) is already enjoying uninterrupted growth 
with the number of subscribers to cable and ADSL topping the 100 million mark. This 
tendency should persist and market analyses forecast more than 400 million subscribers by 
2010. 

The basic question for satellites is: what part of this gigantic market will it be able to reach? 

In countries within visibility of a geostationary satellite in our range of longitudes, two 
potential markets can be distinguished: 

! In heavily industrialised European countries such as the United Kingdom, France, 
Germany, Austria, the Benelux and Scandinavia, operators are promising broadband 
access for (almost) everyone within less than five years. Some hundreds of thousands of 
homes would nevertheless remain without cover in the foreseeable future, more than 
enough to take up the capacity of several satellites dedicated to broadband Internet. Here 
satellites represent an alternative technology capable of eradicating the “digital divide” 
between those who have access to cheap broadband links and those who do not. 

! Emerging countries with growing economies, in other words the remaining countries of 
“Greater” Europe and its periphery (notably North Africa), which will have to wait 
several years before having a telecommunications infrastructure offering similar coverage 
to that available in France today, but where market prospects seem very strong.  

Recent studies carried out by CNES, Alcatel Alenia Space and EADS-Astrium have 
succeeded in defining a system that is both innovative (multibeam, adaptativity, Ku band) and 
based on technologies with known calendar risk (transparent channels …). For the first time, 
this architecture offers the prospect of Internet access by satellite at a cost similar to a 
comparable ADSL service. This feature clearly extends the accessible market, allowing this 
system to go beyond small and medium size firms to target freelance workers and even 
individual customers. 

Broadband Internet access offers very positive market opportunities. Traditional European 
operators remain wary nonetheless and hesitate to invest in a new satellite infrastructure in Ku 
band capable of considerably reducing access cost per user. The high unoccupied capacity in 
orbit they dispose of (in Ku band) goes some way to explaining this caginess. 

The satellite market for broadband access is global. Public authorities are requested to look 
into the kind of targeted aid that would enable European industrial prime contractors to bring 
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out a product competitive enough to stand against their American counterparts in this up and 
coming sector. 

4. Satellite digital audio broadcasting (S-DAB) 

Whether interactive or passive, audio broadcasting is the inseparable companion of the 
traveller who wishes to receive a programme in his own language, in his car, even when 
travelling abroad. S-DAB is already very widespread in the United States, where the Sirius 
and XM Radio systems together count 4 million subscribers, and the Worldspace satellites 
cover the African and Asian continents.  

This technology will probably spread to other countries. 

Its development will depend on price policy, the chosen vector (car or other), and the 
competition from similar programmes offered by 3G cellular networks. 

An equivalent technology will develop with S-DMB to broadcast multimedia content to 
mobile terminals. In fact, with the advent of 3G terrestrial networks, a hybrid solution 
combining satellites and UMTS networks will probably emerge. 

5. Mobile satellite telephony 

Terrestrial cellular networks, when installed, offer a level of performance that satellites are 
hard pushed to rival. On the other hand, satellites are required for zones where mobile 
terrestrial networks cannot be deployed (maritime zones, deserts, airspace …); they are 
therefore very useful as stand-ins for terrestrial networks when the latter get damaged during 
armed conflicts or natural disasters. Inmarsat satellites fulfil this need on a global basis. 
Regional systems like Thuraya and Terrastar offer comparable services to those provided by 
GSM mobile terrestrial networks, with similar terminals, and will continue to develop. 

Enhanced launcher capabilities will mean that more sophisticated, heavier satellites will be 
sent into orbit offering broadband services (e.g. Inmarsat 4 launched with Atlas 5 on 10 
March 2005). 

Geostationary satellites could be equipped with large antennae, measuring over 20 metres in 
diameter, or multibeam antennae. These satellites will have a capacity of several tens of 
thousands of circuits. The telephone circuits will be processed digitally. Cellular coverage 
will be regional or national. The main originality of these satellites consists of the huge 
onboard antennae. These will either be vast planar networks deployed near to the satellite, or 
large deployable parabolic reflectors of which the satellite is located at the focus. These 
antennae will be adaptable, digital processing of the signal will compensate the inevitable 
deformations of these large structures and will permanently point a slim beam towards each 
user in order to obtain the best radio link possible. The user’s terminal will be a multistandard 
mobile phone compatible with the satellite and the ground networks. The use of satellites will 
be especially useful in the open air, in zones badly served by terrestrial cellular operators. The 
phone will also contain satellite positioning functions (Galileo). 

It would seem highly unlikely that a world mobile telephone service using low orbit 
constellations will take over from Globalstar and Iridium satellite systems. 

This global mobile service will probably be handled by the Inmarsat fleet of satellites and 
regional systems such as Thuraya. 
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Constellations in medium orbit will almost certainly be considered to provide communication 
and navigation services. 

6. Low density telephony networks 

The combined optimisation of efficient compression techniques for voice data (2.4 and 4.8 
Kbit/s), satellite access and satellite characteristics allow for the creation of ground networks 
that are fully meshed, with very low data rates, therefore using very few satellite on-board 
resources, and low cost terminals. This satellite service will make it possible to connect, on a 
continental scale, a great number of villages that are very far from any regional or national 
major towns; and last but not least, it allows the operator to apply a tarification policy 
equivalent to terrestrial standards. In that respect, one should note the complementarity 
between this satellite service and the GSM coverage extension by satellite, which will evolve 
depending on the time evolution of the density of potential users. 

7. Communication and navigation services by satellite for aeronautics 

Air transport will evolve in three ways: 

! increased automation of the system as a whole, bringing with it greater flight safety and 
security; 

! enhanced passenger comfort particularly for longer flights (over 12 hours) including 
access to a whole range of communication, information and entertainment resources;  

! improved processing of logistical problems affecting the smooth running of flights; 
availability of spare parts during stop-offs, identification of passengers posing particular 
problems, etc. 

By 2020 one might reasonably expect aircraft, air traffic control centres, airline operation 
centres and satellites to be at the core of an Air/Ground/Space system which would function 
during all flight phases (“gate-to-gate”). The system would integrate navigation satellites 
(Galileo, GPS and their extensions), communications satellites and various ground 
installations. It could be run along the same lines as an Internet network with the topology of 
a cellular network linking aircraft, ground stations and satellites. This system should be usable 
the world over on any type of airport, with all type of aircraft (private planes, commercial 
traffic, etc.) even commercial drones. This will result in significant changes in how air traffic 
is managed, with an increase in both capacity and safety. 

Passengers will have in-flight access to the same facilities as on the ground for work or 
entertainment, in other words telephone, internet, email and television with direct reception of 
programmes or information. 

Certain aircraft, particularly those specialising in long-haul flights (Airbus A340, A380, 
Boeing 787) will have to be fitted according to airline demands. All these resources will have 
to be accessible in all regions of the world (including the polar areas) and not only on specific 
routes or over the continents. This will require communication technology capable of ensuring 
continuity in both transmission and reception as is the case for cellular networks or 
constellations (“handover”); this must also be true within the aircraft (micro cellular network, 
cable distribution …). 

During long-haul flights it must also be possible to treat ill passengers without rerouting the 
flight, so the possibilities of tele-medicine will have to be extended. 
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With increased automation of air transport it will become necessary, for security reasons, to 
provide separate communication and data transfer resources for the cockpit and the 
passengers. 

Airlines and manufacturers will have to choose communications satellites suitable for the 
different routes with the associated frequency bands (L, S, Ku) and onboard antennae. A 
certain standardisation will be necessary. 

It must be noted that the first studies of Galileo had envisaged placing a communication 
payload on satellites of the constellation. 

8. Emergency communication service by satellite 

A new service should appear in the medium term in the form of telecommunications satellites 
for crisis and disaster management. Satellites are an ideal way of providing reliable, rapidly 
deployable, broadband radio connections, anywhere on earth. These communications services 
(voice, fax, data, medical imagery, video …) will be designed to link rescue teams between 
themselves and with distant decision centres. After the crisis, these services will be deployed 
on behalf of disaster-stricken populations until destroyed communications means are re-
established. 

Certain types of disaster (floods, tsunamis …) could be forecast by setting up data collection 
systems and the populations informed by means of an alarm, broadcast by satellite for 
instance. 

Tele-epidemiology could also be usefully linked to this service. 

9. Tele-education by satellite 

All indicators and analyses point to the fact that access to knowledge will be revolutionised in 
the following decades, due to a growing demand for education on the one hand, and improved 
technological possibilities on the other. 

This tendency can already be observed with Internet technologies currently giving a 
phenomenal boost to all sectors of education (initial, continuous, professional, etc), 
particularly distance learning which is being used by an increasingly wider public. It is now 
possible to register for university on the Internet, and to follow a personalised degree course.  

A new concept – the virtual university – has been born, bringing with it enormous strategic 
and economic stakes since the number of students in university today, around 85 million 
worldwide, should double by 2006. The Internet does not only feature virtual (mainly 
English-language) universities, training sites are also being set up daily and certain firms no 
longer hesitate to encourage their staff to follow specific Internet courses. To reap the most 
benefit from these possibilities, the education sector needs connectivity, interactivity and 
broadband access. Satellites will complement terrestrial technologies as an essential element 
in developing countries, for instance, that do not possess a ground infrastructure. Satellites 
will help in reducing and even eradicating the digital divide in terms of education and 
training. 
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10. The Communicating village 

Until the forecast drop in costs and soar in technologies brought about by new generation 
satellites (such as Agora), two solutions have been found for different applications:  

! a pooling of resources (satellite antenna used alongside an infrastructure operating ground 
technologies, such as WiFi, CPL, WiMax …)  

! more varied services (video servers, tele-medicine, tele-education in the home, 
videophonics on IP, tele-administration interactive terminals, etc.). 

This is what the CNES is aiming to promote with its notion of the “communicating village”. 

One of the crucial, and hardly exploited, assets of satellites is multicast and its capacity to 
intelligently download (profiling) archived data.  

These solutions impact on satellite operators’ strategies, avoiding repetitive unicast traffic; the 
economic model is thus improved as is customer satisfaction, since the latter receives the 
information he requires more rapidly on the whole. 

Apart from the niche market represented by developed countries such as France for such 
technologies, a real need has also emerged from Eastern European countries and the African 
continent. The combination of Internet access by satellite with ground technologies such as 
Wi-Fi or CPL is particularly relevant to Africa, which often lacks any ground infrastructure 
for broadband communication. The CNES “communicating village” solution enables islands 
of broadband communications to be rapidly deployed, free of heavy infrastructures. This 
solution makes better use of satellite capacity and optimises telecommunications resources 
used on a daily basis. The proposed architecture is modular, long-lasting and evolving. It 
provides not only Internet access, but also telephone links on IP and many applications (tele-
medicine, tele-procedures, tele-education). For greater flexibility and reliability of services the 
proposed solution can be tele-managed with the help of tele-maintenance from a nodal centre 
placed at any point on the Internet. Until high-speed and very high-speed ground networks are 
set up in Africa, the communicating village would seem to be the ideal solution to bring high-
speed communication and services to all points. 
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ANNEX 4 

Operational oceanography 

Major Centres for Ocean Forecasting should be set up around the world with the following 
characteristics: 

! the capacity to describe the thermodynamic state of the ocean at all moments – present, 
recent past (a few decades) and near future (a month), at different scales (from a few 
hours to a few years) and at any point on the globe (from surface to ocean floor, from the 
high seas to coastal zones); 

! a combination of space and in situ information would be integrated by assimilation into 
digital ocean models in order to produce a coherent 4-dimensional vision; 

! this international network of forecasting centres could be made up of a half a dozen main 
centres – one of which would be in Europe – each one piloting a half a dozen regional 
antennae. A precursor of such a scheme is the Mercator Ocean centre which is integrated 
into a European network (Mersea) comprising 5 other regional centres (Mediterranean, 
Baltic, etc.) and to an international network GODAE; 

! some centres will be specialised in forecasting (model operators such as Mercator), others 
in providing space-based information (e.g. SAF) or in situ (Coriolis) information; 

! all centres will handle and produce information on a very large scale. Such information 
will be exchanged between centres (e.g.: the “Global Ocean” centre exports information 
up to the boundaries of the “Baltic” centre; or the European centre imports forecasts from 
the American centre for comparison). It will also be exchanged between sectors (weather 
conditions imported by ocean centres to force models, or ocean conditions imported by 
seasonal weather forecasting centres to initiate their coupled model); 

! the mechanisms governing this exchange of information (speed, variability, means …) 
have still to be worked out. 

This 4D ocean observatory constitutes the heart of operational oceanography: it is a public 
service activity. Europe, and particularly France, is very advanced in this area. France is 
applying, apparently successfully, to accommodate the heart of this activity – the “European 
Centre for Ocean Analysis and Forecasting” – in Toulouse. 
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