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CHAPTER 1 

1. Introduction 
 

1.1 The GNSS Concept 
A Global Navigation Satellite System consists of a satellites constellation with a 
worldwide coverage that sends positioning and timing signals to users located on land, 
aircrafts, or maritime transportation. There are several GNSS systems such as GPS 
(from USA), GLONASS (from the Soviet Union), and now GALILEO (from Europe), 
which is at an implementation status closer to become available. 
 
The satellites constellation is distributed in such a way that it can provide its service 
around the world and it has the number of satellites that allows it providing high quality 
services. 

1.2 How GNSS Works 
The satellites of the constellation are equipped with an atomic clock (which is very 
precise, in the order of nanoseconds). The satellites broadcast a time signal to the 
receivers, which calculate the time elapsed since the signal was sent by the satellite until 
it was received. The satellites also send information about its position when they 
transmitted the time stamp. The receiver is able to calculate its location using the signal 
of three satellites and the position of one of them. If the signal of a fourth satellite is 
used, the receiver is able to calculate its location without the need of an atomic clock. 
Figure 1 shows this concept; where a car’s receiver calculates its current position 
(latitude, longitude, and altitude) using the signal of four satellites. 
 

 
 

Figure 1. Receiving Signals from Four Satellites to Calculate Current Position. Picture taken from 
“The First Galileo Satellites. Galileo In-Orbit Validation Element (GIOVE)”, page 20. 
 

1.3 GNSS Applications 
Being able to calculate our current position gives us the chance of applying this 
knowledge in many ways. This information is used for cars, airplanes, and boats 
navigation. We also use it for mapping purposes either by directly getting the 
information during field work or by processing satellite or aerial images that must be 
geo-referenced using control points. We also use location information to practice sports 
such as hiking or biking or even in rescue missions. Recently, GNSS is being used for 
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precision agriculture to optimize crop yields. There are more applications where GNSS 
can be used as we present in chapter 5 but before writing about them we present a brief 
description of current GNSS systems and augmentation systems in chapters 2 and 3 
respectively and in chapter 4 we present the GALILEO GNSS system. 
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CHAPTER 2 
 

2. GNSS Systems 
As the need for GNSS grew, different nations started working with the development of 
their own systems. This development started with a military orientation as in the case of 
the NAVSTAR – GPS system by the United States of America which has been fully 
operational since 1994. The Russian government completed the GLONASS 
constellation in 1995 but this system needs now to be repaired, which is programmed to 
be completed by 2009. The European Union is working in the development of the 
GALILEO system, which is expected to be operational by 2012. 

2.1 GPS 
The GPS satellite constellation initiated its operation by December 1993. It consists of 
24 satellites organized in 6 orbital planes (4 satellites per plane to provide world wide 
service) with an inclination of 55 degrees and an altitude of 22,200 Km. GPS satellites 
transmit information in two frequencies named L1 at 1,575.42 MHz and L2 at 1,227.6 
MHz using the Code Division Multiple Access (CDMA) communications protocol. The 
information transmitted by the satellites is used to calculate the receiver’s position at the 
time of the signal transmission. GPS provides two services, the Standard Positioning 
Service (SPS) and the Precise Positioning Service (PPS). The SPS provides an accuracy 
of 100m horizontally and 156 m vertically and this is the service that can be used freely. 
The PPS provides an accuracy of 22 m horizontally and 27.7 m vertically and was 
designed as a military service. This is why it also has an AntiSpoofing (AS) system that 
replicates the satellite ranging code and a Selective Availability system that denies full 
system accuracy to SPS users. These protection systems are removed for PPS users with 
cryptography. The modernization plan for GPS includes a third ban (LS) to be freely 
used by users. 
Figure 2 shows a GPS satellite. 
 

 
 

Figure 2. GPS Satellite Artist’s Impression. This image is a courtesy of ESA. 

2.2 GLONASS 
The GNSS created by Russia is GLONASS, it was designed to have 24 satellites 
(including 3 spare satellites) distributed in three orbital planes with 8 satellites per 
plane. GLONASS was near to its final configuration by the mid 1990’s but because of 
maintenance and economic problems not all the satellites continued working. There is 
now a modernization program that will finish by 2012. GLONASS was designed for 
military use but it also has a civil service free of charge, it uses 2 L bands and it will use 
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3 in the future. GLONASS transmits information using Frequency Division Code 
Multiple Access (FDMA) Protocol also called FYS. It works with two levels of 
accuracy, one for military use with approximately 20 m horizontally, 34 m vertically 
and the other for civil use with an accuracy of 100 m horizontally and 150 m vertically. 
The military service is also protected with antispoofing system. In figure 3 we can see a 
GLONASS satellite. 
 

 
 

Figure 3. A GLONASS Satellite. This image comes from: 
(http://www.esa.int/SPECIALS/ESA_Permanent_Mission_in_Russia/SEMWMIW4QWD_0.html) 

2.3  GALILEO 
GALILEO is the European Navigation Satellite System which is under construction and 
it is estimated to be finished by 2012. GALILEO will provide 5 services: Open Service 
(OS), Safety Of Life (SOL) service, Commercial Service, Public Regulated Service 
(PRS), and a Search And Rescue (SAR) service. A more detailed description of 
GALILEO is presented in chapter 4.  
Figure 4 shows an artist’s impression of the GSTB-V2/A (or GIOVE-A) satellite in 
Orbit, which is the first launched satellite of the GALILEO constellation. 

 
 

Figure 4. An Artist’s Impression of GSTB-V2/A in Orbit. Photo by ESA. 



CHAPTER 3 
 

3. Augmentation Systems 
Some applications require more precise information than that provided by current 
GNSS systems. The way in which this has been approached is by the implementation of 
augmentation systems that do not only increment accuracy but also integrity and 
availability. This is done with the incorporation of base stations for which its position is 
accurately known so that the satellite’s error can be calculated and corrected. There are 
Ground Based Augmentation Systems (GBAS) such as Local Area Augmentation 
System (LAAS) or Differential GPS (DGPS), and also Satellite Based Augmentation 
Systems (SBAS). Among the SBAS systems, there is the Wide Area Augmentation 
System (WAAS) in USA, the Multi-functional Satellite Augmentation System (MSAS) 
in Japan and the European Geostationary Navigation Overlay Service (EGNOS). 
 
In this chapter we present a brief description of EGNOS. One of the most important 
applications where an augmentation system is needed is civil aviation particularly 
during the approach phase of flight (landing). 
 The current augmentation systems coverage is shown in Figure 5. 
 

 

EGNOSWAAS MSAS

 
Figure 5. Actual Augmentation Systems Coverage. 

 

3.1. European Geostationary Navigation Overlay Syst em – 
EGNOS 
EGNOS is a joint project of ESA, the European Commission and EUROCONTROL 
(the European Organization for the safety of Air Navigation). EGNOS is designed to 
meet the extremely challenging requirements for landing aircraft, so it also meets most 
other user’s requirements. 
EGNOS is the satellite based augmentation system of Europe. It was created to augment 
the signal of the GPS (provided by the United States) and the GLONASS (provided by 
Russia) systems in order to provide differential accuracy and integrity information so 
that the new signal can be used for critical applications such as aircraft landing that 
requires a very precise accuracy. 
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EGNOS consists of three segments: a space segment, a user segment, and a ground 
segment as we show in Figure 6.  
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Figure 6. EGNOS’ Architecture. 
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The EGNOS’ space segment consists of geostationary satellites (GEO) that transmit the 
differential corrected and integrity information to the users, these GEO satellites do not 
generate this information but receive it from ground stations that previously calculated 
it from data received from GPS and GLONASS. The EGNOS space segment consists of 
three GEO satellites with global earth coverage; these are two INMARSAT-3 satellites 
(AOR-E and IOR) and the ESAARTEMIS satellite. EGNOS’ space segment 
communicates with the EGNOS’ ground segment through the Navigation Land Earth 
Stations (NLES), from which it receives the corrections and integrity messages that are 
broadcasted to the users. 
EGNOS offers a wide area of differential corrections on GPS and in real time GPS 
integrity messages with alarm time of 6 seconds over the European Area.  
Figure 7 bellow, illustrates the area covered by EGNOS satellites.. 
 

 
Figure 7. EGNOS Coverage Area. 
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The EGNOS’ ground segment consists of four components; these are the Navigation 
Land Earth Stations (NLES), the Reference and Integrity Monitoring Stations (RIMS), 
the Mission Control Centers (MCC), the Support Facilities, and an EGNOS Wide Area 
Network (EWAN). As we previously mentioned, the NLES transmit the corrections and 
integrity messages to the GEO satellites. There are six NLES, two for each GEO 
satellite, which receive information from the MCC’s 
 
There are four MCC centers but only one of them is active and operational and the 
others are a backup to be activated in case of a problem with the active one. The MCC’s 
process the information received from the RIMS in order to obtain integrity messages 
and corrections for each satellite. 
 
There are 34 RIMS, which monitor the signal received from the GPS and GLONASS 
satellites. Each satellite is monitored by multiple RIMS, which are equipped with a 
receiver (for GPS, GLONASS, and EGNOS), an atomic clock, and a communications 
network. Among the tasks of the RIMS are the pseudorange measurements, the 
demodulation of navigation data, the verification of signal integrity, and the 
transmission of data for the MCC centers. 
The EGNOS Application Specific Qualification Facility (ASQF) based at AENA is one 
of the support segment facilities developed under the EGNOS Programme. ASQF 
provides the technical means through which the user specific applications can be 
qualified, validated and certified, as necessary. Moreover, the ASQF provides the 
functions to analyze and assess system safety aspects, mission performances, versus the 
system configuration, the application of flight procedures using this navigation system, 
its interoperability with other SBAS systems & GBAS systems, and to validate systems 
performance prediction tools. 
The EGNOS Performance Assessment and Check-Out Facilities Center (PACF)  is 
located  at CNES (France).  
The PACF’s mission is 

1) to plan and monitor the EGNOS operations 
2) to check that the system is operational 
3) to identify and process anomalies in order to define and validate the 

corrections 
4) to qualify the new versions and to analyze operational security 
 

 
Figure 8 shows the EGNOS Ground Segment 
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Figure 8. EGNOS’ Ground Segment 
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Europe’s approach to Global Navigation Satellite Systems has begun with EGNOS, 
which complements and improves GPS. EGNOS entered pre-operational service in 
2006 and will undergo certification for safety-of-life applications. Technical and 
operational experience with EGNOS is paving the way to the Galileo System. 
So far, EGNOS performances have shown that the integrity, accuracy and the 
availability are notably improved compared to GPS/GLONASS.  
EGNOS provides a regional coverage with a worldwide extension capability as 
illustrated in Figure 9. 
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Figure 9. EGNOS’ Coverage and a World Wide Extension Capability. 

-40 -30 -20 -10 0 10 20 30 40 20 

30 

40 

50 

60 

70 

Longitude (°)  

Latitude (°) 

   RIMS 

   
MCC 
NLES 

PACF 
ASQF 

FU 

LA
N 

GV
L 

AL
B 

ZR
H 

LAP 

WRS 

RKK 
TR
D 

MAL 

PDM 

CNR 

SDC 

SCZ 

HBK (South Africa)  

CIA 

TOR 

AUS 

GO
N PAR 

 KOU 
(French  
Guyana) 

SWA 

MON 
(Canada) 

EGI 

CRK 

TRO 

ACR 

BRN 

LSB 

MAD 

KIR 

CT
N 

BNG 
(India) 

GLG 

GOL 

SO
F 

DJA 

DAB 

TLS 

   MAUR 

�	
������� ���������	
���


�	
������� ���������	
���


�	
������� ���������	
���


�	
������� ���������	
���


�	
������� ���������	
���


�	
������� ���������	
���


�
�����	����������

�	
������� ���������	
���


�	
������� ���������	
���


��������� ¶
The Support Facilities provide 
support for development, 
operations, and verification.¶

��������� ing

���������  Indeed, the European 
strategy of Satellite Navigation is 
to allow EGNOS to complement 
GPS and GLONASS in the civil 
uses onl

��������� y. 

��������� Figure 9

��������� Figure 8Figure 8

��������� 9

��������� Figure 

��������� 8

��������� 9



CHAPTER 4 

 

4. The GALILEO Specification 
In this chapter we describe different aspects of the GALILEO System providing enough 
details to show how Galileo works and the provided services.  
GALILEO is a joint initiative between the European Commission (EC) and the 
European Space Agency (ESA). Galileo represents the European priority goal to ensure 
the independency and sovereignty on its own GNSS Programme. It will be the first 
civilian positioning system to offer global coverage.  
The Galileo Programme has started with the EGNOS system as a complement of GPS 
and GLONASS and it is currently under the process of the satellites construction and 
launching until completion of the GALILEO constellation. The European GNSS 
Supervisory Authority (GSA) is the community agency in charge of the management of 
the public interest, to be the regulatory authority of Galileo. 
 
The construction of GALILEO will bring a lot of benefits and added values. As an 
example, there will not be a single state control over its signal. There will also be a 
modern system with new signals and bandwidth, modulations, spreading codes, 
improved performance, and robustness against interference. GALILEO will focus on  
civil  use and applications and  will be interoperable with GPS and GLONASS. 

4.1 Service Definition 
Since GALILEO is focused to civilian applications it provides five different levels of 
services, these services are shown in table 1. 
 

Table 1. GALILEO Services 
 

# Service Name 
1 Open Service 
2 Commercial Service 
3 Safety-Of-Life Service 
4 Public Regulated Service 
5 Support to Search-and-Rescue Service 

 
The Open Service is directed to mass-market applications that do not require any 
guarantee; it will be as accurate as conventional differential GPS are now but without 
the need of additional ground infrastructure (an augmentation system) with a horizontal 
accuracy of 4 meters with 95% of confidence and a vertical accuracy of 8 meters with 
95% of confidence. This service is free of charge and will be available to any user 
equipped with a receiver. 
 
The commercial service was designed for professional use so that it guarantees service 
in exchange of a fee. This service will allow new applications due to its advantages. 
 
The third service will guarantee the Safety of life service for applications including 
integrity alerts. 
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The Public regulated service is intended for users such as the police, coast guards, and 
customs. It has the advantage of being a service with high continuity and with signals 
more robust to interference. This service will be accessed only by government 
authorized users. 
 
Finally, the search and rescue service will be created to improve the existing relief and 
rescue services. It is important to mention that it will be compatible with COSPAS-
SARSAT, which is an international satellite system for search and rescue (see 
http://www.cospas-sarsat.org/). 
 
As we can see, the service provided by GALILEO will be high quality. Table 2 shows a 
compilation of the GALILEO services performance. 
 

Table 2. GALILEO Services Characteristics 
 

GALILEO Global 
Services 

Open Commercial Safety of Life Public Regulated 

Coverage Global Global Global Global 
Positioning 
Accuracy 

(H, 2 dRMS, 95%) 
(Vert, 95%) 

15m or 24m H – 35m V 
(single frequency) 

4m H – 8m V 
(dual frequency) 

4m H – 8m V 
(dual frequency) 

15m or 24m H – 35m V 
(single frequency) 
6.5m H – 12m V 
(dual frequency) 

Timing Accuracy 
(95%) 

30 ns 30 ns 30 ns 30 ns 

Integrity Alert Limit 
Time to Alert 
Integrity Risk 

None None 12m H – 20m V 
6s 

3.5 x 10-7 / 150s 

20mH – 35m V 
10s 

3.5 x 10-7 / 150s 
Continuity Risk -- -- 1 x 10-5 / 15s 1 x 10-5 / 15s 

Service Availability 99.5% 99.5% 99.5% 99.5% 
Access Control Free 

Open 
Access 

Controlled 
Access of 

Ranging Codes 
and Navigation 
Data Message 

Authentication of 
integrity information 

in the Navigation Data 
Message 

Controlled Access of 
Ranging Codes and 

Navigation Data 
Message 

Certification and 
Service Guarantees 

None Guarantee of 
Service 
Possible 

Build for Certification 
and Guarantee of 

Service 

Build for Certification 
and Guarantee of 

Service 
 
In order to support the information shown in the previous table we present the following 
definitions. 
 
Alert Limit . The maximum allowable error in the user position solution before an 
alarm is to be raised within the specific Time-to-Alert. 
 
Time-to-Alert . The time elapsed from the moment at which an alarm condition occurs 
until it is received at the user level (including the time to detect the alarm condition). 
 
Integrity Risk . The probability, during any continuous period of operation, that the 
computed vertical or horizontal positioning error exceeds the corresponding Alert Limit, 
and the user is not informed within the specified Time-To-Alert (note that the value 
reported in the table includes the user contribution of 1.5 x 10-7 / 150 s). 
 
Continuity. The probability that the specified performances (accuracy and integrity) are 
supported by the system over the time interval applicable and within the coverage area, 
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given that they are supported at the beginning of the operation and that they are 
predicted to be supported all along the operation duration (note that the value reported 
in the table includes the user contribution of 0.2 x 10-5 /15 s). 
 
Service Availability. Service Availability represents the percentage of time averaged 
over the design lifetime (20 years) when the service is within the specified performance 
(accuracy, integrity, and continuity) for any point within the service volume. It is 
derived from the availability of each operational configuration (nominal, without 
failures, or non-nominal, with one or more failures), weighted by its probability of 
occurrence, and averaged over the design lifetime. 
 
Once we saw these definitions we can say that the improved GALILEO services will 
broadcast integrity information for critical applications (i.e. aircraft landing). For 
example, users will receive a timely warning whenever the system fails to meet its 
stated accuracy. Being able to guarantee signal accuracy and integrity makes GALILEO 
competitive for current and new applications. 
 

4.2 GALILEO Overall System Architecture 
The GALILEO overall architecture includes a Space Segment and a Ground Segment, 
these and other important features will be described in the following subsections. 

������$
�%����#�&��� �
 
The GALILEO satellites will transmit information in a wide range of bands so that it 
can be able to provide its services and to be compatible with other GNSS systems. 
Table 3 shows a comparison of the frequency bands of GALILEO, GPS, and 
GLONASS. The frequencies used by GALILEO were chosen to achieve high 
performance, even higher than GPS. As we can see in table 3 GALILEO and GPS share 
the same frequencies center on bands E5a (or L5) and E2-L1-E1 (or L1), this provides 
them interoperability. 
 

Table 3. Frequency Bands of GALILEO, GPS, and GLONASS 
 

Frequency 
Band 

GALILEO GPS GLONASS 

E5 (1164– 1214 MHz) 
Center: 1191.795 MHz 

ÖÖÖÖ   

E5a (1164-1191.795 MHz) 
Center: 1176.45 MHz 

ÖÖÖÖ ÖÖÖÖ 
L5 

 

E5b (1191.795 – 1214 MHz) 
Center: 1207.140 MHz 

ÖÖÖÖ  ÖÖÖÖ 

L2 (1215 – 1237 MHz)  ÖÖÖÖ  
(1237 – 1260 MHz)   ÖÖÖÖ 
E6 (1260 – 1278.75 MHz) 
Center: 1278.75 MHz 

ÖÖÖÖ   

E2 (1559 – 1563 MHz) ÖÖÖÖ   
L1 (1563 – 1587 MHz) 
Center: 1575.42 MHz 

ÖÖÖÖ ÖÖÖÖ  

E1 (1587 – 1591 MHz) ÖÖÖÖ   
(1591 – 1610 MHz)   ÖÖÖÖ 

 



As we can see in table 3, frequency band E5a is common to GALILEO and GPS but in 
such a way that they do not interfere but may offer a simultaneous access to both of 
them. GALILEO users may use only band E5a or both, E5a and E5b to obtain more 
accuracy. Bands L1 and E5 are used for the Safety-of-Life service. 
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The GALILEO architecture was designed with three main goals in mind. The first one 
was to make it scalable so that the evolution from one mission phase to the next one 
only involves deployment or removal of elements but not a redesign of concepts or parts 
of the system. Second, obtain an adaptable architecture to the evolution of design 
solutions and to allow later decisions in the program. Finally, the third goal is to obtain 
a stepwise deployable architecture able to adapt to constraint such as cost, verification, 
and schedule among others without a major design impact. 
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Among the design choices that make GALILEO a robust system are the following 

- Mission data related to Navigation, Integrity, and Search and Rescue are 
uplinked separately from Telemetry, Tracking, and Command (TTC) data 

- It has a robust TTC up-link with 13 m S-band antennas 
- It has dedicated C-band antennas for mission data up-link  
- It has global TTC coverage 
- It has an independent Search and Rescue payload 

These and other characteristics will be used for different applications. 
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The GALILEO infrastructure is composed of the GALILEO Control System (GCS), the 
GALILEO Mission System (GMS) and the GALILEO Sensor System (GSS). These 
systems communicate with the space segment (the actual satellites) through the Mission 
Data Dissemination Network (MDDN) and the Satellite Data Dissemination Network 
(SDDN). 
Figure 10. shows the GALILEO physical view with all its components as described in 
this section. 
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Figure 10. GALILEO’s Physical View. This figure was provided by the European Space Agency 

(ESA/ESTEC). 
 
As it can be seen, this infrastructure was designed to provide the GALILEO services 
within a worldwide communications network. For this purpose, there are 40 GALILEO 
Sensor Stations (GSS) used for OD&TS and integrity. There are 5 GALILEO 
Telemetry, Tracking, and Command (TTC) stations that use the S-band with a 13m 
antenna dish. The 9 GALILEO Mission Up-link stations use the C-band and are 
equipped with 5 or 6 3m antenna dishes. 
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GALILEO’s satellite constellation was carefully designed. Low Earth Orbit (LEO) was 
not considered because of the high number of satellites required and because it is very 
sensitive to high masking angle. Medium Earth Orbit (MEO) was preferred over 
Inclined Geosynchronous Satellite Orbit (IGSO) because it offers global coverage. 
MEO combined with Geosynchronous Earth Orbit was not chosen because of the high 
sensitivity to GEO satellites outages and their cost. Finally, it was decided to use a 
MEO constellation and with the possibility of adding GEO augmentations (such as 
EGNOS). Once a MEO constellation was selected, there was the decision of their 
altitude, which directly impacts accuracy. Figure 11 shows how the number of satellites 
along with their altitude impacts in vertical accuracy measured in meters. It can be seen 
that after 30 satellites there is not a significant gain in accuracy. 
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Figure 11. Influence of the Number of Satellites and their Altitude over Performance. 
 
After selecting a constellation of 30 MEO satellites there was the decision of choosing 
the number of planes to distribute them. 
Figure 12. shows a graph relating the satellites altitude and their vertical accuracy with 
respect to the number of planes. As it can be seen the best choice is a 3 plane 
constellation, which also involves lower costs than a higher number of planes.  
 
 

 
Figure 12. Influence of the Number of Planes over Accuracy. 

 
Figure 13. shows the accuracy achieved with a complete constellation of 27 satellites, 
which is better than 7.5 meters (95%) around the world with the exception of European 
latitudes for which there is a vertical accuracy of 4 to 6 meters (95%). In order to 
maximize the probability of having a complete constellation, a Spare Strategy was 
designed with 27 nominal satellites and 3 spares. There are two options to replace a 
satellite. The first option requires the launch of the new satellite from ground, which 
takes about 6 months. The second strategy consists of the replacement of the satellite 
with an in orbit spare in only 1 week.  
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Figure 13. Achieved Vertical Accuracy. 

 
Thus, the final constellation, as shown in Figure 14, consists of 27 satellites equally 
distributed in 3 planes (9 satellites per plane) with 3 in orbit spare satellites (1 spare 
satellite per plane) in order to increase the service availability probability. These 
satellites travel in an orbit of 29,600.318 km (semi-major axis) with an inclination of 56 
deg. with a period of 14 hours, 4 minutes, and 42 seconds; and a ground track repeat 
cycle of 10 days or 17 orbits. 
 

 
 

Figure 14. GALILEO Constellation. 
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GALILEO satellites were designed according to the following goals that were set after a 
large analysis phase. As described in the previous section, GALILEO’s constellation 
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consists of 30 satellites (including 3 spares); these are MEO spacecraft at 29,600 km 
with a lifetime of 12 years, while their system has a lifetime of 20 years. The satellites 
transmit continuous ranging codes and navigation data. Clock offsets and navigation 
data are uplinked every 100 minutes in the worse case, while integrity data is uplinked 
every second with a mechanism to guarantee a short Time to Alarm (TTA). Finally, the 
spacecraft has autonomous capability in case of loss of ground contact or even failures. 
 
Figure 15 shows an image describing the GALILEO spacecraft with a dimension of 2.7 
x 1.2 x 1.1 m3 with an overall weight of 680 Kg, including a navigation payload that 
weights approximately 130 Kg and a Search and Rescue (SAR) transponder that 
weights approximately 15 Kg. There are options for the launching platform, which 
could be Ariane 5 carrying six satellites, Proton with six satellites, Soyuz 2 ST with one 
or two satellites, or Zenit with one or two satellites with option of up to three or four 
satellites. 
 

 
Figure 15. The GALILEO Spacecraft. 

 
Figure 16 shows a scheme of a GALILEO satellite showing its navigation, C-band, S-
band, and Search-and-Rescue antennas. 
 

 
Figure 16. GALILEO Satellite Components. 

 
 
The satellite’s payload consists of different modules, which are shown in Figure 17. 
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Figure 17. GALILEO Payload Modules. 
 
The timing subsystem was designed to have two pairs of redundant clocks where each 
of these pairs comes from different technologies, a Rubidium Clock with 3.2 Kg of 
mass and 30 W of power and a Passive Hydrogen Maser with 18 Kg of mass and 70 W 
of power. Among the characteristics of the Rubidium clock we have that it is smaller 
and cheaper, it has better short term stability (less than 10 nsec per day) and it is subject 
to larger frequency variation caused by environment conditions. On the other hand, the 
passive H-Maser has a better short term and long term frequency stability of less than 1 
nsec per day. The Signal Generation subsystem gives format, encoding, and modulation 
to the carrier frequencies. The Radio Frequency (RF) subsystem amplifies the 
modulated carriers. The antenna subsystem transmits the navigation signals to the users. 
Finally the C-band Rx subsystem receives navigation and integrity (mission) data. 
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The GALILEO Ground Segment controls the satellites, keeps communication with 
them, and processes the information received from them. In order to achieve these 
functions, the ground segment is composed of a Galileo Control System (GCS), a 
Galileo Mission System (GMS), and a Galileo Control Center (GCC). The GCS has five 
sites for Telemetry, Tracking and Command Stations (TT&C) that communicate using 
the S-Band. The GMS consists of a set of forty sites of Galileo Sensor Stations (GSS) 
that communicate using the C-Band and a set of nine sites of Uplink Stations (ULS) 
used for mission data transmitting in L-Band. The GCC interacts with the GCS, the 
GMS and other modules such as the Security Monitoring Centre, and External Regional 
Integrity Systems. The GALILEO’s Ground Segment Architecture can be seen in 
Figure 19. 
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Figure 18. GALILEO’S Ground Segment Architecture. 
 
The Galileo Control System connects to the GALILEO Space Segment through the S-
Band to transmit telemetry (TM) and telecommand (TC) data as can be seen in Figure 
19. In the same figure we can see that the TT&C stations are connected to the 
SpaceCraft Control Facility (SCCF) and to the Ground Assets Control Facility 
(GACF).The SCCF is liked to the SpaceCraft Constellation Planning Facility (SCPF), to 
the Galileo Control System Key Management Facility (KMF), and to the Operations 
Preparation Facility (OPF). The SCPF is connected to the Flight Dynamics Facility 
(FDF). The TT&C stations provide an S-Band uplink and downlink service. The SCCF 
monitors and controls (in real time) the spacecraft constellation through telecommands 
and telemetry. The SCPF generates short term plans for satellite operations 
(approximately 2 weeks). The FDF consists of both, on-line and off-line tools used to 
calculate orbits, orbital events, and maneuvers. The OPF supports the off-line storage 
and modification of operational data. The GCS KMF is in charge of the TM & TC 
security key management, both on ground and on the spacecraft. 
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Figure 19. Ground Control Segment Architecture. 

 
The Ground Mission Segment will use the network of GSS’s to monitor the navigation 
signals of all the satellites. The GSS data is then taken to the GCC’s using satellite and 
terrestrial connections (with redundancy). Then the GMS produces the navigation and 
integrity messages (such as integrity flags) that will be up-linked to the GALILEO 
satellites via the ULS’s that operate at C-band. 
 

 
 

Figure 20. Ground Mission Segment Architecture. 
 
Figure 20 shows the Ground Mission Segment’s architecture. As we can see, there are 
other modules that are part of the GMS (besides the ULS and the GSS). The Integrity 
Processing Facility (IPF), the Orbit to ground & Synchronization Processing Facility 
(OSPF), the Precision Timing Facility (PTF) that generates the Galileo System Time, 
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the Message Generation Facility (MGF) for the multiplexing of mission data up-links, 
the Mission Control Facility (MCF), the Uplink Scheduling Facility (ULF) that 
elaborates and validates the uplink schedule, the Mission Support Facility (MSF) that 
provides the means for testing, trouble-shooting, maintenance, and personnel training, 
the Service Products Facility (SPF) that implements the interface with external service 
providers, the Mission and PRS Key Management Facility (M&PRS-KMF) that 
provides key management for the different services, and the Ground Assets Control 
Facility (GACF) and interacts with the Ground Control System. 
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The search and rescue (SAR) Mission is the European contribution to the international 
cooperative effort on the humanitarian Search and Rescue activities. It will mainly work 
for the maritime and aviation domains, it will provide a near real-time reception of 
emergency messages from any place on earth with precise location information. These 
messages will then be sent to rescue centers that will answer to the rescue call. This 
service shall fulfill the requirements and regulations of the International Maritime 
Organization (IMO) and the International Civil Aviation Organization (ICAO) for the 
detection of emergency beacons. The service will also be backward compatible with the 
COSPAS-SARSAT system so that it can efficiently contribute with this effort. Among 
the advantages of the SAR service of GALILEO we have: 

- A reduced detection, localization, and confirmation delay. 
- An extended distress message with additional information to improve SAR 

operations 
- Multiple satellite coverage to avoid terrain blockage in severe conditions 
- Increased availability of the space segment 
- New Return Link Services from Rescue Coordination Centers to the distress 

emitting beacon 
Figure 21 shows how the SAR service operates to comply with the previous 
characteristics. 
 

 
Figure 21. Search and Rescue Service Architecture. 
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CHAPTER 5 
 

5. GNSS Applications 
 

5.1 Agriculture and Fisheries 
Taking care of the security of food products is a high 
priority to avoid diseases such as the Bovine 
Spongiform Encephalopathy (BSE) also known as the 
Mad Cows disease, the foot & mouth disease, or 
products that have been genetically modified. This is 
why control measures are taken in order to improve the 
quality of our food products while conserving our 
environment. On the other hand, in the fishing sector, 

there is a large territory to protect from illegal practices, to monitor the strict 
implementation of international rules, and finally, it is necessary to provide a safe 
navigation for every kind of vessel. In this section we mention some examples of 
applications of Galileo in the agriculture and fishing sectors. 
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As we know, chemicals are used to increase the productivity by controlling pest and 
weed infestation of crops. The problem is that these chemicals contaminate our 
environment and they are sometimes spread in areas that were not really needed with a 
high economical impact. One way in which Galileo could help is with the precise 
aircraft positioning so that the pilot can spray herbicides, insecticides, or fertilizers in 
the right places and in the correct quantities. This automatic control will allow a more 
homogenous distribution of the product that will result in a reduction of the quantity 
needed. For this application a positioning accuracy of less than 1 m is required, and 
accuracy in cm would be ideal. Then, if we connect a Galileo receiver to a spraying 
vehicle and to a database, probably to a Geographical Information System (GIS) and 
also use field data, we will be able to control our spraying process. 
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This is another important application that we need for 
an effective resource management. Farmers can 
identify their crops as high and low yield areas of their 
fields so that they can vary the application of 
chemicals in order to improve the yield with the lowest 
possible environmental impact and cost. For this, it is 
necessary a continuous monitoring of parcels of land. 
Galileo receivers can be installed in harvesters so that 

they can keep track of their fields, choose specific areas to take data samples, store their 
data, and produce yield maps (from their data analysis). 
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Organizations that provide support to farmers need to know which agricultural land is 
under crops and their exact area. This information is needed to assign subsides or to pay 
an insurance in case of a natural event that destroys the crop. Then, precise 
measurements of the agricultural parcels are needed. Farmers generally use historical 
cadastre documents showing the property lines to declare their cropped area, but the 
actual parcels change every season and the information is not accurate. It is here that 
Galileo could be used to obtain an accurate area of the crops. The measures obtained 
with Galileo could also be integrated to a GIS so that the information can be reused for 
different purposes. 
 
Farmers could also be able to track their livestock if they use transponders that can be 
linked to a system that monitors them (typically this is done with a map of the area that 
shows the position of the targets). This can be done for livestock and also for any kind 
of product at any stage of its production, preparation, transport, and marketing. 
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A safe navigation of fishing vessels can be achieved by 
using an electronic navigation system to know the area in 
which they are located combining the data of a navigation 
chart and their current exact position (that can be obtained 
from Galileo). Fishing vessels also need to periodically 
transmit their position (position, speed, and heading) to their 
control centers to keep them safe and also to verify that they 

are not located at a prohibited zone. If international laws are not followed there are 
expensive fines and even the withdrawal of fishing rights. 
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Fishermen can make use of accurate position information to locate their assets such as 
their nets that could transmit their position. 

 

5.2 Civil Engineering 
Civil engineering is an area that has high accuracy and 
reliability requirements where Galileo can be used in 
combination with digital mapping for different tasks from the 
planning of structures to the maintenance and surveillance of 
existing constructions. Here we show some of the uses of 
Galileo for Civil Engineering. 
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Galileo receivers can be used to detect any movement in a structure such as a building, a 
bridge, a historical monument. They can also be used to measure the levels of rivers and 
lakes. The transmission of these events to a monitoring center will help to the real time 
detection of any movement. For example, many bridges have a load higher than the 



specified in their design parameters and their monitoring is necessary. The use of 
satellite receiver technology and real time processing software are cost-effective tools 
that can be used for an automated monitoring system. 
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Galileo receivers together with real-time kinematic techniques can also be used to guide 
heavy machinery in many types of constructions. It is also of great interest to 
automatically guide machines to work in dangerous environments.  
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For large construction sites the access routes to the working areas of the 
structures changes constantly while many vehicles are also moving. These 
activities must be efficiently managed in order to avoid confusions that 
could be dangerous and result in a waste of time. In this application, 
Galileo could be used to provide continuous and highly accurate positional 
information for the construction site. 
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The large road and rail networks in Europe need civil engineers to 
focus on their maintenance. These roads and rails must be 
monitored to perceive any change in shape or loads. Galileo will 
help with accurate measurements such as inclination and 
alignment along with a date and position. The processing of this 
information could be done off-line, avoiding traffic disrupts that 
would be originated as maintenance vehicles were working to get 
the information that Galileo could automatically provide. 

 

5.3 Energy 
Energy applications involve the design, construction, and 
operation of large networks. For example, electricity must be 
distributed along large distances and the network dedicated 
to this should be continuously monitored in order to detect 
any line break and getting it fixed as soon as possible. A 
similar approach is followed in the oil and gas sectors, where 
different types of risks should be monitored to be alert and 

increase the safety in case of working in a dangerous place (i.e. a geo-morphological or 
geophysical risk). 
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There is currently a growing need to integrate networks for energy distribution, which 
emphasizes on energy savings and efficiency that require precise and accurate 
synchronization. Galileo can be used for synchronization and allow an efficient power 
flow. As an example of this application we have that measurements of perturbations 
must be time-tagged with errors of less than 0.001 sec (which can be done with 



Galileo). Besides, electrical energy is not easily stored and when a malfunction happens, 
current or voltage surge propagates along the lines damaging line equipment and 
causing long service interruption. A remote reading of meters could save costs. Another 
application where the accurate time-tagging of events is necessary is the tracking of the 
origin of problems so that a corrective action could be taken. 
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An electronic mapping system could benefit the operation of an 
electrical facility because it could store the accurate locations of 
utility poles, transformers, and even customers, where accuracy 
would be achieved by using Galileo. With this mapping tool, a 
failure in the infrastructure could be identified immediately, 
maintenance services could be planned, and time would be saved. 
The same type of application can be used for water, wastewater, 
and gas facilities. 

 
 

5.4 Environment 
Galileo will also be used to protect our environment. It can be 
used to track pollutants, dangerous goods and icebergs, 
mapping the oceans and cryosphere, and studying the tides, 
currents, and sea levels. It will also be used to monitor the 
atmosphere, water vapor for weather forecasting and climate 
studies, and the ionosphere for radio communications, space 

science and even earthquake prediction. In nature, it can be used to track wild animals 
to make possible their preservation. 
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Galileo has many applications for environment 
monitoring. Knowing and studying the signals of 
Galileo we can accurately determine atmospheric 
profiles over wide areas, including density, pressure, 
moisture content, and wind patterns. The continuous 
measurement of atmospheric parameters will help for 

weather forecasting and even for climate monitoring. It will also be possible to make 
studies of the seas and oceans, including surveys with buoys floating on currents and 
tides. We can also study ice caps and the movement of icebergs. There have been done 
studies for tracking recent glacier meltdown caused by a volcanic eruption beneath the 
ice sheet, this data can help to predict the movement of the ice and flood water. Galileo 
can also be used in vulcanology to study tectonic movements and predict earthquakes. 
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Galileo can be used in biology and animal behavior because it will 
make possible the continuous tracking of wild animals. A small 
receiver can be attached to protected animals to follow their 
movement and the migration of species that might be in danger. 
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This will help to monitor, study the behavior, and preserve habitats. 
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Galileo can also be used for research related to marine 
resources. For example, it can be applied to oceanology, 
hydrography, and marine ecology. An application would be 
the study of fish stocks, where data could be collected 
(surveys) to help to the management of fisheries, increasing 
yields, and improving sustainability. Areas with fishing 
restrictions could also be monitored so that protected species 
are not damaged, even these areas to be protected could be 

identified with the data collected by the scientific community. Here, Galileo together 
with data collection and data analysis techniques will contribute to a harmonized 
approach for evaluating the global stock. 
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There are also applications to protect the environment and make our lives safer in a 
more effective way. An example would be the management of oil transportation where 
the responsible of an oil spill (or intentional dumping) would be easily identified. In the 
same way, a secure transport of nuclear waste and any other dangerous material will 
increase the safety of people and the environment. 
 

5.5 Finance, Banking, Insurance 
As we know, the transmission of finance, banking, and 
insurance information is very sensitive. This implies that a 
great effort is concentrated in protecting the security, 
integrity, authenticity, and confidentiality of this data during 
its electronic exchange. In these applications Galileo plays an 
important role. 
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Electronic documents are becoming common as an 
alternative to paper. As this happens, new techniques 
have been developed to work with them in a legal 
scheme. An example of this is the development of 
electronic signatures and time-stamping. Galileo will 
help to provide certifiable and reliable data worldwide 
because the encryption system used for authentication 
and electronic-signing could be based on its trusted-

time signal that offers the additional value of traceability and liability for the time 
information. Many other applications can also use Galileo timing technology for 
encryption, electronic signature, and time-stamping purposes. 
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The latest encryption technologies use highly precise 
time references that are only provided from atomic 
clocks, which are not affordable to mass-market users 
but that is offered by the Galileo timing service. This 
Galileo’s service, besides offering certification and 
guarantee, will enable secure transmission using 
inexpensive terminals which will bring data security 
within the reach of us all. 

 

+�+����;�����
���
Everybody has worried during an e-commerce transaction at the time to 
provide customer information (i.e. identity or credit card data). This 
can also be taken care with Galileo by using encryption technology. E-
banking suffers from similar risks such as unauthorized access to 
documents, accounts, credit cards, and even avoiding falsified 
transactions. 
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In this application Galileo’s services will allow innovation in 
terms of prime and policy conditions. It can be effectively used 
to control and monitor valuable goods as in the case of gold, 
cash, or any insured item. These goods can be safer is they are 
continuously tracked with a direct benefit to the insurance 
company and their customers. Galileo will provide a legal 
support for the insurance sector at the same time of enabling a 
number of new services (i.e. for car and property insurance). 

 
 

5.6 Telecommunications 
Communication services combined with a positioning 
system have a large number of applications in 
positioning, direction finding, and real-time traffic 
information among others. 
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There are two main reasons to locate a caller, the first one for 
emergency calls (E-112 in Europe and E-911 in US) that arises 
through new legislation in some countries to improve the 
efficiency of the emergency services to the citizens by precise and 
fast response to distress calls. The second, to enable new services 



based on the location of the customer. The location of a caller can be achieved 
(technically) by integrating a Galileo receiver in the mobile phone (a handheld solution) 
or by using the communication network itself. Once the location of the caller is known a 
set of services, known as Location Based Services (LBS) can be offered. 
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As new digital technologies provide more time-services (real-
time video, video conferencing, bank-to-bank encrypted 
exchange) they need reliable network architecture (GSM, 
UMTS, Internet, ATM). The increasing number of customers 
of these services makes their operators improve quality, 
reliability, and breadth of services. This is why there is a need 
to solve all the network timing and synchronization problems 
related with these services. Galileo will be used to provide 
high precision timing and frequency information without the 
need to invest in expensive atomic clocks. 
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As we previously mentioned, LBS services are those that require the location of the 
customer. The use of communications combined with LBS make possible many 
interesting applications. An example of these would by a program that gives directions 
to reach a place (as a hospital in case of an emergency or a museum for a tourist). This 
can be done with the use of a spatial database and a query to find the nearest route to 
reach the required place from the customer current position. 
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Galileo’s timing service will also improve the traffic capability of a network system by 
a precise time-synchronization of different base stations (as in UMTS third generation 
using CDMA techniques). Galileo then will provide the mobile communications 
operator with a reliable and precise tool, with service guarantee, for increasing their 
network performance. 
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This application consists of pricing services in relation with the call location, for 
example, a phone call made in a business area would be more expensive than one made 
from a residential area. 
 

5.7 Aviation 
Satellite navigation has been for a long time an alternative 
means of localization. GPS has been used as a 
supplementary positioning service in different phases of a 
flight either in leisure or in commercial air transport. 
Galileo and EGNOS will help to refine and improve 
satellite navigation and assist pilots in all flight phases 



thus providing the safety required for this type of applications. 
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The availability of Galileo and GPS (being these compatible) will give robustness 
(through redundancy and high reliability of the service) to all the phases of a flight. 
 

5.7.1.1 Free Flight 
It is foreseen that the improvement in accuracy and service integrity will allow reducing 
the aircraft separation in congested airspace in order to cop with the traffic growth, 
which has grown approximately 4% per year worldwide in recent years and with a trend 
to double the number of flights within 20 years. Galileo will contribute to provide 
reliable and accurate positioning systems to make this possible. 
 

5.7.1.2 Critical Flight Phases 
Another application of Galileo for commercial operators is the aid during critical fight 
phases such as take-off and landing which happen in all weather conditions. Here, 
Galileo together with ground-based augmentation systems will provide the precision 
needed for the aeronautical standards. Galileo can be used to replace or complement the 
navigation infrastructure of airports needing it, as airports that are not equipped with 
instrument landing systems. Galileo also offers benefits for overall safety and 
optimization of schedules and routes, it will help to increase runway capacity by 
shortening runway occupancy time, and there will also be savings in time and fuel, and 
reductions in noise. 
 

5.7.1.3 Monitoring and Surveillance 
Air traffic controllers require a continuous update of the position, heading, speed and 
time information of aircrafts for their management. There are some areas in the world 
that lack of an appropriate ground infrastructure including secondary radar and 
communication links. In this case, the standardized transmission from the aircraft of 
navigation data obtained via Galileo will lead to advanced systems and techniques for 
safer air traffic monitoring. 
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Moving an aircraft on the ground also requires the assistance of air traffic controllers 
and this must be as precise as that provided during flight. In some cases the airport has 
surface radar but in some others the movements are reported manually by the pilots and 
the aircrafts are managed using only visual aids, which have caused severe accidents 
during this phase that is considered as a safe one. Galileo, together with its local 
elements and communication links will improve the safety of these operations, creating 
the means for integrated surface movement guidance and control. 
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The Galileo satellite navigation services will be available for any kind of activity such 
as ultra-light aircraft, balloons, and recreational flights. 
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Another important service of Galileo is the safety-of-life 
that along with the EGNOS signal can be used to guide 
and land Search and Rescue helicopters in bad weather 
conditions such as low visibility and fog, where helicopter 
operations were previously not possible. This is a very 
important application because helicopters are usually sent 
for rescue missions in case of accidents (i.e. in roads), or 
to any urgent hospitalization. 

 
 

 

5.8 Civil Protection 
When a major crisis or emergency situation happens, the 
effort to control it involves the coordination of several 
teams, and depending of the type of event, it could be 
under severe environments. These can be major disasters 
such as earthquakes, floods, landslides, and forest fires, 
where the transport and communications infrastructures 
are probably unavailable, that is; roads, power lines, and 
water distribution can be damaged and even destroyed. In 
cases like these, the basic infrastructure has to be restored 
before helping the victims.  The success of these 
operations rely on the coordination of real-time 
information on topography, hazard maps, and alternative 

sources of power, water, medicines, and any other urgent need. This information is 
stored in a control center where pre-disaster data is integrated with updates coming from 
position data and satellite images (also from on site surveys when possible). In these 
scenarios, Galileo will be a valuable tool because it will continue being a reliable 
system for the civil protection authorities in managing disasters. 
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The goal of disaster monitoring is providing protection for people, the environment, and 
property against disasters. Galileo can help to monitor possible dangerous situations that 
may cause a disaster and in this way it will optimize the reaction time. An example of 
this would be the monitoring of an area prone to flooding where the water level and 
dyke movements are usually monitored. For this type of applications Galileo’s 
accuracy, enhanced locally, will improve the monitoring of these situations. In the same 
way, earthquake prediction and volcano monitoring will be improved through timely 
information and warning. 
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Galileo can be used to support fleet management of fire brigades by providing 
navigation and knowledge of the traffic situation to significantly improve fleet 
efficiency. If the position of key vehicles involved in relief activities is known it will 
allow better coordination of operations, especially in case of a large scale disaster, 
where several different services must coordinate. In this way, an appropriate 
management of resources and personnel during emergency operations will increase their 
effectiveness and the safety of rescue teams. For example, knowing the operators 
positions will make possible to transmit to them remote instructions. Galileo will 
provide a robust service because it is planned to have extended availability in difficult 
environments (including indoors), which makes it suitable for this type of applications 
where enhancing response times is a key factor for maximizing success. 
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The integration of mobile phones with Galileo receivers will allow the precise position 
of callers that do not know their location. The response to this kind of calls will be done 
quicker than what is now possible. This concept is part of Europe’s development of the 
E-112 emergency call program. It will be possible to better coordinate specialized teams 
in charge of incident management as already introduced in The Netherlands with teams 
having members from the police, fire, ambulance, and breakdown services that are 
responsible for traffic management at accidents. 
It is expected to have socio-economic benefits of incident management about �  50 
million a year, as the result of faster medical assistance and reduced traffic jams. 
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A great effort for humanitarian aid is needed every year, for example in 2000, the 
European Union provided � 492 million for humanitarian actions such as emergency aid, 
food, and support for refugees and displaced people. Independently of the kind of aid, 
human resources and supplies have to be mobilized quickly and efficiently to meet the 
immediate need and prevent further suffering. As these events sometimes occur in 
remote areas with poor local infrastructure, most of the operations could be helped by 
Galileo. Aid material can be tracked in case of a change o plan, or it could help to its 
recovery if it is stolen or lost. Localization and management of aid teams can also be 
assisted with Galileo. 
 

5.9 Maritime 
In the maritime area, Galileo will play an important role by 
helping to make it more efficient, safe, and optimized for 
marine transportation. It will be a fundamental tool to be used 
in navigation, fishing, oceanography, and oil and gas 
exploitation among others. These applications will make use 
of the new characteristics offered by Galileo such as accuracy 

and integrity, certified services, and high availability.  
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Galileo will be a new tool for any phase of maritime navigation such as ocean, coastal, 
port approach and port maneuvers and in any weather conditions. 
 

5.9.1.1 Offshore Navigation 
Galileo combined with GPS will provide the high accuracy and signal availability 
needed for navigation at open sea, moreover, the integrity information contained in the 
Galileo signal will add confidence in the calculated position of a vessel. Galileo will 
also contribute as an additional means of implementing the regulations on Automatic 
Identification Systems (AIS) and vessel traffic management systems, increasing 
navigation safety and collision prevention as regulated by the International Maritime 
Organization. Nowadays GPS is the only source for AIS, which depends on satellite 
navigation, and then Galileo will improve AIS reliability and thus contribute to 
increased safety and vessel traceability. 
 

5.9.1.2 Harbor Operations 
Among the most difficult maneuvers for vessels we find 
the approach to port and precision docking, particularly 
under poor weather conditions. This is how locally-
assisted satellite navigation is a fundamental tool for all 
kinds of harbor operations and precision docking. The 

increased availability of satellites will help to provide the service even in an 
environment with limited sky visibility. 
 

5.9.1.3 Inland Waterways Navigation 
Satellites also provide precise navigation along inland waterways, especially in critical 
geographical environments or meteorological conditions. This is how vessels navigate 
through rivers and canals, where the accuracy and integrity of navigation data are 
essential to automate accurate maneuvers in narrow waterways. Galileo will contribute 
to increase the availability of satellite navigation and, through its integrity service, will 
contribute to the reliable and safe use of automated vessel navigation and traffic control. 
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The availability and accuracy of satellite navigation signal provided by Galileo will be 
used for surveys without substantial infrastructure. Other applications such as dredging 
and maintenance of harbors and waterways, mapping underwater obstacles during 
hydrographic surveys, pipe and cable laying, and mineral and aggregate extraction will 
make use of this capability of Galileo. Another example application would be 
icebreaking ships in the Arctic that could use satellite navigation to adjust their paths in 
the shipping lines according to ice thickness. 
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Galileo will be useful for science and environmental studies such as the observation of 
tides and currents. In this application, buoys reporting their positions help scientists to 
study the oceans and seas, generating information to merge with data from different 
sources (i.e. Earth observation and remote sensing) in a comprehensive and integrated 
approach to the study of the environment. 
 

+�>���	��
�(�����3� ����
The Galileo system will enhance the worldwide performance of the current COSPAR-
SARSAT system for the international search and rescue service. The current positioning 
accuracy of this type of systems is poor (typically a few kilometers) and the alert is not 
always issued in real-time. The Galileo SAR service will drastically reduce the time to 
alert, and the position of the distress beacon will be determined to within a few meters. 
Since the Galileo SAR service foresees the rescue center acknowledging the distress 
message, it will increase the victim survivability and reduce the number of false alarms 
that dog the current system. 
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Galileo will assist to different commercial maritime activities. For example, in fishing, 
it will help to locate traps and nets. It will also help for fleet management, cargo 
monitoring, delivery and loading schedules will also be optimized. The location of 
shipping containers can also be improved. Another application would be the automatic 
piloting of barges. 
 

5.10 Public Transport 
In the transport sector, there are many applications of 
Galileo that will help for example to reduce traffic 
congestion, pollution and other negative features. It would 
be ideal to improve the imbalance between the usage of 
public transport (20%) and private cars (80%). We are 
talking about tools such as road navigation and fleet 
management that can be improved with Galileo as well as 

providing complementary services. 
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As we know, guidance tools are already well established, however; with Galileo’s 30 
satellites located in optimized orbits, there will be an increased accuracy and availability 
of the positioning signals in urban areas. Among other services that Galileo can provide 
to drivers we have emergency calls with automated transmission of the locale, 
breakdown assistance, and traffic jam avoidance. In this way, Galileo will offer more 
comfort, confidence, and security. 
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Fleet management is a crucial and complex task either for taxi, bus, train, or any other. 
Satellite navigation tools, combined with communication systems will allow control 
centers to know the positions of all its vehicles in real-time. It will be possible to plan 
and manage different aspects of the public transport businesses. In the case that two 
buses are circulating too closely, the second could be asked to slow its speed for a better 
share of passengers. The monitoring of the positions of buses can recollect data to be 
used in routes planning. 
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If operators know the status and location of their fleet it is possible to give the user more 
information as delay and arrival data, in this case passengers see in real time how long 
they have to wait to take the next bus or train and also know about the connecting 
services. Another application oriented to the user consists of providing tourist 
information and points of interest because passengers often need to know about local 
points of interest. This can be information about nearby restaurants, theatres, and shops 
that can be provided inside the vehicle. 
If a bus is equipped with satellite navigation sensors it will be possible to notify the 
passengers about the next station and inform the people waiting at the stops about the 
predicted times of arrival. 
Also important is the information about train arrival and departure times, especially 
when there are delays, but onboard information is also desirable because knowing the 
position of the train offers a set of services such as connection and tourist information. 
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Taxis will be able to use Galileo to follow the optimum route to the client’s desired 
location. It they are connected to a traffic information service they will be able to avoid 
traffic jams. The number of vehicles per zone can be balanced depending on the 
demand, as part of the fleet management. With the availability of LBS’s, it will be 
possible to call for a taxi just by pushing a button if the mobile telephone is integrated 
with a Galileo receiver. 
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A guidance system in a rental car will be of great help because frequently the driver 
does not know the area. The guidance system may be connected to a database with all 
the regional points of interest to help the user even more. Besides, the system could give 
instructions in the mother tongue of drivers. Galileo will also provide a continuous 
overview of the fleet. A system like this could also be used for car sharing. Galileo 
receivers can also be used to recover stolen or damaged vehicles. 
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Knowing the position of buses will make possible new 
types of public transport services because like taxi-
buses that instead of traveling a fixed route could 



change their route to go directly to pick up their clients and take them to the place they 
go. This kind of flexible service would be better for rural areas and then avoid empty 
runs. 
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Galileo will help to increase the security of taxi and bus drivers because with the 
pressing of a distress button in the event of an attack, the police will be alerted and the 
Galileo receiver will indicate the position of the vehicle. 
 

5.11 Road Applications 
In the road sector there are many applications for 
Galileo as the number of vehicles increases. By 2010 
there will be more than 670 million cars, 33 million 
buses and trucks, and 200 million light commercial 
vehicles worldwide. Satellite navigation receivers are 
now commonly installed in new cars as a key tool for 
providing new services to drivers such as real time 
traffic information, emergency calls, route guidance, 
fleet management, and Advanced Driving Assistance 

Systems. Besides, Galileo will offer urban travelers an increased availability of satellite 
signals, reducing the effect of shadowing by buildings. 
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Route guidance using satellite navigation is already in use as a product offered by car 
manufacturers. These systems are based on GPS and onboard sensors (odometer and 
gyros) and are used to compute optimal routes in real-time. However, GPS does not 
offer sufficient coverage in urban areas to be used alone. Galileo will help to improve 
this coverage and accuracy with its 30 satellites. This will also help manufacturers 
because of the use of cheaper sensors to fill the satellite navigation gaps (i.e. tunnels and 
narrow streets). 
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Traffic fluidity monitoring and management will be improved when more and more 
vehicles are equipped with satellite navigation receivers and guidance systems because 
it can be detected when the average speed of cars equipped with Galileo receivers in a 
road sector drops significantly and the control center can anticipate a traffic jam and 
advice approaching vehicles to choose a different route. Several studies have concluded 
that travel time would be cut by 10-20%. 
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Another important application will be the tracking and managing of emergency and 
rescue vehicles. Vehicles such as ambulances that are equipped with a dynamic traffic 
information system and Galileo will be able to reach their destination much faster. 
Traffic lights could also be controlled to speed the arrival of an emergency vehicle. 



Nowadays, more than 50% of emergency calls come from mobile phones, so integral 
Galileo receivers (as planned by the European E-112 project) will dramatically shorten 
the rescue chain, gaining time and saving lives. 
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Advanced Driving Assistance Systems (ADAS) are automated aids used for a safer 
driving. For example, Galileo may provide valuable information to ADAS related to the 
vehicle’s environment. Then ADAS warns the driver about an imminent danger or takes 
full or partial control over the vehicle. As an example of this, the speed could be 
reduced by ADAS under bad visibility conditions if the car approaches a tight turn too 
fast. This will only be possible with accurate position data and guaranteed integrity 
provided by Galileo and local elements. It is expected that half of the vehicles operating 
in Europe by 2020 will carry ADAS. 
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With the use of Galileo it will be possible to 
precisely know the distance that a vehicle used a 
toll road and then, it would be possible to charge 
this vehicle in this modality, according to the 
distance driven. This service can be automated to 
store the use of roads by the vehicle and the type 
of road (charged or free) and then the information 
can be sent to a monitoring center that will make 

an invoice charged to the user. This service will work for both, inter-urban and urban 
roads. This solution avoids the expensive investment in roadside equipment and also 
avoids traffic jams at traditional toll plazas. 
 

5.12 Rail Applications 
Revitalizing the railways is one of the 
priorities defined in the European 
Commission White Paper on Transport. The 
share of freight transport by rail has declined 
from 21% in 1970 to 8% in 1998. This is why 
Galileo will play an important role to reverse 
this trend and improve the rail’s sector 
competitiveness. 
There is a large number of traction units in 
Europe estimated at 30,000 (140,000 

worldwide) on 165,000 km of tracks (928,000 km worldwide). This is why the rail 
sector is important for Galileo. 
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Galileo can be an instrument for safety related train control functions that are 
standardized in the European Rail Traffic Management System (ERTMS). This can be 
achieved with the hybridization of Galileo receivers with other sensors such as 



odometers and gyroscopes. Satellite navigation introduced within the European Train 
Control System (ETCS)/ERTMS will help mainly to improve performance on high-
density lines and reduce costs on low density and regional lines. Galileo will also 
contribute to obtain high safety levels worldwide, particularly where there is no 
trackside equipment. There is a large number of railway lines around the world that are 
not equipped for train control, the transport load on these railways (without complete 
signaling equipment) increases the number of errors. However, this equipment is 
expensive, but Galileo combined with communication services will offer railway 
operators a supervision system that gives the locomotive driver and its central station an 
additional means for monitoring operations. 
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Fleet management is an important tool for improving the logistics and performance of 
both passengers and goods transportation. In the case of freight traffic, knowing the 
location of goods in transit is important to customers for confidence in timely delivery, 
where the goods can be tracked when they are connected with the carriers. Additionally, 
Galileo will be used to organize rolling stock, improve rolling stock maintenance, 
enable effective goods tracking, simplify route pricing and supervise track usage. 
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The current control of rail movement is generally not 
optimized for energy consumption. Trains are 
controlled according to a speed-profile table that 
generally defines the allowed speed depending on the 
track distance travelled. However, drivers often 
change speed without concerning about energy 
saving. As an example of this, they brake sharply 

before a tunnel instead of using regenerative braking at the appropriate distance before 
the tunnel. A way to save energy would consist on knowing the train’s position with 
respect to its environment. Satellite navigation is a cost-effective way to provide that 
information. 
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Surveying for track status is an important task for ensuring safe passage for trains. The 
survey needs accurate position determination and synchronization between the 
positioning system and other testing/inspection systems.  
The current way to know the position of trains is based on techniques such as track 
circuits that do not have sufficient accuracy, and then other means as geodetic surveys 
have to be used. Galileo will offer an economic and efficient way to these traditional 
geodetic survey methods. 
 



CHAPTER 6 
 

6. GALILEO International Cooperation with Latin 
America: The LATINO Project 

6.1 BACKGROUND 
LATINO is a Consortium of the European and Latin American organizations formed in 
2005 to lead the creation of a Galileo Information Centre for Latin America (GIC) as a 
response to a GJU call at the request of the European Commission. 
The LATINO project, supervised by the European GNSS Supervisory Authority (GSA) 
project aims to disseminate information and awareness about EGNOS and Galileo in 
order to increase the awareness among the players and stakeholders to establish the 
necessary links to facilitate the introduction of Galileo in the region. 
 
The LATINO Consortium leaded by the Spanish Company Pildo Labs is formed by 
CRECTEALC – INPE – ITA (Campus Brazil and Campus Mexico), MundoGEO 
Publishing House (Curitiba, Brazil), and SIS GNSS S.A. (Bogota, Colombia) 

 
The main Centre is hosted by the Regional 
Centre for Space Science and Technology 
Education for Latin America and The 
Caribbean (CRECTEALC), in Brazil, and it 
constitutes a focal point for the promotion of 

Galileo Services and Applications supported by the regular news and information 
distributed through its Virtual Galileo Information Centre (VGIC) 
(<http://www.galileoic.org/>) as well as the organization of events. More precisely, the 
VGIC is in charge of the compilation of the information related to all events, news, 
documents, and links of the Galileo Program and GNSS in Europe and in the Latin 
America region.  
 
As a result of the first year of activities the GIC organized the first GALILEO 
Information Days which took place on March 2007, in the main Centre in Brazil.  The 
conference, supervised by the GSA, represented by Dr. Daniel Ludwig, was attended by 
more than 70 participants, established a unique platform to gathering main GNSS actors 
from the region. 
 
 

6.2 PRESENT & FUTURE GIC ACTIVITIES 
Since the extension of the activities has started, the LATINO Consortium has focused 
its effort on the development of news services for the Virtual GIC to support new GIC 
activities and improving existing ones. The new implemented services cover the smart 
notification service to facilitate access to the information and new published content, in 
particular: 
 

·  E-Alerts: users previously registered can subscribe to E-Alerts, each one 
associated with an area of interest. Every time that a new article of interest for 
the user is published on the Virtual GIC, the user gets notified by e-mail.  



·  Newsletter: a monthly Newsletter is set up to offer the usual functionality 
service of a Newsletter. 

·  Frequently Asked Questions (FAQ) and GNSS Glossary are available on the 
Virtual GIC  

 
In the frame of the extended activities for 2007-2008, Latino aims to emphasize the 
effort on Education and Events. The Latino Consortium is currently organizing two 
events in Argentina and Brazil: 

 
·  The Consortium is organizing on December 4th-5th, 2007, at Santa Maria 

University, Brazil a 2-days training course for students:  “The International 
Galileo Summer School”. 

·  The same event is foreseen to be held in CRECTEALC Campus Mexico, 
Mexico during the third quarter of  2008 

·  Galileo Industries Information Days are planed in Argentina in the first quarter 
of 2008 with the view to foster cooperation between European and Latin 
American industries. This event will be held in Buenos Aires. 

 
Besides the activities linked to the main centre, the LATINO Consortium is developing 
collaboration through the creation of associated centres all over the Latin America 
region. In order to ensure an expansion and contacts, negotiations have been initiated 
with Ecuador, Cuba, Mexico, Argentina to concretise the associated centres’ roles and 
activities. 
 
LATINO is offering support to the organization and will attend the International 
Workshop on GNSS Application in Colombia during June 2008. 
 
For more information, to access to related Galileo/EGNOS content or get registered to 
the new services on-line please visit:  www.galileoic.org 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 22. Virtual Galileo Information Center 
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