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Global Navigation Satellite System ~ GNSS 

Options for a Community Strategy on a Satellite System 
Tender No. EP/IV/B/STOA/99/1001 

 
Options Brief 

 
Options that are presently open to the European Union can be summarised as: 
 
a) Do-nothing, continue to use GPS / GLONASS 
b) Develop a stand-alone GNSS system but compatible with GPS and / or GLONASS 
 
Both options have advantages and disadvantages. However, dealing with GLONASS first, this 
constellation is now reduced to 9 satellites compared with a full complement of 24 that is required 
for normal operations. The benefits of using this constellation are becoming more marginal as time 
passes. Turning to the GPS, this is the responsibility of the United States Department of Defence 
(DoD). The DoD degrades the accuracy of civil GPS signals with selective availability. The DoD has 
agreed to ensure that civil users will continue to have uninterrupted access to the GPS signal for 
the foreseeable future. However, GPS does not meet integrity requirements for certain safety 
critical applications. 
 
Some augmentation systems have been developed to meet the integrity requirements and, since 
1995, considerable effort has been dedicated to the EGNOS programme (European First 
Generation of GNSS) allowing Europe to develop expertise in the GNSS field and to build an 
augmentation system to GPS and GLONASS. 
 
The advantages of continuing with option (a) are primarily financial. Minimal investment, apart from 
EGNOS development, is required. Use of GPS is, at present, free of charge for users and therefore 
continued use of GPS still has considerable attraction to most users for this reason. The 
disadvantages of option (a) include a number of technical, economic and political issues. Signal 
accuracy and availability has safety implications, in particular, for air transport operations. Much of 
the industrial research and development into GPS has been concentrated in the United States with 
few opportunities for European industrial interests. Politically, dependence on a foreign military 
power for a system primarily used by civil users is seen as becoming less acceptable. 
 
Before discussing option (b), note that, firstly, any new GNSS system should provide world-wide 
coverage at least for the open access services (rather than just regional or primarily for Europe) and 
secondly, the system should, where possible, be compatible with GPS. This viewpoint is supported 
by a survey that was undertaken as part of this study in which the views were sought of different 
interest groups on future GNSS strategies. 
 
Galileo is the proposed development of a European Second Generation of Global Navigation 
Satellite System (GNSS). This is an initiative of the European Commission (EC) and the European 
Space Agency (ESA). It comprises the development, implementation and operation of a state-of-
the-art global and multi-modal navigation satellite system. The perceived advantages are that 
Galileo will not only give Europe independence in Global Positioning and Navigation Systems but 



also will bring economic benefits for European equipment manufacturers and service industries. 
 
It is proposed that the Galileo system will consist of at least 21 satellites (in medium earth orbit at 
24,000 km, possibly complemented by geo-stationary satellites at 36,00 km) and the associated 
ground infrastructure. The system will provide navigation signals to the users world-wide with high 
performance, service guarantees and liability regulations depending on the service class chosen by 
the individual user. Galileo will be compatible and interoperable with the planned GPS second-
generation global positioning systems. 
 
Much of the experience derived from the EGNOS project can be used towards the project 
development of Galileo. The acquired capabilities, skills and experience within Europe are due to 
an involvement in tasks undertaken for the EGNOS project. This project has encouraged the 
interest of all parties (service providers, institutions, industry and users) in the investment and 
development of a European system that would meet the expectations and requirements of a GNSS 
to serve the European Community and others. 
 
There are some disadvantages. Firstly, the capital investment would be significant and ways and 
means would have to be found not only to finance development but also to persuade the users to 
contribute towards the full or partial cost of system development and operation. Secondly, the 
management of the Galileo system will require a different and far more complicated form of 
institutional organisation from that of the United States DoD. Management issues include 
ownership, operational responsibilities, financing, certification (including safety cases) and charging 
structures.  
 
The major advantages and disadvantages of the two options, (a) and (b), have been briefly outlined 
above. This study is effectively a ‘snapshot’ of current GPS and Galileo developments. In the 
meantime, in 1999 the European Commission’s DG Transport (now DG TREN) focused the 
thoughts of European industry by issuing invitations to tender for a number of year-long studies on 
Galileo. The aim of the studies is to define Galileo services, architectures and service transitions 
thereby providing a briefing at the European Transport Ministers meeting in December 2000. At this 
point a decision will be made on whether or not to proceed to the development phase of the system. 
In parallel with these studies, the European space Agency is carrying out complimentary studies, 
necessary because the system will be heavily reliant on space-based assets. 
 
It would therefore be unwise, based on the limited scope of this particular study, to make specific 
recommendations at the present time but merely to indicate the rationale behind European GNSS 
development and the potential advantages and disadvantages. 
 
The table on the following page summarises the current status of the different GNSS plans for time 
horizons ranging from the present day to about 10 years time. 
 



 
 

 AT PRESENT IN PROGRESS FUTURE  
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USA GPS 
 
 
Constraints: 
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the accuracy of civil 
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�� Not integrity 
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certain safety critical 
applications. 
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Timeframe: 
2005. 

Military and civil 
use. 

 

 

USSR GLONASS 
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in operation. 

 
---------- 

 
---------- 

Common aims 
 
�� Navigation Signals 

to the users world-
wide with high 
performances, 
service guarantees 
and liability 
regulations 
depending on the 
service class chosen 
by the individual user. 
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�� Interoperability. 
�� Multimodality. 
 

EUROPE  
---------- 

EGNOS 
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�� Dependence of 
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GALILEO 
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use. 
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�� Dependence of 

GPS. 
 

 
---------- 

 

  
 

 
 
 
 
 

 
 
 



 

 Cranfield College of Aeronautics / INECO 1 

GLOBAL NAVIGATION SATELLITE SYSTEM ~ GNSS 
Options for a Community Strategy on a Satellite System 

 
Contents 

Page 
Abstract  3 
Executive Summary 4 

 
 
2 Satellite Navigation Market 
 2.1 Introduction 7 
 2.2 Category (I) Applications 8 
 2.3 Category (II) Applications ~ Air Navigation 9 
 2.4 Category (II) Applications ~ Marine Navigation 10 
 2.5 Category (II) Applications ~ Land Navigation 13 
 2.6 Category (III) Applications ~ Air Transport 14 
 2.7 Category (III) Applications ~ Marine Transport 14 
 2.8 Category (III) Applications ~ Road Transport 14 

2.9 Other Applications 15 
2.10 Summary 16 

 
3 System Management 
 3.1 Introduction 17 
 3.2 Finance Sources 17 
 3.3 Public Private Partnership (PPP) 18 
 3.4 System Organisation 18 
 3.5 Funding and Cost Recovery 20 

3.6 Certification 23 
3.7 Summary 26 

 
4 Future Options 
 4.1 Introduction 28 
 4.2 Continued use of GPS / GLONASS 28 
 4.3 Development of a stand-alone GNSS system 29 
 4.4 The way forward 30 
 
5 Technical issues 
 5.1 Introduction 31 
 5.2 Evolution of Satellite Navigation Systems 32 
 5.3 Purposes of GNSS 35 
 5.4 Types of GNSS 37 

5.5 The changing technological characteristics of the different systems 40 
5.6 Successes and failures 
 



 

 Cranfield College of Aeronautics / INECO 2 

 
Contents (continued) 

Page 
 
6 System architecture 
 6.1 Introduction 43 
 6.2 Constellations 43 
 6.3 Ground-based control complex 49 
 6.4 Users navigation equipment 51 
 
7 Current Status 
 7.1 Introduction 52 
 7.2 GNSS (Global Navigation Satellite System) 53 
 7.3 Differential Systems 54 
 
References  59 
Bibliography  60 
Glossary  63 
Acronyms  66 
 
Annexes 
 
1 Views of interested parties based on a survey about GNSS strategy A1 
2 User equipment and requirements for future GNSS-2 applications A20 
3 Main characteristics of SBAS systems A25 
 
Figures 
 
5.1 GPS Space, Ground and User Segment 36 
5.2 Determination of a point (GPS/GLONASS positioning principles) 37 
5.3 Evolution from GNSS to GNSS-2 38 
6.1 MEO Architecture 46 
6.2 MEO + GEO Architecture 47 
6.3 Ground Segment 50 
7.1 GBAS Architecture 57 
7.2 On-board Augmentation 58 
A1.1 Survey groups of interest A1 
A1.2 Added Value of Galileo A5 
A1.3 Different parties’ views about added value of Galileo A7 
A1.4 Selected timeframe A8 
A1.5 Parties’ views about the current institutional structure A9 
A1.6 Different parties views about Galileo financing A10 
A1.7 Parties’ views about the system architecture A11 
A1.8 Parties’ views about EGNOS role within Galileo development A12 
 
 
 
 
 
 



 

 Cranfield College of Aeronautics / INECO 3 

 
 



 

 Cranfield College of Aeronautics / INECO 4 

 
Global Navigation Satellite System ~ GNSS 

Options for a Community Strategy on a Satellite System 
Tender No. EP/IV/B/STOA/99/1001 

 
Abstract 

 
The Final Report of this ‘Study into Options for a Community Strategy on a Satellite System’ 
discusses the arguments and evidence supporting possible options on satellite system strategy 
that might be considered by the European Parliament, then presents technical information on 
current and future satellite system development and concludes by discussing relevant technical 
issues. 
 
The present and future satellite market can be divided into a number of applications including 
survey data, meteorological, agriculture and tracking, and more specifically air, marine and land 
transport. Most applications require specific levels of accuracy, signal coverage and reliability, 
and they are often safety critical. 
 
There will be a significant funding gap that will have to be met from external sources. All major 
projects have an element of risk and external investors will require to be convinced that potential 
benefits far outweigh the risks. Funding and pricing are important and issues to be resolved 
include investment levels, benefits and charging policy. Potential users include the community, 
states, industry, modes and individuals each of whom will have different needs and 
requirements. 
 
The technical part of the report includes the rationale behind the development of satellite 
navigation systems over the last thirty years. There are two main satellite navigation systems, 
one controlled by the USA (GPS) and the other by Russian Federation (GLONASS). Other 
satellite systems are used for telecommunications. Technical limitations are discussed together 
with augmentations that would enhance the use of existing systems, or justify the development 
of new systems to meet the needs of transport and other users. Current European developments 
are discussed together with the possible interface with GPS and GLONASS. 
 
The report concludes by outlining current and projected satellite system architecture. This 
includes the requirements by potential users for signal coverage, safety and availability to the 
mass market. The future development of a new system, or existing systems, should not be on a 
piecemeal basis but should embrace current technologies and ongoing user requirements. The 
report concludes by reviewing the current status of the Galileo project, the views of industry and 
users and the technical options. 
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Global Navigation Satellite System ~ GNSS 
Options for a Community Strategy on a Satellite System 

Tender No. EP/IV/B/STOA/99/1001 
 

Executive Summary 
 
Introduction 
 
The development of a European Global Navigation Satellite System (European GNSS), known 
as Galileo, has many implications for European Union (EU) strategic, political, economic, 
industrial, employment, security and defence interests. 
 
Satellite navigation and positioning systems offer the potential for major improvements to the 
safety and efficiency of transport systems for all modes of transport. They also have applications 
in a wide range of other activities, from agriculture to oil and gas exploration. However, there are 
safety and defence considerations. The two present global satellite navigation systems (GPS, 
GLONASS) remain, for the moment, under the military control of the United States and Russian 
Federation respectively. The use of these systems, presently free of charge, cannot be 
guaranteed indefinitely. 
 
In terms of economic and industrial benefits, it has been suggested that the satellite system 
world market could be worth Euro 50 billion during the next decade. As well as a large domestic 
market, Europe has the opportunity of creating a new market for satellite systems and 
associated services to other countries. However, European industry needs to have the 
opportunity to contribute to GNSS development. This may be difficult if future satellite systems 
and associated technologies are developed with little European influence. 
 
Therefore, there are strategic, economic and political interests that emphasise the need for 
Europe to control GNSS development for use within the European Union.  These considerations 
will have a major influence on decision makers as to whether Europe develops its own satellite 
navigation system or develops satellite navigation systems in collaboration with other countries 
or continues to accept the services presently provided by the United States and the Russian 
Federation. 
 
The Satellite Navigation Market 
 
The present and future satellite market can be divided into three main categories. The first 
category requires the position measurement of a given object at a given time where such an 
object is either stationary or fixed in position at that time. Typical applications include survey data 
(mapping, forestry, oceanography and marine exploration) and tracking (animals, persons and 
containers). There are differing requirements for accuracy, signal availability and coverage. 
However, few of these applications are safety critical. 
 
Of particular interest is the use of satellite navigation data for tracking, in particular, to reduce the 
number of ‘lost’ containers in sea-ports and marshalling yards. Container development 
techniques include image processing or radio link by using low power transmitters. Another 
application includes road transport where, for example, tracking centres can compare vehicle 
fleet status with demand. As an aid to mission planning, the tracking centres can send 
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instructions to the vehicle drivers by means of two-way communications links. Lastly, major 
urban transport applications are the location of buses and trams together with the provision of 
passenger information. 
 
The second category includes the navigation process of planning, recording and controlling the 
movement of a craft from one place to another. Applications include air, marine and land 
navigation. Air navigation applications include oceanic, continental and precision approaches to 
airports. Positional fix accuracy can be as little 15 metres cross-track accuracy and a vertical 
accuracy of 1.5 metres with a 100% availability / reliability. Global coverage is required and all 
applications are safety critical. 
 
Marine navigation applications include oceanic, coastal and port operations, traffic management, 
casualty analysis, offshore exploration and exploitation and fisheries. Positional accuracy 
requirements can be as little as 10 metres and some applications are safety critical. Land 
application applications include rail transport and use for military operations. Accuracy and safety 
are less critical. 
 
The third category is linked to the second category and is defined as the control and monitoring 
of the movements of a number of given objects moving within the same traffic pattern, for 
example, the air traffic control function or maritime traffic passing through a narrow strait. 
 
Specific aviation applications (apart from air traffic control) include anti-collision warning 
systems, airport surface movement guidance and airline fleet management. The level of 
coverage depends on the application as does the accuracy. Most applications are safety critical. 
 
System Management 
 
The development of the Galileo system will require financing not only for initial infrastructure 
development but also for the operation of the system and infrastructure requirements after the 
initial development stage. Before committing finance investors will need to evaluate the potential 
risks of the project. 
 
Risks include political and institutional issues including international agreements, security 
requirements and regulation; marketing including potential users and benefits; technical 
including safety, reliability, quality and the impact of new technologies; schedule planning 
including programme delays with consequential increase in development costs. 
 
The development costs of Galileo are considerable. Initial development costs to date have been 
met by European Space Agency (ESA), Member States, Eurocontrol and the European 
Community. Further funding in the future is possible from the Community through various 
research and development programmes and the ESA. Further sources of finance may be 
possible by international co-operation. Lastly, it is believed that private sector involvement could 
bridge the funding gap and that a Public Private Partnership (PPP) may offer a positive 
contribution in management, value for money, service quality and, lastly, a more flexible 
approach to ownership, institutional organisation and risk-sharing. 
 
Whether or not the PPP approach is adopted, it is clear that a well-defined organisational 
structure must be developed from the very beginning. This structure must be able to implement 
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the policy objectives in an efficient manner throughout the life cycle of the project and to allow 
the roles of public and private sectors to evolve over time and the risks and benefits to be shared 
in a equitable manner. This is particularly important as several parties are likely to be involved 
during the development and operation of the Galileo system. These include those responsible for 
the promotion, financing, hardware manufacture and users. 
 
There are a number of issues raised by the requirement for at least partial cost recovery. The 
general principle in the European Union is that the ‘user pays’ and therefore a mechanism has to 
be developed for the sharing of costs between users. For example, aviation, maritime and land 
user groups do not require the same system performance and even within each category of user 
group there are significant differences in user requirements. The issue of cost recovery is further 
complicated by the fact that existing satellite navigation systems are free of charge to users and 
it would be difficult to persuade users to change to an alternative system and also pay for the 
privilege of doing so. 
 
Recovery mechanisms should therefore be simple, non-discriminatory, equitable and transparent 
and not require costly administrative mechanisms to implement. The level of charges should not 
discourage the use of satellite navigation systems and the user should only pay charges based 
on costs properly allocated to them. 
 
Another issue is that of certification. Certification is a regulatory process that ensures a system is 
designed and installed in a manner appropriate for its intended use and that it is likely to function 
properly. Different certification processes are required for different transport modes and the 
processes require considerable planning and discussion between all parties involved. Funding 
for Galileo development should take into account the potential costs of the certification process. 
There is an associated institutional problem with certification in that no single authority in the 
European Union has the remit, mandate or authority to certify Galileo for all applications. 
Therefore, new institutional arrangements must be considered in parallel with technical 
considerations. 
 
Technical Issues 
 
Current technology has allowed a level of development in navigation systems that could not be 
envisaged a few years ago. Satellite navigation is but one type of navigation system. The 
evolution of satellite navigation systems has allowed world-wide coverage that not only 
maximises the number of users but also provides a seamless navigation service to multi-modal 
users in all parts of the world. 
 
Initially, some thirty years ago, satellite navigation systems were developed primarily for military 
purposes with military users representing 90% of all users, the remaining 10% users being 
primarily civil (aeronautic and maritime). System usage has changed over the years and, at 
present, civil users are now about 80% of all users. 
 
In general terms, the Global Navigation System (GNSS) is a satellite system that provides a 
world-wide position determination, time and velocity capability for multi-modal use. It includes 
user receivers, satellite constellations and a ground segment to monitor and control the world-
wide conformity of the signals processed by the user receivers to pre-determined operational 
performance standards. The only existing GNSS systems are GPS (United States) and 
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GLONASS (Russian Federation). 
 
GPS and GLONASS were developed to support military operations but both systems have been 
made available free of charge to civil users. GPS in particular has been highly regarded by 
aerospace, maritime and land users because of the accuracy, reliability and global coverage. 
Nevertheless, signal accuracy provided for civil users is less than that provided for national 
(United States) military operations and this, together with concerns about long-term system 
availability, has served to emphasise the disadvantages of the current satellite navigation 
systems that are in operation. Furthermore, the GLONASS system has deteriorated in recent 
years due to a lack of funding. 
 
Most current users now rely on GPS for safety-critical applications and, therefore, would ideally 
be provided for by a dependable satellite navigation service guaranteed by national and 
international legislation in terms of continuous signal provision, signal accuracy, liability towards 
users, safeguarding of national and international interests and protection against signal jamming. 
For these reasons, the development of a non-military controlled satellite navigation system 
having an enhanced performance specification, but still retaining links with existing systems, has 
regarded by users as an important development priority. 
 
System Architecture 
 
The basic system architecture of a European satellite navigation system should be capable of 
achieving global coverage, providing access to mass market applications, ensure a good basic 
level of safety for transport operations and have minimum space infrastructure requirements. 
Allowance should be made for the system to be augmented where required for enhanced safety 
or dedicated commercial requirements. 
 
The existing GPS and GLONASS satellite navigation systems, as will be the Galileo system, 
consist of three segments, space segment, ground segment and user segment. The space 
segment is formed by the satellite constellation, global coverage being dependent on the number 
of observable satellites. The ground segment consists of a main control station and a number of 
satellite monitoring stations. The purpose of the ground segment is to control and maintain the 
status and configuration of the satellite constellation and to monitor the integrity of the navigation 
signals. The user segment includes all systems users, their receivers tracking the signals from 
satellites enabling position and time to be calculated. 
 
For Galileo there are a number of different scenarios that could be envisaged for the space 
segment. For example, the choice of orbit(s) is a compromise between the number of satellites, 
extent of global coverage, ground segment infrastructure, cost and potential revenues. Apart 
from GPS and GLONASS there are other constellations that are presently primarily used for 
telecommunications. The multiple use of constellations allows different services to be provided to 
users in addition to navigation. 
 
Current Status 
 
In February 1999 the European Commission recommended the development of the Galileo 
satellite navigation system as part of European GNSS strategy. There are major commercial, 
political and strategic issues. Firstly, there is the advantage of having a satellite navigation 
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system under European ‘control’ rather than being completely dependent on the GPS and 
GLONASS military systems. Secondly, development allows the opportunity for European industry 
to become more involved in what is a high-technology sector with consequent economic and 
employment benefits. Lastly, the system architecture can be adapted to meet the needs of 
European (and other) users. 
 
There are some risks and concerns associated with the Galileo programme. The United States 
could respond by deciding to enhance and further develop the existing GPS system, possibly by 
improving achievable navigation accuracy and reliability for civil users and continuing for a 
‘guaranteed’ number of years the policy of free use. Development of the Galileo system must 
therefore be seen as providing some form of added value and be available for use within a 
reasonable time-frame.  Institutional and financing problems have yet to be resolved. Linked to 
this, in commercial terms the major challenge facing Galileo development will be to provide a 
balance between service levels and user charges. Nevertheless, there is a general consensus 
within Europe (including industry, potential users and from a political view-point) that Galileo 
development should continue. 
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1 Introduction 
 
1.1 Background 
 
The development of a European Global Navigation Satellite System (GNSS) has many 
implications for European Union (EU) strategic, political, economic, industrial, employment, 
security and defence interests including: 
 
- Satellite navigation and positioning systems offer the potential for major improvements in 

the safety and efficiency of transport systems for all modes of transport. They also have 
applications in a wide range of other activities, from agriculture to oil and gas exploration. 

 
- There are security and defence considerations. The two present global satellite systems 

(GPS, GLONASS) remain, for the moment, under the military control of the United States 
and the Russian Federation respectively. Use of these systems cannot be guaranteed 
indefinitely. 

 
- The sovereignty and security of Europe’s safety critical navigation systems is outside 

European control. Furthermore, the present system cannot meet civil user requirements 
in terms of performance. 

 
- Use of GPS and GLONASS is presently free of charge. There is no guarantee that this 

concession will continue indefinitely. 
 
- Reasonable estimates suggest that the satellite system world market could be worth 

Euro 50 billion during the next decade. As well as a large domestic market, Europe has 
the opportunity of creating a new market for satellite systems and associated services to 
other countries. However, European industry needs to have the opportunity to contribute 
to GNSS development. This may be difficult if basic satellite systems and technologies 
are outside European influence. 

 
- There are strategic and political interests that emphasise the need for Europe to control 

GNSS for use within the territory of the EU. 
 
These considerations will have a major influence on decision makers as to whether Europe 
develops its own satellite navigation system or develops a satellite navigation system in 
collaboration with other countries or continues to accept the service presently provided by the 
United States and the Russian Federation. 
 
1.2 Study Aim 
 
The main purpose of this study is to identify a range of options that the European Parliament 
could adopt as European Community strategy for the development of a satellite navigation 
system. That is, the objective is not to conduct an exhaustive assessment of the prospective 
benefits of such systems, but to assess Community policy strategy options for a Global 
Navigation Satellite System otherwise known as GNSS2 or, more commonly, the Galileo project. 
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This study would therefore include an analysis of the EU Commission’s formal proposals and 
recommendations for Galileo, to help the European Parliament make any changes to the 
proposal before it becomes legislation. In addition, the study shall address other concerns. For 
example, the airliners presently pay no charges for satellite navigation services. However, 
EGNOS development is funded by a number of ATS Services Providers and the airliners are 
concerned that they will have to contribute towards GALILEO development in the form of 
increased navigation charges. 
 
The scope of this study will therefore include a broad analysis of the issues that may influence 
Europe’s decision on which GNSS strategy to adopt. An assessment of the factors affecting the 
implementation of a future GNSS, such as its financing, the civil-military interface, operation, 
regulation and legal aspects will be included. These issues will aim to assist in the identification 
of options for a community strategy.  
 
It must be reiterated that the aim of this study is not to make definitive recommendations, but to 
differentiate between the options for European action and options that may be better considered 
at international, national or regional levels. These options will include policy instruments such as 
directives, proposals for directives, action plans, research programmes, and initiative reports by 
European Parliament committees. 
 
1.3 Deliverables 
 
The Final Report is the last of three documents submitted during the course of the study. A 
Scoping Paper, and the associated Scoping Meeting Report, was submitted during Phase I of 
the study. The Scoping Paper gave a general overview of the study background and outlined the 
study methodology. An outline of possible GNSS options and strategies was included as part of 
the Paper. The Scoping Paper then concluded by summarising the proposed format of the 
Interim Report and the issues that would be discussed.  
 
The primary aim of the Interim Report was to identify a range of options that the European 
Parliament could support as a European Community strategy towards satellite navigation 
systems. The secondary aim of the report was to present to the European Parliament the 
necessary technical information that would enable them to make a decision on the 
implementation of a European GNSS. The Interim Report included: 
 
- An overview of existing GNSS systems and strategies 
- A summary of issues highlighted from a review of documented information 
- The views of interested parties (industry, service providers and institutions) 
- A range of policy options for action by the European Parliament and other European 

Institutions and Agencies 
- European options 
 
The Final Report is divided into two parts. The first part (Sections 2 and 3) will discuss the 
arguments and evidence supporting possible options that might be considered by the European 
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Parliament and the second part (Sections 4, 5 and 6) present technical information on satellite 
systems and relevant technical issues. 
 
More specifically, Section 2 examines the current and potential satellite navigation market 
including applications specific to air, marine and land navigation. Other applications are also 
examined that relate to air, marine and road transport in general. 
 
Section 3 examines finance sources, costs, investments and ownership and pricing policy for the 
development of the Galileo system. The section includes a review of the opportunities offered by 
Public Private Partnership (PPP). The section concludes by briefly examining the certification 
issues for different transport modes. 
 
Section 4 briefly examines the background to the possible options for future GNSS development 
and the associated actions that might or are being be taken not only in the short-term but also in 
the medium-term. 
 
Section 5 gives a brief technical overview of the evolution, purposes and types of satellite 
navigation systems including the characteristics of different systems and a summary of 
successes and failures. Section 6 looks in more detail at system architecture including the 
satellites, their constellations, associated ground-based control equipment and user navigation 
equipment. Lastly, Section 7 examines the current status of Global Navigation Satellite System 
(GNSS) and explains the different augmentations of the system that are presently being 
developed. Supporting material for the technical part of the report is included as Annexes 1, 2 
and 3. In particular, Annex 1 includes the views of different interested parties as to what GNSS 
strategy should be applied. 
 
Finally, the report concludes with a list of References, a Glossary of Terms and Acronyms that 
have been used in this report and to which the reader should refer. 
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2 Satellite Navigation Market 
 
2.1 Introduction 
 
The present and potential satellite market can be divided into three main categories: 
 
(I) The measurement of position of a given object at a given time where such an object is 

either stationary or fixed at that time, for example, mapping a topographical feature, a 
stolen car or an animal; 

 
(II) The control and monitoring of the trajectory of a given object that started at say point A 

and is proceeding towards point B, for example, navigation that is defined as the process 
of planning, recording and controlling the movement of a craft from one place to another; 
and 

 
(III) The control and monitoring of the movements of a number of given objects moving within 

the same traffic pattern, for example, air traffic management control or the control of 
maritime traffic passing through a narrow strait. 

 
To simplify matters, category (I) can be considered to be significantly different from category (II) 
and category (III) that have a number of common characteristics. The use of position and time 
information activities belonging to category (I) have the common characteristic that for most of 
the time the decision processes involved in these activities do not require line data processing. 
For example, such measurements are generally processed off-line for statistical purposes that 
are undertaken well after the data has been collected, and independently from the medium (on 
land, at sea or in the air) where the measurements are made. Typical category (I) applications 
include: 
 
a) Survey data (mapping, geodesy, atmospheric and environment monitoring, 

oceanography, marine exploration and development, and scientific research); and 
b) Meteorological, agricultural and forestry, and tracking (stolen cars, animals, persons and 

containers). 
 
Few, if any, of the above applications are safety critical. However, there are differing 
requirements for accuracy, availability, coverage and signal integrity. With the exception of 
agriculture, global (or at least regional) coverage is generally required. Applications in category 
(a) above generally require position fix dimensions to be in three dimensions (x, y and z co-
ordinates or latitude, longitude and altitude); category (b) applications require position fix 
dimensions to be in two dimensions (x and y co-ordinates or latitude and longitude). 
 
Categories (II) and (III), however, require the transfer of real-time information whether it is in two 
or three dimensions and these applications also tend to be safety critical. 
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2.2 Category (I) Applications 
 
2.2.1 Freight tracking 
 
To date the main satellite based applications to inter-modality relate to freight handling in ports 
and marshalling yards. The main goal in freight management is to reduce the number of lost 
containers. This can either delay ship departures or often an empty container (still of 
considerable value to its owner) just disappears. Container identification techniques include 
image processing or radio link by using low cost transmitters for radio tagging. To locate a 
container also requires the equipping of handling vehicles, trucks, cranes or straddle-carriers, 
with ground or satellite based radio transponders, for example a radio up-link to the dispatching 
centre. 
 
However, marshalling yards and ports are often difficult areas for satellite-based applications 
because of signal masking by the containers themselves, dock, cranes and ships. 
 
Door-to-door container tracking applications have not yet been implemented but they are under 
development, in particular, for precious, dangerous or perishable goods, but also to improve 
transparency in the transport chain, to establish liability in case of dispute and in the case of 
emergency situations (Section 5.6.1). At the same time low energy consuming power 
transmitters for the containers are now also a practical proposition. 
 
2.2.2 Road transport 
 
Road transport includes road freight transport, taxis, emergency vehicles but not buses or 
coaches that are covered in the section on urban transport. Potential applications include fleet 
management, navigation and rescue, the settling of legal disputes, transport economics, 
reduction of pollution and safety regulation. 
 
Current applications include tracking centres for vehicle fleets, where the fleet status is 
compared to demand and mission planning and from where instructions can be dispatched to 
vehicles by two-way communication links. Using these links, vehicle locations are sent 
automatically to the tracking centre using positioning devices that often rely on a mixture of on-
board and satellite sensors. At present, except in mountainous and heavily forested regions, 
GPS fix precision is satisfactory for road transport fleet management. 
 
2.2.3 Urban transport 
 
The major satellite-based urban transport applications are the location of buses and trams, 
personal and vehicle security, fleet management and passenger information. Trees and 
buildings in towns and cities can cause problems with satellite signal masking. A fix precision of 
about 10m is required to differentiate between individual vehicles. 
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2.2.4 Precision agriculture 
 
Precision agriculture developed in the early nineties in the cereal and sugar beet producing 
regions of the USA and Canada. The basic requirement is to use GPS with the aim of 
maximising crop yields while at the same time taking into account the variation of soil 
characteristics and minimising environmental effects caused by the excessive and unnecessary 
application of manure, fertiliser, pesticides and weed-killer. 
 
Because of the high variability of soil characteristics in Europe, position fix accuracy of one metre 
is considered to be the minimum requirement for mapping and operational purposes. Further 
enhancements in fix accuracy would allow the use of guidance systems for tractors, harvesters 
and other moving agricultural equipment. A further benefit would be the use of two-way satellite 
telecommunication links to assist in the management of agricultural equipment and the tracking 
of selected animals. 
 
2.3 Category (II) applications ~ Air Navigation 
 
This sub-section includes the requirements for general aviation (GA) and commercial aviation. 
 
Applications for general aviation include: 
 
- Oceanic, domestic and terminal area en-route flights plus precision / non-precision 

approach and landing (auto-land) aids 
- Surveillance and future air traffic management concepts, the latter being based on co-

operative procedures such as Automatic Dependent Surveillance and Free Flight 
 
The required positional fix accuracy ranges from 20nm (oceanic) to 0.1nm for precision landing. 
Regional coverage is acceptable and three dimensional fix locations are required. An availability 
of 90 / 95% and a reliability of 95% have been set as targets. Only precision use for approach 
and landing is safety critical. 
 
The applications for commercial aviation are similar to those for general aviation. In addition to 
oceanic operations, coverage is also required for remote areas such as the Arctic, Antarctic and 
other continental areas. The requirements for approach and landing are more demanding than 
for general aviation. Precision approach and landing is divided into ‘CATI’, ‘CATII’ and ‘CATIII’. 
However, the accuracy requirements for precision approach and landing are extremely stringent, 
for example ‘CATIII’ low visibility operations require a cross-track accuracy of 15m and a vertical 
accuracy of 1.5m. This degree of accuracy is not available at present for civil use. En-route 
accuracy is similar to that required for general aviation. 
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Although the user requirements for en-route availability have yet to be decided, precision 
approach and landing require what is effectively 100% availability, that is, a failure rate of no 
more than 1 in a 1000. Because of the international nature of commercial aviation, global 
coverage is required. Position fix is required in three dimensions and all applications (including 
en-route) are safety critical. 
 
2.4 Category (II) applications ~ Marine Navigation 
 
2.4.1 Introduction 
 
A wide range of navigation-related marine applications have been identified, including the 
following: 
 
- General navigation 
- Operations 
- Traffic management 
- Port operations 
- Casualty analysis 
- Offshore exploration and exploitation 
- Fisheries 
 
For all commercial applications the signal availability should be no less than 99.8%. The range of 
signal coverage depends on the application. Cargo handling and docking operations requires 
only local coverage while the navigation of harbour approaches, harbours and inland waterways 
requires regional coverage. Other international and commercial applications require global 
coverage, as do certain types of leisure activities. Fix dimensions are, of course, two dimensional 
and only oceanic, coastal, harbour and docking applications are safety critical. The following 
sub-sections will describe some of the applications in more detail. 
 
2.4.2 General navigation 
 
General navigation includes oceanic and coastal operations, ports (including approaches and 
restricted waters), and the transition from sea to river navigation and inland waters. The ideal 
level of navigation system accuracy ranges from 500 metres for oceanic operations to 10 metres 
for most port, river and inland waterway navigation. 
 
2.4.3 Operations 
 
This is the operation of vessels for special purposes, often in confined or restricted waters, and 
including: 
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- Tugs, pushers (position accuracy of 1m) 
- Icebreakers (position accuracy of 1m) 
- Offshore oil platform, pipe / cable laying barges, diving platforms / vessels (position 

accuracy of 1m) 
- Seismic survey vessels (position accuracy of 1 to 2m) 
- Dredgers (horizontal accuracy of 2m, vertical accuracy of between 0.05 to 0.2m) 
- Automatic track control (position accuracy of 2m) 
- Automatic collision avoidance (position accuracy of 1 to 5m) 
- Automatic berthing (position accuracy of 0.01 to 0.1m, vertical accuracy of 0.1m) 
 
2.4.4 Traffic management 
 
The possible introduction of automatic identification systems will supply more accurate 
information normally required for traffic management, including: 
 
- Static information, e.g. name and call-sign 
- Variable information, e.g. load and destination 
- Dynamic information, e.g. position (with integrity information) and course 
 
Dynamic information would be abstracted from the vessel’s navigation equipment and must have 
an accuracy and rate of data transfer consistent with local traffic management requirements. 
Three different regimes are envisaged: 
 
- Ship-to-ship co-ordination with an accuracy of 10m 
- Ship-to-shore reporting and shore-to-ship monitoring with an accuracy of between 100 

and 500m 
- Shore-to-traffic management with an accuracy of 10m 
 
2.4.5 Search and rescue 
 
The main tasks of search and rescue are local emergency response (man-overboard) and co-
ordination within the world-wide global maritime distress and safety system. The effectiveness of 
search and rescue depends on the knowledge of accurate positions of incidents and the 
availability of support (vessels, lifeboats and aircraft). A positional fix accuracy of between 10m 
and 100m is required. 
 
2.4.6 Hydrography 
 
Hydrographic surveys provide data for charting seas and inland waterways and adjacent 
topography. It is expected that future requirements for three-dimensional surveying will require 
an accuracy of 2m horizontally and 0.05m to 0.2 m vertically. 
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2.4.7 Marine engineering 
 
This includes the maintenance of channels and port areas by dredging, the construction of 
bridges and offshore platforms, and cable and pipeline installation. There is a general 
requirement for the position accuracy to be in the range 0.01m to 1.0m depending on the 
application and the geographical circumstances. 
 
2.4.8 Aids to navigation management 
 
Floating navigation aids require an accuracy of 10m for positioning. 
 
2.4.9 Port operations 
 
Activities include vessel traffic services, container and cargo tracking, law enforcement activities 
and cargo handling. Positional accuracy’s (both vertical and horizontal) in the range of 0.1m to 
10m are required. 
 
2.4.10 Accident / incident analysis 
 
As is now normal practice in the air transport industry, it is likely that some ships will be required 
in the future to carry voyage data recorders (VDR) to provide information for the analysis and 
reconstruction of accidents and incidents. The ship’s navigation systems will provide position fix 
input to the voyage data recorder. 
 
2.4.11 Offshore exploration and exploitation 
 
Applications include: 
 
- Exploration mainly performed using seismic surveys 
- Appraisal drilling that requires a position accuracy of around 1m 
- Field development that requires a position accuracy of around 1m 
- Production support including the operation of support vessels and helicopters. Position 

accuracy requirements are in the order of 1m 
- Post-production (removal of material) also requires a similar level of accuracy 
 
2.4.12 Fisheries 
 
Applications include: 
 
- General navigation (refer to Sec. 2.4.2) 
- Location of fishing grounds with an position accuracy of 100m 
- Positioning during fishing with a position accuracy of 3 to 5m 
- Recording of fishing tracks and yield analysis with a position accuracy of 10m 
- Fisheries monitoring to ensure that quotas are not exceeded, with a position accuracy of 

100m 
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2.4.13 Recreation and leisure 
 
The wide use of GPS for general navigation by the leisure side of the maritime community stems 
from the free availability of an accurate and easy to use navigation system. The degree of 
utilisation of GNSS in the future is likely to be dependent upon the cost of the equipment and 
services. 
 
2.5 Category (II) applications ~ Land Navigation  
 
2.5.1 Car navigation 
 
Refer to Section 2.8 

 
2.5.2 Rail transport 
 
GPS has many applications in the rail transport industry. These include: 
 
- Telecommunication based location and speed control systems  
- Track and infrastructure mapping and maintenance 
- Traffic management of the rolling stock (trains, locomotives and precious, dangerous or 

perishable freight wagons)  
- Operation of marshalling yards 
- Freight tracking and management 
- Passenger information services 
- The management of critical and emergency situations 
 
However, the use of GPS systems for intense rail operations is unlikely because of signal 
interference and accuracy. The current investment in radio and track communications is also 
likely to constrain future investment in satellite systems unless there are demonstrated cost 
effective and operational advantages. 
 
However, there is now a general tendency, in the development of intelligent-based transport 
systems, to take advantage of cost-effective data processing techniques to include collision 
avoidance systems, tactical traffic management and safety surveillance. Therefore, even if 
ground and / or track based location and communication systems are in use, it would be 
desirable to have a simple GNSS receiver and two-way based satellite based communication 
system. The impetus for adopting this approach is emphasised by the large proportion of railway 
infrastructure in the EU that is single track and recent accidents that have occurred. 
 
 
2.5.3 Military navigation 
 
It is a decision for the military to choose as to what level of use is made of GPS to support 
military operations in times of crisis or war. A range of military precision attack weapons have 
been developed that incorporate GPS guidance systems including cruise and ballistic missiles. 
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Other applications include fast fighters, bombers, helicopters and pilot-less aircraft and maritime 
operations. GPS is supplied in portable form to troops and land vehicles such as tanks. GPS is 
also used for mapping, targeting, covert operations and search and rescue missions. 
 
However, there are some military applications that have a potential use for civil operations in 
peacetime, including: 
 
- Mine-countermeasures 
- Combined military / civil operations including search and rescue, customs activities and 

border control 
 
2.6 Category (III) Applications - Air Transport 
 
Applications include use for air traffic control (especially where there is no radar coverage 
available), aircraft anti-collision warning systems, airport surface movement guidance and control 
systems and airline fleet management. The required level of coverage depends on the 
application, for example, surface movement guidance systems only require local coverage. The 
position fix accuracy also varies with the application. With the exception of fleet management, 
most applications are safety critical. 
 
2.7 Category (III) Applications - Marine Transport 
 
Applications include the management of dangerous goods, anti-collision warning systems, fleet 
management and search and rescue. Signal availability of more than 99.5% is required and, with 
the exception of fleet management, most applications are safety critical. Coverage requirements 
can range from global to local depending on the application. 
 
2.8 Category (III) Applications - Road  
 
There are several different groups of applications, including: 
 
- Traffic management, operation and control systems: selective vehicle priority, incident 

detection and management systems, traffic data collection systems, traffic enforcement 
systems 

- Travel and traffic information: Real-time traffic information, pre-trip or on-trip travel 
information 

- Navigation and route guidance: static and dynamic route guidance systems 
- Emergency call and stolen vehicle services: Emergency call systems, incident and 

emergency management, hazardous goods incident notification, public travel security, 
valuable cargo management and accident reporting, stolen vehicle recovery 

- Public transport systems: Operational management, passenger information, driver and 
passenger security 

- Fleet and commercial vehicle management: Fleet tracking and management, integrated 
logistics systems, commercial vehicle (electronic clearance), automated roadside safety 
inspection, inter-modal transport and terminal management, and taxi and delivery fleet 
management 
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- Safety: Longitudinal, lateral and internal collision avoidance, and pre-crash restraint 
deployment; automatic vehicle control systems, automated highway spacing systems 

- Tolling, road pricing and road access control: Electronic tolling enforcement, payment 
systems, road pricing in specific areas, access control systems 

 
Coverage for these applications is either regional or local, position fix is two-dimensional and 
most applications are safety critical. 
 
2.9 Other Applications 
 
2.9.1 Geodesy, engineering survey and mapping 
 
Potential applications include high precision engineering surveys, cadastral (land ownership) 
surveys, setting out, monitoring of subsidence, aerial photogrammetry and remote sensing, 
construction plant control, and offshore exploration and operations. 
 
2.9.2 GIS (Geographical Information Systems) 
 
Applications include GIS data capture, environmental monitoring, utilities and precision farming. 
 
2.9.3 Time and frequency 
 
Applications include personal time keeping, time transfer, communications synchronisation, and 
power grid fault detection. 
 
2.9.4 Leisure and personal navigation 
 
Applications include telematics aids for the elderly and disabled, route finding and hill walking. 
 
 
 
2.9.5 Integration with Telecommunications 
 
It is not recommended to mix the transmission of navigation data with the transmission of other 
data. So, a satellite navigation system has reduced scope for telecommunications. On the other 
hand, a constellation of telecommunication satellites with a navigation payload then the same 
satellites could provide navigation data together with a communication capability. 
 
2.10 Summary 
 
Section 2 has examined the present and future satellite market. There are three main categories. 
Applications from the first category include survey data, meteorological, agriculture and tracking. 
Applications from the second and third categories can be divided into air, marine and land 
transport. 
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Irrespective of category type, most applications require specific levels of accuracy, signal 
coverage and reliability, and the applications themselves are often safety critical. The next 
Section will examine different aspects of systems management including financing, costs, 
revenue sources, ownership and certification. 
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3 System Management 
 
3.1 Introduction 
 
The development of the Galileo system will require financing not only for initial infrastructure 
development but also for operation of the system and on-going infrastructure investment after 
the development stage. Although a substantial source of finance has been identified through 
either the European Union (EU) budget or by contributions from other agencies or institutions 
within the EU, there still a finance ‘gap’ that would have to be filled. This has been estimated as 
being up to Euro1.5 billion for the development phase and annual costs in the order of Euro250 
million. For many infrastructure projects, airport infrastructure developments for example, 
investors who take a part share or ownership in the project easily fill finance gaps. However, the 
level of finance required is comparatively small, as is the level of risk, compared with the Galileo 
project. For that reason, the project may have difficulties in attracting external EU or other 
investment by the normal routes. 
 
Before developing the finance case in more detail it may be appropriate to list the four types of 
risk that the project may face. These are: 
 
- Political and Institutional: This includes international agreements, security requirements 

and regulation 
 
- Market: this includes concerns about a sufficient market (users) and benefits to make the 

system profitable 
 
- Technical: This includes the reliability (with a potential impact on safety) and quality of 

the system matching customers expectations together with obsolescence due to the on-
going impact of new technologies 

 
- Schedule: Delays to the programme with a consequent increase in development costs 

and loss of revenue 
 
3.2 Finance Sources 
 
The perceived financial benefit of Galileo is the provision of a more enhanced, reliable and 
economic navigation service for commercial aviation and other modes of transport. However, the 
development costs are considerable.  
 
The development of Galileo is expected to cost up to €4000 million. It is difficult at this stage to 
determine the optimum approach to funding the development and operation of Galileo since its 
nature and specification require to be finalised. The European contribution to Galileo is clearly an 
important project eligible for funding under the Trans-European Networks (TENs) budgets and, 
for research and development (R & D) activities, it is intended that the 5th Framework 
Programme should be used to support Galileo development. As far as EU funding is concerned, 
it has been suggested that the Transport TENs budget and the Community’s R & D Framework 
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programmes could be used to provide some €620 million up to the year 2006, supplemented by 
European Space Agency (ESA) funding of around €500. 
 
Community funding could also support the development of infrastructure outside Community 
territory (such as ground stations forming part of the EGNOS monitoring network). Support from 
the European Investment Bank (EIB), the European Investment Fund (EIF) and other EU 
member states’ agencies or institutions may also be available for GNSS development. 
 
A further source of finance or the potential for savings, based on economies of scale, may be 
possible through international co-operation with a third party such as Russia, Canada or Japan. 
Another possible source of finance to meet the funding gap is the development of a Public 
Private Partnership (PPP). This of course requires the establishment of revenue streams, some 
of which were likely to require regulatory action and firm political decisions, to give industry the 
confidence of investing in and supporting the development of a successful PPP. 
 
3.3 Public Private Partnership (PPP) 
 
It is believed that private sector involvement could bridge the funding gap and that a PPP may 
give a positive contribution in management, value for money, efficiency, quality of service and, 
lastly, offer a more flexible approach to ownership, organisation and risk-sharing. Therefore, the 
PPP approach is not only recommended as a means of addressing the shortage of public funds 
but offers to the public sector a range of significant benefits including the mobilisation of specific 
private sector skills in project management, engineering and finance. In addition, PPP is also 
about the distribution of risk between the public and private sector including capital cost risk, 
operating cost risk and revenue risk. The risks will of course lie with the parties best able to 
manage them. For example, a manufacturer of satellite navigation hardware is likely to carry the 
risk for the functionality of the hardware while governments may be responsible for the political 
risks.  
 
3.4 System Organisation 
 
3.4.1 Introduction 
 
Whether or not the PPP approach is adopted, it is clear that, as with all large-scale infrastructure 
projects, a well-defined organisational structure must be developed from the very beginning. This 
structure must be able to implement the policy objectives in an efficient manner throughout the 
life cycle of the project. This must also apply to the Galileo project where the organisational 
framework must be created to allow the roles of the public and private sectors to evolve over 
time and the risks and benefits to be shared in an equitable manner. 
 
Several parties are likely to be involved during the development and operation of the Galileo 
system. These include those responsible for promotion, financing, hardware manufacture, 
government, clients and end users. The role of each of these is now briefly described. 
 
3.4.2 Promotion 
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The core of the system management is the promoter who is an organisation (or group of 
organisations) selected (usually after competition) to be responsible for: 
 
- Development of Galileo business; 
- Provision of Galileo infrastructure; 
- Procurement of Galileo infrastructure; 
- Meeting the terms and conditions of PPP concessions; 
- Providing a Galileo service to users; and 
- PPP contracting party with regard to the Galileo infrastructure. 
 
The promoter will be responsible for the operation of the satellite system during the entire life 
cycle of the project and will take most of the risks such as the reliability and the quality of the 
service. The promoter will also be responsible for defining the project business plan, the 
marketing of services and the collection of revenues. The amount of equity that the promoter is 
willing to invest in the project will depend on the expected revenue streams and potential 
profitability. 
 
3.4.3 Hardware suppliers 
 
There are two possible options for hardware supply. The first option is that the promoter 
contracts out the construction of the satellite system to the supplier of the hardware, without the 
supplier providing equity to the project. The second option is that the supplier of the hardware 
becomes more involved in the organisation of the project and provides equity (and therefore 
shares risk) to the project. 
 
3.4.4 Financiers 
 
Financiers will determine the viability of the project. The degree of financing depends on the 
revenue streams of the project and the amount of investment capital that the equity providers 
and government are willing to contribute. Financing will be difficult if the perceived risks are too 
high and profitability too low. 
 
3.4.5 Role of the European Union (EU) 
 
An essential element of successful PPP projects has been the recognition by the public sector at 
the outset of the need to set up appropriately skilled and empowered procurement and 
regulatory bodies to contract for and manage the new service. For this reason it is imperative 
that a Galileo Administration / Authority / Agency be set up that is empowered to: 
 
 
- Accept from and react to EU policy objectives and goals 
- Monitor the overall Galileo programme 
- Assessment of feasibility studies 
- Preparation of international discussions 
- Choice of minimum service and performance requirements 
- Definition of safety levels 
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- Award of public-sector contracts as well as concessions 
 
The EU will also be responsible for setting up the regulatory framework and to apportion risks 
between the EU and the promoter, and to provide financial resources for the start-up and the 
operation of the satellite system. For example, if the total finance needs of the project are not 
met the EU has to decide the value of societal benefits of the project as justification for meeting 
an overall project financing shortfall. For further discussion on ‘current institutional adequacy’, 
refer to Annex 1, page A8. 
 
3.5 Funding and Cost Recovery 
 
3.5.1 Introduction 
 
A number of issues related to funding and cost recovery are discussed in the following sections, 
including: 
 
- Costs; 
- Cost sharing; 
- Benefits of Galileo; and 
- Cost recovery methodology 
 
3.5.2 Galileo costs 
 
Investment costs include: 
 
- Research to define the technical specification and system architecture; 
- Standardisation and certification; 
- Implementation of system elements, the space segment sub-systems and the ground 

segment sub-systems; 
- Implementation of Local Area Augmentation Systems; and 
- Operating the system and sub-systems including leasing of transponders, 

communication links between the elements and administrative costs incurred by the 
system provider. 

 
There are other costs that will have to be borne by potential users and the level of such costs will 
determine the level of Galileo use. The costs include: 
 
 
- Cost of purchasing Galileo receivers 
- Organisational cost of adapting to different performance levels or procedures as the 

result of using Galileo. 
- Charges, if applicable and if incurred. 
 
3.5.3 Cost sharing 
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The general principle in the European Union is that the ‘user pays’ and therefore the first 
requirement is to examine the process of sharing of costs between users. An initial step might be 
to consider how costs could be shared between specific user groups, aviation, marine and land. 
However, these groups do not require the same system performance level and even within 
individual groups there are significant differences in user requirements. Therefore, it would not 
be equitable to share costs in proportion of the number of users in each category. 
 
At present GPS and GLONASS remain free of charge to users and if they remain so then it 
would be difficult to persuade users to change to an alternative system and also pay for the 
privilege of doing so. As with the existing systems, Galileo would be a broadcast service and it 
would be difficult to calculate the duration of use by individual customers unless there was a 
meter in the receiver. 
 
Therefore the costs would most likely have to be shared between those users that require the 
augmentations offered by Galileo in comparison with GPS / GLONASS. These might include: 
 
- Individual states: They are considered as users because they are responsible for the 

provision of navigation aids that should have continuous availability and integrity. 
However, with all regional or global systems, all states should contribute to preserve 
equity. The methodology of charge allocation would need to be resolved for the same 
reason. 

 
- Aircraft operators: Potential users requiring improved accuracy and integrity in some or 

all flight phases. Users would include not only commercial airlines but also military and 
general aviation. The level of use of Galileo would depend on whether the use of ground-
based navigation aids would continue to be supported. The charging structure could be 
similar to that presently used, for example, distance flown, terminal navigation charges or 
possibly as a function of aircraft weights. 

 
- Maritime users: There is a universal principle of ‘free right of passage’ even within 

national territorial waters. Charges could therefore most easily be imposed for use of 
harbours (similar to aviation terminal navigation charges) or other circumstances in which 
an augmented service was used. 

 
- Land users: At present it is difficult to determine specific land user groups that would 

require the augmented performance provided by GNSS. Some users are interested in 
traffic regulation or fleet management that require only a line of communication. Rail 
transport users would concentrate more on the safety benefits offered by continuous 
integrity and availability. 

 
To summarise, individual countries could pay a fixed percentage of costs based on the 
importance of their responsibilities in the provision of safety related navigation aids and users 
would pay as a proportion of system use. 
 
To develop this further, some basic principles for the adoption of recovery mechanisms have 
been suggested: 
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- Charges should be simple, non-discriminatory, equitable and transparent and not require 

costly administrative mechanisms to implement 
- The level of charges should not discourage the use of satellite navigation systems 
- The user should only pay charges based on costs properly allocated to them 
 
The recovery mechanism will vary with user category, for example: 
 
- There will be the situation where a state has contributed to the development of Galileo, 

the return on the investment will in part or whole be credited against user charges 
- For commercial airlines and others in the aviation industry a recovery mechanism already 

exits in that user charges are paid to airports and the air traffic service provider 
- For other users a recovery mechanism would have to be negotiated, for example: 
- It would be possible to impose a tax on the purchase price of the receiver; the tax could 

be used to partially fund Galileo development costs 
- An alternative to a receiver tax would be to use a smart card, pre-paid card or SIM card 

with the receiver 
- The responsibility for the collection of user charges would lie with the navigation service 

provider 
 
3.5.4 Benefits 
 
Benefits are difficult to quantify. However, it is expected that the level of safety offered by air 
traffic and other navigation services will be improved. It will allow the removal of most of the 
current ground-based navigation aids with a consequent saving in future capital investment and 
current running costs. Such savings will only become apparent after an operational period in 
which the users will have sufficient confidence to switch from existing navigation systems to 
Galileo. In the United States it is planned that the following ground based navigation aids will be 
replaced by 2010, VOR / DME, TACAN, NDB, LORAN-C and ILS, although this is by no means 
certain. 
 
Commercial airlines expect benefits to accrue due to the use of new procedures allowing area 
navigation (RNAV), shorter flight times and distances flown and reduced fuel consumption. It is 
difficult to evaluate the savings to users in marine and land transport. 
 
3.6 Certification 
 
3.6.1 Introduction 
 
Certification is a process intended to ensure that a system is designed and installed in a manner 
appropriate for its intended functions, and that it is likely to function properly. Comprehensive 
documentation is therefore required to demonstrate that the design meets the requirements. 
Extensive documentation is required with thorough documentation at all stages of testing. 
Procedures will need to be defined to ensure that the system is properly managed so that, once 
commissioned, it will continue to operate in a safe manner. Some of the aspects that need to be 
considered from the perspective of the aviation, maritime and rail industries are discussed in the 
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following sections. The descriptions of the certification processes reveal the diversity of the 
approaches applied in different transport modes and that, at present, no comprehensive and 
acceptable methodology exists for the certification of Galileo. 
 
The certification process requires considerable planning and discussions between the parties 
involved. Funding made available for Galileo development should take into account the potential 
costs of the certification process. 
 
There is also an institutional problem with Galileo certification. No single authority in the 
European Union has the remit, mandate or authority to certify Galileo for all applications. Even in 
civil aviation, where the JAA can co-ordinate the certification of airborne components, there is no 
authority with the competency to certify the space and ground segments of Galileo. Therefore, 
new institutional arrangements must be considered in parallel with technical considerations. 
 
The requirements for certification depend on the particular application. For example, it is 
normally expected that aviation, rail and maritime certification requirements will be more stringent 
for safety critical reasons whereas the requirements for other applications, being less safety-
critical, will be less stringent. It is important that, although a unified certification process is 
necessary, the level of certification is appropriate for the particular application. Furthermore, 
users with very limited certification requirements should not bear the same financial burden as 
users with very stringent certification requirements, that is, costs associated with certification 
should be considered during the cost allocation process and divided amongst the users in 
proportion to their particular requirements. 
 
3.6.2 Aviation certification 
 
Airborne system certification is generally performed in three main stages: 
 
- Equipment qualification: the process whereby airborne equipment is assessed for 

compliance with national (international) standards covering minimum performance, 
design, manufacture and environmental criteria. 

- Airworthiness approval: is the act of formal approval by a certification authority that an 
item (aircraft, system or part of a system) can be operated in a safe manner to fulfil its 
intended function. The airworthiness approval constitutes total system verification 
because the mission requirements can only be proved in the specific airborne domain. 

- Operational approval: is based on the application of the airborne system in respect to the 
mission requirements. This approval depends on equipment performance, carriage, 
procedures, boundary of use, training and operational documentation. 

 
Thus, there are essentially three levels of ‘certification’ that have to be achieved before the 
system can be used in an operational environment. In western Europe the first two levels of 
certification are usually undertaken by the Joint Aviation Authorities (JAA) whereas ‘Operational 
Approval’ is the sole responsibility of the National Aviation Authorities of individual states, the 
latter not being bound by JAA recommendations or approvals. 
 
3.6.3 Application of certification to Galileo 
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Specific certification issues that must be addressed include: 
 
- Frequency spectrum issues: to ensure that there is adequate protection for the spectrum 

used for all aspects of the Galileo service, including the core service, augmentations and 
control, and that the system is sufficiently robust against all intentional and unintentional 
interference. 

- Availability of the core and the augmentation systems: to ensure that the core system, 
e.g. GPS and / or GLONASS meets availability requirements for each of the proposed 
operational concepts 

- Selection of monitor sites: to assure the performance of the sites selected for monitoring 
stations 

- Monitor site performance: to ensure that monitoring stations perform to the required 
levels, meet availability requirements, have sufficient communications capacity and 
functionality 

- Airborne equipment: to ensure the performance of the airborne equipment in terms of the 
accuracy, availability, integrity, continuity necessary to meet required navigation 
performance 

- Information dissemination: to ensure that users are notified in an adequate and timely 
manner of planned maintenance and failures that affect system performance 

- Environmental and physical aspects: to ensure that both airborne and ground equipment 
functions correctly under all foreseeable operating conditions 

- Installation of equipment: to assure the correct functioning of ground and airborne 
equipment through the application of visual, ground and flight tests 

- Maintenance: to ensure that system management provisions are sufficient to meet 
Galileo performance requirements, meeting availability criteria and minimising system 
disruptions 

- Human factors: to ensure that management and training procedures and policies are 
adequate for personnel to operate the infrastructure to the required level. 

 
3.6.4 Marine certification 
 
Maritime required navigation certification performance certification procedures are, at present, 
generally less onerous than for aviation. The International Maritime Organisation (IMO) has 
adopted standards and conventions for sea-going vessels over certain size. 
 
Navigational systems and equipment where installed as mandatory are subject to carriage 
requirements in accordance to the provisions of IMO - SOLAS regulations. This includes 
navigational equipment on all ships to: 
 
- Determine and display at the main steering position the ships heading; 
- Plan and monitor the track of an intended voyage; 
- Take bearings; and 
- Plot position. 
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Radar equipment, automatic radar plotting aids, auto-pilots, compasses (magnetic and gyro), 
devices to indicate speed and distance, radar equipment, radar plotting, automatic identification 
and integrated navigation systems are covered under various carriage and performance 
standards and certification requirements. Certification applies to both the manufacture of the 
equipment and its installation and fitness for use. 
 
The recent decision of the United States to provide a six-year notice period for any GPS 
withdrawal is expected to allow the IMO to recognise radio-navigation systems. This would mean 
that the IMO, in providing acceptance that the radio-navigation system is capable of providing 
adequate position information within its coverage area, would allow a radio-navigation system to 
comply with carriage requirements. 
 
The operational requirements for radio-navigation systems are to be capable of being met by a 
number of systems and should be capable of being used by an unlimited number of ships. 
Certification procedures, type testing and approval arrangements for the manufacturing and 
installation of radio-navigation system(s) equipment will not follow significantly differing 
arrangements than are currently applied. 
 
3.6.5 Rail certification 
 
The rail certification process is more complex being based on national, rather than international, 
practices and standards. The principle of certification within the United Kingdom rail industry is 
that the responsibility for acceptance and monitoring cascades down in a hierarchical manner. 
For example, the service providers have to submit a safety case for equipment to the 
infrastructure controller (Railtrack). In turn, the infrastructure controller is answerable to HM 
Railway Inspectorate, an integral part of the UK Health and Safety Executive. 
 
In France the responsibility for the safe operation of rail services lies ultimately with the Ministry 
of Transport. However, for day-to-day operations responsibility is devolved to the operator, that 
is, to SNCF for all main lines or the appropriate city authority for metros. The process of gaining 
certification for railway equipment in France starts with the operator responsible for the railway 
on which the equipment is to run. The operator will determine the appropriate process and 
whether to inform the transport Ministry. 
 
3.7 Summary 
 
Much of the internal funding for the Galileo project is expected to come from internal funding 
including contributions from Member States, Eurocontrol and Community (central) funds. 
Nevertheless, there will be a significant funding gap that will have to be met from external 
sources. All major projects have an element of risk and the Galileo project is no exception. Some 
of the different types of risk have been outlined including political / institutional, market, technical 
and schedule. External investors in the Galileo project will require to be convinced that potential 
benefits far outweigh potential risks. 
 
It has been suggested that Public Private Partnership could not only bridge the funding gap but 
offers other benefits such as skills in project management, engineering and finance. 
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Project management skills are particularly important, as several parties are likely to be involved 
during the development and operation of the Galileo system. These include those responsible for 
promotion, financing, hardware, regulators and users. Each of these has been briefly discussed. 
 
Funding and cost recovery (or pricing) are also important and some of the major issues include 
costs, cost sharing, the potential benefits of Galileo and cost recovery. The types of development 
costs that might be incurred (for developers and users) have been outlined. The process of cost 
recovery may prove to be complex. Few will dispute with the principle of ‘user pays’ but the 
potential users include the community, individual states, industry and individuals. In addition, 
there are differences between the needs and requirements of those associated with aviation, 
land and maritime transport. Some suggestions for simple cost recovery mechanisms, as a 
function of user category, have been made in this Section. 
 
The section concluded with a brief discussion of the certification process together with the allied 
institutional and funding problems. In general terms, certification would follow that for current 
aviation certification. However, there are a number of specific certification issues that need to be 
addressed and these are outlined in Section 3.6.3. A brief discussion is also made for the 
requirements of marine and rail certification. 
 
The next section will discuss future options for the development of the satellite navigation 
industry in Europe. 
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4 Future options for GNSS development 
 
4.1 Introduction 
 
Options that are presently open to the European Union can be summarised as: 
 
a) Do-nothing, continue to use GPS / GLONASS 
b) Develop a stand-alone GNSS system but compatible with GPS and / or GLONASS 
 
Both options have advantages and disadvantages and these will be briefly discussed below. 
Note that a more detailed assessment of certain aspects of these scenarios is made elsewhere 
in the text. 
 
4.2 Continued use of GPS / GLONASS 
 
This sub-section looks at option (a) above. Dealing with GLONASS first, this constellation is now 
reduced to 9 satellites compared with a full complement of 24 that is required for normal 
operations. The benefits of using this constellation are becoming more marginal as time passes. 
 
Turning to the GPS, this is the responsibility of the United States Department of Defence (DoD). 
The DoD degrades the accuracy of civil GPS signals with selective availability. The DoD has 
agreed to ensure that civil users will continue to have uninterrupted access to the GPS signal for 
the foreseeable future. However, GPS does not meet integrity requirements for certain safety 
critical applications. 
 
Some augmentation systems have been developed to meet the integrity requirements and these 
are described in Section 7.3. In the meantime, since 1995, considerable effort has been 
dedicated to the EGNOS programme (European First Generation of GNSS) allowing Europe to 
develop expertise in the GNSS field and to build an augmentation system to GPS and 
GLONASS. 
 
The advantages of continuing with option (a) are primarily financial. Minimal investment, apart 
from EGNOS development, is required. Use of GPS is, at present, free of charge for users and 
therefore continued use of GPS still has considerable attraction to most users for this reason. 
 
The disadvantages of option (a) include a number of technical, economic and political issues. 
Signal accuracy and availability has safety implications, in particular, for air transport operations. 
Much of the industrial research and development into GPS has been concentrated in the United 
States with few opportunities for European industrial interests. Politically, dependence on a 
foreign military power for a system primarily used by civil users is seen as becoming less 
acceptable. 
 
4.3 Development of a stand-alone GNSS system 
 
This sub-section examines option (b). Before further discussion, two points should be made. 
Firstly, any new GNSS system should provide world-wide coverage at least for the open access 
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services (rather than just regional or primarily for Europe) and secondly, the system should, 
where possible, be compatible with GPS. This viewpoint is supported by a survey that was 
undertaken as part of this study in which the views were sought of different interest groups on 
future GNSS strategy (refer to Annex 1 for further details). 
 
Galileo is the proposed development of a European Second Generation of Global Navigation 
Satellite System (GNSS). This is an initiative of the European Commission (EC) and the 
European Space Agency (ESA). It comprises the development, implementation and operation of 
a state-of-the-art global and multi-modal navigation satellite system. The perceived advantages 
are that Galileo will not only give Europe independence in Global Positioning and Navigation 
Systems but also will bring economic benefits for European equipment manufacturers and 
service industries. 
 
Current projections envisage that the Galileo system will consist of at least 21 satellites (in 
medium earth orbit at 24,000 km, possibly complemented by geo-stationary satellites at 36,00 
km) (see Section 6.1) and the associated ground infrastructure. The system will provide 
navigation signals to the users world-wide with high performance, service guarantees and liability 
regulations depending on the service class chosen by the individual user. Galileo will be 
compatible and interoperable with the planned GPS second-generation global positioning 
systems [11]. 
 
Much of the experience derived from the EGNOS project can be used towards the project 
development of Galileo. The acquired capabilities, skills and experience within Europe are due to 
an involvement in tasks undertaken for the EGNOS project. This project has encouraged the 
interest of all parties (service providers, institutions, industry and users) in the investment and 
development of a European system that would meet the expectations and requirements of a 
GNSS to serve the European Community and others. 
 
There are some disadvantages. Firstly, the capital investment would be significant and ways and 
means would have to be found not only to finance development but also to persuade the users 
to contribute towards the full or partial cost of system development and operation.  
 
Secondly, the management of the Galileo system will require a different and far more 
complicated form of institutional organisation from that of the United States DoD. Management 
issues include ownership, operational responsibilities, financing, certification (including safety 
cases) and charging structures.  
 
 
 
4.4 The way forward 
 
The major advantages and disadvantages of the two options, (a) and (b), have been briefly 
outlined above. This study is effectively a ‘snapshot’ of current GPS and Galileo developments. 
In the meantime, in 1999 the European Commission’s DG Transport (now DG TREN) focused 
the thoughts of European industry by issuing invitations to tender for a number of year-long 
studies on Galileo. The aim of the studies is to define Galileo services, architectures and service 
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transitions thereby providing a briefing at the European Transport Ministers meeting in 
December 2000. At this point a decision will be made on whether or not to proceed to the 
development phase of the system. In parallel with these studies, the European space Agency is 
carrying out complimentary studies, necessary because the system will be heavily reliant on 
space-based assets. 
 
It would therefore be unwise, based on the limited scope of this particular study, to make specific 
recommendations at the present time but merely to indicate the rationale behind European 
GNSS development and the potential advantages and disadvantages. 
 
 
The following sections form the technical part of the Final Report. Section 5 gives a brief 
technical overview of the evolution, purposes and types of satellite navigation systems including 
the characteristics of different systems and a summary of successes and failures. Section 6 
looks in more detail at system architecture including the satellites, their constellations, 
associated ground-based control equipment and user navigation equipment. Lastly, Section 7 
examines the current status of Global Navigation Satellite System (GNSS) and explains the 
different augmentations of the system that are presently being developed.  
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5 Technical Issues 
 
5.1 Introduction 
 
Nowadays, the existing technology allows a level of development of navigation systems that 
could not be imagined a few years ago. Most navigation1 systems are actually positioning ones, 
guidance being achieved by means of a processor/navigator. Current navigation systems can be 
divided into several classes depending on how signals are obtained. One of them is Satellite 
Navigation, that uses satellite transmitted radiofrequency signals [1]. 
 
This part of the Final Report introduces, from a technical point of view, the emergence of GNSS 
as a general-purpose timing, positioning and navigation service. GNSS has become an essential 
system in the transport and other sectors. 
 
These systems and their evolution have led to two key concepts: 
 
��Globality: The goal of these systems is to provide world-wide coverage in order to maximize 

the number of users and provide a seamless navigation service in any area of the world. 
Before the existence of GNSS, local reference systems had been used for all different 
sectors; for example, the geographic field. GNSS requires uniformity in measurement, 
relating to positioning, timing and navigation. One example is the WGS-84 system that 
allows us to have a universal reference system. 

 
��Multi-modality: The trend of navigation systems is to provide a service to a wide as possible 

user base. The requirements of major user communities and applications can be satisfied. 
The evolution of GNSS has allowed the system to be used for different sectors in a multi-
modal regime. So, GNSS has become a “wide-area application issue” as shown in the next 
table [6]. 

 
Both key points in the evolution of GNSS mentioned above and the efforts of the world 
community indicate that the clear trend is to obtain a seamless navigation system operating 
throughout the world. It is important to advance using a common strategy towards the attainment 
of acceptable levels of service availability, continuity of service and accuracy. At present control 
of satellite navigation systems is on a national basis rather than under international regulatory 
control. 

                                                 
1 Navigation is here understood as: a) route planning, b) positioning and c) guidance. 
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MODE MAIN APPLICATIONS 
 

LAND NAVIGATION: ROAD 
 

§ Emergency and mayday applications. 
§ Other applications (in car-navigation, 

transport fleet management). 

LAND NAVIGATION: RAIL Non-safety and safety applications. 
SURVEY/ENGINEERING/SCIENTIFIC GIS and mapping of earth surfaces. 

 
OTHER LAND NAVIGATION  

APPLICATIONS 

§ Precision agriculture. 
§ Leisure and personal navigation. 
§ Mobile telephony. 

AIR TRANSPORT APPLICATIONS Traffic surveillance, Instrument approach 
with Vertical Guidance. 

MARITIME APPLICATIONS Commercial Navigation, Local VTS2, Search 
and Rescue. 

SPACE APPLICATIONS These applications represent a very little and 
non-representative potential market in 
comparison to the other market. 

INTERMODAL APPLICATIONS3 Tracking Management, Cargo 
Management. 

 
 

5.2 Evolution of Satellite Navigation Systems  
 
History changed on October 4, 1957 when the former Soviet Union successfully launched 
Sputnik I. Since that date some relevant events of Satellite Navigation are shown by 
chronological order in the next table [1]. 
 
During the 1960s several research studies were undertaken with the aim of obtaining the 
position of a point, fixed or movable, using the appropriate receiver, anywhere on the Earth, 
obtaining the resulting information from an artificial satellite constellation. 
 
From the beginning, it was considered that the general architecture of this system should have 
three segments (space, ground and user segments), as it will be explained in Section 6. 

 

                                                 
2 The IMO resolution explains: “ A VTS is any service implemented by a competent authority, dedicated to improve 
safety and efficiency of traffic and the protection of the environment” (Resolution A578). 
3 It is really difficult to estimate the potential number of users for these applications but it should exceed several 
thousand. Carriers, shipping companies, haulage companies, logistic control centres, but also rail and maritime 
operators could be interested in this kind of application. 
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Date Event 
October 1957 Sputnik I (USSR), the first artificial satellite was 

launched successfully. 
February 1958 § Start of the Space Race USA/USSR. 

§ The Applied Physical Laboratory (APL), John Hopkins 
made use of Doppler deviation in order to determinate 
satellite orbits. 

1964 Military use of the American System TRANSIT. 
1965 Russian System TSIKADA (8 military satellites/4 civil 

satellites). 
1970 French – American System ARGOS. 
1970 Start of the GLONASS program. (Russian system). 
1972 Start of the Global Positioning System (GPS) program. 

(American system). 
1978 - 1991 GPS Constellation. Block I. 

October 1982 GLONASS: the first satellite launched. 
1983 ICAO establishes the FANS Committee, with the aim of 

studying the new concepts to constitute the Air 
Navigation for the future. 

1988 GLONASS: at a meeting of ICAO, the Russian 
government offers free use of GLONASS signals world-
wide. 

1989 - 1997 GPS Constellation. Block IIA. 
1991 The FANS Committee shows its first conclusions to the 

Navigation Commission of ICAO. 
September 1993 GLONASS: the Russian government officially 

proclaimed GLONASS to be an operational system. 
December 1993 GPS: initially the constellation is in operation. 
February 1994 GPS: FAA say that the initial operational capacity of 

constellation only for civil use. 
1994 The Cabinet Council of European Community approves 

a decision that urges the European Commission to 
develop a GNSS Strategic Plan for European 
Navigation System (inter-modal system). 

1994 EUROCONTROL adopts a strategy for Satellite 
Navigation whose main aim is to develop of Satellite 
Navigation Civil System, useful for all phases of flight. 

June 1995 GPS: the constellation is attested fully operative. 
1995 GLONASS is considered to be a possible component of 

international Navigation Satellite System. 
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Date Event 
1996 EC/ESA/EUROCONTROL constitute a tripartite 

agreement (ETG) for the co-ordination and integration 
of actions by the different organisations related to 
European GNSS-1. 

1997 - 1999 GPS Constellation. Block IIR. 
December 1998 WAAS: FAA and DGAC complete successfully the first 

test flights carried out in Chile to show the capabilities 
and benefits of WAAS. 

February 1999 The recommendation of European Commission (Ref. 
EC COM (99) 54) for the development of European 
Satellite Navigation System called GALILEO is 
published. 

June 1999 GALILEO: The Cabinet Council approves the Definition 
Phase of Galileo. 

 
 
 

The main problem of satellite navigation is the need for a common time reference. This was 
solved, at least for the space segment transmitters and accurate enough for radio-telemetric 
measures, by the use of an accurate atomic oscillator that was developed at the end of the 
1970s. 
 
On the other hand, the use of the Doppler principle to satellite navigation made possible the 
earlier Satellite Navigation. This was the case of the Soviet TSIKADA and the American 
TRANSIT, which provided to the user position information, using the Doppler discrimination of 
the radio signal transmitted from the satellites. These constellations were low orbits (LEOs) [refer 
to Section 6.2]. 
 
One of the main problems of those systems was related to the use of low satellite orbits (LEOs), 
which implied difficulties on global coverage. To solve this problem, new navigation systems had 
to use the medium earth orbit (MEOs) [refer to Section 6.2]. This is the case of GPS and 
GLONASS. 
 
At the beginning, the use of the Satellite Navigation System was developed for non-peaceful 
applications; but the evolution of the system has changed this emphasis. The growth of system 
users has meant that, although the military users represented a 90% percentage and the rest of 
them were aeronautic and maritime users in the 1970s. At present, civil users represent 80% 
percent of all users. The most important applications, apart from aeronautic and maritime 
activities, include surveying, mapping and geographical information systems. 
 
One key milestone for the future evolution of the current systems is related to those users whose 
requirements are not met by current system performance for safety-critical applications. This 
situation has led to the introduction of “augmentations”, and in turn has led into what is called 
GNSS-1, whose main aim is to overcome the present limitations for such applications. 
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5.3 Purposes of GNSS 
 

The Global Navigation Satellite System (GNSS) is a satellite system that provides a world-wide 
position determination, time and velocity capability for multi-modal use. It includes user receivers, 
one or more satellite constellations and ground segment to monitor and control the world-wide 
conformity of the signals processed by the user receivers to pre-determined operational 
performance standards [2]. 
 
The only existing GNSS systems are GPS (United States) and GLONASS (Russian Federation). 
 
Both GPS and GLONASS are satellite-based military positioning systems that enable an 
unlimited number of users to make all-weather-3-dimensional positioning, velocity and time 
measurements anywhere in the world or near-Earth space with the prime purpose of enhancing 
the effectiveness of each country’s respective military forces. The systems are now being used 
by civilian users free of direct user charges in an ever-widening range and increasing number of 
applications ranging from civil aerospace, maritime and land vehicle navigation and tracking to 
precision surveying and mapping. GPS in particular is highly regarded by a wide variety of 
civilian land, maritime and aerospace users because of its accuracy and reliability, particularly 
when enhanced by differential techniques4, and its global signal coverage [2]. 
 
The emergence of GNSS as a general-purpose positioning and navigation service is a telltale 
sign of the limitations and potential contradictions of the current legal systems [3]. 
 
The need for all GNSS users, relying on its signal for safety-critical applications, to be provided 
with dependable service guaranteed by national and international legislation is investigated in 
respect of four issues. These are the guarantee of a continuous signal provision, the liability 
toward external users, the safeguards of national / regional security interests and the co-
operative protection of GNSS against voluntary or involuntary jamming [3]. 
 
Both GPS and GLONASS are composed of three segments (see Figure 5.1) [1]: 
 
- Space segment, 
- Ground segment and 
- User segment. 

                                                 
4 Differential GPS (DGPS) services have been developed in response to inherent and imposed limitations of GPS 
(first of all the level of position accuracy) [3]. 
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USER SEGMENT

SPACE SEGMENT

2227.50 MHz
1793.74 MHz

GROUND
SEGMENT

1575.42 MHz
1227.60 MHz

 
 

Figure 5.1 GPS Space, Ground and User Segment.  
 

Space segment: Formed by satellite constellations, each of which continuously transmits a 
ranging signal that includes a navigation message stating current satellite position and time 
corrections. The space segment should provide global coverage with, let us say, for up to eight 
simultaneously observable satellites above 15o elevation (above the horizon). 

 
Ground segment: A main control station and several ground stations control all satellite 
monitoring stations on the ground. The functions of this segment are the following: 
 
- Control and maintain the status, health and configuration of the satellite constellation. 
- Maintain the ephemeris precision5 and time synchronism, generating the navigation 

messages that must be transmitted to the satellites. 
- Monitoring of the integrity of the navigation signals. 
- Supporting the interfaces with other services (Astronomic Observatories, etc.)  
- Manage the ground network of stations. 
 
User segment: Consists of all the possible users of the system, whether air, sea or ground. The 
user receiver tracks the ranging signals of selected satellites and calculates three-dimensional 
position, speed and time. 

                                                 
5 Ephemeris is the information about all orbital parameters of the satellite [4]. 
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It is interesting to note the GPS/GLONASS positioning principles. As Figure 5.2 shows, to 
determine the position of a point at least three measurements are necessary. With one 
measurement we can determine that the point is within a sphere B and adding the second we 
can get a circle and with the third measurement we will get two points as intersection of three 
spheres. 
 
To solve the position of the receiver it is necessary to know the position vector of all the satellites 
to calculate the distances between receiver and the satellites that supply coverage at the 
moment. This satellite position is obtained from the satellites transmitted navigation messages. 
 
When the receiver has a non-synchronised clock, then a fourth6 satellite is needed to determine 
the user position. 
 

Figure 5.2 Determination of a point (GPS/GLONASS positioning principles) 
 
 
5.4 Types of GNSS  
 
As has been said earlier, there are two world-wide satellite navigation systems – American GPS 
and Russian GLONASS. 
 
Both systems may be considered as the core components of current GNSS-1 developments to a 
lesser or greater extent. For example, WAAS is supported only by GPS and does not currently 
incorporate GLONASS but may do so in time whereas trade-off studies have concluded that the 
architecture of EGNOS can support both GPS and GLONASS [2]. 

                                                 
6 The fourth satellite allows to establish the time reference needed for giving an accuracy position. 
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As far as the user segment is concerned, a limited but growing number of combined 
GPS/GLONASS receivers have been developed and appeared in the market a few years ago, 
principally for aeronautical and geodetic applications. These receivers use all available satellites 
from both systems to obtain the best position estimation. However, the uncertainty and current 
situation of a constellation that is not maintained must be a very discouraging sign for continuing 
industrial investment in GLONASS receivers at the present time [2] [3]. 
 
Some relevant characteristics of the basis of GNSS-1 systems are presented in the following 
table: 
 

 GPS GLONASS 
Number of satellites 24+3 (currently 27 in 

operation) 
24 (currently 97 in operation) 

Number of orbit planes 6 3 
Orbit plane spacing 6 equally spaced ascending 

nodes at 120 deg. 
Satellites in each plane 
separated from each other by 
45�. 

Orbit radius has an altitude above the Earth 
equatorial radius of 20,183.6 
km. 

has an altitude above the Earth 
equatorial radius of 19,100 km.

Inclination 55 deg nominal. 64.8 deg. 
 
Due to the institutional and safety-critical application concerns using GPS + GLONASS, they 
have been defined an evolutionary concept for GNSS. 
 
Figure 5.3 illustrates this evolution from GPS and GLONASS up to GNSS-2, via GNSS-1: 
 

Availability limitations
(based on GPS)

and 
Institutional limitations

(based on an American system)GPS + GLONASS
do not satisfy
safety critical
 requirements

 
 

Figure 5.3 Evolution from GNSS to GNSS-2. 
 

The current capabilities of GPS and GLONASS, although very adequate for some user 
communities, present some shortfalls. The lack of civil international control presents a serious 
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problem from the institutional point of view. In addition, there is a need for enhanced 
performance. In particular, GPS or GLONASS cannot meet civil aviation requirements for 
precision or non-precision approach phases of flight only. Marine and land users may also 
require some sort of augmentation for improving GPS/GLONASS performance[3]. 
 
“Augmentation” is any technique of providing enhancement to the GNSS in order to provide 
improved navigation performance to the user. Different techniques can be used [2]: 
 
- Satellite based augmentation system (SBAS). A system providing additional satellite 

signals over a wide area (covered by GEOs) in order to enhance the performance of the 
GNSS service. 

 
- Ground based augmentation system (GBAS). A system providing additional signals from 

a ground-based station for a limited geographical area in order to enhance the 
performance of the GNSS service. 

 
- Airborne based augmentation system (ABAS): The onboard improvements required are 

the ones that increase the integrity and/or availability of the system without the need of 
additional ground based infrastructures. 

 
The first generation Global Navigation Satellite System, GNSS-1, as defined by the experts of 
the ICAO/GNSS Panel, includes the basic GPS and GLONASS constellations and any system 
augmentation needed to achieve level of performance suitable for civil aviation applications [3]. 
 
Nowadays, there are the following SBAS under development: EGNOS, WAAS, MSAS and 
CWAAS (see Annex 3 for details). 
 
EGNOS, which is a regional satellite based augmentation equivalent to WAAS or MSAS, is the 
first European implementation to GNSS. It is part of the European Satellite Navigation 
Programme (ESNP) involving GNSS-1 activities (e.g. EGNOS and local area augmentation) as 
well as GNSS-2 activities, mainly the recently approved GALILEO definition studies. In the 
context of GNSS-1, ESA is responsible for the EGNOS system design and qualification of an 
Advanced Operational Capability (AOC) (Phase I) of the EGNOS system [3]. 
 
The USA has taken its basic decisions on the design of the next generation of GPS satellite 
(block IIF) as GNSS-2 activity, including the definition of a second civil frequency, and will deploy 
the new satellites in the next decade [5]. 
 
 
 

                                                                                                                                                        
7 At the end of 1999. 
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5.5 The changing technological characteristics of the different systems 
 
The drivers for the technological evolution of the current GNSS have been: 
 
A. Efficiency criteria: Efficiency is a key point for system owners. In this connection, for 

example, the earlier system had a short life time cycle that implied high costs for 
maintaining the constellation in operation. This has prompted the introduction of changes 
in order to increase the functionality of the system while reducing maintenance costs. 

 
B. Technological changes: Nowadays, the progress of the technology is not an important 

problem for the development of the Global Navigation Satellite System. 
 
C. New or more specific user needs: The system did not meet the user requirements, which 

has prompted the realisation of changes in order to increase the services provided to 
them, especially the safety critical applications. 

 
5.6 Successes and failures  
 
5.6.1 Successes [3] [6] [7] 
 
It is important to note that there are now an increasing diversity of applications interested in 
using satellite navigation systems compared with at the beginning when only military were 
potential users. For example, the need for communications requires the transmission of 
positioning information and the dominance of the road market is demonstrated in terms of 
equipment sales and market revenue generated. 
 
Due to the lack of awareness of Satellite Navigation Systems, some potential users have not yet 
been identified. 
 
As an example, whereas the Global Positioning System is limited to outdoor applications, an 
emerging technology, called Local Positioning Systems (LPS), will in the future enable 
businesses to similarly track and monitor indoor assets or people. 
 
Another success is the performance of the signal. At the beginning of GPS the accuracy is 
established to within 100 meters (95% probability). This level of service is named SPS (Standard 
Positioning Services). To upgrade the GPS accuracy (10 meters / 95% probability), there is 
another level of service named PPS (Precision Positioning Services). Further improvements to 
signal performance can achieve a positional accuracy in terms of centimetres. 
 
GPS has been demonstrated a valuable engineering surveying and monitoring tool, and has 
been shown to have a precision of a few millimetres. The use of real time kinematic8 GPS has 
many applications, including its use to monitor the deflection of large structures such as bridges. 
This information is of vital importance to structural engineers, enabling complex models of such 
structures to be created using “real life” data. 

                                                 
8 Kinematic is a technique that allows to use measures of phase correlation in movement, obtaining centimetre 
accuracy. 
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5.6.2 Failures [3] [6] [8] 
 
Bearing in mind that the technological limitations are not the main issue for these systems 
nowadays, the institutional issues about the use of GPS and GLONASS as standard systems 
have not yet been solved. 
 
In the past the American system GPS pretended to be a “sole-means”9 system. But today this 
option has been left out. Additionally, certain safety critical applications have not yet been 
covered, for example, in the civil aviation for the requirements of terminal area navigation. 
 
GPS and its Russian counterpart, GLONASS, rely on a network of satellites to broadcast radio 
signals that a receiver uses to deduce its position. Since the satellites do not carry large power 
sources, the signals they broadcast are weak, which makes them vulnerable to jamming when 
transmitted codes are known. 
 
As an example, the Russian device from a company called Aviaconversia, first came to light at 
the Moscow Air Show in September of last year. The company announced that it can offer a 
portable, 4 watt GPS / GLONASS jamming device for less than $400. It claimed that this low-
power device could prevent aircraft from locking on to a GPS signal. Testing the device would be 
illegal in most Western countries. But as news of the device spreads, GPS experts are taking 
Aviaconversia´s claim seriously. By broadcasting “noise” on the frequencies that GPS uses, a 4-
watt jamming device could prevent aircraft from using satellite signals. 
 
The vulnerability of satellite navigation systems to jamming is a growing concern, as the US 
Federal Aviation Administration (FAA) intends to start decommissioning ground-based 
navigation beacons in 2010. 
 
The encrypted GPS signals used by the military would be harder to jam than those signals used 
by civil aviation. Among other things, they are spread over a wider part of the radio spectrum, 
making them more difficult to compete with. But a determined ‘jammer’ could use a more 
powerful device than the 4-watt Russian model.  
 

                                                 
9 “Sole-means” is understood as the possibility of this system is able to support all the navigation requirements 
of different transport modes. 
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For both military and civilian GPS users, the most obvious way to make jamming more difficult 
would be to increase the power of the signals. But this would require significant changes to the 
satellites' design.  
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6 System Architecture 
 
6.1 Introduction 
 
The aim of the European radio-navigation strategy must be set against performance 
requirements with regard to cost-effectively security and safety. There will inevitably be satellite-
based components and terrestrial elements, supporting overall system robustness. The 
indications from experts and accepted by the Commission in defining an approach to European 
involvement in GNSS are as shown in Section 6.2 [5]. 
 
The definition of the architecture is based on: 
- Achieving global coverage 
- Providing access to mass market applications 
- A good basic level of safety for European transport operations  
- Minimum space infrastructure (allowing for augmentations to be developed where 

required to meet more stringent safety demands or for dedicated commercial 
applications)[5] 

 
The future civil satellite navigation system has become a corner-stone project for Europe and 
several studies are ongoing to define its architecture. This section is focused on the designs of 
different satellite configuration. Some major design drivers can be emphasised such as need for 
an extended operational lifetime, payload resources and interface. 
 
The optimal definition should take into account the different strengths of the different orbits to 
ensure performance in line with safety requirements and user demands, including the provision 
of integrity data. Precise recommendations have been made through the ESA Comparative 
Study (see 6.2.1) [5]. 
 
As a part of Galileo, the European component of the Global Navigation Satellite System (GNSS), 
the GALA study objective is to perform, for the European Commission (EC), an optimised and 
justified overall definition of Galileo system architecture. Starting with an understanding of end-
user needs, the study will analyse the technical trade-offs and the allocation of performances 
among Galileo components and will provide the expectations of market size by main domain of 
application in order to meet the identified needs and potential applications in an efficient way. [6] 
 
6.2 Constellations 
 
6.2.1 Introduction 
 
Several different scenarios could be envisaged for the space segment. The choice of orbit or the 
combination of orbits results from a compromise between different parameters, such as number 
of satellites, coverage, cost, ground segment required, etc. 
 
 

ORBIT CHARACTERISTICS ADVANTAGES DISADVANTAGES 
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LEO 
(Low Earth Orbit) 
(Up to 2000 km) 

- Used for numerous personal 
telecommunications 
constellations, including 
Globalstar  
- Selected for the TRANSIT 
system for navigation. 
- Orbital period: 45-90 
minutes. 

Low cost of 
receivers and 
satellite  
payloads. 

A large number of 
satellites are therefore 
required. 

MEO 
(Medium Earth Orbit) 
(between 5000 and 
20, 000 km). 

- Selected for GPS and 
GLONASS (20,000 km). 
- Orbital period: 12 hours. 

The number of 
satellites 
required is lower 
than for LEO 
satellites. 

The launch cost is 
higher than for LEO 
satellites. 

GEO 
(Geostationary Earth 
Orbit) 
(at 36,000 km in the 
Equatorial plane). 

- Used for 
telecommunications, 
television and the navigation 
satellite system 
augmentations. (WAAS, 
EGNOS and MSAS). 
- Orbit Period: 24 hours. 

The cost of 
satellites and 
launches is 
relatively high. 

High latitudes are poorly 
covered. 

IGSO 
(Inclined 
Geosynchronous 
Orbit) 
(which are a variation 
on the GEO approach, 
similarly at 36,000 
km). 

- No IGSOs have yet been 
brought into commercial 
applications. 
- Orbit Period: 24 hours. 

Coverage of the 
polar regions. 

The cost of satellites 
and launches is 
relatively high. 

 
 
The multiple use of constellations allows different services to be provided to users besides 
navigation requirements, for example, telecommunications. 
 
It is well known that the safety critical distance between aircraft, depending on the phase of flight, 
now limits the development of civil transport. That means that different levels of service are 
required depending on user and navigation area. 
 
The navigation precision of each aircraft is certainly relevant but it is satisfactory as long as it is 
possible for each aircraft to know the position and intended manoeuvres of adjacent aircraft. 
Similar problems exist with other ground and maritime transport modes. 
 
The most interesting additional use of satellite navigation constellations may be communications. 
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The key concept is the integration between navigation and communications. 
 
Looking at the satellite communication proposals for transport system, very major projects, some 
near completion, are using low earth orbits LEO, some are using medium earth orbit MEO 
(Figure 6.1), and some are using GEO. Such constellations should not be confused with the 
large band multimedia earth constellation working in a very high spectrum bands, above 20 Ghz. 
Such systems are not able to work with low angle of sight due to atmospheric attenuation and, 
by this fact, they require a high number of satellites per constellation. 
 
Comparing the communication and navigation constellations, it should not be forgotten that for 
communication the user needs only one in-sight satellite, and for navigation, the user needs 
three, four, five or six in-sight satellites depending on the type of the system architecture and the 
level of RAIM10. 
 
From the preceding remarks, the only communication constellation eligible for a dual use for 
navigation are the large band multimedia constellations which are not designed to communicate 
with vehicles unless such vehicles are equipped with high frequency directional antennas. Other 
possibilities may exist with hybrid constellation, as GEO + MEO (Figure 6.2), or GEO + LEO. 
 
As a result of the “GNSS-2 Comparative System Study”, the final optimisation of Orbital 
Constellations is shown as [10]: 
 
The correspondence between signals and services are not defined in GALILEO project. But the 
proposed services are the following (see Section 6.2.3.): 
 
��Open Access Service (OAS), free of charge, providing a service quality equivalent to GPS 

service at least. 
 
��Controlled Access Service (CAS1), “certifiable” to commercial applications which aspire to 

obtain benefits. 
 
��Controlled Access Service (CAS2), “certifiable” to “safety-of life” services which want to avoid 

the undue use of the system. 
 
One of the critical questions related to Controlled Access Service (CAS) is the encrypted method 
that will be applied to the different services. The more popular application is for the safety-critical 
services where an open system should successfully authenticate the integrity data of the 
satellites with a high level of security. 

                                                 
10 RAIM: Receiver Autonomous Integrity Monitoring. 
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MEO constellation 

- 30 GEO satellites. 
- 3 orbital planes. 
- 54� inclination. 
- Altitude: 23222 km. 

 
 

MEO Architecture

Users

MEO satellites

Navigation and 
Integrity Centres 
(NSCC + RNCC) 
+ Support Systems

ULS
network

OSS
network

IMS 
network

Network  
Figure 6.1. MEO Architecture 

 
6.2.2 Characteristics of the satellites 
 
The main difference between the two constellations described above is the architecture and the 
distribution of information integrity11. The integrity concept is regional in both cases from the 
point of view related to control and sovereignty. But as long as in the option “MEOs+GEOs” is 
concerned the region would be a “wide area” where the integrity information is transferred via 
GEOs exclusive from each region. In this connection, the concept is equivalent to WAAS or 
EGNOS. In the second option (MEOs) will be only regional ground segments at a distance. In 
this case, Integrity Monitoring Stations (IMS) located in all the ground coverage to provide 
integrity over a determined region, for example, for the ECAC region 15 IMS at least will be 

                                                 
11 Integrity is the ability to provide users with warnings within a specified time when the system should not be used 
for navigation. 
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necessary. In both cases, the MEOs constellations are only under European control or the 
studied region. 
 

MEO+GEO constellation 
- 24 MEO & 3 GEO per region (9 GEO for world). 
- 3 orbital planes. 
- 57� inclination. 
- Altitude: 24126 km. 

 
 

MEO + GEO Architecture

GEO satellites

Users

MEO satellites

Navigation and 
Integrity Centres 
(NSCC + RNCC) 
+ Support SystemsRULS

network

ULS
network

OSS
network

OSS 
network

IMS 
network

Network  
Figure 6.2. MEO+GEO Architecture 

 
An initial problem appeared in the first option in so far as with GEOs it is not possible to cover 
the high altitudes (for example, Scandinavia). In this case it will be also necessary to distribute 
the integrity information via MEOs. In the case of a European system, a region outside of Europe 
has to have access to the MEOs satellites to download the integrity information. These satellites 
will be under European control. This situation will result in an obligation to provide and install 
specified procedures of access to the satellites by non-European users. 
 
The ground segment of the Global System is the same in both options. Nevertheless the 
regional system of the option “MEOs + GEOs” will have to communicate to all the elements of 
the global structure in the integrity region since GEOs will be used as a “ranging” source. 
 
So, the preliminary conclusions of both options are the following: 
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�� To keep both options in the same performance range an accurate orbit for GEO will be 
needed, which implies more frequently orbital manoeuvres. This implies, among other 
things, more surveillance undertaken by the orbital stations for GEOs. 

�� There will be the necessity for communication networks on “real time” for the “MEOs + 
GEOs” option. 

�� There will be complex problems both technical and control in the “MEOs + GEOs” option, 
due to the strict separation between global system-regional system. 

�� The cost of additional 6 GEOs is approximately equal to the cost of 9 MEOs. The cost of 
supporting the “MEOs + GEOs” option is higher than a constellation of 30 MEOs. 

 
6.2.3 The lifetime and performance of the satellite  
 
Satellites have improved their lifetimes since they become operational in the early the1970´s. For 
the GPS constellation the evolution of this lifetime cycle is summarised in the following table: 
 

BLOCK Years Lifetime Power Source 
I From 1978 to 1991 5 years Solar panels (400 Watts) 
IIA From 1989 to 1997 7.5 years Solar panels (700 Watts) 
IIR From 1997-1999 10 years Solar panels (1136 Watts) 
IIF End of 2001 15 years Solar panels (~2400 Watts) 

 
The Service Performance Requirements during the life cycle are coverage, accuracy, availability 
and integrity. 
 
The main initial objectives, in terms of performance and requirements, were defined as follows 
[1]: 
 
• High accuracy and real time positioning, velocity and time determination for military users on 

a variety of platforms, including those that have high dynamics. 
 
• Good accuracy or better in three-dimensional positioning, for civil users, considering the 

deliberate degradation of the ranging signal. 
 
• World-wide, all weather operation, 24 h a day. 
 
• Resistance to intentional or unintentional interference for all users. Enhanced resistance to 

jamming for military or “safety-critical” users. 
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• Capability for highly accurate geodetic surveys using radio-frequency carrier measurements. 
 
• Capability for high-accuracy time transfer. 
 
• Affordable, reliable user equipment without special technical requirements. 
 
• Integrity requirements accomplished. 
 
As far as it is seen today, these performances above have to be provided in the new generation 
GNSS as: 
 
��Open Access Service (OAS): 

- Global Coverage. 
- 10 m Accuracy. 

 
��Controlled Access Services (CAS): 

- CAS-1: revenue generating. 
- CAS-2: safety-of-life and security related. 
- Global Coverage with regional implementation. 
- Integrity. 
- Improved accuracy and availability. 
- Supports certification. 

 
6.3 Ground-based control complex 
 
The ground segment should allow continuous visibility of each MEO satellite by 3 or more 
stations all the time. The possibility of continuous uploading offers the opportunity to maintain 
both satellite clock error and satellite ephemeris errors within an adequate level. 
 
The ground segment functions can be split into the following functions: 
 
• Ground Control Segment. In charge of the command manoeuvres of the satellites. 
 
• Ground Mission Segment. In charge of the:  

- Constellations Management (definition of implementation and replenishment 
strategy, interface with states authorities, international organisations, user 
representatives); 

- The Service mission (covering the navigation functions including integrity); 
- The Monitoring and Control mission; and 
- The Support mission (covering off-line archived data analysis, planning of 

maintenance). 
 
 
The Ground Mission Segment is composed of two subsets: (see Figure 6.3): 
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• Global ground segment: 
 

- Providing the Position and Synchronisation service through the MEO constellation. 
- A set of Orbit and Synchronisation Stations (OSS) linked to an Orbit and Synchronisation 

Processing Facility (OSPF) via Wide Area Network performs orbit determination and 
synchronisation function. 

- Computing the Signal In Space Accuracy (SISA) linked Integrity service. 
 
• Regional ground segment: 
 

- Elaborating the Integrity service regionally, namely the check of the validity of SISA for 
users located in regional service area. 

- A set of Integrity Monitoring Stations (IMS) linked to Integrity Processing Facility (IPF) via 
Regional Area Network performs integrity computation for all satellites in view by the 
region users and orbit determination and synchronisation for constellation complement 
satellites. 

- Providing enhanced Position and Synchronisation service through additional satellites 
called the constellation complement. 

 
Both ground segments are linked through the Uplink facilities (TT&C). 
 
 

Ground Segment

Ground
Segment

Ground
Control

Segment

Ground
Mission
Segment

Global
G.S.

Regional
G.S.

OSS

OSPF

TT&C

IMS

IPF

SISA

 
Figure 6.3 Ground Segment. 

 
 
 
6.4 Users navigation equipment 
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As shown in Section 5.3, the user’s receiver tracks the ranging signals of the selected satellites 
and can calculate a three-dimensional position fix, anywhere around the world. It is also capable 
of determining speed and time. 
 
Different applications require different levels of performance from the receivers. The main drivers 
could be divided into four parts: 
 
�� Terrestrial applications, 
 
��Aeronautical applications, 
 
��Maritime applications, 
 
�� Inter-modal and Space applications. 
 
For future GNSS-2 applications till now the following applications, user equipment and 
requirements have been identified in Annex 2 [6]. 
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7 Current Status 
 
7.1 Introduction 
 
The recommendations from the European Commission (Ref. EC COM (99) 54), in February 
1999, recommending the development of Satellite Navigation System called Galileo put a 
milestone in the European GNSS strategy. 
 
GNSS has major implications about commercial, political and strategic issues in the following 
areas: 
 

��Within European capacity to control navigation, positioning and timing services it needs 
clearly time. 

��Within the support in the development of European economy and employment, giving to 
the European industry the opportunity of competing in a high technologic sector. 

��Securing of the European users, the system should be suitable to their needs. 
 
Galileo is being promoted as an economic motor. According to the EU and ESA, Galileo would 
create 100,000 jobs and would generate benefits to the value of €90 billions. The European 
market to the users equipment is estimated as €88 billions between 2005-2025, while the 
services market is estimated as €112 billions. 
 
The Cabinet Council approved the definition phase of Galileo in June 1999 and if the 
establishment is on time, the system will provide its first signal in 2005 (approximately at the 
same time as the launch of the first satellite GPS IIF with the additional frequency). According to 
EU, Galileo will be completely operative in the year 2008. 
 
On the other hand, ESA will supervise the GalileoSat programme that will analyse specific issues 
about Galileo space and ground segments. 
 
A suitable technical design for a system incorporating regulatory norms and being established 
before the future block GPS IIF could give Galileo some competitive advantages. However, the 
announcement of Galileo could cause the American Department of Defence (DoD) to accelerate 
the GPS programme. 
 
In commercial terms, the challenge of Galileo will be to provide a balance between service levels 
and user charges. For example, a high level of service might attract higher user charges. On the 
other hand, a facility that is free of charge may have a low level of service. 
 
From the start it has been clear that there is general enthusiasm for Galileo. The Italian, French 
and Deutsche Space Agencies have declared their interest in contributing in this programme. 
 
Related to these questions, the views of interested parties were sought by a survey. The results 
of the survey are summarised in Annex 1. 
 
An assessment of the factors affecting the implementation of a future GNSS led to questions 
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being included in the survey questionnaires (Section I of Annex 1) covering the following 
aspects: 
 

√ Added value of Galileo. 
√ Timeframe expectation. 
√ Current institutional adequacy. 
√ Method of financing. 
√ Approach to obtain level of service. 
√ EGNOS compatibility with Galileo. 

 
The following main conclusions were obtained from an analysis of the questionnaires (see 
Annex 1): 
 

√ Galileo development is considered as necessary although the reasons for that are 
different depending on the groups of interest (Institutions, Industry, Service Providers 
and Users). 

√ Regarding the timeframe in which an enhanced satellite performance is required, Service 
Providers are the most optimistic (75% think that the Galileo timeframe is appropriate) 
whereas the industry is the most pessimistic (66% think that the Galileo timeframe is not 
appropriate). 

√ All the groups agree that a new organisation is required for the system operation. 
√ Financing is a controversial subject in which the different interests of the parties are 

shown. 
√ Regarding the operation of the system, a global system for basic positioning and timing, 

and regional for those services requiring a higher level of accuracy is preferred. 
√ With respect to EGNOS, 40 % of the parties consider that both programmes should 

progress and be co-ordinated. 
 
7.2 GNSS (Global Navigation Satellite System) 
 
It is a world-wide position, velocity and time determination system that fulfils on a permanent 
basis potential user requirements for civil applications. 
 
The GNSS deployment is ongoing. Currently, the existing satellite constellations are exploited 
(GPS, GLONASS) as source of pseudo-ranging signals. The GNSS also includes augmentation 
to the services provided by the space segment, in order to provide the civilian users with an 
adequate level of performance in terms of accuracy, integrity and continuity. 
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Augmentation systems consist of ground (and, possibly, satellite) based equipment that 
continuously monitors and predicts the GNSS performances. These data are then broadcast 
over dedicated radio data links and exploited by the GNSS equipped vehicles to integrate the 
information carried by the satellite ranging signals. 
 
For aviation and maritime users, there are already international performance requirements for 
navigation systems. Essentially, a world-wide requirement of 10 metre horizontal accuracy is the 
minimum standard that Galileo would need to meet if it is to be accepted as an inherent 
component of a world-wide radio-navigation system. 
 
Other users have not developed similarly precise demands that have the backing of regulation. 
There are also potential users whose needs have not been defined, although the market 
potential has been identified. 
 
7.3 Differential Systems [1] 
 
As Section 5.4 showed, there are different techniques of GNSS enhancements to provide 
improved navigation performances to the users called “augmentations”. These are SBAS, GBAS 
and ABAS. 
 
7.3.1 SBAS (Space Based Augmentation System) 
 
In general terms, SBAS consist of placing other space vehicles (geostationary satellites) from 
which the suitable signals will be transmitted to ensure that the technical requirements are 
achieved. In the case of aeronautical applications, for example, these augmentations will offer a 
system capable of being used as “primary means” of navigation in the following aeronautical 
applications: En-Route, Terminal Area, Non Precision and Category I Precision Approach flight 
phases. 
 
SBAS: System Design 
 
SBAS has three major elements: 
 
��Positioning Satellites Constellations (GPS and GLONASS). These elements are not 

exclusive of a SBAS, but they are an essential part of the current GNSS. 
 
��Geostionary Satellites whose mission is transmit to the users the SBAS messages whose 

content is: 
 

- Navigation Signals. 
- Ionospheric corrections. 
- Integrity Signals. 
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��Earth Stations whose functions are classified as follows: 
 

- Control stations, whose mission is to perform the control and supervision of the system 
and determine the corrections to be transmitted by Geostationary satellites. 

- Monitoring Station, whose mission is to supervise the integrity and ranging. 
- Operational Validation Station, that are used to get the operational validation and safety 

verification. 
 
 
SBAS : Services 
 
The SBAS services are the following:  
 
��Ranging: Provide an additional pseudorange signal with an accuracy indicator from a SBAS 

satellite. 
 
��GNSS Satellites Status: Determine and transmit the GNSS satellite health status. 
 
��Basic Differential Corrections: Provide GNSS satellite ephemeris and clock corrections (fast 

and long term) to be applied to the pseudorange measures from satellites. 
 
��Precise Differential Corrections: Determine and transmit the ionospheric corrections. 
 
The following SBAS systems are under development: EGNOS, WAAS, MSAS and CWAAS. 
 
The main characteristics of these systems are shown in Annex 3. 
 
Interoperability is a key issue for GNSS. This interoperability is obtained through: 
 

• Interfaces between the Space Based Augmentation Systems (SBASs). 
 

• Signal-in-Space standardization. 
 

• Interfaces between SBAS ground segments. 
 
The main advantage of getting interoperability among SBAS systems (WAAS, EGNOS, MSAS, 
and CWAAS) is that the aircraft’s fleet equipped with SBAS receivers can operate within the 
service areas defined for those systems. Besides, getting interoperability it will be easier and 
cheaper to get a SBAS service expansion over other places around the world. 
 
It has been demonstrated the interoperability among these SBAS systems is a very difficult 
issue. 
 
7.3.2 GBAS (Ground Based Augmentation System) 
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GBAS is one of the elements that constituted the GNSS together with GPS, GLONASS, SBAS, 
and ABAS. In particular the Ground Based Augmentations System (GBAS) is a ground-based 
augmentation that provides additional information, locally or within a small region. This is in order 
to enhance the integrity and/or availability and/or accuracy and/or continuity of the GNSS service 
without augmenting the basic GNSS constellation with additional space vehicles. This 
augmentation is based in the principal of Differential GNSS concept as a way to improve RNP 
parameters in a local area. Before going further in the detail, the principle of the GBAS 
(Differential GNSS) is explained in a wider way. 
 
Differential GNSS concept involves the co-operation of two receivers, one that's stationary and 
another that's roving around making position measurements. The stationary receiver is the key. It 
ties all the satellite measurements into a solid local reference. This is how it works. 
 
It must be recalled that GNSS (GPS and GLONASS) receivers use timing signals from at least 
four satellites to establish a position. Each of those timing signals is going to have some error or 
delay depending on what sort of perils have befallen it on its trip down to us.  
 
Since each of the timing signals that go into a position calculation has some error, that 
calculation is going to be a compounding of those errors.  
 
GBAS: System Design  
 
For example, in the Aviation Industry GBAS consists of a ground sub-system and a user 
subsystem. One ground sub-system can support all users within the area covered by the service. 
The ground sub-system provides to the user within the area covered by the service, for each 
satellite in view, with: 
 
• Approach path data, 
• Correction, and 
• Integrity information  
 
The corrections enable the user to determine its position more accurately that it can with the 
satellite signals alone. This may be used by the appropriate avionics to provide precision 
approach guidance, missed approach guidance, offer enhanced RNAV capability, or provide 
surface movement guidance. 
 
Figure 7.1 illustrates the GBAS architecture. 
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Figure 7.1. GBAS Architecture. 

 
7.3.3 ABAS (Airborne Based Augmentation System) 
 
The onboard improvements required are those that improve the integrity and / or availability of 
the system without the need of additional ground based infrastructures. 
 
The most common on board improvements are the following: 
 
• RAIM (Receiver Autonomous Integrity Monitoring) techniques: By employing this technique, 

an increase in integrity is observed in GNSS systems. The different systems consist in the 
supervision of the tasks conducted by the receiver with the satellites it has in view, when 
redundant measures are available. This method does not increase the availability of the 
GNSS system, in fact it reduces it, when the number of satellites in view is reduced: 

 
(GNSS) availability > (GNSS + RAIM) availability 

 
In order for any RAIM algorithm to be available, at least one extra satellite is needed than 
what would be required for position acquisition. 
 

• AAIM (Aircraft Autonomous Integrity Monitoring) techniques: This method is employed by 
installing a non-GNSS sensor, increasing, thus, the number of redundant elements and 
improving the availability of the RAIM algorithm. The two most common types of AAIM 
integration are inertial and barometric.  

 
Figure 7.2 illustrates the “On-board Augmentation” that is required: 
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Figure 7.2. On-board Augmentation. 
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Glossary 
 
Accuracy: The degree of conformance between the estimated or measured parameter of a craft at 
a given time and its true parameter at that time. (Parameters in this context may be position 
coordinates, velocity, time, angle, etc.). 
 
Aircraft Autonomous Integrity Monitoring (AAIM): This method is employed by installing a non-
GNSS sensor thus increasing the number of redundant elements and improving the availability of 
the RAIM algorithm. 
 
Augmentation: Any technique of providing enhancement to the GNSS in order to provide improved 
navigation performance to the user. 
 
Availability: Availability is the percentage of time that an aid, or system of aids, is performing a 
required function under stated conditions. 
 
Continuity: Continuity is the ability of a system to function within specified performance limits without 
interruption during a specified period. 
 
Coverage: The coverage provided by a radionavigation system is that surface area or space 
volume in which the signals are adequate to permit the user to determine position to a specified 
level of performance. 
 
CWAAS (Canada Wide Area Augmentation System): CWAAS is an Space Based Augmentation 
System (SBAS). (GNSS-1). This system is only an extension of WAAS System. 
 
Differential GPS (DGPS): Services have been developed in response to inherent and imposed 
limitations of GPS (first of all the level of position accuracy). 
 
Differential system: An augmentation system whereby radionavigation signals are monitored at a 
known position and the corrections so determined are transmitted to users in the coverage area. 
Different techniques can be used: 
 

��SBAS: Satellite based Augmentation System. 
��GBAS: Ground based Augmentation System. 
��ABAS: Airborne based Augmentation System. 

 
EGNOS (European Goestationary Navigation Overlay System): EGNOS is the European 
contribution to the Global Navigation Satellite System (GNSS-1). 
 
GALA study: As part of Galileo the European component of the Global Navigation Satellite System 
(GNSS), the GALA study objective is to perform, for the European Commission (EC), an optimised 
and justified overall definition of Galileo system architecture. 
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Galileo: The European Commission has plans to develop a satellite based navigation infrastructure. 
Galileo is the European contribution to the development of a new second generation of Global 
Navigation Satellite Systems (GNSS-2). Galileo will be mainly based on a satellite constellation 
which will be fully interoperable with the US developed GPS by year 2008. 
 
GENESIS: It is a project providing support to the European Commission in order to monitor and 
manage the overall GALILEO activities. One of the major missions of the project is the 
communication and dissemination of information related to GALILEO. 
 
Global navigation satellite service: The signal in space provided to the user by GNSS space and 
ground segments. 
 
GLONASS (Global Navigation Satellite System): This is a space-based, radio positioning, 
navigation and time-transfer system operated by the Government of the Russian Federation. 
 
Global Navigation Satellite System (GNSS): A world-wide position, time and velocity 
radiodetermination system comprising space, ground and user segments. 
 
GNSS-1: First Generation of Global Navigation Satellite System. 
 
GNSS-2: GNSS-2 is a Second generation Satellite System, which meets the requirements of civil 
users for position, velocity and time determination and which is capable of providing a sole means 
of navigation for defined applications. 
 
Global Positioning System (GPS): This is a space-based, radio positioning, navigation and time-
transfer system operated by the Unites States Government. 
 
GPS IIF: Second Generation of GPS. 
 
Integrity: Integrity is the ability to provide users with warnings within a specified time when the 
system should not be used for navigation. 
 
MSAS (Multi-transport Satellite Based Augmentation System): MSAS is an Space Based 
Augmentation System (SBAS). (GNSS-1). 
 
Navigation: The process of planning, recording and controlling the movement of a craft from one 
place to another. 
 
Receiver autonomous integrity monitoring (RAIM): This is a technique whereby all navigation 
sensor information available at a receiver is autonomously processed to monitor the integrity of the 
navigation signals. 
 
Reliability (of a service): The probability that a service, when it is available, performs a specified 
function without failure under given conditions for a specified period of time. 



 

 Cranfield College of Aeronautics / INECO A70 

 
RNP (Required Navigation Performance): The continuos growth of the aviation industry requires an 
improvement in the use of airspace capacity, and points out the need of using, in an optimal way, 
the available airspace. These factors, in addition to the need of obtaining higher operational 
efficiency, which consists in the use of direct routes and accurate flight guidance and the higher 
accuracy which may be obtained using the new air navigation systems, have resulted in the RNP 
concept. 
 
Time to alarm: The time elapsed between the occurrence of a failure in the system and its 
presentation on the bridge. 
 
WAAS (American Wide Area Augmentation System): WAAS is a Space Based Augmentation 
System (SBAS). (GNSS-1). 
 
World Geodetic System (WGS): A consistent set of parameters describing the size and the shape 
of the Earth, positions of a network of points with respect to the centre of mass of the Earth, 
transformations from major geodetic datum’s and the potential of the Earth. The WGS-84 is the 
world geodetic system created in 1984. 
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Acronyms 
 
Aena: Aeropuertos Españoles y Navegación Aérea 
AOC: Advanced Operational Capability 
APL: Applied Physical Laboratory 
ATS: Air Traffic Service 
CAS: Controlled Access Service 
CAT: Category 
DGAC: Dirección General Aviación Civil. (Spanish Civil Aviation Authority) 
DME: Distance-measuring equipment 
DoD: American Department of Defence 
EC: European Commission 
EIB: European Investment Bank 
EIF: European Investment Fund 
ESA: European Space Agency 
ESNP: European Satellite Navigation Programme 
ETG: European Tripartite Group 
EU: European Union 
FAA: Federal Aviation Administration (USA) 
FANS: Future Air Navigation Systems 
GA: General Aviation 
GEO: Geostationary Earth Orbit 
GIS: Geographical Information System 
GMS: Ground Monitoring Station 
ICAO: International Civil Aviation Organisation 
IGSO: Inclined Geosynchronous Orbit 
ILS: Instrumental landing system 
IMO: International Maritime Organisation 
IMS: Integrity Monitoring Stations 
IPF: Integrity Processing Facility 
JAA: Joint Aviation Authorities 
LEO: Low Earth Orbit 
LORAN: Long range air navigation system 
LPS: Local Positioning System 
MCS: Master Control Station 
MEO: Medium Earth Orbit 
MRS: Monitoring and Ranging Systems 
NDB: Non-directional radio beacon 
OAS: Open Access Service 
OSPF: Orbit Synchronisation Processing Facility 
OSS: Orbit and Synchronisation Stations 
PPP: Public Private Partnership 
PPS: Precision Positioning Services 
R&D: Research and Development 
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RNAV: Area Navigation 
RNP: Required Navigation Performance 
SISA: Signal In Space Accuracy 
TACAN: UHF Tactical Air Navigation Aid 
TEN: Trans-European Network 
TT&C: Remote Control and Telemetry 
VDR: Voyage Data Recorder 
VOR: VHF Omnidirectional Radio Range 
 

 
 

ANNEX 1  Views of interested parties based on a survey about GNSS strategy 
 
 

A1 Background 
 
The Final Report has been elaborated in the context of the study that Cranfield College of 
Aeronautics and INECO have developed for the European Parliament to identify a range of options 
to adopt as a European Community strategy for a satellite navigation system. 
 
This paper presents the views of the interested parties as a result of a specific survey. Some of 
them were interviewed on a face-to-face basis while others were sent a questionnaire appropriate 
to the particular type of organisation. The results are based on an aggregated response from both 
interviews and questionnaires. 
 
 
A2 Scope 
 
Four different groups of interest were identified whose opinion was fundamental to extract 
conclusions about the real need of the European System Galileo12. These groups were considered 
to be the following: 
 
�� Institutions 
�� Industry 
��Service Providers13 
��Users14 
 
 

                                                 
12 Global Satellite Navigation Services for Europe. 
13 Civil Aviation Administrations are considered as part of this group  
14 Airline industry is considered as part of this group  
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Figure A1.1. Survey groups of interest 
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Institutions are considered as the ones who set up the framework in which system design and 
operation is established. Industry, on the other hand, is considered as the one that develops the 
required technology, which is used by the Service Providers to supply to Users the demanded 
service. Likewise, flow can run in both senses. Users can demand a specific service to be provided 
by the Service Provider who, in term, asks the industry for the required technology.  
 
On the other hand, it has been recognised that potential users can exist that are not aware of the 
systems possibilities and could be interested in some of its capabilities. 
 
Currently, it can be considered that the USA has the monopoly (thought other alternatives exists 
such as GLONASS15, MSAS16 and EGNOS17) for the GNSS18 technology development and 
service provision, and Galileo is the opportunity for Europe’s inclusion in the market of the global 
satellite navigation services. 
 
The targeted organisations included within the above mentioned groups of interest should be those 
who ensure an overall perspective. The organisations and groups with an interest or potential 
interest in GNSS included in Annex I were chosen in order to balance the different points of view.  
 
An assessment of the factors affecting the implementation of a future GNSS led to questions being 
included in the questionnaires (Section I of Annex 1) covering the following aspects: 
 
√ Added value of Galileo 
√ Timeframe expectation 
√ Current institutional adequacy 
√ Method of financing 
√ Approach to obtain level of service 
√ EGNOS compatibility with Galileo 
 
The number of interviews carried out (either face-to-face or were sent questionnaires) versus the 
number of obtained responses and the percentage that this represents is shown in the following 
table. 
 

                                                 
15 GLONASS: Russian Global Navigation Satellite System. 
16 MSAS: Multi-Satellite Augmentation System 
17 EGNOS: European Geostationary Navigation Overlay System (Based on GPS+GLONASS). 
18 GNSS: Global Navigation Satellite System 
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Group of interest No. Interviews No. Responses % 

Industry 30 12 40 

Institutions 10 6 60 

Service Providers 25 11 44 

Users19 7 6 85 

TOTAL 72 35 49 

 
 
None of the consulted non-air transport related industries answered to the questionnaire, mostly 
declaring their unawareness of this subject.  

 
 

A3 Summary 
 
The following main conclusions are obtained from the questionnaire analysis: 
 

√ Galileo development is considered as necessary although the reasons for that are different 
depending on the groups of interest (Institutions, Industry, Service Providers and Users). 

√ Regarding the timeframe in which an enhanced satellite performance is required,  Service 
Providers are the most optimistic (75% think that Galileo timeframe is appropriate) whereas the 
industry is the most pessimistic (66% think that Galileo timeframe is not appropriate). 

√ All the groups agree that a new organisation is required for the system operation. 

√ Financing is a controversial subject in which the different interests of the parties are shown. 

√ Regarding the operation of the system, a global system for basic positioning and timing, and 
regional for those services requiring a higher level of accuracy is preferred. 

√ With respect to EGNOS, 40% of the parties consider that both programmes should progress 
and be co-ordinated.  

                                                 
19 Some of the users included within this group are airlines associations with a great number of members 
(e.g. ERA-70 airlines, AEA- 31 airlines) 
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A4 Assessment 
 
YES OR NO TO GALILEO? 
 
There is a basic consensus among the different parties’ views on the real need for a European 
satellite navigation system such as Galileo. 
 
GNSS-120 is considered as a useful system that has the following main advantages: 
 

�� it exists,  
�� it is free of charge,  
�� it provides a good enough signal in space for most applications, 
�� augmentations to improve the system have been identified, and 
�� receivers are cheap and mass produced  

 
and the main disadvantages are: 
  

�� do not satisfy the needs for safety critical applications, 
�� it is military based, 
�� controlled by a single government,  
�� signal is easy to jam and can be intentionally downgraded,  
�� lead Europe to a role of simple user of an American system. 

 
For the above, all the parties agreed that it is necessary to improve the current situation. Therefore 
and, in general, the existence of two different systems (GPS21 and Galileo) is justified due to: 
 

�� service redundancy 
�� competition 
�� protection against US control 
�� possibility of creating an international GNSS-2 as a global combination of single 

constellations (GPS + Galileo) 
 
On the other hand, in order to compensate costs of the new EGNSS22, there should be an added 
value with respect to the former system, which was expressed in these concrete terms: 
 

√ Civil controlled system 
√ Additional service provision  
√ Multi-modality 
√ Safety certification potential 

                                                 
20 GNSS1 is considered as GPS, and for certain applications GPS + augmentations currently under 
study such as the Aircraft-Based Augmentation System (ABAS), Ground-Based Augmentation System 
(GBAS) and Satellite-Based Augmentation System (SBAS). 
21 Global Positioning System (American First Generation). 
22 EGNSS (European Global Navigation Satellite System) 
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√ Better performance using more frequencies, at a better price 
 
 
The following figure summarises the above mentioned aspects. 
 
 

GNSS1 Added value of Galileo
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II F
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• Owned and controlled by a single
State
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downgrading of the signal

• No system certification

• Civil system

• Redundancy, competition, first step
for a Global Navigation Satellite
System

• Signal with better performances
using more frequencies

• Safety certification potential

• New services provision. Multimodality
 

Figure A1.2. Added value of Galileo versus advantages and disadvantages of GNSS1 as a result 
of the questionnaires 
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In spite of the general agreement regarding the system’s necessity, differences are pointed out 
when analysing the responses in detail. The general opinion is YES to Galileo but with the following 
nuances: 
 
 
��INSTITUTIONS: Europe should acquire the appropriate role regarding satellite navigation. 

Dependence on an American system should be avoided. 
 
��INDUSTRY: Opportunity for European industry development. Gain access to the international 

market. 
 
��SERVICE PROVIDERS: To promote new applications in order to provide a multimodal service, 

approaching all actors.   
 
��USERS: To ensure an early implementation of a system which covers all their necessities at a 

better price23. 
 
FACTOR ANALYSIS 
 
As it has been said before, the following factors affecting the implementation of a future GNSS 
have been included in the questionnaires:  
 
√ Added value of Galileo 
√ Timeframe expectation 
√ Current institutional adequacy 
√ Method of financing 
√ Approach to obtain level of service 
√ EGNOS compatibility with Galileo 
 
Responses to the questionnaires revealed the following: 
 
Added value of Galileo  
 
The figure on the following page shows the different parties views regarding added value of Galileo 
obtained from the analysis of the answers. 
 

                                                 
23 Most non-air transport related users that answer the questionnaire show lack of 
interest on Galileo as current GPS provides them good enough performances. 
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Figure A1.3. Different parties´ views about added value of Galileo 
 
Analysis of the questionnaires showed that users find no real advantage is obtained from using 
EGNOS, WAAS or MTSAT, while local advantages are obtained from DGPS. They require GNSS 
standards final approval by ICAO. 
 
On the other hand, it is observed, among the different groups, the opinion that it is necessary to 
create a single international GNSS2 run by a specially created agency. That is, joint use of the 
European GNSS2 with the USA-GNSS2 for a global combination of civil constellations. 
 
Timeframe Expectation  
The following charts show the percentage of answers corresponding to every year with reference to 
the defined Galileo timeframe24. 
 

 

                                                 
24 Users have no idea about Galileo timeframe and consider this is a question to be answered by the 
industry. 
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Figure A1.4. Selected timeframe 

 
 
When analysing the questionnaires, some answers from the industry revealed that technology is 
not the delaying factor, as is uncertain political will, inadequate finances and indecisive project 
management. 
 
Current Institutional Adequacy 
 
Some lack of information is noted on the planned institutional structure. Most of the answers agreed 
that the current institutional structure is not adequate to ensure an attractive service provision. On 
the other hand, regulatory and operational roles must be separated.  
 
The following figure shows the percentage of answers requiring a new organisation for service 
operation, requiring the existing organisations to be more effective, or noting their unawareness.  
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Figure A1.5. Parties views about the current institutional structure 

 
 
On the industrial side, creation of a European institution for satellite navigation in which the industry 
should be involved is required. On the other hand, users state that monopolistic aviation 
bodies/ATS providers should not be allowed to be involved in the operation of the system since they 
transfer all their investment/operation costs to the airlines. 
 
The ESA considers itself as the ideal institution to manage the realisation of the infrastructure and 
that Galileo is an important joint program ESA/EC in the space applications field that could 
encourage other important programs in the near future. 
 
It is important to state that some answers point to some friction between the ESA and the EC. 
 
Method of Financing 
   
The following options were provided: 
 

- Private operation of publicly owned assets. 

- Private sector build-own-operate (-transfer). 

- Deferred purchase terms (vendor financing). 

- Provision of a service to the public as a by-product of a commercial operation. 
 
Most answers were different from the options that were provided or the participants did not select a 
single option. The following figure shows the conclusions of the different parties views as extracted 
from the responses of the questionnaires25.  
 

                                                 
25 Institutions weren’t asked about this question 
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Figure A1.6. Different parties views about Galileo financing 
 
Users state that natural monopolies (like Eurocontrol or Air Traffic Service Providers) should no be 
allowed to invest in the operation of the Galileo system as they transfer their costs to the airlines. 
 
Approach to obtain level of service  
  
The following options were provided: 
 
a) Global for all types of service. 
b) Global for basic positioning and timing services and regional for those services requiring a 

higher level of accuracy. 
c) Regional for all types of service. 
 
Figure A1.7 shows the percentages corresponding to each option from the questionnaires analysis. 
As it can be seen, option c) was not chosen. Some participants chose options a) or b) as answers 
without distinction. 
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Figure A1.7. Parties views about the system architecture 

 
 
EGNOS compatibility with Galileo   
 
The following options were provided: 
 

- Development of GALILEO based on EGNOS and using EGNOS as a platform. 
- Both Programmes to progress and be co-ordinated. 
- Development of GALILEO only, stopping EGNOS and focusing all efforts on GALILEO. 

 
The next figure (A1.8) shows the percentages corresponding to each option from the 
questionnaires analysis. Options mostly chosen are the development of GALILEO based on 
EGNOS and using EGNOS as a platform, or both programmes to progress and be co-ordinated.  
 
Most users would prefer to focus on Galileo or use EGNOS just to learn from errors. They declare 
that they have no requirement for EGNOS and are consequently not prepared to contribute to the 
financing of any parts of the system. 
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Figure A1.8. Parties views about EGNOS role within Galileo development 
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Table A1.1 ~ Targeted Organisations 
 

INDUSTRY 
 

INSTITUTIONS SERVICE 
PROVIDERS 

USERS 
 

Aerospatiale British National 
Space Centre 

Aena AEA 

Airsys ATM CDTI Austria BMWV AIRBUS 
Alcatel Space European 

Commission  
Autostrade ERA 

Alenia  Spazio ESA Belgium Ministry IAOPA 
CNES EUROCONTROL Commerzbank-AG IATA 
Daimlerchrysler GNSS Secretariat CAA Safety 

Regulation Group 
Norwegian Ship 
Owners Association

DASA IMO DANISH Ministry Meteorological Office
DASSAULT John Hopkins 

University 
EIB (HOD Transport 
and Energy) 

Ordnance Survey 

DERA MIT ENAV  
ERICSSON OACI FAA  
FIAT AUTO SEPA  Finland Ministry  
GMV  France Ministry  
INDRA  Germany Ministry  
MAN  INMARSAT  
Matra  Ireland ANSD  
Mitre  Italy Ministry  
RACAL Research Ltd  Nav Portugal  
SABCA   Netherlands Ministry  
SAGEM SAT Iberica  SAIT  
SENER  Spa DGAC  
Sextant Avionique  Swedish CAA  
Siemens  Teledifusion France  
Sita  UK Transport 

European Rail 
Research Institute 

 

SODERN  WMO  
Sofreavia    
Space Engineers    
Syseca    
Telematica    
Telezpazio S.p.A    
Thomson-CSF    
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 A5 Questionnaires 

 
SERVICE PROVIDERS 
 
GNSS offers many opportunities to enhance productivity and efficiency in many activities and 
sectors of the economy in Europe and elsewhere. Therefore, it seems to be necessary that 
EGNSS-2 (European-led GNSS-2) be implemented as a civil system under European or 
international control guaranteeing at least the independence of Europe in the area of positioning, 
navigation and timing. 
 
Bearing in mind this consideration, from your point of view: 
 
1. What are the advantages and disadvantages of the present system (GNSS-1) and what are the 

possible upgrades in the future that would allow you to provide a better service to users? 
 
2. From your point of view as a potential service provider, what are the reasons, if any, that would 

make it necessary to develop and implement EGNSS-2, assuming that the American GNSS-2 
system will be operating in the medium term? 

 
Bearing in mind that the USA GNSS-2 is a navigation system with a specified performance, what 
added value, if any, do you consider is needed in Galileo that could help to promote this Program? 
 
4. Bearing in mind your strategic plans and needs for the future that will influence your position in 

European scenario, in what timeframe would an enhanced satellite performance be required for 
the services that you currently provide and might expect to provide in the future? 

 
5. From your point of view, with respect to the current institutional structure in Europe, is this 

adequate for the future EGNSS-2, not only for development and implementation but also from 
an operational perspective? Alternatively, do you think that it is necessary to create a new 
organisation related to the functionality of the system (not only the regulatory role)? 

 
6. The European Commission (EU) and the European Space Agency (ESA) have set out a three 

point financing plan:  
- Substantial financing at the European level, through the EU budget, notably the 

Transport TEN (Transport European Network), and through the ESA GalileoSat 
programme. 

- Establishment of revenue streams, which is likely to require regulatory action. 
- Developing a public private partnership, to provide complementary finance. 

 
From your point of view which is the most preferable financing option? Alternatively, is a 
combination of two or more of the above options likely to prove the most attractive solution? 
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7. Taking onto consideration the different costs and time frames of a global or regional GNSS, 
which option do you consider is preferable in order to meet your own objectives (give reasons): 

 
a) Global for all types of service. 
b) Global for basic positioning and timing services and regional for those services 

requiring a higher level of accuracy. 
c) Regional for all types of service. 

 
8. Your strategic plans may require a specified performance level that is being developed in the 

EGNOS Programme. Taking this into consideration, which of the following is better from your 
point of view: 

 
- Development of GALILEO based on EGNOS and using EGNOS as a platform. 
- Both Programmes to progress and be co-ordinated. 
- Development of GALILEO only, stopping EGNOS and focusing all efforts on GALILEO. 
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INDUSTRY 
 
GNSS offers many opportunities to enhance productivity and efficiency in many activities and 
sectors of the economy in Europe and elsewhere. Therefore, it seems to be necessary that 
EGNSS-2 (European-led GNSS-2) be implemented as a civil system under European or 
international control guaranteeing at least the independence of Europe in the area of positioning, 
navigation and timing. 
 
Bearing in mind this consideration, from your point of view: 
 
1. What are the advantages and disadvantages of the present system (GNSS-1) and what are the 

possible upgrades in the future that you believe would allow service providers to give a better 
service to users? 

 
2. From your point of view as industry, what are the reasons, if any, that would make it necessary 

to develop and implement EGNSS-2, assuming that the American GNSS-2 system will be 
operating in the medium term? 

 
3. Bearing in mind that the USA GNSS-2 is a navigation system with a specified performance, 

what added value, if any, do you consider is needed in Galileo that could help to promote this 
Program? 

 
4. Bearing in mind the ‘state of the art’ and the current capabilities of the European industry, in 

what timeframe do you expect that a full satellite system could be operational? 
 
5. From your point of view, with respect to the current institutional structure in Europe, is this 

adequate for the future EGNSS-2, not only for development and implementation but also from 
an operational perspective? Alternatively, do you think that it is necessary to create a new 
organisation related to the functionality of the system (not only a regulatory role) to order to 
optimise European capabilities towards the development of the satellite system industrial 
sector? 

 
6. From the industrial point of view, what changes are needed with respect to the current 

European structure (Galileo) for providing the required services? 
 
7. Having taken into account different hypotheses concerning the performance to be achieved, it 

seems that it might not be possible for Galileo to be solely developed and provided by the 
private sector. Therefore, it is necessary to consider public financing by means of PPP (Public 
Private Partnership). Depending on the different social and political circumstances across 
Europe, the Partnership takes one of these following forms: 

 
- Private operation of publicly owned assets. 

- Private sector build-own-operate (-transfer). 

- Deferred purchase terms (vendor financing). 
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- Provision of a service to the public as a by-product of a commercial operation 
From your industrial point of view, which of the above is the best method of financing to deal 
with the estimate cost of Galileo? 
 

8. Taking onto consideration the different costs and time frames of a global or regional GNSS, 
which option do you consider is preferable in order to meet your own objectives (give reasons): 

a) Global for all types of service. 
b) Global for basic positioning and timing services and regional for those services 

requiring a higher level of accuracy. 
c) Regional for all types of service. 

 
9. From the point of view of the service providers, they could require some level of performance 

that is being developed in the EGNOS Programme. Taking this into consideration, and as 
industrial approach, which alternative is better? (give reasons): 

 
- Development of GALILEO based on EGNOS and using EGNOS as a platform. 
- Both Programmes to progress and be co-ordinated. 
- Development of GALILEO only, stopping EGNOS and focusing all efforts on GALILEO. 
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INSTITUTIONS 
 
GNSS offers many opportunities to enhance productivity and efficiency in many activities and 
sectors of the economy in Europe and elsewhere. Therefore, it seems to be necessary that 
EGNSS-2 (European-led GNSS-2) be implemented as a civil system under European or 
international control guaranteeing at least the independence of Europe in the area of positioning, 
navigation and timing. Bearing in mind this consideration, from your point of view: 
 
1. What are the main weaknesses of the present system (GNSS-1) and what are the particular 

strengths to be defined in the future system? 
 
2. From your point of view as a institution, what are the reasons, if any, that would make it 

necessary to develop and implement EGNSS-2, assuming that the American GNSS-2 system 
will be operating in the medium term? 

 
3. Bearing in mind that the USA GNSS-2 is a navigation system with a specified performance, 

what added value, if any, do you consider is needed in Galileo that could help to promote this 
programme? 

 
4. Bearing in mind the development of the satellite navigation systems and your needs for the 

future that will influence your position in European scenario, in what timeframe would an 
enhanced satellite performance (GALILEO) be required to be competitive with the other 
systems? 

 
5. From your point of view, with respect to the current institutional structure in Europe, is this 

adequate for the future EGNSS-2, not only for development and implementation but also from 
an operational perspective? Alternatively, do you think that it is necessary to create a new 
organisation related to the functionality of the system (not only the regulatory role)? 

 
6. Taking into consideration the different costs and time frames of a global or regional GNSS, 

which option do you consider is preferable in order to meet your own objectives (give reasons): 
a) Global for all types of service. 
b) Global for basic positioning and timing services and regional for those services 

requiring a higher level of accuracy. 
c) Regional for all types of service. 

 
7. Your strategic plans may require a specified performance level that is being developed in the 

EGNOS Programme. Taking this into consideration, which of the following is better from your 
point of view: 
- Development of GALILEO based on EGNOS and using EGNOS as a platform. 
- Both Programmes to progress and be co-ordinated. 
- Development of GALILEO only, stopping EGNOS and focusing all efforts on GALILEO. 
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ANNEX 2 User equipment and requirements for future GNSS-2 applications 
 

LAND NAVIGATION APPLICATIONS 
 

MO
DE 

Main 
applications 

Main Drivers User Equipment Most stringent 
Requirements 

 
 
 
 
ROAD 
 

Emergency and 
mayday 
applications 

§ Great interests for 
governments, companies and 
private users. 

§ Reliable positioning 
information. 

§ Reliable communication link. 
§ Global coverage. 

Hardened user 
equipment. 

Accuracy: 0.1 m. 
Availability: 0.998. 
Integrity: 10-5, TTA26: 10s. 

 Other 
applications 
(in car-
navigation, 
transport fleet 
management,...) 

§ Accuracy. 
§ Integrity for very specific 

applications. 
§ Availability (Urban areas, 

tunnels,). 
§ Communication links. 

Low cost of the 
user equipment. 

Accuracy: 0.01 m. 
Availability: 0.999. 
Integrity: 10-3, TTA: 0.1s. 

RAIL Non-safety and 
safety 
applications 

§ Need for communication 
means. 

§ Availability. 
§ Accuracy. 
§ Integrity for safety 

applications. 

Low cost. Accuracy: 0.01 m. 
Availability: 0.9998 per 30 

days. 
Integrity: 10-7, TTA: 1s. 

                                                 
26 TTA (Time To Alarm) 
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LAND NAVIGATION APPLICATIONS 
 

MODE Main 
applications 

Main Drivers User Equipment Most stringent 
Requirements 

SURVEY/ 
ENG./ 

SCIENTIFIC

GIS and 
mapping, Geoid 
determination 

§ High level 
accuracy. 

§ Use of post-
processing 
methods. 

§ Need for 
communication 
links. 

Receivers for 
survey and 
scientific 
applications 
appear amongst 
the more 
expensive 
systems. 

Accuracy: 3. 10 -4 m. 
Availability: >0.99. 
Integrity: 10-9 TTA27: 

<1s. 

 
 
 
 

OTHER LAND 
NAVIGATION 

APPLICATIONS 
 

Precision 
agriculture 

§ An accuracy of 1 
m to 5 m is 
required for 
precision farming. 

§ Need for 
communication 
means. 

Need for 
reasonable cost 
and small size 
equipment. 

No available 
information. 

 Leisure and 
personal 
navigation 

§ Need for 
communications 
means. 

Need for compact, 
lightweight, 
autonomous and 
cheap equipment. 

No available 
information. 

 Mobile telephony Surprisingly, currently 
no requirements are 
imposed on availability 
and integrity of 
navigation or 
communication 
services. 

Need for compact, 
lightweight, 
autonomous and 
cheap equipment. 

No available information

 

                                                 
27 TTA (Time To Alarm) 
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AIR NAVIGATION APPLICATIONS 

 
MODE Main 

application
s 

Main Drivers User Equipment Most stringent 
Requirements 

 
 
 
 
AIR NAVIGATION 
APPLICATIONS 

Traffic 
surveillance
, Instrument 
approach 
with Vertical 
Guidance 

§ Safety criticality 
(need for 
certification, 
liability and 
service 
guarantee). 

§ Extremely 
demanding 
technical 
requirements. 

§ Onboard and 
terrestrial systems 
offer very 
complementary 
skills and may 
offer opportunities 
to cope with the 
more stringent 
requirements. 

§ Ability to 
demonstrate cost-
benefits reached 
in using systems 
based on satellite 
technologies. 

§ Reliable 
communication 
link. 

Need for certification, 
standardisation, 
qualification, 
accreditation, 
airworthiness and 
operational approval 
for the system 
infrastructure, the 
signal in space, 
services, and the user 
equipment. 

Accuracy: 0.8 m (vertical). 
Availability: 0.99999. 
Integrity: 1-1.10-9 

/approach, 
TTA28: 1s. 

 

                                                 
28 TTA (Time To Alarm) 
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MARINE NAVIGATION APPLICATIONS 

 

MODE Main 
applications 

Main Drivers User Equipment Most stringent 
Requirements 

MARINE 
NAVIGATION 

APPLICATIONS 

Commercial 
Navigation, 
Local VTS29, 
Search and 
Rescue. 

§ Safety. 
§ Very important 

accuracy for 
specific 
applications. 

§ Emergence of 
new 
applications 
with 
communication 
needs. 

§ Urgent need for 
chart 
developments. 

§ The low cost 
should not be as 
important as it 
was for the road 
domain. However, 
the price of 
equipment 
remains 
dependent on the 
functionalities and 
the quality of the 
equipment. 

§ In the same way, 
the equipment 
size should not be 
too stringent. 
However, the 
specificity of the 
domain is to 
require waterproof 
and saline air 
resistant 
equipment. 

Accuracy: 0.01. 
Availability: 0.998 per days. 
Integrity: 10-6, TTA30: 1s. 

 

                                                 
29 The IMO resolution explains: “A VTS is any service implemented by a competent authority, dedicated to improve 
safety and efficiency of traffic and the protection of the environment” (resolution A578). 
30 TTA (Time To Alarm) 
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INTERMODAL AND SPACE APPLICATIONS 

 
MODE Main 

applications 
Main Drivers User Equipment Most stringent 

Requirements 
SPACE 

APPLICATIONS 
These 
applications 
represent a 
small and non-
representative 
potential 
market in 
comparison to 
the other 
market. 

§ Strong need for 
communications 
means. 

Environmental conditions, 
small size and the light-
weight of the equipment 
should represent the main 
drivers of these 
applications. 

No available 
information. 

INTERMODAL 
APPLICATIONS

31 

Tracking 
Management, 
Cargo 
Management 

§ Accuracy. 
§ Need for a 

communication 
link to transmit 
position of 
loads. 

§ High integrity 
for dangerous 
loads tracking 
management. 

The main technical 
requirements are not 
extremely demanding for 
this kind of application, 
except for dangerous 
loads (high integrity 
required in this case). 

No available 
information. 

 
 
The indicated values are only initial estimates. On a technical side, there is a lack of homogeneity in 
the designation of applications, and also in the expression of user requirements [6]. 
 
ANNEX 3 Main characteristics of SBAS systems 

 
SBAS (Space Based Augmentation System) 

 
Type of 
SBAS 

Mission System Design 

                                                 
31 It is really difficult to estimate the potential number of users for these applications but it should exceed several 
thousand. Carriers, shipping companies, haulage companies, logistic control centres, but also rail and maritime 
operators could be interested in this kind of application. 
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EGNOS The mission of EGNOS is to implement a system that fulfils 

a range of user service requirements by means of an 

overlay augmentation to GPS and GLONASS based on the 

broadcasting through GEO satellites of GPS-like navigation 

signals containing integrity and differential correction 

information applicable to the navigation signals of the GPS 

satellites, GLONASS satellites, EGNOS own GEO overlay 

satellites and the signals of the other GEO overlay systems. 

EGNOS will address the needs of all transport means, 

including Civil Aviation, maritime and land users. 

SPACE
SEGMEN

GROUND
SEGMEN

USER
 SEGMENT

WAAS The WAAS is designed and being built to provide additional 

accuracy availability and integrity to enable users to rely on 

GPS for aeronautical applications: all phases of flight from 

En-Route through Category I Precision approach for all 

qualified airports within the WAAS coverage area. 

SPACE
SEGMEN

GROUND
SEGMEN

USER
 SEGMENT
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SBAS (Space Based Augmentation System) 

 
Type of 
SBAS 

Mission System Design 

MSAS The MSAS is designed and being built to provide additional 
accuracy, availability and integrity to enable users to rely on 
GPS for all phases of flight from en route through Category I 
precision approach for all qualified airports within the MSAS 
coverage area. In addition, the space segment will include two-
way voice and data communication. This capability will be used 
to provide Automatic Dependent Surveillance (ADS). 
 
The design of the system is as follows: 
 

§ MRS transmits navigation and integrity data. 
 
§ MCS calculates correction algorithms and processes 

integrity information. 
 
§ GMS provides monitoring network, checks integrity and 

collects GPS data. 

GMS
MRS

MCS

GPS Constellation

MTSAT
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SBAS (Space Based Augmentation System) 

 
 

Type of 
SBAS 

Mission System Design 

CWAAS This system is only an extension of WAAS System. 
 
The CWAAS will improve basic GPS accuracy vertically and 
horizontally, improve system availability through the use of 
geostationary communication satellites (GEOs) carrying 
navigation payloads, and provide important integrity information 
about the entire GPS constellation. 

GPS Constellation
Geostationary satellites
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