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Steering by the StarS – 21St century Style

A farmer stands in a field deciding how many chemicals to 
spray on his crops, while many kilometres away from dry land, 
a mariner falls overboard into a choppy sea – the one thing 
they both have in common is their dependence on satellite 
navigation systems. 

You thought SatNav was mainly for finding your way to your 
destination? That’s certainly one use that simplifies our daily 
lives. But whether it’s man-overboard systems that show 
where someone falls into the water from a boat or the 
environmental protection that precision farming offers, the 
creation of different ways in which satellite navigation 
systems can improve our lives is limited only by our 
imaginations. 

This booklet takes you on a voyage of discovery into the heart 
of Europe’s satellite navigation programmes – egnOS and 
galileo. We take you through how the systems work, what 
elements go into making them and what they offer or will 
offer us all. 

Foreword

It’s the start of a new age in satellite navigation as Galileo 
rolls out its initial phase of 18 satellites in 2014 and its full 
operation phase in 2018, with 30 satellites. Together with 
reinforced American and Russian systems, along with other 
emerging systems, Galileo will ensure that satellite navigation 
systems are more accurate, more reliable and more secure 
than ever before.

Read on to find out how the navigation systems which we use 
to go about our daily lives in safety and comfort also feed into 
commerce, innovation and environmental protection. See how 
the various elements come together to make a system that is 
fit for our 21st century needs.
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galileo – A satellite navigation 
system for Europe

galileo is the EU’s state-of-the-
art global navigation satellite system 

under civilian control, providing accurate 
navigation signals everywhere in the 

world. Thirty satellites, including spares, and 
the necessary infrastructure on the ground 
will make up the system when it is fully up 
and running in 2018. Initial services will be 

provided based on the first constellation  
of 18 satellites as of 2014.

the SyStem cOming Out OF the galileO 
PrOgramme will be cOmPOSed OF:

•  24 satellites + spares in medium Earth orbit on three 
planes; ten satellites will be spread evenly  
around each plane

•   A global network of sensor stations to receive 
information from the Galileo satellites and  
send that information to control centres located  
in Europe

•   The control centres computing information 
and synchronising the time signal of the satellites

•  The centres sending the information back to the 
satellites via a global network of about 15 up-link 
stations

•  The satellites sending the relevant timing and 
positioning information to the receivers
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independence in an 
important sector  
of the eu economy
Satellite navigation 
applications already 
represent 7 % of the EU 
economy in GDP terms and 
this figure is increasing by 
the day. Being able to 
function independently will:

•  help safeguard people 
whose livelihoods depend 
on satellite navigation;

•  mean that we can continue 
to use navigation signals 
even if other systems 
become less precise or are 
switched off, which can 
happen in times of conflict 
or if a system comes under 
attack;  

•  protect the well-being of 
people living in the EU and 
the revenues that are 
associated with satellite 
navigation applications.

better coverage across 
the eu
The choice of orbit used by 
the satellites will mean that 
Galileo will provide better 
coverage at high latitudes, 
making it more suitable for 
northern Europe, currently 
not well covered by GPS.

innovation boosting eu 
growth
New business opportunities 
for manufacturers, service 
providers, researchers and 
other domains will grow 
from the innovation that the 
development of Galileo will 
foster. From multi-billion 
euro conglomerates to 
specialised SMEs, all sectors 
of the economy will gain 
from the investment in the 
development and operations 
of Galileo. 

More about Galileo later. Let’s 
go back to basics and give 
you some details on satellite 
navigation in general!

why dOeS eurOPe 
need itS Own SyStem?

galileo was born in the 
1990s when the European 
Union identified the need 
for an independent global 
navigation satellite 
system. The United states 
and Russia already have 
their own systems, gPs 
and gLonAss respectively, 
and China, Japan and India 
are developing theirs.

Alongside the 
independence that galileo 
will bring, the system will 
be a cornerstone of what 
is referred to as “multi-
gnss”. This will allow 
receivers to use signals 
from all satellites in view, 
irrespective of what 
system they belong to.
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For thousands of years man has looked to the sky  
to navigate his way. this guidance from space takes 
on a new form with the recent development of 
satellite navigation systems.  

By early 2020 there will be more navigation satellites in the 
sky than ever before. The European Union is powering ahead 
with the European Geostationary Navigation Overlay Service 
(EGNOS, already operational) and its Galileo programme. 
Meanwhile, pioneers in the field of Global Navigation 
Satellite Systems (GNSS), the GPS and GLONASS systems, 
are being modernised.

navigating by the stars,  
the 21st century version

building On exiSting 
SyStemS

Like the internet, satellite 
navigation has become a 
technology on which we 
depend in our daily lives. 

The European Union has 
devoted a lot of effort to 
building its own global 
navigation satellite system, 
under a programme called 

galileo. Its impact on the 
European economy, 
capacity to stimulate jobs 
and technological know-
how, along with the myriad 
of applications based on 
its services, is significant. 

Galileo opens up a whole 
new market for European 
entrepreneurs who wish to 
create innovative products 
using Galileo.

Galileo can work with the 
American gPS system for 
some of its services so we 
can be sure of even 
greater precision and 
availability of signals 
thanks to the higher 
number of satellites used 
to compute position.

Information transmitted by 
the satellites back to earth 
can be made more precise 

by regional Satellite-
based augmentation 
Systems (SBAS) such as 
EGNOS for Europe – and 
WAAS for North America. 
EGNOS is already 
operational and available 
for free; all the user needs 
is an EGNOS-enabled 
receiver.

Other countries are building their own global/regional 
systems, introducing more frequencies, signals and potential 
for GNSS. These advances will boost signal availability, 
accuracy and reliability, responding to the ever-increasing 
demands of the user.
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gnSS bOOSting 
SaFety in the air

The satellites 
broadcast a timing 
signal and a data 
message that 
includes their 
position in orbit. 

Aircraft GNSS 
receivers use these 
signals to calculate 
their distance from 
each satellite in 
view, and then to 
calculate their 
three-dimensional 
position. Helpful for 
en-route navigation, 
this also aids 
precision approaches 
when, for example, 
ground-based 
navigation systems 
are not available. 
This can be the case 
at smaller regional 
airports or in difficult 
weather conditions.

Global Navigation Satellite Systems (gnSS) send signals 
to users giving time and positioning information. 

To get an accurate measurement of your time and position, a 
minimum of four orbiting satellites are needed. The number 

of satellites in view of the user’s receiver is what determines 
how accurately time and location can be worked out (the 

more satellites in view, the more precise the information). 

The GNSS can be made even more precise by so-called 
‘augmentation systems’, also using satellites. 

what iS a Satellite-baSed  
augmentatiOn SyStem?

Known as SbaS, these use extra satellite broadcast 
messages and a network of ground stations to improve the 

data from the GNSS. 

Those systems take environmental factors, such as 
ionospheric disturbances, into account, to correct errors in 

the GNSS signals. 

Corrections are then transmitted to the users’ receivers 
through the geostationary satellites that are part of the 

SBAS system.

 

How does satellite navigation work?
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 aviatiOn can use satellite navigation for precise en-route navigation and precision 
approaches even in poor weather conditions and where there are no ground-based 

navigation aids. This improves safety and will make it possible for airports to grow.

bOatS and ShiPS – maritime GNSS not only help vessels navigate the 
world’s seas and waterways, but also have functions like ‘man overboard’ 

which instantly mark the position of anyone who has fallen into the 
water. 

Precision agriculture uses GNSS to reduce the environmental 
impact of farming in a variety of ways. For example, systems can 
show farmers where to spray crops and how much to use.

The bladeS and bucketS of heavy equipment used in mining 
or construction are controlled automatically by GNSS.

climberS, hikerS and cycliStS can use GNSS to work out 
where they are and the chances of a rescue in case of accident are 

greatly improved by the ability to provide an accurate position. 

GNSS provide reliable time-stamping of financial transactions,  
PrOtecting PeOPle from fraud and human errors.

Stresses in the earth’s crust leading to vOlcanOeS or earthquakeS can 
be measured by tracking the surface movement indicated between GNSS sensors.

 

satellite navigation touches  
all aspects of our lives

We may no longer 
remember how we ever 

got by without gPs in our 
cars. Indeed satellite navigation 

systems improve our daily lives in 
dozens of different ways.  

Here are a few lesser known ways 
in which GNSS make our lives 

safer and easier. 
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Public regulated Service (PrS): this restricted-access 
service provides information on location and time to certain 
users, like the police, ambulance services or peacekeeping 
forces who require high levels of signal reliability and 
continuity. This service will continue to be provided even 
when the Open Service is switched off (for example if it is 
being used in a terror attack) or falls under attack  
(spoofing, jamming).

The remaining two services that will be provided with full 
constellation in 2018 are:

commercial Service (cS): this will combine two encrypted 
signals for increased accuracy for use in industries such as 
mining, surveying or mapping. It is a fee-based service. 

Safety-of-life (Sol) Service: Galileo will contribute to 
integrity monitoring services aimed at users of safety-of-life 
applications in compliance with international standards.  
It will be used in sectors where life is at stake such as in air 
or maritime transport. For example, it will make en-route 
navigation and precision approaches more accurate than 
ever, even in poor weather conditions and where there are  
no ground-based navigation aids.
 

Pilots, sailors, our emergency 
services, from industry to 

agriculture, for professional  
or leisure use: galileo has 
something for everybody.

Galileo will provide five main 
services. The first three that will 
be available in 2014 are:

Open Service (OS): this will be 
available to everyone free of charge 

and will provide anyone, with the right 
receiver, with improved signals for timing and 

location. This will stimulate innovation in exploring how the 
service can be used. 

Search and rescue (Sar): Galileo has a unique twist on 
this service. It will help detect emergency signals, relaying 
them immediately to national emergency services. Distress 
messages will be received in real time: now the average 
waiting time is an hour. Moreover, the sender will receive a 
confirmation message that his/her distress signal has been 
received and help is on the way. Lastly, alerts will be 
precisely located to within a few metres: now it can be  
up to five kilometres in the most remote areas. 

What services will Galileo offer us?
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lOcatiOn baSed ServiceS

Digital cameras, mp3 players, your mobile 
phone or laptop – all these could be fitted 
with accurate position signalling receivers. 
Dedicated positioning devices will help us 
find our way in an increasingly busy world.

TRAnsPoRT

By plane, train or automobile, Galileo will 
make transport more comfortable and safer 
than ever – whether it is by identifying traffic 
jams or helping the aviation industry,  

your transport will be enhanced by Galileo.

EnERgy REsoURCEs

High-resolution surveys of possible drilling sites 
will show if a potential site is geologically stable. 

Repairs to the electricity grid can be perfectly 
synchronised. Improvements to navigation and time 

synchronisation will mean energy transport and distribution 
is more efficient than ever. Galileo – energising Europe.

FInAnCE

Secure data transfer, authenticity and confidentiality, data integrity  
– Galileo will play its part in the protection of data by using the latest 
authentication techniques. 

galileo – signalling for you

Europe's global 
navigation satellite system 

will bring a huge range of public 
and commercial opportunities. 

some potential applications have been 
identified, but when it comes to harnessing 

the full potential of galileo, innovative 
entrepreneurs and researchers have the 

opportunity to improve the way  
we work and play. 

Below are just a few examples of how 
galileo will respond to increasing 

needs of the user.
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CIvIL EngInEERIng

This is one domain that has zero margin for error so the accuracy and reliability 
offered by Galileo has the potential to decrease costs and boost productivity.  

Galileo – constructing Europe.

AgRICULTURE

The positioning signals and high-resolution imagery Galileo 
offers will help farmers customise their treatment of their 

crops and land, field by field.

FIsHERIEs

Improved navigation tools and better communication 
– just part of what Galileo will offer the fishing 

industry. 

EnvIRonmEnT

Mapping the oceans, measuring polar ice and 
tracking the movement of animals all feed 
into protecting the natural world.  
The benefits to the environment of the 
accurate, sensitive tracking and monitoring 
systems Galileo offers are numerous.

TImE REFEREnCE

The precision of time information Galileo 
offers will be useful in many 
applications. From experiments that 
depend on accuracy to the millisecond, 
to authenticated timing and its role  
in banking and the stock market, Galileo 
will offer users reliable security.
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started in the 1990s, a series of steps are being 
taken to make galileo fully operational by 2018

In 2008, as part of the in-orbit validation phase, the European 
Space Agency (ESA) awarded contracts to certain companies 
to work on the in-orbit validation phase of Galileo. This 
included support services, the building and launch of four 
satellites and the related ground infrastructure and the 
operation of those satellites once in orbit.

Countdown to lift-off
Creating the galileo system 
step by step 

In 2010, 2011 and 2012, the ESA, acting on behalf 
of the European Commission, awarded contracts for the full 
operational capability phase of Galileo. The contracts for 
engineering support, the building of fourteen satellites,  
the launch of twelve satellites and operations were awarded 
in 2010. 

The contracts for ground control and ground mission were 
awarded in 2011.

In 2012, additional contracts were awarded for the building of 
another eight satellites and to secure the launch of an extra 
10 satellites. This brings the current capacity to 26 satellites  
in orbit. The last four satellites and their launches still need 
to be procured. 
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Full operational capacity
The second phase will initially see 18 satellites in 
orbit in 2014. Three initial services will start to be 
provided as of then (OS, SAR Service and PRS).  
The remaining satellites will be launched afterwards, 
totalling 30 satellites including 6 spares in orbit in 
2018, when the remaining services will be provided 
(CS and SoL Service).

In-orbit validation
Testing and operating four satellites and their ground 
systems makes up the first phase. October 2011 saw 
the launch of the first two satellites. Two more are 
due to follow in the second half of 2012.

1. 2. 

a FantaStic 
OPPOrtunity  
FOr grOwth  
in eurOPe

Galileo and EGNOS are 
estimated to generate 
cumulative socio-economic 
benefits worth around €90 
billion to the EU’s economy 

over the period 2010-27. 
Jobs and business are 
being created for 
companies of sizes, while 
spin-offs, coming out of 
the technology being 
developed, can be used by 
entrepreneurs and 
researchers outside the 
space industry. 

The impact of the satellite 
system will give a direct 
boost to the transport 
sector in all its forms. 

The European 
Commission’s aim to grant 
citizens and businesses 
access to the benefits of 
the new satellite 

navigation system is on 
target. With all the 
possible applications this 
could have, Galileo is set 
to spark a new wave of 
innovation. 

Up and running in two phases
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Satellite navigation signals are improved by what are known 
as Satellite-based augmentation Systems (SbaS). 
To get a better idea: someone using a GPS receiver that 
hasn’t been augmented can only be sure of his or her 
position to within 17 metres. An augmented signal can tell 
you where you are to within three metres. 

This improvement is useful for many sectors and vital for  
the aviation industry – airplanes using satellite navigation  
for en-route and precision approaches need that level of 
precision. They also need an integrity function which notifies 
them, within a few seconds, when the underlying  
GNSS is faulty.

Europe already has its own SBAS called the european 
geostationary navigation Overlay Service (egnOS). 
This can work with both GPS and Galileo. All SBAS systems 
are interoperable so that users – in particular airplanes –  
can use them wherever they are. 

signals from space made 
even more accurate 
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Where can we see the difference?
aviatiOn – Safer, cheaper and more efficient, EGNOS provides the accuracy needed 

to guide pilots safely during their flight and onto runways. It makes it possible for 
larger passenger airplanes to land at regional airports that are often not equipped 

with ground-based navigation aids.

rOad – The improvements to the positioning accuracy EGNOS brings, makes 
it possible for more trains to use our infrastructure and for cars to find shorter, 
more fuel-efficient routes. Knowing exactly where each vehicle is lets 
companies improve their logistics. It also means the police and other 
emergency services get to where they are needed, faster.

agriculture – Saving farmers money, helping the environment and 
boosting crop yields, EGNOS means precision agriculture benefits not only 
for those working on the land, but for the land itself. Using aerial imagers 
and other tools, it is now possible to work out just the right amount of 
seeds to sow and how much fertiliser to use, on a field-by-field basis. 

lOcatiOn-baSed ServiceS – From our cars to our gadgets, the 
personal navigation devices we use benefit from the improved accuracy 
EGNOS provides. You might want to locate a friend nearby or you might 
need to be airlifted off a mountain – life-saving or just lifestyle, this extra 
accuracy makes all the difference.

maritime – Port operations and coast guards, offshore exploration and 
fisheries management; the service EGNOS is bringing improves every aspect 
of maritime operations. 
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waaS
egnOS

gagan
mSaS

Sdcm

Egnos – A boost to satellite 
navigation in Europe

the european geostationary navigation  
Overlay Service (egnOS) covers europe and beyond. 

the uSa uses the wide area augmentation System (waaS).

Japan is covered by its multi-functional Satellite  
augmentation System (mSaS).

india also has its own SbaS, gagan, which covers  
the indian subcontinent.

also active in the field, covering the russian Federation, is the russian 
glOnaSS System of differential correction & monitoring – Sdcm.

All the SBAS are interoperable, so with the same receiver, users can benefit 
from augmentation of satellite navigation everywhere in the world.

By correcting errors 
such as those linked to 

ionospheric disturbances, SbaS, like 
the European geostationary navigation 

overlay service (Egnos), make information 
received from gnss systems like galileo and 

gPs even more accurate. 

gnss systems alone do not meet the necessary 
operational requirements set by the civil aviation 

authorities and the improved accuracy is also 
beneficial to all other uses of gnss systems. 

As they are interoperable, sBAs systems 
help provide continuous coverage 

across the globe. 
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mSaS

the european geostationary navigation  
Overlay Service (egnOS) covers europe and beyond. 

the uSa uses the wide area augmentation System (waaS).

Japan is covered by its multi-functional Satellite  
augmentation System (mSaS).

india also has its own SbaS, gagan, which covers  
the indian subcontinent.

also active in the field, covering the russian Federation, is the russian 
glOnaSS System of differential correction & monitoring – Sdcm.

All the SBAS are interoperable, so with the same receiver, users can benefit 
from augmentation of satellite navigation everywhere in the world.

Why we need a European boost  
to satellite navigation

Once fully established, improvements to the accuracy of satellite information will 
open up gPS and galileo to a wider range of uses and applications. 

three ServiceS are PrOvided by egnOS:

OPen Service
Launched in October 2009, 
this is offered for free to 
anyone with a receiver 
compatible with satellite-
based augmentation 
systems. 

SaFety-OF-liFe 
Service
This service was launched in 
March 2011 for civil 
aviation, providing an 
indispensable warning to 
users within six seconds in 
the case of a GPS (and soon 
Galileo) malfunction. When 
lives are potentially at stake 
such as in aviation, this 
warning is essential.

cOmmercial Service
All the information collected 
and generated by EGNOS is 
also available through a 
ground network, meaning 
that in situations where 
satellite signals are blocked 
or disturbed, the information 
can still be accessed. This is 
especially relevant in dense 
cities where tall buildings 
can block GPS signals.
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Egnos – success stories

All sectors of 
our modern economy 

are touched by satellite 
navigation technologies. 

To develop these markets further, 
some EU-funded projects have been 
trying out the Egnos service to see 

how innovatively it can be used.

Here are their stories.

a giant take-OFF

The GIANT demonstration project is paving the way 
for the take-up of EGNOS and Galileo by the aviation 

sector. Test flights in Italy, Spain and Switzerland 
used planes and helicopters guided by the EGNOS 

signal and showed just how promising Galileo is for 
the safety-critical applications of the future. Fuel 

consumption, noise and lost time can be reduced, and 
safety improved, with more efficient flight paths. 

With SBAS you have the opportunity to descend with vertical guidance right to 
the threshold of the runway, where there haven’t been any procedures before. 
You simply establish the proper path, like with an Instrument Landing System 
(ILS), and you fly down with a constant descent to the runway, which makes 
the flight much easier and much safer.
Michael Erb, Managing Director of the Aircraft Owners and Pilots Association (AOPA), Germany
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right On track

The tracing and tracking of 
sensitive assets like nuclear 
material is one application 
that EGNOS can cover with 
great accuracy. 
The MENTORE project 
carried out five 
demonstrations involving 
the transportation of 
livestock and nuclear 
materials, showing us just 
how useful EGNOS and 
Galileo will be.

They tested the system in 
towns, on motorways and 
along railways. The results 
were so convincing that an 
Italian oil and gas giant has 
decided to install EGNOS  
on almost 2 000 of its 
fleets’ trucks. 

‘Is my cow fertile?’ 
Satellites can tell you 

The FieldFact project shows that the precision EGNOS offers 
opens up new ways farmers can benefit from  
satellite navigation. The project found that from detecting 
fertility in cows to mechanical weeding, improved accuracy 
is going to save farmers time, money and effort, while 
protecting the environment. 

guiding bOatS FrOm SPace

Europe has many busy ports central to our transport network 
and vital for the distribution of energy resources such as oil. 
With so many huge container ships ploughing the waves, the 
safety of both the environment and crews on board depends 
on those ships getting to where they need to go, safely  
and efficiently.

The MARTLET project demonstrated how useful EGNOS  
will be when it comes to guiding vessels around bustling 
industrial ports. Taking the Port of Hamburg in Germany  
as the base for its experiment, the trial involved towing an 
out-of-service passenger ship to a floating dock, involving 
turning and docking manoeuvres. Everyone involved was 
delighted with the 99.7 % degree of position accuracy  
they achieved.
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egnOS and galileO, a new era OF Satellite navigatiOn SyStemS FOr eurOPe

This booklet will take you through the various elements of the EU satellite navigation programmes 
EGNOS and Galileo, showing you how the systems work, why we need them and how they will boost 
innovation for the 21st century. 

From search and rescue emergency services, to high precision farming, the EU satellite navigation 
programmes are there to improve our safety, protect the environment and boost our economic growth.

Read on to find out how…


