




ELEVENTH INTERNATIONAL FLIGHT INSPECTION SYMPOSIUM

GPS WORKSHOP PROGRAM

A G E N D A

SANTIAGO CROWNE PLAZA HOTEL

SALON CONSTITUCION

JUNE 05, 2000 - SANTIAGO, CHILE

MONDAY, JUNE 05

08:00 - 08:45	 Registration

08:45 - 09:00	 Introduction

09:00 - 09:35	 GNSS Basics

09:35 - 10:10	 Augmentation (SBAS/GBAS)

10:10 - 10:40	 Break

10:40 - 11:15	 GNSS Augmentation - Basic Suitability/Limits for Aviation

11:15 - 11:50	 WGS-84 and its application to GNSS 

11:50 - 13:00	 GNSS - Real and proposed Systems		

GNSS - GPS and NAS Implementation		
GNSS - Galileo

13:00 - 14:00	 Lunch

14:00 - 15:45	 SBAS Augmentation Systems									

SBAS - WAAS		
SBAS - EGNOS		
SBAS - MTSAT

15:45 - 16:20	 Break 

16:20 - 16:55	 GBAS Augmentation systems 		

GBAS Standardized system (ICAO)

16:55 - 17:30	 Future enhancements



ELEVENTH INTERNATIONAL FLIGHT INSPECTION SYMPOSIUM

GPS WORKSHOP PROGRAM

A  G  E  N  D  A

SANTIAGO CROWNE PLAZA HOTEL
JUNE 05, 2000 - SANTIAGO, CHILE

MONDAY, JUNE 05

1.-	 GNSS Basics		
Speaker: Prof. DAVE POWELL - Stanford University

2.-	 Augmentation (SBAS/GBAS)		
Speaker: Dr. TODD WALTER - Stanford University

3.-	 GNSS and Augmentation - Basic Suitability/Limits for Aviation		
Speaker: Mr. DAN HANLON - FAA

4.-	 WGS-84 and its application to GNSS		
Speaker: Mr. MICHAEL MORGAN - NIMA

5.-	 GNSS - Real and Proposed Systems	

GNSS - GPS and NAS Implementation		
Speaker: Mr. JIMMY R. SNOW - FAA AVN GPS Program	

GNSS - Galileo		
Speaker: Mr. STEFAN NAERLICH - DFS Deutsche Flugsicherung GmbH

6.-	 SBAS Augmentation Systems	

SBAS - WAAS		
Speaker: Mr. JOHN BRITIGAN - Raytheon WAAS Leader).	

SBAS - EGNOS		
Speaker: Mr. STEFAN NAERLICH - DFS Deutsche Flugsicherung GmbH	

SBAS - MTSAT		
Speaker: Dr. ROBERT LOH - Innovative Solutions International		
               Mr. NAOTO ASADA - Japanese Flight Inspection Unit

7.-	 GBAS Augmentation Systems 	

GBAS Standardized system (ICAO)		
Speaker: Ms. MARIA DIPASQUANTONIO - FAA LAAS IPT Lead

8.-	 Future Enhancements		
Speaker: Mr. CURT KEEDY - Flight Inspection Policy and Standards -FAA



GPS WORKSHOP

Brief description of Topics

1.-	 GNSS Basic
Satellite constellation, how CDMA ranging works, position calculation, concept of 
DOP, control segment. and any other relevant information related to GNSS.

2.-	 Augmentation (SBAS/GBAS)
Description of error sources, difference in correction quality, effect of time and 
distance. Report on the experiments that have been performed and the accuracy 
obtained from the test bed that has been operating up to day.

3.-	 GNSS and augmentation - Basic Suitability/Limits for aviation
Updates to GPS and future plans. Status and future of WAAS. What are the present 
capabilities and what the aviation community expects in the next 20 years for 
WAAS. Limitations if any, and its potential solution.

4.-	 WGS-84 and its application to GNSS
The presentation describes the generation of data sets, which are based on a 
single geodetic system (WGS-84).

5.-	 GNSS - Real and proposed Systems		
GNSS - GPS		
GNSS - Galileo

Description of the improvements to GPS that can be made by onboard equipment. 
What GPS implementation is and and what its capabilities are. Updates for 
GLONASS and its future advancements. Current status of the GNSS possibilities 
worldwide, including a description of the proposed system, if available

6.-	 SBAS Augmentation Systems		
WAAS		
EGNOS		
MTSAT

Description of each SBAS being designed and built in the different regions of the 
world. What the aviation community could expect in the immediate and middle 
future.

7.-	 GBAS Augmentation Systems		
GBAS standardized system (ICAO)

Description of the various local differential systems being designed and built. 
Status and future of LAAS. What are the present capabilities and what the community 
expect in the next 20 years for LAAS.

8.-	 Future GPS enhancements
Description of the new civil frequencies and their effect on interference robustness 
and ability to carry out carrier tracking. Future of GPS.
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ABSTRACT

The Definition Phase of the Galileo 
Global Navigation Satellite System

In June 1999, the Council of the 
Transport Ministers of the European 
Union decided to enter into the 
Definition Phase for a European Global 
Navigation Satellite System "Galileo".

Galileo, as a joint programme of the 
European Commission and ESA, will 
be composed of a global constellation 
of MEO (Medium Earth Orbit) satellites 
complemented with regional (i.e. 
geostationary satellites) and local 
segments. Two types of signals will be 
made available to the Galileo users: 
Open Access Service (OAS) signals 
and Controlled Access Service (CAS) 
signals each of them with their own 
s p e c i f i c  r e q u i r e m e n t s  a n d  
characteristics. Galileo will be designed 
to be fully interoperable with GPS and 
integrates elements from the Space-
based Augmentation System EGNOS.

This paper presents the status of the 
current activities in the definition phase 
and addresses the perceived user 
requirements and anticipated system 
architecture.

Stefan Naerlich
DFS Deutsche Flugsicherung GmbH
Kaiserleistrasse 29-35
63067 Offenbach
Germany
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INTRODUCTION

GPS NAVSTAR declared fu l l  
operational capability on July 17th, 
1995; GLONASS declared ful l  
operational capability on February 5th, 
1996 but has since fallen back behind 
this capability.
Both of these systems are Global 
Navigation Satellite Systems (GNSS) 
owned by sovereign states and 
operated by their military forces. 
Confirmations are given that a part of 
their signals remain available for civil 
use for the foreseeable future.
On January 10th, 1999, the European 
Commission issued a Communication 
inviting the European Union states to 
consider the development of a civil-
controlled GNSS under the name of 
"Galileo". Since then, a Definition 
Phase was launched to determine the 
financial and technical feasibility of 
such a development and to prepare 
the required political decisions.
This paper details the background of 
the development and described the 
current status of the activities in the 
Definition Phase.



OBJECTIVES

The existing GPS and GLONASS 
Navigation Systems deliver a word-
wide homogeneous navigation 
capability which was previously 
unavailable to many users. Which 
benefits can be expected from the 
launch of another GNSS? The 
expectations can be grouped in three 
distinctive areas:

User Objectives:
User demand is directed at increased 
availability and integrity for the signals 
obtained from a satellite navigation 
system. Such increased performance 
may help to support exist ing 
applications for GNSS as well as open 
up new opportunities in areas so far 
denied to satellite navigation services. 
Users will also be attracted by a 
guarantee for an uninterrupted level of 
serv ice at  a h igh degree of  
performance.

Political/Institutional Objectives:
Civil users world-wide are striving to 
limit their reliance on signals from what 
can basically be described as military 
systems. The erection of a European 
system under civil control could serve 
the double purpose of (a) creating an 
independent satellite system in addition 
to the existing two constellations thus 
in itself reducing the dependency on 
any single one of them and (b) create 
the first system external to military 
control. In addition, it is desirable to 
create an operating entity which not 
only provides the navigation signals 
but also accepts a liability in case of 
their failure.

Economical Objectives:
From a European perspective, the 
markets for system infrastructure 
(satellites, control stations) and user 
equipment (receivers) have been 
served so far predominantly by foreign 
(mostly U.S.) industry. Although it is 
not to be disregarded that a major 
business can also be generated from 
offering value-added services building 
on existing hardware components (e.g. 
traffic guidance systems), it is also 
desirable for European economies to 
capture new markets in the design and 
manufacture of high-technology 
equipment (e.g. clocks).

ACTIVITIES OF THE DEFINITION 
PHASE

The responsibility for activities of the 
Definition Phase is split between the 
European Space Agency ESA and the 
European Commission. The activities 
of the former are mainly governed 
through the activities in their Advanced 
Research in Telecommunication 
Systems programme, element 9 
(ARTES-9). Details for this will be 
provided below.
The European Commission has 
grouped their endeavours within the 
research activi t ies of the 5th 
Framework Programme which governs 
expenditures in the years 1998-2002. 
Several calls for tender have been 
issued to address various Galileo-
related activities under the framework 
of the so-called "Dedicated Call on 
GNSS". Detailed work packages of this 
Dedicated Call will be addressed below. 
Other than the activities mentioned



there, the European Commission also 
sponsors studies in the areas of search-
and-rescue applications, market 
analysis (Questionnaire addressing 
1000 market actors) and possible 
LORAN-C upgrades.

User Requirements
The user requirements as perceived 
by the European Commission and its 
selected contractors' analysis of this 
subject are manifold:
Improved performance, especially in 
the domains of integrity and availability
Increased robustness to interference
Guaranteed service secured by liability 
in case of failure
Continuity of Service even in times/near 
areas of crisis (as opposed to the Local 
Selective Denial Policy)
Increased robustness against efforts 
of spoofing.
A process has been started within the 
so-called GEMINUS programme to 
investigate the user needs and 
translate them into requirements for 
future Gali leo services. Broad 
participation in discussion forums shall 
serve to validate the articulated user 
needs.

System Architecture
Overall Architecture
Based on the user requirements and 
service definition, this task will 
investigate the ensuing Galileo system 
requirements. Considered are trade-
o f fs  be tween var ious  space 
constellation designs and the required 
redundancy level in face of the existing 
GPS and GLONASS systems is 
addressed. The main objective will be 
to avoid common-mode failures for

GNSS which could for example arise 
if only identical frequencies were used 
for the various GNSS. The Overall 
Architecture task will also determine 
whether there is a need for signal 
encryption and - if so - how this 
encryption should be set up to respect 
all user requirements.

Within the Overall Architecture task a 
so-called "open architecture approach" 
is performed to establ ish the 
boundaries between Galileo and 
possible other systems outside GNSS 
that may provide additional services: 
LORAN, GSM and UMTS are 
candidates in this area.

From the beginning, non-space 
elements will be considered in the 
architecture, defining any regional and 
local augmentations as well as the 
future user equipment. Pilot projects 
will be defined to test critical technology 
elements and provide the potential 
users with an early view of the system's 
capabilities. The Overall Architecture 
study will also draft an operating 
concept for the future system, defining 
roles and responsibilities during the 
future service provision. A Cost-Benefit-
Analysis is performed as a key element 
of a joint public/private funding of the 
programme.

All of these activities will support a 
Decision Recommendation to be 
provided to the Council of the EU by 
the end of the year 2000.

To date, two major candidate solutions 
for the Galileo architecture have 
emerged. Both have in common that



a coherent approach is sought from 
the beginning to accommodate 
interoperability between the space 
constellation itself and the intended 
regional and local augmentations.

While the presence of SIS and local 
augmentation elements springs to the 
eye immediately, it is not so evident 
why a requirement exists for the 
provision of regional augmentations 
(or "SBAS"). In this context it is 
important to note that no attempt was 
made so far within the Galileo 
programme to achieve the intended 
accuracy, availability and integrity 
requirements through the erection of 
a space constellation alone. Although 
not beyond the technical capabilities 
of today, it is generally regarded as 
less complex and economically more 
viable to achieve this functionality and 
performance with the help of dedicated 
space and ground segments mainly 
tasked with providing the necessary 
integrity checks.

It is unclear today however, how 
complex such a system element should 
be constructed: Proposals range from 
dedicated elements WITHIN the Galileo 
structure to the creation of a truly 
independent "augmentation" system 
(an "SBAS"?).

Notwithstanding the options and under 
which name they appear: It comes as 
an accompanying justification for the 
development of the GPS (and 
GLONASS) augmentations WAAS, 
MSAS and EGNOS that even for a 
newly designed GNSS such elements 
seem to be the logical choice as far as

a reliable, cost effective service 
provision is sought.

The two candidate scenarios which 
have attracted a wider attention for 
study so far are (a) a pure MEO 
constellation and (b) a combined 
MEO/GEO constellation.
As the detailed design for these 
implementations has not yet matured, 
an in-depth discussion of the relative 
merits of these options falls outside 
the scope of this document.

Space Segment Design
The name of this task performed by 
ESA hides the fact that not only the 
space segment itself is examined, but 
also all accompanying infrastructure 
such as operating centers, tracking 
stat ions and the layout of  a 
communication network. A trade-off 
between various technical solutions is 
made and cost estimates are provided 
which will also provide input to the 
Cost-Benefit-Analysis performed under 
direction of the European Commission.

Services
As an outcome of the above activities, 
three service levels are currently 
foreseen for Galileo: 
Open Access Service (OAS): Similar 
in quality to the existing GPS C/A Code 
but lacking this systems selective 
availability degradation, this service is 
foreseen for mass market applications 
not demanding any special degree of 
integrity. As is the case with GPS and 
GLONASS, this service shall be 
provided "free of direct user fees".



Controlled Access Service Level 1: 
This service is aimed at Commercial 
and Professional Applications which 
require an accurate, reliable service 
with a high degree of integrity. It is 
intended to provide CAS 1 through 
signal transmission over three carrier 
frequencies.

Controlled Access Service Level 2: 
This service will feature the added 
benefit of guaranteed availability of the 
service even in times and areas of 
crisis. CAS 2 is aimed to support so-
called "safety-of-life" applications 
(which include the aviation sector) and 
"Governmental" use which covers civil 
duties (police, medical) as well as the 
military application.

Frequencies
Two contradicting requirements 
dominate the selection process for 
frequencies for the new satellite 
navigation system: "New" frequencies 
shall be located close enough to the 
existing GNSS frequencies to reduce 
receiver complexity. At the same time 
it is desirable to move the frequencies 
far enough apart from existing GNSS 
frequencies to capitalise from the 
independence of the signals and 
ensure adequate robustness.
A third factor contributing to the 
selection process is the availability of 
sufficient bandwidth within the 
considered spectrum to permit the 
required service quality.

SBAS Integration
Three SBAS systems are being 
developed in the world. From the user 
and system perspect ive two

complementing requirements emerge: 
(a) Even with the advent of a new 
Global Navigation Satellite System the 
continuity of service shall  be 
guaranteed for the users of GNSS-1 
SBAS systems. This mandates the 
continued provision of EGNOS 
functionality in Europe together with 
possible future upgrades to GPS-IIF 
standard and compatibility with ICAO-
conforming WAAS and MSAS 
developments. (b) As shown above, 
Galileo will also be rely on ground 
integrity monitoring capability. Whether 
such a function shall be set up "internal" 
to Galileo relying on experience from 
EGNOS or whether this function shall 
also be provided "external" to the 
system in the sense of a true 
augmentation is the subject of a trade-
off performed under the name of INTEG 
(EGNOS Integration into Galileo).
As of now, three scenarios are 
conceivable to achieve such 
integration:
Integration at User Level
GPS/GLONASS/SBAS will perform 
independently from Galileo which has 
to secure adequate integrity through 
suitable means. Final "integration" and 
reasonabil i ty checking wil l  be 
performed at the level of the user 
receiver.
Unified Augmentation
EGNOS provides (within Europe) 
Augmentation for GPS, GLONASS and 
Galileo. This configuration is simple in 
character but may lead to problems 
when considering that no interruption 
to the GNSS-1 augmentation is 
permitted during upgrade for Galileo. 
Full independence of the solutions is 
a risk.



Full independence
Based on the panned EGNOS 
configuration, a similar but independent 
"Channel" is developed which 
exc lus ive ly  supports  Gal i leo.
The present paper cannot venture to 
ant ic ipate the resul ts of  the 
corresponding studies on this subject.

Standardisation
It is the desire of the European 
Commission to foster at the earliest 
possible stage the development of 
future standards on the system and 
equipment levels. To this end, special 
attention is given to the aviation sector 
and the ICAO GNSS Panel. The 
standardisation activities for Galileo 
commence with an analysis of existing 
standards for signal in space, receivers 
and performance. One key element 
here is the analysis of the ICAO SARPs 
material. Building on this, the 
Standardisation task aims at meeting 
as many elements of the existing 
standards as possible, while at the 
same time starting out on the 
development of any new standards 
material which may be regarded 
necessary.
As such, also members of the aviation 
community are stimulated to enter into 
preparation of standards for the future 
E u r o p e a n - p r o v i d e d  G N S S .  
Standardisation activities within 
EUROCAE, RTCA, IMO and - last not 
least - ICAO will take place beginning 
in 2000 and are partially sponsored by 
the European Commission up to the 
year 2003.

It is a part of the standardisation activity 
to ensure a safe design of the satellite

navigation system. Such a safe design 
in conjunction with a suitably shaped 
and authorised operations organisation 
shall permit the certification of Galileo 
for use in safety-critical applications. 
Such applications would be found 
predominantly in the transport sector, 
with aviation only playing one role in 
this wider view.

The objective of certification for safety-
critical applications also demands a 
high level of security to be achieved 
by the future Galileo GNSS. The 
security shall be extended over the 
system elements (sound design and 
manufacture), operation and user 
signal (high degree of robustness).

Publ ic  Pr ivate  Par tnership
Interest to develop and use a new, 
civil-controlled GNSS comes both from 
the public sector (national States and 
the European Union itself) and from 
the private sector (future users and 
service providers).
Therefore, it is realistic to assume the 
financing of this undertaking to come 
from both of these sectors: The "Public-
Private-Partnership". This concept is 
p roposed  by  t he  Eu ropean  
Commission for the financing of the 
system development, deployment and 
operation. It acknowledges that both 
"parties" share a common interest in 
this system and may not able to finance 
the costs alone.
The European Commission has 
already laid out a scenario where 50% 
of the development and deployment 
cost for Galileo would be borne by the 
public sector. This funding would be



dedicated mainly to the early phases 
of the programme prior to the provision 
of "sellable" services but at the same 
time would also assume that the private 
sector is willing and capable to provide 
the remaining funding at an appropriate 
time.

A significant amount of effort of the 
Definition Phase is directed at 
identifying exactly which (private) users 
and service providers would be 
interested in contributing to the 
financing of the Galileo system. Such 
funding is inconceivable without proper 
projections of customers and markets 
as well as a clear understanding of the 
potential return of investment.

I t  is  therefore a  not  to  be 
underestimated element of the 
Definition Phase to develop credible 
scenarios for a future funding of the 
system. As a consequence, potential 
users from all domains have been 
invited to influence and comment on 
the intended system services and 
performances with a view of attracting 
them as future revenue generating 
customers. Only a successful 
implementation of the PPP scheme 
will see the technical realisation of 
Galileo proceed in time.

THE INSTITUTIONAL FRAMEWORK

Whenever a future operator provides 
world-wide GNSS service to both 
private and public (including possibly 
the military) users he will break into 
new ground concerning world-wide 
service level agreements, guaranteed

availability and accepting the liability 
in case of failure. Politics is invited to 
create an environment where 
regulations are found in which national 
and international law actually permits 
the provision of such a service. The 
current definition phase also looks at 
those forthcoming issues and promotes 
t h e  d e v e l o p m e n t  o f  f u t u r e  
organisational scenario.

SCHEDULE AND UPCOMING 
DECISIONS

If the Definition Phase for Galileo 
establ ishes in 2000 that  the 
implementation of this system is 
f e a s i b l e ,  a  S y s t e m  
Design/Development Phase will follow 
up to the year 2003. In-orbit validation 
of the system can then be performed 
in 2005/06. After this period, all ground 
and space components of the systems 
need to be deployed until 2008 when 
operations of Galileo can commence.

OUTLOOK

It is not so much the technical but rather 
the "institutional" and financial issues 
that have to be solved prior to the 
installation of a civil-controlled Global 
Navigation Satellite System. The 
advent of Galileo - if realised - will see 
the users benefit from increased 
accuracy, availability and robustness 
of navigation from space.
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ABSTRACT

The Implementation of the European 
Geostationary Navigation Overlay 
Service (EGNOS)

EGNOS is an overlay augmentation to 
the current GPS and GLONASS 
systems, which provides independent 
integrity information and improved 
accuracy for GNSS-1 navigation users 
within Europe. EGNOS is intended to 
complement the United States' WAAS 
and Japanese MSAS systems within 
the European region and will offer the 
users a compatible service based on 
a common ICAO standard.
The Advanced Operational Capability 
of EGNOS will provide a service level 
equivalent to civil aviation primary 
means of navigation for En-route down 
to Category 1 precision approach. 
Setting up such a system for Europe 
requires the solution for a number of 
technical problems as well as 
institutional and legal problems.

The specifications for Space-Based 
Augmentation Systems were are 
developed with the assistance of the 
ICAO GNSS Panel and are published 
elsewhere. It is the intention of the 
present paper to focus on the
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programmatic background of the 
EGNOS programme and describe the 
roles of the various contributors.

INTRODUCTION

Although GPS signals are used to 
support En-route and Non-Precision 
Approach/Departure operations in 
several countries in the world, GPS 
and GLONASS alone do not satisfy all 
aviation requirements for accuracy, 
availability and integrity. Satellite-, 
A i r c ra f t -  and  Ground -based  
augmentation systems are therefore 
under development. The USA, Europe 
and Japan are developing Space-
Based Augmentation Systems which 
shall meet aviation requirements for 
all phases of flight down to CAT-I 
precision approach. The SBAS 
augmentation in Europe will be 
p r o v i d e d  b y  t h e  E u r o p e a n  
Geostationary Navigation Overlay 
Service (EGNOS). This system will 
improve the existing GPS/GLONASS 
capabilities by providing additional 
ranging signals from geostationary 
satellites, as well integrity information 
and wide-area differential correction 
obtained though a network of ground 
monitoring stations.



EGNOS is conceived as a positioning 
system to augment GNSS-1 and does 
not include communication elements 
for the user.

THE REQUIRMENT

In March 1999, the EUROCONTROL 
ATM/CNS Consultat ion Group 
endorsed the Navigation Strategy for 
ECAC which stipulates the introduction 
of an all Area-Navigation (RNAV) 
environment from 2005 onwards, with 
a further move towards RNP RNAV in 
en-route airspace and in all TMAs from 
2010. In general ,  the higher 
performance requirements for en-route 
and terminal areas will have to be 
fulfilled with RNP 1 or even RNP 0.3 
capability.
Three technologies are considered to 
be capable of providing this type of 
navigation service in the future: DME, 
inertial systems and GNSS.

The EGNOS system is designed from 
the outset for use in all areas of 
transportation and outside the 
transportation domain (e.g. for timing 
applications). This broad range of 
applications has been labelled "multi-
modal" and satisfies the interests of 
aviation, maritime and land-based 
users. Civil aviation requirements are 
the most stringent of all user groups 
and through foster ing by the 
appropriate ICAO bodies have matured 
very far. The coverage of the EGNOS 
system is defined to include the Flight 
Information Regions (FIR) under the 
responsibility of ECAC member states 
(most of European countries, Turkey,

the North Sea and the eastern part of 
the Atlantic ocean).

EGNOS will have the technical 
capability to provide a primary means 
service of navigation for en-route 
oceanic and continental, non precision 
approach and CAT-I precision 
approach within the ECAC area.

EGNOS FUNCTIONS

EGNOS will provide the following 
functions:
GEO Ranging (R-GEO): Transmission 
of GPS-like signals from 3 GEO 
satellites (INMARSAT-III AOR-E, 
INMARSAT-III IOR and the ESA 
ARTEMIS satellite). This will augment 
the number of navigation satellites 
available to the users and the 
availability of satellite navigation using 
RAIM.
GNSS Integrity Channel (GIC): 
Broadcasting of integrity information. 
This will increase the availability of 
GPS / GLONASS / EGNOS safe 
navigation service up to the level 
required for civil aviation Non-Precision, 
Non-Precision with Vertical Guidance 
(NPV I, II) and CAT-I precision 
approaches.
Wide Area Differential (WAD): 
Broadcasting of differential corrections. 
This will increase the GPS / GLONASS 
/  EGNOS navigat ion serv ice 
performance, mainly its accuracy, up 
to the level required for precision 
approaches down to CAT-I landing.



SYSTEM ARCHITECTURE

The EGNOS Ground Segment consists 
of GNSS (GPS, GLONASS, GEO) 
Ranging and Integrity Monitoring 
Stations (RIMS) which are connected 
to a set of four redundant control and 
processing facilities called Mission 
Control Center (MCC). The MCC 
determines the integrity, pseudorange 
differential corrections for each 
monitored satellite, ionospheric delays 
and generates GEO satel l i te  
ephemeris. This information is sent in 
a message to the Navigation Land 
Earth Station (NLES), to be uplinked 
along with the GEO Ranging Signal to 
GEO satellites. These GEO satellites 
downlink this data on the GPS Link 1 
(L1) frequency with a modulation and 
coding scheme similar to the one from 
GPS. All ground Segment components 
are interconnected by the EGNOS 
Wide Area Communications Network 
(EWAN).
The EGNOS Space Segment is 
composed of transponders on board 
of the geostationary INMARSAT-III 
AOR-E and IOR, and the ESA 
ARTEMIS satellites.
The EGNOS User Segment will consist 
of SBAS compatible user receivers.
The EGNOS support facilities include 
the Development Verification Platform 
(DVP), the Application Specific 
Qualification Facility (ASQF) and the 
Performance Assessment and System 
Checkout Facility (PACF): 
The DVP is the essential facility to 
validate and verify the EGNOS 
requirements during the design phase. 
It consists of simulation facilities, a real 
time EGNOS System Test Bed (ESTB)

and Assembly, Integration and 
Verification Platform (AIVP) to perform 
system verification tests.
The PACF shall provide support to 
EGNOS system management in 
various areas necessary for the system 
operation and maintenance, such as 
system performance analysis and 
anomaly investigation. 
The ASQF is the facility in charge to 
provide the Civil Aviation and 
Aeronautical Certification Authorities 
with tools to qualify, validate and certify 
the different EGNOS applications.

EGNOS SYSTEM TEST BED

In order to obtain development support 
and facilitate early operational 
certification of the EGNOS system, a 
technology demonstrator system is 
developed under the overall control of 
ESA. This system is called EGNOS 
System Test Bed and uses several 
GPS monitoring sites within Europe 
which are tied into a Computing Centre 
at Honefoss in Norway. INMARSAT-
III geostationary satellite AOR-East is 
mainly used for distribution of the 
augmentation signal.
ESTB is operational since early 2000 
and will be used in the future to conduct 
a variety of system test activities both 
from manufacturers and future users. 

EGNOS ORGANISATION

European Tri-Partite Group

Based on a decision of the Council of 
the European Union from 1997, the



task of developing the EGNOS system 
has been entrusted to the European 
Commission (EC), the European Space 
Agency (ESA) and EUROCONTROL. 
In June 1998 these organisations 
signed the so-called Tri-Partite 
Agreement, detailing their respective 
roles and responsibilities within the 
programme. Since then, in the context 
of EGNOS implementation, these three 
organisations have come to be known 
collectively as the "European Tri-Partite 
Group" (ETG). Jointly, ETG oversee 
the definit ion of the "Mission 
Requirements" for EGNOS which 
address the performance requirements 
not only from aviation but also from 
maritime and land-based user groups. 
The individual tasks of ETG members 
are broken down as fol lows:

European Commission
The European Commission, through 
their Directorate General Transport 
and Energy (TREN), is responsible for 
overall implementation of the EGNOS 
programme as well as institutional and 
policy matters including political 
representation both internal (Member 
States) and external to the European 
Union. The European Commission is 
also directly financing certain elements 
of the system during the development 
phase (such as the lease for the 
transponders on board of the 
geostationary satellites.)

European Space Agency
The European Space Agency ESA is 
responsible for the design and 
deve lopment  o f  the  EGNOS 
Infrastructure. For this, they can rely 
on financial contributions from the

participants to their Advanced 
Research in Telecommunications 
Systems Programme, Element 9 - 
GNSS. This programme (short form 
ARTES-9) serves to collect financial 
contributions from member states as 
well as from private institutions. To 
date, the states of Austria, Canada, 
France, Germany, Italy, Netherlands, 
Norway, Portugal, Spain, Sweden, 
Switzerland and the UK contribute to 
this activity from their national budgets. 
In addition, the Air Traffic Service 
Organisations from France, Germany, 
Italy, Portugal, Spain, Switzerland and 
the UK are contributing to the 
development phase of the system (see 
EOIG below).
ESA has set up a GNSS-1/EGNOS 
Programme Office in Toulouse/France 
to oversee all industry contract activities 
of the design and development phase. 
This office receives the Mission 
Requirements developed under ETG 
coordination and translates them into 
system requirements applicable to the 
development contracts to industry. The 
industrial team performing these tasks 
is led by Alcatel Space Industries 
(France) with the participation of 
companies from Spain (GMV, INDRA), 
United Kingdom (Racal, Vega, Logica, 
MMS, British Telecom), France 
(Sextant Avionique, SRTI), Germany 
(DASA, Airsys ATM), Italy (Alenia, 
Laben, Vitrociset), Norway (Seatex) 
and Switzerland (CIR). Further industry 
c o m p a n i e s  c o n t r i b u t e  a s  
subcontractors to these manufacturers. 
T h e  E S A  G N S S - 1 / E G N O S  
Programme Office is responsible for 
overseeing all day-to-day programme 
management activities involved in the



development of the system. These 
efforts will culminate in the Operational 
Readiness Review where the technical 
compliance of the system with the 
specif icat ion is demonstrated.

EUROCONTROL
EUROCONTROL is defining the 
mission requirements for civil aviation, 
plays a major role in the operational 
validation phase of system deployment 
and is investigating system certification. 
EUROCONTROL is laying the 
foundation for the development of a 
system-wide safety case and has also 
been responsible for the compilation 
of a Cost-Benefit Analysis considering 
the impact of SBAS in the ECAC region.
The objective of the Cost Benefit 
Analysis, completed in 1999, was to 
determine the relative merits, from the 
financial perspective, of alternative 
options for GNSS implementation and 
to compare the GNSS scenario against 
other, alternative implementations.
One result of the Cost Benefit Analysis 
was a demonstration that the cost for 
introducing GNSS services is largely 
dependent of the cost of the associated 
avionics (through the large number of 
aircraft involved) and only to a lesser 
degree depending on implementation 
cost of the ground and space 
infrastructure. The analysis confirmed 
that operational benefits may be 
obtained from the introduction of GNSS 
services which are not available when 
conventional infrastructure is used (the 
benefits are mainly derived from the 
vertical guidance obtained from 
augmented GNSS). In conclusion, the 
benefits for SBAS introduction can 
outweigh the cost when appropriate

conditions are taken during the 
implementation. As a consequence, 
the Cost Benefit Analysis provides 
valuable guidance during the 
programme implementation for both 
all programme participants.

EGNOS Operators and 
Infrastructure Group

In January 1999, the Air Traffic Service 
Organisations participating in the 
ARTES-9 programme of ESA signed 
a Memorandum of Co-operation to 
harmonise their activities within the 
frame of the GNSS-1/EGNOS 
programme. The Air Traffic Services 
Organisations Aena, DNA/STNA, DFS, 
ENAV, Swisscontrol, NATS and 
NAV_EP operating under this 
Memorandum are known as EGNOS 
Operators and Infrastructure Group 
(EOIG). The EOIG has defined its 
objectives as:
* Definition of technical and operational 
requirements for SBAS
* Securing the interests of aviation 
w i t h i n  t h e  G N S S - 1 / E G N O S  
programme
* Support to the GNSS-1/EGNOS 
programme through participation in 
activities related to safety, certification, 
cost analysis and legal affairs
* Harmonisation of all activities 
concerning future GNSS service 
provision with the help of EGNOS
* Hosting of elements of the EGNOS 
infrastructure
* Preparation for operational use of 
EGNOS
EOIG intend to become the operators 
of the EGNOS infrastructure after



completion of the development phase. 
Therefore, the group has embarked 
on intensive coordination with the 
members of ETG to permit a smooth 
transition to an operational service at 
completion of the technical development.

PROGRAMME TASKS AND 
MILESTONES

So far, the preliminary design activity 
has been completed, yielding the 
system level specifications for all 
system elements. The currently 
ongoing activity is that of detailed 
design which will lead to a multitude 
of component Critical Design Reviews 
(CDRs) in the first half of 2001 with 
System CDR scheduled for June of 
that year.
Following this will be the equipment 
manufacture and deployment with the 
majority of activities in 2002. System 
integration, validation and qualification 
will follow in the year 2003. The 
conformity of the system to the 
technical specification shall be 
demonstrated during the Operational 
Readiness Review in December of 
2003. By this time, the operating entities 
will already be in a position to operate 
and maintain the system with their own 
resources.

OUTLOOK

With the EGNOS development phase 
now well underway, the system is 
expected to achieve its Advanced 
Operational Capability in 2003 with first 
operational use in the second half of 2004.

I t  was or ig inal ly intended to 
complement the AOC development 
with the installation of further redundant 
ground elements and geostationary 
transponders to permit a Full 
Operational Capability (FOC) which 
secures full availability of the SBAS 
service.

With the emerging of plans to develop 
the GNSS constellation "Galileo" from 
Europe this intention is currently under 
review. While it is acknowledged that 
the  cont inu i ty  o f  the  SBAS 
augmentation to GPS must be provided 
in Europe, it is currently under 
investigation how this objective can be 
fulfilled in the light of the development 
of the Galileo system. The European 
Union requires an "optimal integration 
of EGNOS into Galileo" and studies 
are currently underway to identify how 
this goal can be met in a most efficient 
way.
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ACRONYMS

AIVP	 Assembly, Integration and 	
Verification Platform

AOR	 Atlantic Ocean Region 	
(INMARSAT III)

ARTES	 Advanced Research in 	
Telecommunications

ASQF	 Application Specific Qualification 	
Facility

ATM/CNS	 Air Traffic Management / 	
Communication Navigation & 	
Surveillance

CAT-I	 Category 1 Precision Approach
CDR	 Critical Design Review
DVP	 Development Verification Platform
EC	 European Commission
ECAC	 European Civil Aviation 	

Conference
EGNOS	 European Geostationary 	

Navigation Overlay Service
EOIG	 EGNOS Operators and 	

Infrastructure Group
ESA	 European Space Agency
ESTB	 EGNOS System Test Bed
ETG	 European Tri-Partite Group 	

(EC, ESA, EUROCONTROL)
EWAN	 EGNOS Wide-Area Network
FIR	 Flight Information Region
GEO	 Geostationary Satellite
GIC	 GNSS Integrity Channel

GLONASS	 Global Navigation Satellite System 	
(Russian Federation)

GNSS	 Global Navigation Satellite System
GPS	 Global Positioning System NavStar 	

(USA)
ICAO	 International Civil Aviation 	

Organisation
IOR	 Indian Ocean Region 	

(INMARSAT III)
MCC	 Mission Control Center
NLES	 Navigation Land Earth Station
NPV	 Non-precision with Vertical 	

Guidance
PACF	 Performance Assessment and 	

System Checkout Facility
RAIM	 Receiver Autonomous Integrity 	

Monitoring
RIMS	 Ranging and Integrity Monitoring 	

Station
RNAV	 Area Navigation
RNP	 Required Navigation Performance
SBAS	 Space-Based Augmentation 	

System
WAD	 Wide Area Differential
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GPS MODERNIZATION

Curt Keedy
FAA Flight Inspection Operations

Policy and Standards

SYSTEM EVOLUTION

1973 -	 DoD approved GPS for development
1978 -	 launched first of 10 Block I (first generation) satellites for test and evaluation
1985 -	 DoD approved implementation of an operational system
1985 -	 DoD contract with Rockwell Space Division for 28 satellites
1989 - launch of first Block II (second-generation) satellite.  Modified Block IIA (third 	

generation) with additional onboard data memory, launched after ninth Block II.
1995 -	 GPS declared operational	

(ground segment and between 24 and 27 operational satellites since)
1989 -	 DoD contract with Lockheed-Martin Astro-Space for 21 Block IIR (third generation) 	

satellites.
1997 -	 first successful launch of Block IIR
1996 -	 DoD contract with Boeing Space Division for 30 satellites.  First six will be Block 	

IIF (fourth generation) with option for six more to sustain the constellation.  	
Remaining 24 await final determination of new capabilities/modernization (GPS III).

SIGNAL TRANSMISSION

Spacecraft to earth transmissions on L1 and L2.

•	 L1 - 1575.42 MHz - modulated by two pseudorandom noise (PRN) codes	
-	 coarse acquisition - C/A-code - at a bit (chipping) rate of 1,023 Mcps	
-	 precision/secure - P/(Y)-code - at a chipping rate of 10.23 Mcps.

•	 L2 - 1227.6 MHz - modulated with P/(Y)-code.		
-	 L2 primarily used for ionospheric group delay corrections, which can cause ranging 		

errors of as much as 40 meters 	
-	 transmitted power is -6 dB lower than L1

CONSTELLATION STATUS

•	 29 Healthy Satellites	
-	 26 Block II/IIA on orbit  (life expectancy extended another two years to 10.6)	
-	 3 Block IIR satellites on orbit (last launch May 2000) - 21 Block IIR procured



	

-	 First six Block IIF satellites on contract - options for 27 additional
•	 Four launches likely over next two years

PRESIDENTIAL DECISION DIRECTIVE - 1996

•	 Free to peaceful use worldwide
•	 Dual civil/military system
•	 Turn off SA by 2006
•	 Military/civil Interagency GPS Executive Board (IGEB) to manage GPS
•	 DoD must:	

-	 Protect friendly use	
-	 Prevent adversary use	
-	 Preserve civil use outside area of operations

WHY MODERNIZE?

•	 Support to civil users:	
-	 new civil signals for improved accuracy, integrity and continuity - robustness	
- compatibility with civil aviation systems

•	 Support for defense operations:	
-	 more signal power - anti-jam	
-	 more secure military code structure	
-	 more user equipment anti-jam	
-	 able to deny enemy use of GPS

GPS USER "WANTS"

•	 Defense wants:	
-	 more jam resistance	
-	 more security	
-	 shorter time to first fix	
-	 backward compatibility

•	 Defense Solution - M-code (L1/L2)	
-	 higher power	
-	 spectral separation from civil signals	
-	 faster signal acquisition	
-	 improved security codes

•	 Civil wants:	
-	 accuracy	
-	 availability	
-	 coverage	
-	 integrity	
-	 robustness (more power and redundant signals)



•	 Civil Solution - C/A-code (L2) and L5	
-	 SA off	
-	 Second civil signals for ionospheric correction and redundancy	
-	 Third civil signal for improved accuracy and real-time applications	
-	 Spectrum protection for safety-of-life applications

SELECTIVE AVAILABILITY - May 2000

•	 Selective Availability (SA) set to zero (0) in May 2000.

SIGNAL EVOLUTION

•	 Second Non-Aviation Civil Signal on L2.  FAA opposes the use of L2 for aviation 	
safety applications because ITU has authorized this band for use on a co-primary 	
basis with radiolocation services (high power radars) which may cause unacceptable 	
levels of interference.

•	 Third Civil Signal on L5 (1176.45 MHz) in the Aeronautical Radio Navigation Service 	
(ARNS) band.  ITU must designate a satellite-to-earth transmission classification for 	
this band (currently ground-to-air).

•	 Existing C/A-codes on L1 and P/(Y)-codes on L1 and L2 will be retained for backward 	
compatibility. Continuation of these codes is necessary until modernized spacecraft 	
transmitting the new signals for civil and military users are deployed and user equipment 	
is available.  (10 - 25 years).

•	 Plans are to continue C/A-codes on L1 and transmit C/A-codes on L2 from replenishment 	
satellites.



•	 New L5 signal will consist of a 10.23 Mcps code rate with a code length of 10,230 	
bits.  This high-rate code sequence will provide improved ranging accuracy, lower 	
code-noise floor, better cross-correlation properties, acceptable acquisition times, 	
better isolation between codes and reduced multipath interference.

•	 L5 will transmit two signals in phase quadrature.  One will not carry data modulation 	
and will provide advantages for accurate phase tracking and more precise carrier-	
phase measurements.

•	 P/(Y)-code on L1 and L2 have an extremely long sequence (~1013 bits) with a period 	
of seven days.  Acquisition of this code is difficult without some knowledge of the 	
code timing.  P/(Y)-code acquisition involves acquiring the C/A-codes on L1 (short 	
sequence - 1 millisecond) first.  The C/A-code message contains timing data that 	
provides an authorized user with information for acquiring the P/(Y)-code.  DoD wants 	
to acquire their secure signals without using the civil codes first.

•	 M-Code is "split spectrum" secure code on L1 and L2.  Code will have a bit rate of 	
3-8 Mbps modulated on dual carriers spaced 6-9 MHz above and below the center 	
of L1 and L2 bands.

•	 DoD will retain P/(Y)-codes until the M-code signals are generally available.  Phase-	
over is expected to take until 2020, based on the current rate of spacecraft replacement.

POWER

•	 In general - a 3 to 6 dB increase in power for all civil signals 
•	 C/A-code on L1 and L2 = -160 dBw
•	 P/(Y)-code on L2 (normally used for ionospheric corrections in past) will increase by 	

6 dB
•	 L5 signal in ARNS band will require a power level 6 dB greater that the CA-code on 	

L1 to compensate for higher levels of interference and noise in this band.
•	 Military signals on L1 and L2 will be 6-10 dB higher than they are now.

MODERNIZATION PROGRAM

•	 Modify Block IIR (up to 12 satellites)	
-	 Second civil signal - C/A-code on L2	
-	 M-code on L1 and L2	
-	 Continue military P/(Y)-code on L1 and L2	
-	 More power for all signal services	
-	 Provide 14 days of operation without contact from control and up to 180 days of 		

operation when operating in the autonomous navigation (AUTONAV) mode.  		
Spacecraft maintain their accuracy by communicating with other IIR satellites in 		
orbit (cross-link ranging).

•	 Modify Block IIF (6 already under development)	
-	 Second civil signal - C/A-code on L2	
-	 Third civil signal - new civil code on L5



	

-	 M-code on L1 and L2	
-	 Continue military P/(Y)-code on L1 and L2	
-	 More power for all signal services

•	 GPS III	
-	 Assess future system level requirements to 2030	
-	 System Architecture/Requirements Phase	
-	 Program Definition/Risk Reduction Phase	
-	 Engineering/Manufacturing/Development Phase

•	 Operational Ground Control Segment	
-	 Support Block IIR, IIF testing and operational capability	
-	 Addition of six National Imagery and Mapping Administration (NIMA) ground 		

stations to the tracking network	
-	 improve quality and timeliness of (latency) of tracking measurements and computed 		

parameters	
-	 2000-2010 - submeter ephemeris accuracy that will improve to decimeter range. 	
-	 System Test Bed to validate signals and prototype user equipment

SCHEDULE

•	 Last 12 Block IIRs - add second civil signal (C/A on L2) - new military signal 	
(M-code) - more signal power

•	 First 6 Block IIFs - all of above capabilities plus new third civil signal in protected 	
band (L5).

•	 Next [nominally] 6 Block IIFs - procured as necessary to sustain the constellation.
•	 GPS III (Full Modernization) - meets future requirements through 2030 - more M-	

code signal power  
•	 First modernized launch (Block IIR) - 2003	

- First Block IIF launch - 2005
•	 M-code (earth coverage) IOC (18 satellites) 2008
•	 Full Performance IOC 2016
•	 OCS - evolutionary incremental development



IMPACT

•	 More anti-jam for defense	
-	 GPS accuracy maintained closer to the target in a high jamming environment

•	 More secure, robust military signal service	
-	 assured acquisition of the GPS signal when needed in a hostile electronic 	
environment

•	 Deny enemy the military advantage of GPS	
-	 Protect friendly force operations	
-	 Preserve peaceful GPS use outside Area of Operations

•	 Availability of additional civil GPS signals	
-	 compatibility with GPS signals for civil aviation

TIMELINE


