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Description

TECHNICAL SECTOR OF THE INVENTION

[0001] The present invention relates, in general, to localization of trains and, in particular, to a system designed for
estimating the position of a train and for checking in real time the integrity of the estimation of the position.

STATE OF THE ART

[0002] As is known, in the railway sector there is markedly felt the need to develop positioning systems that are
increasingly reliable for controlling the trains in movement in order to guarantee safety of rail traffic. In the aeronautic
sector, said need has been tackled with the use of Satellite-Based Augmentation Systems (SBASs), which enable
augmentation of the precision of the estimate of position and hence can be used for supporting air navigation. In addition,
SBASs are designed for supplying also a "safety of life" signal and hence can be used for supporting air-traffic control
systems.
[0003] Known systems of a SBAS type are:

• the European Geostationary Navigation Overlay System (EGNOS), designed to provide the service of augmentation
of the precision of estimate of position on the European continent and in North Africa (in particular in the North of
Morocco, in Tunisia, Algeria, and Libya);

• the Wide-Area Augmentation System (WAAS) developed in the States United of America and designed to provide
the service of augmentation of the precision of estimate of position over a vast area of the North-American continent;
and

• the Multifunctional Satellite Augmentation System (MSAS) developed in Japan and designed to provide the service
of augmentation of the precision of estimate of position over a vast area of the Asian continent.

[0004] When all of the aforesaid SBASs will be fully operative, an aeroplane that, for example, takes off from New
York to go to London and then to New Delhi will always remain under the coverage of said SBASs.
[0005] In particular, SBASs guarantee a precision around two metres in the estimate of position. In addition, SBASs
guarantee also the reliability of the data received from the Global Positioning System (GPS) and enable a much more
precise calculation of the height, which in future may be used also for air navigation.
[0006] In detail, SBASs, in order to supply information that enables refinement of the estimate of position made on
the basis of the signals received from the GPS and in order to supply "safety of life" signals, exploit:

• a plurality of geostationary satellites (i.e., ones with fixed positions with respect to the Earth’s surface, as against
GPS satellites, which are in orbit);

• a plurality of ground stations that are appropriately georeferenced, are provided with an appropriate time reference
(high-precision clock), and are configured for determining the delays of the signals transmitted by the GPS satellites
due to ionization of the troposphere; and

• a plurality of data-processing base stations.

[0007] In greater detail, SBASs, in order to determine the errors made in the position estimate based upon the signals
received from the GPS, operate in the way described hereinafter. The ground stations detect the error of the data
transmitted by the GPS satellites (which can for the most part be put down to the ionization of the lowest layers of the
atmosphere). For this purpose, the ground stations compare their own position calculated on the basis of the signals
received from the GPS satellites with the data of the orbits of the GPS satellites and with the respective certified positions.
As is known, GPS receivers base calculation of their own position on the delay with which they receive the signal from
the GPS satellites. Since each ground station knows the respective exact position and the positions of the GPS satellites
from which it has received the GPS signals (said positions being determined not on the basis of the signals received,
but rather on the basis of the data of the orbits of the satellites themselves), each ground station is hence able to
determine easily the error caused by propagation of the GPS signals through the atmosphere. Each ground station can
hence generate, on the basis of the errors calculated, a respective lattice of surrounding points and detect the error
margin for each of these points, thus widening the area in which the GPS errors calculated are valid. Consequently, in
this way, each ground station determines a respective error model that is valid for a respective area of competence. The
data generated by the ground stations are then sent to at least one data-processing base station, which generates a
very dense lattice of corrective factors. It corresponds, in practice, to a large number of points of known position, for
each of which the correction data for the signal received from each GPS satellite is processed. These data are updated
in real time, in so far as the conditions of propagation of the GPS signal through the atmosphere obviously change
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according to the conditions of the atmosphere itself. These corrective factors are then sent to the SBAS satellites so
that they can be finally retransmitted to ground using the same frequency as that of the GPS signals (i.e., the frequency
L1) and then be received by the user terminals enabled. The terminal that receives the SBAS signals selects the data
valid for the points of the lattice closest thereto, applies them to the satellites that it is receiving at that moment, and
uses them for calculation of its own position.
[0008] In the railway sector, the use of SBASs is not straightforward. In fact, the service of supply of the "safety of life"
signals has been conceived principally for aeronautic procedures, which are profoundly different from railway procedures.
In fact, railway procedures start from the idea that each train can be managed at each instant along its route by defining
in real time, on the basis of the state of the train and of the level of knowledge of the position of said train, both the speed
of travel and a possible stop in the case where safety procedures so require. The more sophisticated evolution of this
process of control of travel of the trains is represented by the European rail-traffic management system (ERTMS) and
by the European train-control system (ETCS).
[0009] In particular, the ERTMS-ETCS integrated system is an advanced system for management, control, protection,
and signalling of rail traffic designed to replace the multiple and mutually incompatible systems of circulation and safety
of the various European railways in order to guarantee the interoperability of the trains on the various European railway
networks and maximize the levels of performance of the European railway networks, both the high-speed ones and
those of greatest commercial interest.
[0010] ERTMS-ETCS is made up of different equipment, which has the purpose of implementing the aforesaid functions
and is characterized by three different functional levels, specifically a first functional level, a second functional level, and
a third functional level. The definition of each functional level depends upon how the railway line is equipped and upon
how the information is exchanged between the train and the monitoring stations.
[0011] In the first-level ERTMS-ETCS authorization for movement and the corresponding information on the route are
transmitted to the train and displayed in the cab to the driver in a discontinuous way by using balises, called "Eurobalises",
which are distributed along the tracks, provide self-location of the train, and transmit the route conditions, this all being
integratable by a further series of transmitting points that supply in a continuous way to the train the information and the
corresponding travel and positioning control data.
[0012] In particular, currently trains are equipped with on-board odometers, which are configured for measuring the
speed of the trains on which they are installed and for estimating the position of said trains by integration of the speed
measured. In the first-level ERTMS-ETCS the Eurobalises are used for calibrating the on-board odometers, i.e., for
correcting the estimates of position supplied by the on-board odometers on the basis of certified positions supplied by
the Eurobalises.
[0013] The first-level ERTMS-ETCS supplies an on-board signalling that can be added to traditional signalling systems
currently installed on railway lines, leaving the latter in operation for circulation of traditional trains.
[0014] Fixed transmitting balises (Eurobalises) transmit, via an appropriate encoding, the information supplied by the
fixed line signals and supply to the on-board apparatuses of the train the necessary authorizations for movement. A
computer on board the trains processes the maximum speeds and the braking curves on the basis of the data received
from the Eurobalises. In order to be able to obtain from the ground balises the necessary information, in particular the
necessary authorizations for the next movements, it is necessary for the train to engage said balises passing over them.
The information regarding the integrity of the train and the respective positioning is detected via the track circuits. By
installing additional Eurobalises (Euroloops) between a start-of-stretch signal and an end-of-stretch signal it is possible
to obtain a sufficiently continuous transmission of information. The information can be transmitted upon passage of the
locomotive via inductive means or via radio.
[0015] In this regard, Figure 1 shows a scenario of example in which a first-level ERTMS-ETCS operates.
[0016] In particular, Figure 1 illustrates schematically:

• a section of railway line (designated as a whole by 11), which comprises two Eurobalises (designated, respectively,
by 111 and 112), which are connected to a line unit (designated by 113), which is in turn remotely connected to a
control centre (designated by 12); and

• a train (designated as a whole by 13), which moves along the section of railway line 11 and installed on board which
is an on-board computer (designated by 131), which is connected to a receiver (designated by 132) and to a control
panel (designated by 133) configured for supplying information to the driver (designated by 134) of the train 13.

[0017] In detail, the control centre 12 sends to the line unit 113 information regarding the section of railway line 11,
such as, for example, authorizations for movement of the trains, slowing down thereof, and maximum speeds allowed.
The line unit 113 supplies to the Eurobalises 111 and 112 the information received from the control centre 12 together
with other information supplied by fixed signalling systems (not shown in Figure 1 for simplicity) installed along the section
of railway line 11. Each of the two Eurobalises 111 and 112 is georeferenced, i.e., knows the respective exact position,
and transmits upon passage of the trains, via inductive means or via radio, the respective position together with the
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information received from the line unit 113. When the train 13 passes over the Eurobalises 111 and 112, the receiver
132 receives the information transmitted by said Eurobalises 111 and 112 and supplies it to the on-board computer 131.
The on-board computer 131 displays on the control panel 133 the information received via the receiver 132 together
with further information (for example, the current braking profile of the train 13) obtained via processing of said received
information and of other information regarding the train 13 (for example, the speed, weight, and length of the train 13).
[0018] In addition, the on-board computer 131 is connected to an on-board odometer (not shown in Figure 1 for reasons
of simplicity) of the train 13 for receiving from the latter estimates of the position of the train 13. The on-board computer
131 corrects said estimates on the basis of the positions received from the Eurobalises 111 and 112. The on-board
computer 131 displays on the control panel 133 the estimates of position supplied by the on-board odometer when it
does not have available the exact positions supplied by the Eurobalises 111 and 112, whereas, when it receives the
exact positions supplied by the Eurobalises 111 and 112, it displays said exact positions on the control panel 133.
[0019] As regards, instead, the second-level ERTMS-ETCS, this enables management of the distance between the
trains via radio communications between the trains and a control base station referred to as "Radio Block Centre" (RBC),
which, knowing the state of the line and of the other trains, continuously sends to the trains information regarding the
line (such as, for example, authorizations for movement of the trains, slowing down thereof, and maximum speeds
allowed) using a connection based upon the international mobile-phone standard for railway communications "Global
System for Mobile Communications-Railway" (GSM-R). The trains can thus determine their own speed profile also on
the basis of their own characteristics of weight and braking. The system intervenes in a timely way in the case of possible
risks for safety.
[0020] In particular, the second-level ERTMS-ETCS is a system for signalling and protection of the train based upon
a radio transmission of digital data. In the driving cab of trains displayed on purposely provided control panels is the
information regarding the route and authorizations for movement of the trains received directly from the RBC. The
positions of the trains, the direction of travel, together with all the other necessary information, are transmitted automat-
ically by the trains to the RBC at given intervals. The movement of the trains is thus monitored continuously by the RBC.
[0021] In second-level ERTMS-ETCS the Eurobalises assume only the function of reference points for control and
correction of the positioning of the train along the line. The on-board computer processes continuously the data transferred
and the maximum speeds allowed point by point.
[0022] In this regard, Figure 2 shows a scenario of example in which a second-level ERTMS-ETCS operates.
[0023] In particular, Figure 2 illustrates schematically:

• a section of railway line (designated as a whole by 21), which comprises two Eurobalises (designated, respectively,
by 211 and 212);

• an RBC (designated by 22); and
• a train (designated as a whole by 23), which moves along the section of railway line 21 and installed on board which

is an on-board computer (designated by 231), which is connected to a receiver (designated by 232), to a GSM-R
terminal 233, which exchanges information with the RBC 22, and to a control panel (designated by 234) configured
for supplying information to the driver (designated by 235) of the train 23.

[0024] In detail, the RBC 22 sends to the GSM-R terminal 233 information regarding the section of railway line 21,
such as, for example, authorizations for movement of the trains, slowing down thereof, and maximum speeds allowed.
The GSM-R terminal 233 supplies the information received from the RBC 22 to the on-board computer 231. The on-
board computer 231 displays on the control panel 234 the information received from the RBC 22 via the GSM-R terminal
233 together with other information (for example, the current braking profile of the train 23) obtained via processing of
said information received from the RBC 22 and of other information regarding the train 23 (for example, the speed,
weight, and length of the train 23).
[0025] Moreover, each of the two Eurobalises 211 and 212 is georeferenced, i.e., knows the respective exact position,
and transmits upon passage of the trains, via inductive means or via radio, the respective position. When the train 23
passes over the Eurobalises 211 and 212, the receiver 232 receives the positions transmitted by said Eurobalises 211
and 212 and supplies them to the on-board computer 231.
[0026] In addition, the on-board computer 231 is connected to an on-board odometer (not shown in Figure 2 for reasons
of simplicity) of the train 23 in order to receive from the latter estimates of the position of the train 23. The on-board
computer 231 corrects said estimates on the basis of the positions received from the Eurobalises 211 and 212. The on-
board computer 231 displays on the control panel 234 the estimates of position supplied by the on-board odometer when
it does not have available the exact positions supplied by the Eurobalises 211 and 212, whereas, when it receives the
exact positions supplied by the Eurobalises 211 and 212, it displays said exact positions on the control panel 234.
[0027] Finally, the position of the train 23, the direction of travel of the train 23, together with all the other necessary
information, are transmitted automatically by the on-board computer 231 to the RBC 22 via the GSM-R terminal 233. In
this way, the RBC 22 monitors the movement of the train 23.
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[0028] As regards, instead, the third-level ERTMS-ETCS, this is still under study since some aspects regarding train
safety must still be studied in greater depth. Broadly speaking, the third-level ERTMS-ETCS envisages elimination of
many ground apparatuses and entrusting of location and control of integrity of the trains to purposely designed on-board
transmitting apparatuses that dialogue continuously with a centre for processing and control of the data regarding travel
of the trains over the stretch. In addition, the third-level ERTMS-ETCS will surpass the concept of fixed block section
introducing that of dynamic block section not modelled on a pre-set physical space, but created according to the circulation
requirements and to the possibilities afforded by the radio transmitting system.
[0029] A known system with intrinsic safety for low railroad traffic density lines is described in the European patent
application EP 1 705 095 A1.
[0030] In particular, EP 1 705 095 A1 discloses a train traffic block system on one track of a railroad line, wherein said
block system comprises an onboard block signalling aid unit per vehicle, in turn including:

• a global navigation satellite system GNSS receiver providing georeferenced position PGNSS and/or speed SGNSS
measurements of said train for each time period TGNSS;

• a group of sensors and means of connection with an odometer providing measurements of the angular speed of
the vertical axis of the tractor unit ω2 of said train and of the speed SODOM of said train;

• a data acquisition and reasonability module configured so as to receive said measurements and to compare speed
SGNSS and SODOM measurements and to check said measurements with regard to pre-established reasonability
criteria;

• a module of safety qualification of the position PGNSS measurement based on a digital database of said track, and
configured so as to provide a projection of the safety-qualified position of the train on the track PProj;

• a navigation and decision module configured to receive said safety-qualified position PProj measurement and/or the
available speed SGNSS and/or SODOM measurements, both checked by the data acquisition and reasonability module,
and to determine the most likely location of said train Pest, and its location in terms of kilometer point Pk, and its
estimated speed Sest;

• a siding passage and track occupancy detection module configured so as to receive said position Pest and angular
speed ωz measurements, checked by the data acquisition and reasonability module, and configured so as to deter-
mine, from a digital track database with the singular siding points, the train status in terms of track occupancy or
track status TS (that is, it attempts to determine if the train is in the siding area and, if it is, on which track the train
is located, or it determines non-determination if the conditions necessary for determining the location of the train
with sufficient safety are not present); and

• a two-way radio communication subsystem for sending at least the position Pk of said train and the track occupancy
status TS to a centralized traffic control CTC center.

[0031] On the other hand, the centralized traffic control CTC center according to EP 1 705 095 A1 comprises:

• two-way radio communication means for receiving said position Pk of said train and the track occupancy status TS; and
• data acquisition, processing and display equipment configured so as to extract, among others, said position Pk and

the track occupancy status TS, and to graphically represent the occupancy status of the line track sections on a
data display screen.

[0032] Furthermore, a known GNSS-based Railway User Navigation Equipment (RUNE) is described by Albanese et
al. in the article "The Rune project: The Integrity Performances of GNSS-Based Railway User Navigation Equipment",
Proceedings of the ASME/IEEE Joint Rail Conference, ASME, New York, NY, US, vol. 29, 16 March 2005, pages 211-218.
[0033] In particular, the GNSS-based RUNE described in the aforesaid article exploits navigation data coming from
GPS with differential EGNOS corrections to determine train’s position and velocity and integrates the use of GNSS
signals with inertial sensors and on-board odometers in an intelligent system of mutual calibration, error filtering and
error correction.

OBJECT AND SUMMARY OF THE INVENTION

[0034] The present applicant has decided to tackle the need for reliable positioning systems for control of trains in
movement and, consequently, has conducted an in-depth study aimed at developing an innovative system for locating
trains that is able to meet said need of the railway sector and to guarantee safety of rail traffic.
[0035] The aim of the present invention is hence to provide a system for locating trains that will be able to supply a
reliable location and to guarantee safety of rail traffic.
[0036] The aforesaid aim is achieved by the present invention in so far as it regards a satellite terminal and a system
for locating trains according to what is defined in the annexed claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0037] For a better understanding of the present invention, some preferred embodiments, which are provided purely
by way of explanatory and non-limiting example, will now be illustrated with reference to the annexed drawings (not in
scale), wherein:

• Figure 1 is a schematic illustration of a scenario of example in which a first-level ERTMS-ETCS operates;
• Figure 2 is a schematic illustration of a scenario of example in which a second-level ERTMS-ETCS operates;
• Figure 3 is a schematic illustration of a positioning system of a train according to a preferred embodiment of the

present invention;
• Figure 4 is a schematic illustration of an architecture of a system of an ERTMS-ETCS type that integrates inside it

an architectural level for satellite location according to a preferred embodiment of the present invention;
• Figure 5 shows the typical error of an odometer and the error of the odometer corrected using satellite location

according to a preferred embodiment of the present invention;
• Figure 6 shows a cartesian reference system provided by way of example used in the calculation of the position of

a train according to a preferred embodiment of the present invention; and
• Figure 7 shows plots that represent errors and levels of protection that can be obtained in locating a train using the

present invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION

[0038] The ensuing description is provided for enabling a person skilled in the sector to implement and use the invention.
Various modifications to the embodiments presented will be immediately evident to persons skilled in the branch and
the generic principles disclosed herein could be applied to other embodiments and applications, without thereby departing
from the scope of the present invention.
[0039] Hence, the present invention is not to be understood as being limited to just the embodiments described and
shown, but it must be granted the widest sphere of protection consistently with the principles and characteristics presented
herein and defined in the annexed claims.
[0040] The present invention stems from the idea of the present applicant to exploit one or more Global Navigation
Satellite Systems (GNSSs), such as, for example, the GPS, the European navigation satellite system Galileo, the Russian
navigation satellite system GLONASS, etc., in order to locate a train. In fact, the present applicant has had the intuition
that use of a GNSS for controlling travel of trains would enable considerable simplification of the track infrastructure,
drastically reducing the number of balises and consequently the maintenance costs of the infrastructure, which are
currently particularly high. In addition, the present applicant has likewise had the intuition that thanks to the use of the
satellite-positioning information it would be possible to switch to a concept of continuous balise since the satellite datum
can potentially be used at any point of railway networks.
[0041] Finally, the present applicant has also understood that, at the moment when a GNSS is exploited for location
of trains, it is necessary, in order to guarantee safety of the rail traffic, to have available also a certification of the satellite
position datum, i.e., information on the integrity of the estimate of position.
[0042] Consequently, a first aspect of the present invention regards a satellite terminal that is designed to be installed
on board a train and is configured for:

• receiving navigation signals from satellites belonging to one or more satellite navigation systems, for example
belonging to the GPS and/or to the Galileo system and/or to the GLONASS;

• storing georeferencing data of a railway route that is to be followed by the train; and
• determining, on the basis of the georeferencing data stored and of the navigation signals received, a position of the

train along the railway route and an integrity level associated to said calculated position.

[0043] In particular, the integrity level is indicative of a maximum error associated to the calculated position.
[0044] Since said satellite terminal determines the position of the train, also supplying in real time a certification, i.e.,
an integrity level, thereof, it is able to guarantee safety of the rail traffic. In particular, said satellite terminal, in order to
certify the position of the train calculated on the basis of the navigation signals received from a plurality of GNSS satellites,
verifies in real time proper operation of said GNSS satellites.
[0045] In what follows, operation of the satellite terminal according to the present invention will be described in detail.
[0046] As is obvious, a train can usually move along pre-set paths. This characteristic enables exploitation of a reduced
number of GNSS satellites for calculating the position of a train. In particular, it is possible to calculate the position of a
train using the navigation signals received from just two GNSS satellites. If more than two GNSS satellites are available,
it is possible to obtain also information on the integrity of the satellite datum itself.
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[0047] Furthermore, in addition to the information of integrity, it is also possible to improve the precision on the basis
of the index of accuracy of the datum that can be achieved represented by the Geometric Dilution of Precision (GDOP),
which is made up of a contribution linked to the positional uncertainty PDOP (Positional DOP) and a contribution linked
to the time uncertainty TDOP (Time DOP); this index depends upon the angular distance that separates each of the
GNSS satellites that are in view from the train to be located.
[0048] Within the framework of positional uncertainty it is moreover possible to identify the vertical uncertainty VDOP
(Vertical DOP) linked to the vertical co-ordinate and the directional uncertainty in the plane of motion HDOP (Horizontal
DOP). These concepts, which are well known in the field of aeronautic navigation, are subject to a profound reinterpretation
in the context of analysis of motion of a train. In fact, in the railway sector, it is possible to introduce the concept of sDOP,
where s stands for a curvilinear abscissa identifying the path imposed on a train by the tracks.
[0049] In particular, the uncertainty sDOP corresponding to the curvilinear abscissa s can be estimated by projecting
the components of the positional error known in the classic approach on the direction of the path followed by the train,
which constitutes an integration of the datum supplied by a possible inertial navigator on board the train, for example
an odometer. The calculation itself of the DOP undergoes in any case a modification with respect to what occurs according
to the classic approach in the field of aeronautic navigation. In fact, the presence of the geometrical constraint imposed
by the tracks reduces the number of degrees of freedom, and hence the number of GNSS satellites necessary for
evaluating the position. In particular, if the zero, i.e., the origin, of the curvilinear abscissa s is known, i.e., if the starting
point of a train is known, the number of GNSS satellites necessary for evaluation of said curvilinear abscissa s and
correction of the time offset drops to two. This means that, in the presence of a number of GNSS satellites, it is always
possible to identify the best pair of, or set of three, GNSS satellites for the purposes of minimization of the sDOP, hence
improving the precision in addition to the check on integrity.
[0050] Consequently, on the basis of what has just been described, the satellite terminal according to the present
invention is conveniently designed for:

• extracting from the navigation signals received positioning data corresponding to the GNSS satellites that have
transmitted said navigation signals;

• determining, on the basis of the georeferencing data stored and positioning data corresponding to at least two GNSS
satellites, a position of the train along the railway route; and

• determining, on the basis of the georeferencing data stored and positioning data corresponding to at least three
GNSS satellites, an integrity level associated to said calculated position.

[0051] In order to determine the position of the train, said satellite terminal conveniently uses a cartesian reference
system positioned in such a way that the axis z coincides with the local vertical to the Earth’s surface, the axes y and
x, which are perpendicular to one another, lie in a plane tangential to the Earth’s surface, and the axis y is oriented in a
direction concordant with the curvilinear abscissa s.
[0052] With the use of the curvilinear co-ordinate s and of the aforesaid cartesian reference system and imposing that
the co-ordinate of the train with respect to the axis x is equal to 0 and that the co-ordinate of the train with respect to the
axis z is equal to the mean local radius of the Earth increased by the mean local elevation (said values are known to
the satellite terminal thanks to the georeferencing data stored that regard the stretch of railway covered by the train), it
is possible to reduce to two the number of unknowns of the system of pseudo-range equations; i.e., the residual unknowns
are the value of the curvilinear co-ordinate s and a time offset δt.
[0053] In particular, said time offset δt is due

• principally to the time offset between the clock of the satellite terminal and the clock of the GNSS satellites from
which said satellite terminal has received the navigation signals; and

• secondarily to the phase offsets introduced into the navigation signals on account of various factors, for example
on account of the multipath phenomenon, of the passage through the atmosphere, in particular the ionosphere, etc.

[0054] Two GNSS satellites are hence sufficient to solve the system of two pseudo-range equations in two unknowns;
namely, it is possible to calculate the value of the curvilinear co-ordinate s and the time offset δt on the basis of the
positioning data corresponding to just two GNSS satellites, whereas if positioning data corresponding to three or more
GNSS satellites are available, it is also possible to introduce a criterion for evaluating the error committed in the deter-
mination of the curvilinear co-ordinate s.
[0055] For example, on the hypothesis that the satellite terminal receives navigation signals from five GNSS satellites,
said satellite terminal, in order to calculate the position of the train and evaluate the error, can conveniently carry out
the following operations:

• for each possible combination of three GNSS satellites, the satellite terminal determines, on the basis of the posi-
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tioning data corresponding to said three GNSS satellites, a respective time offset δt and a respective value of the
co-ordinate y (i.e., of the curvilinear co-ordinate s) imposing, in the respective system of three pseudo-range equa-
tions, x = 0 and z equal to the mean local radius of the Earth increased by the mean local elevation (i.e., imposing
z equal to a mean height h of the stretch of railway covered by the train, said mean height h being calculated on the
basis of the georeferencing data of the stretch of railway stored by the satellite terminal); and,

• for each possible combination of three GNSS satellites, the satellite terminal introduces in the respective system of
three pseudo-range equations the respective values calculated for y and δt freeing x from the constraint of being
equal to zero and thus determines the error that each pseudo-range equation introduces on the co-ordinate x on
the basis of the pair of respective solutions found for y and δt.

[0056] In this way, the satellite terminal obtains, for each possible set of three GNSS satellites, a respective value for
y, a respective value for δt, and three respective errors for x. Having available five GNSS satellites the satellite terminal
can consider N sets of three GNSS satellites, i.e., N simple combinations of three GNSS satellites, where 

[0057] From analysis of the errors, the satellite terminal can thus exclude the two GNSS satellites that cause the
greatest error and hence consider only the combination or combinations formed by the GNSS satellites that cause the
least error. In this way, the GNSS satellites with markedly erroneous data can be excluded from the calculation of the
position of the train.
[0058] In particular, assuming that typically one or more sets of three GNSS satellites can be identified, it is possible
to calculate, for each set of three satellites considered, a respective mean error corresponding to the co-ordinate x;
specifically, it is possible to calculate the mean value of the three respective errors calculated corresponding to the co-
ordinate x. Moreover, if we assume that the error has isotropic characteristics, the mean error corresponding to the co-
ordinate x is also indicative of the mean error corresponding to the co-ordinate y, i.e., corresponding to the curvilinear
co-ordinate s.
[0059] For each set of three GNSS satellites considered, it is hence possible to calculate:

• on the basis of the respective mean error corresponding to x, a respective variance σ (which, on the hypothesis of
isotropic error, is indicative of a respective variance of the error corresponding to y), if, for example, a Gaussian
distribution of the error is assumed; and,

• on the basis of the respective variance σ, a respective level of protection LP, which is indicative of the maximum
error potentially committed in the estimate of the position of the train and is, hence, inversely proportional to the
accuracy of the estimate of the position of the train; for example, the level of protection LP can be conveniently
calculated as a multiple of the variance σ, i.e., LP = A·σ, where A ≥ 2.

[0060] At this point, the satellite terminal rejects, on the basis of the levels of protection LP calculated for the various
sets of three GNSS satellites, the GNSS satellites that, when taken into account for calculating the position of the train,
determine the highest levels of protection LP, choosing for determining the position of the train the set or sets of three
GNSS satellites that is/are formed only by the GNSS satellites that yield the lowest levels of protection LP.
[0061] In particular, the satellite terminal can conveniently determine the position of the train on the basis of the
calculated position (0, y, h) that is associated to the minimum level of protection LP, the integrity level associated to said

position of the train hence being determined on the basis of said minimum level of protection LP.

[0062] Alternatively, the satellite terminal can conveniently:

• calculate, for each set of three GNSS satellites from which it receives navigation signals, a corresponding index
DOP on the basis of the positioning data corresponding to said three GNSS satellites and of the corresponding
position (0, y, h) calculated on the basis of the positioning data corresponding to said three GNSS satellites, and a
corresponding reliability index on the basis of said corresponding index DOP and of the corresponding level of
protection LP;

• select a set of three GNSS satellites on the basis of the calculated reliability indices; for example, the satellite terminal
can select the set of three GNSS satellites that corresponds to a reliability index that minimizes an appropriate
combination of the index DOP and of the level of protection LP; and

• determine the position of the train and the integrity level associated to said position on the basis, respectively, of
the position (0, y, h) and of the level of protection LP calculated for the set of three satellites selected.
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[0063] In this way, a satellite terminal that receives navigation signals from five GNSS satellites is able to identify up
to two "erroneous" GNSS satellites; namely, it cannot be used for calculation of the position of the train. In the case
where there are three "erroneous" GNSS satellites, the satellite terminal still manages to choose the best configuration,
but the error cannot be completely eliminated, and the value of the level of protection increases. In the case where the
"erroneous" GNSS satellites are more than three, the satellite terminal no longer manages to determine the integrity,
but supplies a higher level of protection.
[0064] In this regard, provided hereinafter are five examples of analysis of the integrity of the satellite datum in the
case where the satellite terminal receives navigation signals from five GNSS satellites, each example being summed
up in a respective table.
[0065] In particular, provided hereinafter are:
• Table 1, which summarizes a first scenario of example in which the satellite terminal receives the navigation signals
from five GNSS satellites none of which causes errors (the satellites that do not cause errors being associated in the
five tables below to the symbol "d"), i.e., in which all five GNSS satellites can be used by the satellite terminal to determine
the position of the train with a minimum level of protection, i.e., committing a minimum error (said minimum level of
protection being designated in the following tables by 1);
• Table 2, which summarizes a second scenario of example in which the satellite terminal receives the navigation signals
from five GNSS satellites of which only one causes errors (the satellites that cause errors being associated in the following
tables to the symbol "X"), i.e., in which four GNSS satellites can be used by the satellite terminal to determine the position
of the train with the level of protection 1;
• Table 3, which summarizes a third scenario of example in which the satellite terminal receives the navigation signals
from five GNSS satellites of which two cause errors, i.e., in which just three GNSS satellites can be used by the satellite
terminal to determine the position of the train with the level of protection 1;
• Table 4, which summarizes a fourth scenario of example in which the satellite terminal receives the navigation signals
from five GNSS satellites of which three cause errors, i.e., in which the satellite terminal manages to determine the
position of the train only with an medium level of protection, i.e., with a medium error (said medium level of protection
being designated in the following tables by 2); and
• Table 5, which summarizes a fifth scenario of example, in which the satellite terminal receives the navigation signals
from five GNSS satellites of which four cause errors, i.e., in which the satellite terminal manages to determine the position
of the train only with a high level of protection, i.e., with a very high error (said high level of protection being designated
in the following tables by 3).

TABLE 1 (5 satellites all of which usable)

Combinations of three satellites

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10

Satell ites S1 d d d d d d

S2 d d d d d d

S3 d d d d d d

S4 d d d d d d

S5 d d d d d d

Level of protection 1 1 1 1 1 1 1 1 1 1

TABLE 2 (5 satellites, 4 of which usable)

Combinations of three satellites

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10

Satell ites S1 d d d d d d

S2 X X X X X X

S3 d d d d d d

S4 d d d d d d

S5 d d d d d d
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[0066] The examples just described all regard the case where the satellite terminal receives navigation signals from
five GNSS satellites, which represents the most frequent case for a GNSS receiver. In any case, the methodology of
calculation of the position of a train just described can be applied, obviously, also to the case where the satellite terminal
receives navigation signals from four GNSS satellites. In this case, the sets of three GNSS satellites that can be considered
are four and, hence, it is possible to identify just one satellite with error. In addition, the methodology of calculation of

(continued)

Combinations of three satellites

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10

Level of protection 2 2 2 1 1 1 2 2 2 1

TABLE 3 (5 satellites, 3 of which usable)

Combinations of three satellites

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10

Satell ites S1 d d d d d d

S2 X X X X X X

S3 d d d d d d

S4 X X X X X X

S5 d d d d d d

Level of protection 2 3 2 2 2 1 3 2 3 2

TABLE 4 (5 satellites, 2 of which usable)

Combinations of three satellites

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10

Satell ites S1 d d d d d d

S2 X X X X X X

S3 X X X X X X

S4 X X X X X X

S5 d d d d d d

Level of protection 3 3 2 3 2 2 3 3 3 3

TABLE 5 (5 satellites, just one of which usable)

Combinations of three satellites

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10

Satell ites S1 X X X X X X

S2 X X X X X X

S3 X X X X X X

S4 X X X X X X

S5 d d d d d d

Level of protection 3 3 3 3 3 3 3 3 3 3
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the position of a train just described can be applied, obviously, also to the cases where the satellite terminal receives
navigation signals from more than five GNSS satellites. In these cases, the number of satellites with error that may be
identified increases.
[0067] According to a second aspect of the present invention, the satellite terminal described previously can be ad-
vantageously exploited with a first-level, second-level, and third-level ERTMS-ETCS.
[0068] In particular, the position of the train supplied by the satellite terminal, together with the information of integrity
concerning said position, can be advantageously exploited to correct the estimate of position supplied by the on-board
odometer of a train. In this way, it is possible to avoid having to use a dense distribution of Eurobalises (one per kilometre
or less) and limit use thereof to a very few points. In fact, the integral positioning datum supplied by the satellite terminal
is substituted for and expands the concept of balise. In fact, the use of the satellite position datum prevents the integration
error of the odometer, which is based on the datum of angular velocity, and hence the satellite position datum, if associated
to a notable point, constitutes a virtual balise. In addition, the satellite position datum is much more representative:
associated to a completely georeferenced railway line, it can be used at any instant along the route, hence revolutionizing
the very idea of fixed notable points.
[0069] A technical advantage associated to the use of the satellite terminal previously described is represented by the
fact that the latter enables use of on-board odometers that are less precise and hence less costly (both as product and
from the standpoint of the service life).
[0070] Figure 3 is a schematic illustration of a system for locating trains according to a preferred embodiment of the
present invention.
In particular, Figure 3 shows, by way of non-limiting example, integration of said positioning system in a second-level
ERTMS-ETCS.
[0071] In detail, Figure 3 shows:

• a section of railway line (designated as a whole by 31), which comprises a Eurobalise (designated by 311);
• an RBC (designated by 32); and
• a train (designated as a whole by 33), which moves along the section of railway line 31 and installed on board which

is an on-board computer (designated by 331), which is connected to a receiver (designated by 332), to a GSM-R
terminal 333, which exchanges information with the RBC 32, to a GNSS terminal 334, which stores the georeferenced
route that the train 33 is following and calculates the position of the train 33 in the way described previously, and a
control panel (designated by 335) configured for supplying information to the driver (designated by 336) of the train 33.

[0072] In detail, the RBC 32 sends to the GSM-R terminal 333 information regarding the section of railway line 31,
such as, for example, authorizations for movement of the trains, slowing down thereof, and maximum speeds allowed.
The GSM-R terminal 333 supplies the information received from the RBC 32 to the on-board computer 331. The on-
board computer 331 displays on the control panel 335 the information received from the RBC 32 via the GSM-R terminal
333 together with other information (for example, the current braking profile of the train 33) obtained on the basis of
processing of said information received from the RBC 32 and of other information regarding the train 33 (for example,
the speed, weight, and length of the train 33).
[0073] Moreover, the Eurobalise 311 is georeferenced, i.e., it knows its own exact position, and transmits upon passage
of the trains, via inductive means or via radio, said exact position. When the train 33 passes over the Eurobalise 311,
the receiver 332 receives the position transmitted by said Eurobalise 311 and supplies it to the on-board computer 331.
[0074] In addition, the on-board computer 331 is connected to an on-board odometer (not shown in Figure 3 for reasons
of simplicity) of the train 33 to receive from the latter estimates of the position of the train 33. The on-board computer
331 is configured for:

• if it receives from the receiver 332 the exact position supplied by the Eurobalise 311, determining, as position of the
train 33, the exact position supplied by the Eurobalise 311 and correcting the estimate of position supplied by the
on-board odometer on the basis of said exact position;

• if it does not receive from the receiver 332 the exact position supplied by the Eurobalise 311 and the GNSS terminal
334 supplies a position associated to an integrity level that meets specific conditions of railway safety, determining,
as position of the train 33, the position supplied by the GNSS terminal 334 and correcting the estimate of position
supplied by the on-board odometer on the basis of said position supplied by the GNSS terminal 334;

• if it does not receive from the receiver 332 the exact position supplied by the Eurobalise 311 and the GNSS terminal
334 supplies a position associated to an integrity level that does not meet specific conditions of railway safety,
determining, as position of the train 33, the estimate of position supplied by the on-board odometer;

• if it does not receive from the receiver 332 the exact position supplied by the Eurobalise 311 and the GNSS terminal
334 does not supply any position (for example, because the train 33 is located in an area not covered by any GNSS),
determining, as position of the train 33, the estimate of position supplied by the on-board odometer.



EP 2 593 346 B1

12

5

10

15

20

25

30

35

40

45

50

55

[0075] The specific conditions of railway safety can be conveniently stored by the on-board computer 331 and/or
determined dynamically by the on-board computer 331 and/or supplied dynamically to the on-board computer 331 by
the RBC 32 via the GSM-R terminal 333. For example, the on-board computer 331 can determine the specific conditions
of railway safety on the basis of the information regarding the section of railway line 31 received from the RBC 32 and
of data regarding the train 33, such as, for example, the speed, weight, and length of the train 33. In particular, the on-
board computer 331 can conveniently evaluate whether the current integrity level associated to the position supplied by
the GNSS terminal 334 meets the conditions of railway safety for the section of railway line 31 in order to guarantee
safety of rail transport on said section of railway line 31.
[0076] Finally, the position of the train 33, the direction of travel of the train 33, together with all the other necessary
information, are transmitted automatically by the on-board computer 331 to the RBC 32 via the GSM-R terminal 333. In
this way, the RBC 32 monitors the movement of the train 33.
[0077] On the basis of what has been described above, it is clear that the satellite terminal according to the present
invention is particularly useful in the perspective of the ERTMS-ETCS in so far as:

• it guarantees a procedure of certification of the position datum in real time; i.e., it is able to supply in real time an
integrity level of the position calculated;

• it enables its integration in the first-level and second-level ERTMS-ETCS with minimal modifications of the current
configuration of said system; in particular, it does not require any substantial modifications to the Radio Block Centre
and requires only a few modifications to the system on board the trains;

• it is able to function as a virtual balise, thus enabling evolution of the use of balises from the concept of discrete use
to the particularly innovative concept of use without any discontinuity, which enables correction of the error of the
on-board odometer at any point of the stretch of railway and hence enables introduction of the third level of the
ERTMS-ETCS, i.e., of the mobile block.

[0078] In summary, the satellite location according to the present invention can be conveniently integrated in the
ERTMS-ETCS architecture as an overlay level, as shown schematically in Figure 4.
[0079] In particular, Figure 4 shows a block diagram, which illustrates an architecture of a system of an ERTMS-ETCS
type, which integrates the satellite location according to the present invention.
[0080] In detail, the architecture shown in Figure 4 comprises:

• an architectural level of an ERTMS-ETCS type 41; and
• an architectural level of GNSS location 42 according to the present invention, which is partially overlaid on the

architectural level of an ERTMS-ETCS type 41.

As has been described previously, the GNSS system for locating trains according to the present invention operates as
follows:

• if a balise is present, the position of the train is the one supplied by the balise, and the error of the on-board odometer
is zeroed using the position supplied by the balise;

• if no balise is present and the integrity level supplied by the GNSS location meets specific conditions of railway
safety, the position of the train is the one obtained via GNSS location, and the error of the on-board odometer is
corrected using the position obtained via GNSS location;

• if no balise is present and the integrity level supplied by the GNSS location does not meet specific conditions of
railway safety, the position of the train is the one supplied by the on-board odometer; and

• if no balise is present and the GNSS location does not supply any position, the position of the train is the one supplied
by the on-board odometer.

[0081] Assuming that the balises can be positioned with extreme precision (of the order of the metre) via a georefer-
encing (for example, using GPS receivers) having statistics that are quite long in time, the errors in the case of the
ERTMS-ETCS principally depend upon the accuracy of the on-board odometer, the type of route that the train has
covered (slipping on the rail, braking, etc.), and the distance between two consecutive balises.
[0082] Figure 5 is a plot representing the error of the odometer and the error of the odometer corrected on the basis
of the position obtained via GNSS location as a function of the position of the train (assuming a speed of the train of 300
km/h and linear slipping errors).
[0083] As shown in Figure 5, the maximum error due to the odometer after 10 km is 300 m, whereas the error of the
odometer corrected on the basis of the position obtained via GNSS location is always of the order of a few metres.
[0084] The error of the GNSS location basically depends upon the measurement of position and is of the order of
some metres irrespective of the conditions of speed of the train since the position is obtained directly from satellite
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triangulation and not from integrations of the speed (as in the case of the odometer). It is moreover possible to decrease
the ionospheric error using GNSS signals on two frequencies.
[0085] An important advantage of the present invention derives from the possibility of obtaining the information of error
from the data of calculation of the position, exploiting the constraint for the train of having to follow the georeferenced
track. In fact, in this way, as previously described, the unknowns for the train become two: the curvilinear co-ordinate
and the time offset.
[0086] In this regard, in Figure 6 shows a cartesian reference system zsxsys provided by way of example used in the
calculation of the position of a train according to the present invention.
[0087] In particular, as shown in Figure 6, the axis ys represents the curvilinear abscissa s along which the train moves,

the axis xs represents the direction normal to the curvilinear abscissa s, and zs represents the local vertical to the Earth’s

surface. In Figure 6 moreover designated by 61 is the route followed by the train, which, as described previously, is
positioned in such a way that for each point along said route 61 xs = 0 and zs = h, where h is the mean height of said

route 61 calculated on the basis of the georeferencing data of said route 61. Assuming that xs and ys are isotropic as

regards distribution of the errors (given that both the co-ordinates xs and ys lie in a plane tangential to the Earth’s surface),

as described previously it is possible to calculate the value of ys (and the time offset) by solving the system of the pseudo-

range equations and then recalculating the errors on xs with respect to the position of nominal "0".

[0088] Evaluation of these errors for each satellite enables calculation of the level of protection LP in such a way that
said level of protection LP is always greater than the error on ys. The algorithm developed moreover enables important
information on the various components of the error to be obtained, not least of which the contribution of the ionosphere.
[0089] Figure 7 shows a typical plot of the error and of the level of protection LP on a route of approximately 60 km.
[0090] As shown in Figure 7, the error lies always within the level of protection LP that is calculated in real time for the
best set of three GNSS satellites available. The GNSS system for locating trains is able to identify malfunctioning of the
GNSS satellites and eliminate from calculation of the position of the train the GNSS satellites that present malfunctioning.
The route of the train can be both rectilinear and curvilinear and can be approximated with a high degree of precision.
From Figure 7 it may be noted that, as compared to the error of 300 m over 10 km, due to the on-board odometer (error
shown in Figure 5), GNSS location introduces errors of less than 30 m over a route having in practice any length. This
implies that, to have errors of less than 30 m, it is reasonable to provide balises, instead of one every 2-3 km, one every
50-60 km without altering the precision of the measurement and the safety of the rail transport. From this standpoint, it
should be noted that a balise can be set in places that are readily accessible for maintenance and easily controllable
also from the point of view of safety of the systems.
[0091] Another important observation regards the continuous availability of the position datum, which makes it possible
to face, at contained costs, introduction of the third level of the ERTMS-ETCS, i.e., the mobile block.
[0092] It is clear that, in the case where the satellite datum were not to be available or the error indicated by the integrity
level were to be too high, e.g., more than 50 m (a situation that might last for a few seconds), the system is able to signal
it (absence of level of protection or error beyond the limit) and the odometer would be for that period the only source of
information that can be used (procedure of merging of the data based upon the exclusiveness mechanism) to avoid
multiple information sources.
[0093] From the foregoing description the advantages of the present invention may be readily understood.
[0094] In particular, it should be emphasized once again that the present invention can be advantageously integrated
in current systems and future systems (i.e., ones already in the design stage) for management, control, protection, and
signalling of the rail traffic; in particular, it can be advantageously exploited with all three levels of the ERTMS-ETCS. In
fact, the present invention:

• supplies a position datum that guarantees an efficient service of positioning of the trains;
• guarantees a precision of the position datum that enables improvement of the procedures of monitoring and control

of travel of trains;
• supplies in real time the integrity of the position datum, thus guaranteeing safety (in the sense of "safety of life") of

the rail transport in real time; and
• supplies the position datum in a way that is interoperative with the Eurobalises.

[0095] From a logic standpoint, the GNSS positioning datum associated to a georeferenced point along the track
(notable point) constitutes a virtual balise. This implies that the number of physical balises can be reduced to the
advantage of a simpler and more economic management and maintenance of the system.
[0096] The real advantage of the satellite datum lies, however, in the possibility of not being tied down to a rigid, albeit
virtual, positioning of the reference points, providing what can be called a continuous-balise system. The concept of
continuous balise is the turnkey towards the third level of the ERTMS-ETCS, which is not tied down to the fixed section
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of track. The key element for adoption of the satellite datum in the ERTMS-ETCS architecture is hence that of the integrity
of the datum itself in real time.
[0097] Moreover, the present invention advantageously falls within the scenario of development of the Italian and
European railways in which it has been hypothesized for the future to use the European navigation satellite system
Galileo, which, as is known, will supply information of certification of operation of the satellites and of the error introduced
on the position. But, since the present invention can be advantageously exploited with any GNSS, it makes it possible
to expand the scenario of use of the satellite datum in positioning of trains. An important reason for using a system based
not only on the Galileo system lies in the "control" factor. In fact, it would be unlikely for Russia, China, or India to use
a non-proprietary system (i.e., Galileo) for a strategic and critical infrastructure such as the rail sector. In this perspective,
in the case of railways, it could prove more valid to adopt a strategy of use of a number of constellations (both for back-
up techniques and for comparison techniques), of which typically just one is controlled (in Europe Galileo, in Russia
GLONASS, etc.). Hence, since the present invention can be used with one or more GNSSs, it would enable development
of a system for locating trains that presents marked characteristics of interoperability between the railways of different
countries.
[0098] Finally, it is once again emphasized that the present invention makes it possible to know at every instant not
only the position of a train, but also the maximum error that is committed in this measurement and the check of proper
operation of the satellites.
[0099] Finally, it is clear that various modifications may be made to the present invention, all of which fall within the
sphere of protection of the invention as defined in the annexed claims.

Claims

1. A satellite terminal (334) designed to be installed on board a train (33) and configured to:

• store georeferencing data of a railway route of the train (33);
• receive navigation signals from satellites belonging to one or more satellite navigation systems;
• extract from the received navigation signals positioning data corresponding to the satellites that have transmitted
said navigation signals; and
• determine, on the basis of the stored georeferencing data and of the received navigation signals, a position
of the train (33) along the railway route and an integrity level associated with said determined position;

characterized by being further configured to:

• if said satellite terminal (334) receives navigation signals from only two satellites, determine the position of
the train (33) along the railway route by computing a train’s position bound to the railway route on the basis of
the stored georeferencing data and of the positioning data corresponding to said two satellites; and,
• if said satellite terminal (334) receives navigation signals from three or more satellites,

- compute, for each set of three satellites from which navigation signals are received, a corresponding
train’s position bound to the railway route on the basis of the stored georeferencing data and of the positioning
data corresponding to said three satellites, and a corresponding level of protection on the basis of said
corresponding train’s position bound to the railway route and of the positioning data corresponding to said
three satellites, wherein said corresponding level of protection is indicative of a maximum error associated
with said corresponding train’s position bound to the railway route,
- select a set of three satellites according to a selection criterion based at least on the computed levels of
protection, and
- determine the position of the train (33) along the railway route and the integrity level associated with said
position on the basis, respectively, of the train’s position bound to the railway route and of the level of
protection computed for the selected set of three satellites.

2. The satellite terminal of claim 1, configured to, if said satellite terminal (334) receives navigation signals from only
two satellites, determine the position of the train (33) along the railway route by:

• computing a first coordinate of a train’s position bound to the railway route on the basis of the stored georef-
erencing data, wherein said first coordinate indicates a mean height of the railway route;
• imposing that a second coordinate of said train’s position bound to the railway route is equal to zero; and
• computing a third coordinate of said train’s position bound to the railway route on the basis of said first and
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second coordinates of said train’s position bound to the railway route and of the positioning data corresponding
to said two satellites, wherein said third coordinate corresponds to a curvilinear abscissa associated with the
railway route;

wherein the satellite terminal (334) is configured to, if it receives navigation signals from three or more satellites,
compute for each set of three satellites from which navigation signals are received:

• a corresponding train’s position bound to the railway route by

- computing a first coordinate of said corresponding train’s position bound to the railway route on the basis
of the stored georeferencing data, wherein said first coordinate indicates a mean height of the railway route,
- imposing that a second coordinate of said corresponding train’s position bound to the railway route is
equal to zero, and
- computing a third coordinate of said corresponding train’s position bound to the railway route and a
corresponding time offset associated with the navigation signals received from said three satellites on the
basis of said first and second coordinates of said corresponding train’s position bound to the railway route
and of the positioning data corresponding to said three satellites, wherein said third coordinate corresponds
to a curvilinear abscissa associated with the railway route; and

• a corresponding mean error associated with the second coordinate of said corresponding train’s position bound
to the railway route on the basis of the first and third coordinates of said corresponding train’s position bound
to the railway route, of the corresponding time offset computed, and of the positioning data corresponding to
said three satellites; and
• a corresponding level of protection on the basis of the corresponding mean error so that the maximum error
associated with said corresponding train’s position bound to the railway route is lower than said corresponding
level of protection.

3. The satellite terminal of claim 2, wherein:

• the first coordinate of each computed train’s position bound to the railway route corresponds to a first reference
axis vertical with respect to the Earth’s surface; and
• the second and third coordinates of each computed train’s position bound to the railway route correspond,
respectively, to a second reference axis and to a third reference axis that are mutually perpendicular and lie on
a plane tangential to the Earth’s surface.

4. The satellite terminal of claim 2 or 3, further configured to compute for each set of three satellites from which
navigation signals are received:

• a corresponding variance associated with the corresponding mean error on the basis of a pre-defined probability
distribution; and
• the corresponding level of protection on the basis of a multiple of the corresponding variance.

5. The satellite terminal according to any preceding claim, configured to select the set of three satellites for which the
minimum level of protection has been computed.

6. The satellite terminal according to any claim 1-4, configured to:

• compute, for each set of three satellites from which navigation signals are received, a corresponding index of
dilution of precision on the basis of the corresponding train’s position bound to the railway route and of the
positioning data corresponding to said three satellites, and a corresponding reliability index on the basis of said
corresponding index of dilution of precision and of the corresponding level of protection; and
• select the set of three satellites on the basis of the computed reliability indices.

7. A system for locating trains designed to be installed on board a train (33), comprising the satellite terminal (334)
claimed in any preceding claim, and configured to:

• acquire from an odometer installed on board the train (33) a current estimate of position supplied by said
odometer;
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• receive exact positions of the train (33) from a signalling system (311) installed along the railway route;
• if it receives from the signalling system (311) an exact position of the train (33), supply as current position of
the train (33) said exact position and correcting the current estimate of position supplied by the odometer on
the basis of said exact position;
• if it does not receive from the signalling system (311) any exact position of the train (33) and the satellite
terminal (334) determines a current position of the train (33) along the railway route that is associated with an
integrity level that satisfies pre-determined conditions of railway safety, supply as current position of the train
(33) the current position determined by the satellite terminal (334) and correcting the current estimate of position
supplied by the odometer on the basis of said current position determined by the satellite terminal (334);
• if it does not receive from the signalling system (311) any exact position of the train (33) and the satellite
terminal (334) determines a current position of the train (33) along the railway route that is associated with an
integrity level that does not satisfy the pre-determined conditions of railway safety, supply as current position
of the train (33) the current estimate of position supplied by the odometer; and
• if it does not receive from the signalling system (311) any exact position of the train (33) and the satellite
terminal (334) does not determine any current position of the train (33) along the railway route, supply as current
position of the train (33) the current estimate of position supplied by the odometer.

8. A software product comprising software code portions that are:

• loadable into a memory of a satellite receiver designed to be installed on board a train (33) and to receive
navigation signals from satellites belonging to one or more satellite navigation systems;
• executable by said satellite receiver; and
• such that to cause, when executed, said satellite receiver to become configured as the satellite terminal (334)
claimed in any claim 1-6.

9. A software product comprising software code portions that are:

• loadable into a memory of a positioning system, which positioning system is designed to be installed on board
a train (33), comprises the satellite terminal (334) claimed in any claim 1-6, and is configured to

- acquire from an odometer installed on board the train (33) a current estimate of position supplied by said
odometer, and
- receive exact positions of the train (33) from a signalling system (311) installed along the railway route;

• executable by said positioning system; and
• such that to cause, when executed, said positioning system to become configured as the system for locating
trains claimed in claim 7.

Patentansprüche

1. Satellitenterminal (334), das konstruiert ist, um an Bord eines Zugs (33) installiert zu werden, und konfiguriert ist, um:

- Georeferenzdaten einer Eisenbahnroute des Zugs (33) zu speichern;
- Navigationssignale von Satelliten zu empfangen, die zu einem oder mehreren Satellitennavigationssystemen
gehören;
- Positionsbestimmungsdaten, die den Satelliten entsprechen, die die Navigationssignale gesendet haben, aus
den empfangenen Navigationssignalen zu extrahieren; und
- auf der Basis der gespeicherten Georeferenzdaten und der empfangenen Navigationssignale eine Position
des Zugs (33) entlang der Eisenbahnroute und einer Integritätsstufe, die zu der bestimmten Position gehört,
zu bestimmen;

dadurch gekennzeichnet, dass sie ferner konfiguriert ist, um:

- wenn das Satellitenterminal (334) Navigationssignale von nur zwei Satelliten empfängt, die Position des Zugs
(33) entlang der Eisenbahnroute durch Berechnen einer Position eines Zugs, der an die Eisenbahnroute ge-
bunden ist, auf der Basis der gespeicherten Georeferenzdaten und der Positionsbestimmungsdaten, die den
zwei Satelliten entsprechen, zu bestimmen; und
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- wenn das Satellitenterminal (334) Navigationssignale von drei oder mehr Satelliten empfängt,

-- für jeden Satz von drei Satelliten, von denen Navigationssignale empfangen werden, eine entsprechende
an die Eisenbahnroute gebundenen Position des Zugs auf der Basis der gespeicherten Georeferenzdaten
und der Positionsbestimmungsdaten, die den drei Satelliten entsprechen, und eine entsprechende Schutz-
stufe auf der Basis der entsprechenden an die Eisenbahnroute gebundenen Position des Zugs und der
Positionsbestimmungsdaten, die den drei Satelliten entsprechen, zu berechnen, wobei die entsprechende
Schutzstufe einen maximalen Fehler angibt, der zu der entsprechenden an die Eisenbahnroute gebundenen
Position des Zugs gehört,
-- einen Satz von drei Satelliten gemäß einem Auswahlkriterium basierend auf den berechneten Schutz-
stufen auszuwählen, und
-- die Position des Zugs (33) entlang der Eisenbahnroute und die Integritätsstufe, die zu der Position gehört,
jeweils auf der Basis der an die Eisenbahnroute gebundenen Position des Zugs und der für den ausge-
wählten Satz von drei Satelliten berechneten Schutzstufe zu bestimmen.

2. Satellitenterminal nach Anspruch 1, das konfiguriert ist, um, wenn das Satellitenterminal (334) Navigationssignale
von nur zwei Satelliten empfängt, die Position des Zugs (33) entlang der Eisenbahnroute zu bestimmen, durch:

- Berechnen einer ersten Koordinate einer an die Eisenbahnroute gebundenen Position des Zugs auf der Basis
der gespeicherten Georeferenzdaten, wobei die erste Koordinate eine mittlere Höhe der Eisenbahnroute angibt;
- Einführen, dass eine zweite Koordinate der an die Eisenbahnroute gebundenen Position des Zugs gleich null
ist; und
- Berechnen einer dritten Koordinate der an die Eisenbahnroute gebundenen Position des Zugs auf der Basis
der ersten und zweiten Koordinaten der an die Eisenbahnroute gebundenen Position des Zugs und der Posi-
tionsbestimmungsdaten, die den zwei Satelliten entsprechen, wobei die dritte Koordinate einer kurvenförmigen
Abszisse entspricht, die zu der Eisenbahnroute gehört;

wobei das Satellitenterminal (334) konfiguriert ist, um, wenn sie Navigationssignale von drei oder mehr Satelliten
empfängt, für jeden Satz von drei Satelliten, von denen Navigationssignale empfangen werden, zu berechnen:

- eine entsprechende an die Eisenbahnroute gebundene Position des Zugs durch

-- Berechnen einer ersten Koordinate der entsprechenden an die Eisenbahnroute gebundenen Position
des Zugs auf der Basis der gespeicherten Georeferenzdaten, wobei die erste Koordinate eine mittlere Höhe
der Eisenbahnroute angibt;
-- Einführen, dass eine zweite Koordinate der entsprechenden an die Eisenbahnroute gebundenen Position
des Zugs gleich null ist, und
-- Berechnen einer dritten Koordinate der entsprechenden an die Eisenbahnroute gebundenen Position
des Zugs und eines entsprechenden Zeitversatzes, der zu den Navigationssignalen gehört, die von den
drei Satelliten empfangen werden, auf der Basis der ersten und zweiten Koordinaten der entsprechenden
an die Eisenbahnroute gebundenen Position des Zugs und der Positionsbestimmungsdaten, die den drei
Satelliten entsprechen, wobei die dritte Koordinate einer kurvenförmigen Abszisse entspricht, die zu der
Eisenbahnroute gehört; und

- einen entsprechenden mittleren Fehler, der zu der zweiten Koordinate der entsprechenden an die Eisenbahn-
route gebundenen Position des Zugs gehört, auf der Basis der ersten und dritten Koordinaten der entsprechen-
den an die Eisenbahnroute gebundenen Position des Zugs, des entsprechenden berechneten Zeitversatzes
und der Positionsbestimmungsdaten, die den drei Satelliten entsprechen; und
- eine entsprechende Schutzstufe auf der Basis des entsprechenden mittleren Fehlers, so dass der maximale
Fehler, der zu der entsprechenden an die Eisenbahnroute gebundenen Position des Zugs gehört, niedriger als
die entsprechende Schutzstufe ist.

3. Satellitenterminal nach Anspruch 2, wobei:

- die erste Koordinate jeder berechneten an die Eisenbahnroute gebundenen Position des Zugs einer ersten
Bezugsachse entspricht, die in Bezug auf die Erdoberfläche vertikal ist; und
- die zweiten und dritten Koordinaten jeder berechneten an die Eisenbahnroute gebundenen Position des Zugs
jeweils einer zweiten Bezugsachse und einer dritten Bezugsachse entsprechen, die zueinander senkrecht sind
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und auf einer Ebene tangential an der Erdoberfläche liegen.

4. Satellitenterminal nach Anspruch 2 oder 3, das ferner konfiguriert ist, um für jeden Satz von drei Satelliten, von
denen Navigationssignale empfangen werden, zu berechnen:

- eine entsprechende Abweichung, die zu dem entsprechenden mittleren Fehler gehört, auf der Basis einer
vordefinierten Wahrscheinlichkeitsverteilung; und
- die entsprechende Schutzstufe auf der Basis eines Vielfachen der entsprechenden Abweichung.

5. Satellitenterminal nach jedem vorhergehenden Anspruch, das konfiguriert ist, um den Satz von drei Satelliten aus-
zuwählen, für den die minimale Schutzstufe berechnet wurde.

6. Satellitenterminal nach einem der Ansprüche 1 - 4, das konfiguriert ist, um:

- für jeden Satz von drei Satelliten, von denen Navigationssignale empfangen werden, eine entsprechende
Verwässerungskennzahl der Genauigkeit auf der Basis der entsprechenden an die Eisenbahnroute gebundenen
Position des Zugs und der Positionsbestimmungsdaten, die den drei Satelliten entsprechen, und eine entspre-
chende Zuverlässigkeitskennzahl auf der Basis der entsprechenden Verwässerungskennzahl der Genauigkeit
und der entsprechenden Schutzstufe zu berechnen; und
- den Satz von drei Satelliten auf der Basis der berechneten Zuverlässigkeitskennzahlen auszuwählen.

7. System zur Ortung von Zügen, das konstruiert ist, um an Bord eines Zugs (33) installiert zu werden, welches das
Satellitenterminal (334) nach einem der vorhergehenden Ansprüche aufweist und konfiguriert ist, um:

- von einem Entfernungsmesser, der an Bord des Zugs (33) installiert ist, eine aktuelle Schätzung der von dem
Entfernungsmesser gelieferten Position zu erlangen;
- exakte Positionen des Zugs (33) von einem entlang der Eisenbahnroute installieren Signalisierungssystem
(311) zu empfangen;
- wenn es von dem Signalisierungssystem (311) eine exakte Position des Zugs (33) empfängt, die exakte
Position als aktuelle Position des Zugs (33) zu liefern und die von dem Entfernungsmesser gelieferte aktuelle
Positionsschätzung auf der Basis der exakten Position zu korrigieren;
- wenn es von dem Signalisierungssystem (311) keine exakte Position des Zugs (33) empfängt und das Satel-
litenterminal (334) eine aktuelle Position des Zugs (33) entlang der Eisenbahnroute bestimmt, welche mit einer
Integritätsstufe verbunden ist, die vorgegebene Bedingungen für die Eisenbahnsicherheit erfüllt, die von dem
Satellitenterminal (334) bestimmte aktuelle Position als aktuelle Position des Zugs (33) zu liefern und die von
dem Entfernungsmesser gelieferte aktuelle Positionsschätzung auf der Basis der von dem Satellitenterminal
(334) bestimmten aktuellen Position zu korrigieren;
- wenn es von dem Signalisierungssystem (311) keine exakte Position des Zugs (33) empfängt und das Satel-
litenterminal (334) eine aktuelle Position des Zugs (33) entlang der Eisenbahnroute bestimmt, die zu einer
Integritätsstufe gehört, die die vorgegebenen Bedingungen für die Eisenbahnsicherheit nicht erfüllt, die von
dem Entfernungsmesser gelieferte aktuelle Positionsschätzung als die aktuelle Position des Zugs (33) zu liefern;
und
- wenn es von dem Signalisierungssystem (311) keine exakte Position des Zugs (33) empfängt und das Satel-
litenterminal (334) keine aktuelle Position des Zugs (33) entlang der Eisenbahnroute bestimmt, die von dem
Entfernungsmesser gelieferte aktuelle Positionsschätzung als die aktuelle Position des Zugs (33) zu liefern.

8. Softwareprodukt, das Softwarecodeabschnitte aufweist, die sind:

- in einen Speicher eines Satellitenempfängers ladbar, der konstruiert ist, um an Bord eines Zugs (33) installiert
zu werden und Navigationssignale von Satelliten zu empfangen, die zu einem oder mehreren Satellitennavi-
gationssystemen gehören;
- durch den Satellitenempfänger ausführbar; und
- derart, dass sie, wenn sie ausgeführt werden, bewirken, dass der Satellitenempfänger als das Satellitenterminal
(334) nach einem der Ansprüche 1 - 6 konfiguriert wird.

9. Softwareprodukt, das Softwarecodeabschnitte aufweist, die sind:

- in einen Speicher eines Positionsbestimmungssystems ladbar, wobei das Positionsbestimmungssystem kon-
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struiert ist, um an Bord eines Zugs (33) installiert zu werden, das Satellitenterminal (334) nach einem der
Ansprüche 1 - 6 aufweist und konfiguriert ist, um:

-- von einem Entfernungsmesser, der an Bord des Zugs (33) installiert ist, eine von dem Entfernungsmesser
gelieferte aktuelle Positionsschätzung zu erlangen, und
-- durch das Positionsbestimmungssystem ausführbar; und
-- exakte Positionen des Zugs (33) von einem entlang der Eisenbahnroute installierten Signalisierungssys-
tem (311) zu empfangen;
-- derart, dass sie, wenn sie ausgeführt werden, bewirken, dass das Positionsbestimmungssystem als das
System zur Ortung von Zügen nach Anspruch 7 konfiguriert wird.

Revendications

1. Terminal de satellite (334) conçu de manière à être installé à bord d’un train (33) et configuré de manière à :

• stocker des données de géoréférencement d’une ligne de chemin de fer du train (33) ;
• recevoir des signaux de navigation qui proviennent de satellites qui appartiennent à un ou plusieurs système(s)
de navigation par satellite ;
• extraire, à partir des signaux de navigation reçus, des données de positionnement qui correspondent aux
satellites qui ont émis lesdits signaux de navigation ; et
• déterminer, sur la base des données de géoréférencement stockées et des signaux de navigation reçus, une
position du train (33) le long de la ligne de chemin de fer et un niveau d’intégrité qui est associé à ladite position
déterminée,

caractérisé en ce qu’il est en outre configuré de manière à :

• si ledit terminal de satellite (334) reçoit des signaux de navigation qui proviennent de seulement deux satellites,
déterminer la position du train (33) le long de la ligne de chemin de fer en calculant une position de train qui
est liée à la ligne de chemin de fer sur la base des données de géoréférencement stockées et des données de
positionnement qui correspondent auxdits deux satellites ; et
• si ledit terminal de satellite (334) reçoit des signaux de navigation qui proviennent de trois satellites ou plus,

- calculer, pour chaque jeu de trois satellites depuis lesquels des signaux de navigation sont reçus, une
position de train correspondante qui est liée à la ligne de chemin de fer sur la base des données de
géoréférencement stockées et des données de positionnement qui correspondent auxdits trois satellites,
et un niveau de protection correspondant sur la base de ladite position de train correspondante qui est liée
à la ligne de chemin de fer et des données de positionnement qui correspondent auxdits trois satellites,
dans lequel ledit niveau de protection correspondant est indicatif d’une erreur maximum qui est associée
à ladite position de train correspondante qui est liée à la ligne de chemin de fer,
- sélectionner un jeu de trois satellites conformément à un critère de sélection sur la base au moins des
niveaux de protection calculés ; et
- déterminer la position du train (33) le long de la ligne de chemin de fer et le niveau d’intégrité qui est
associé à ladite position sur la base, de manière respective, de la position de train qui est liée à la ligne de
chemin de fer et du niveau de protection qui est calculé pour le jeu sélectionné de trois satellites.

2. Terminal de satellite selon la revendication 1, configuré de manière à, si ledit terminal de satellite (334) reçoit des
signaux de navigation qui proviennent de seulement deux satellites, déterminer la position du train (33) le long de
la ligne de chemin de fer en :

• calculant une première coordonnée d’une position de train qui est liée à la ligne de chemin de fer sur la base
des données de géoréférencement stockées, dans lequel ladite première coordonnée représente une hauteur
moyenne de la ligne de chemin de fer ; en
• imposant qu’une deuxième coordonnée de ladite position de train qui est liée à la ligne de chemin de fer soit
égale à zéro ; et en
• calculant une troisième coordonnée de ladite position de train qui est liée à la ligne de chemin de fer sur la
base desdites première et deuxième coordonnées de ladite position de train qui est liée à la ligne de chemin
de fer et des données de positionnement qui correspondent auxdits deux satellites, dans lequel ladite troisième
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coordonnée correspond à une abscisse curviligne qui est associée à la ligne de chemin de fer ; dans lequel :

le terminal de satellite (334) est configuré de manière à, s’il reçoit des signaux de navigation qui proviennent
de trois satellites ou plus, calculer, pour chaque jeu de trois satellites depuis lesquels des signaux de
navigation sont reçus :

• une position de train correspondante qui est liée à la ligne de chemin de fer en

- calculant une première coordonnée de ladite position de train correspondante qui est liée à la
ligne de chemin de fer sur la base des données de géoréférencement stockées, dans lequel ladite
première coordonnée représente une hauteur moyenne de la ligne de chemin de fer ; en
- imposant qu’une deuxième coordonnée de ladite position de train correspondante qui est liée à
la ligne de chemin de fer soit égale à zéro ; et en
- calculant une troisième coordonnée de ladite position de train correspondante qui est liée à la
ligne de chemin de fer et un décalage temporel correspondant qui est associé aux signaux de
navigation qui sont reçus depuis lesdits trois satellites sur la base desdites première et deuxième
coordonnées de ladite position de train correspondante qui est liée à la ligne de chemin de fer et
des données de positionnement qui correspondent auxdits trois satellites, dans lequel ladite troi-
sième coordonnée correspond à une abscisse curviligne qui est associée à la ligne de chemin de
fer ; et

• une erreur moyenne correspondante qui est associée à la deuxième coordonnée de ladite position de train
correspondante qui est liée à la ligne de chemin de fer sur la base des première et troisième coordonnées de
ladite position de train correspondante qui est liée à la ligne de chemin de fer, du décalage temporel corres-
pondant calculé et des données de positionnement qui correspondent auxdits trois satellites ; et
• un niveau de protection correspondant sur la base de l’erreur moyenne correspondante de telle sorte que
l’erreur maximum qui est associée à ladite position de train correspondante qui est liée à la ligne de chemin de
fer soit inférieure audit niveau de protection correspondant.

3. Terminal de satellite selon la revendication 2, dans lequel :

• la première coordonnée de chaque position de train calculée qui est liée à la ligne de chemin de fer correspond
à un premier axe de référence qui est vertical par rapport à la surface de la Terre ; et
• les deuxième et troisième coordonnées de chaque position de train calculée qui est liée à la ligne de chemin
de fer correspondent, de manière respective, à un deuxième axe de référence et à un troisième axe de référence
qui sont mutuellement perpendiculaires et qui s’étendent sur un plan qui est tangentiel à la surface de la Terre.

4. Terminal de satellite selon la revendication 2 ou 3, configuré en outre de manière à calculer, pour chaque jeu de
trois satellites depuis lesquels des signaux de navigation sont reçus :

• une variance correspondante qui est associée à l’erreur moyenne correspondante sur la base d’une distribution
de probabilité prédéfinie ; et
• le niveau de protection correspondant sur la base d’un multiple de la variance correspondante.

5. Terminal de satellite selon l’une quelconque des revendications précédentes, configuré de manière à sélectionner
le jeu de trois satellites pour lequel le niveau de protection minimum a été calculé.

6. Terminal de satellite selon l’une quelconque des revendications 1 à 4, configuré de manière à :

• calculer, pour chaque jeu de trois satellites depuis lesquels des signaux de navigation sont reçus, un indice
de dilution de précision correspondant sur la base de la position de train correspondante qui est liée à la ligne
de chemin de fer et des données de positionnement qui correspondent auxdits trois satellites, et un indice de
fiabilité correspondant sur la base dudit indice de dilution de précision correspondant et du niveau de protection
correspondant ; et
• sélectionner le jeu de trois satellites sur la base des indices de fiabilité calculés.

7. Système pour localiser des trains, conçu de manière à être installé à bord d’un train (33), comprenant le terminal
de satellite (334) tel que revendiqué selon l’une quelconque des revendications précédentes, et configuré de manière
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à :

• acquérir, à partir d’un odomètre qui est installé à bord du train (33), une estimation de position courante qui
est fournie par ledit odomètre ;
• recevoir des positions exactes du train (33) depuis un système de signalisation (311) qui est installé le long
de la ligne de chemin de fer ;
• s’il reçoit, depuis le système de signalisation (311), une position exacte du train (33), fournir, en tant que
position courante du train (33), ladite position exacte et corriger l’estimation de position courante qui est fournie
par l’odomètre sur la base de ladite position exacte ;
• s’il ne reçoit pas, depuis le système de signalisation (311), une quelconque position exacte du train (33) et si
le terminal de satellite (334) détermine une position courante du train (33) le long de la ligne de chemin de fer
qui est associée à un niveau d’intégrité qui satisfait des conditions prédéterminées de sécurité de chemin de
fer, fournir, en tant que position courante du train (33), la position courante qui est déterminée par le terminal
de satellite (334) et corriger l’estimation de position courante qui est fournie par l’odomètre sur la base de ladite
position courante qui est déterminée par le terminal de satellite (334) ;
• s’il ne reçoit pas, depuis le système de signalisation (311), une quelconque position exacte du train (33) et si
le terminal de satellite (334) détermine une position courante du train (33) le long de la ligne de chemin de fer
qui est associée à un niveau d’intégrité qui ne satisfait pas les conditions prédéterminées de sécurité de chemin
de fer, fournir, en tant que position courante du train (33), l’estimation de position courante qui est fournie par
l’odomètre ; et
• s’il ne reçoit pas, depuis le système de signalisation (311), une quelconque position exacte du train (33) et si
le terminal de satellite (334) ne détermine pas une quelconque position courante du train (33) le long de la ligne
de chemin de fer, fournir, en tant que position courante du train (33), l’estimation de position courante qui est
fournie par l’odomètre.

8. Progiciel comprenant des parties de code de logiciel qui peuvent être :

• chargées à l’intérieur d’une mémoire d’un récepteur de satellite qui est conçu de manière à être installé à bord
d’un train (33) et de manière à recevoir des signaux de navigation qui proviennent de satellites qui appartiennent
à un ou plusieurs système(s) de navigation par satellite ; qui peuvent être
• exécutées par ledit récepteur de satellite ; et
• qui sont telles qu’elles forcent, lorsqu’elles sont exécutées, ledit récepteur de satellite à devenir configuré en
tant que terminal de satellite (334) tel que revendiqué selon l’une quelconque des revendications 1 à 6.

9. Progiciel comprenant des parties de code de logiciel qui peuvent être :

• chargées à l’intérieur d’une mémoire d’un système de positionnement, lequel système de positionnement est
conçu de manière à être installé à bord d’un train (33), comprend le terminal de satellite (334) tel que revendiqué
selon l’une quelconque des revendications 1 à 6 et est configuré de manière à :

- acquérir, à partir d’un odomètre qui est installé à bord du train (33), une estimation de position courante
qui est fournie par ledit odomètre ; et à
- recevoir des positions exactes du train (33) depuis un système de signalisation (311) qui est installé le
long de la ligne de chemin de fer ; qui peuvent être

• exécutées par ledit système de positionnement ; et
• qui sont telles qu’elles forcent, lorsqu’elles sont exécutées, ledit système de positionnement à devenir configuré
en tant que système pour localiser des trains tel que revendiqué selon la revendication 7.



EP 2 593 346 B1

22



EP 2 593 346 B1

23



EP 2 593 346 B1

24



EP 2 593 346 B1

25



EP 2 593 346 B1

26

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• EP 1705095 A1 [0029] [0030] [0031]

Non-patent literature cited in the description

• The Rune project: The Integrity Performances of
GNSS-Based Railway User Navigation Equipment.
ALBANESE et al. Proceedings of the ASME/IEEE
Joint Rail Conference. ASME, 16 March 2005, vol.
29, 211-218 [0032]


	bibliography
	description
	claims
	drawings
	cited references

