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Communication device for rail vehicle, rail vehicle equipped with said device

The present invention concerns a communication device for rail vehicle of the type
comprising a wireless communication stage to communicate with a control beacon on at
least one communication spectrum band of a spectral range sub-divided into several
predetermined channels.

The invention applies to the field of rail safety and more particularly but not
specifically to the safety of metropolitan transport.

Conventionally rail vehicles are equipped with a communication stage to
communicate with control beacons arranged along the trackside. Such beacons allow the
real-time control for example of railway traffic.

Communication between the beacons and the communication stage generally uses
radiofrequency electromagnetic waves as support e.g. waves with a frequency in the
2400 MHz-2489.5 MHz band, or above 5 GHz. Said frequency ranges are not generally
exclusively allocated and are freely used for example by mobile devices of the public at
large, such as mobile telephones, pads or laptop computers.

The presence of such mobile devices in large number on board a rail vehicle, in
particular close to the communication stage e.g. during rush hours may perturb and even
interrupt communication between the communication stage and the control beacons. The
conditions of safe fravel are such that in the event of disruption of train-ground
communications the rail vehicle must be immobilised. The perturbation of train-ground
communication by terminals used by passengers therefore particularly has the effect of
momentarily interrupting the travel of the rail vehicle, the consequence of which is to reduce
the quality of service offered to users.

it is one objective of the invention to propose a communication device with which it is
possible to obtain better reliability and better availability of train-ground communication.

For this purpose the subject of the invention is a communication device for rail
vehicle, of the aforementioned type, characterized in that it further comprises a protection
stage linked to a protection antenna, the protection stage being able to generate signals on
at least one of the predetermined channels which at least partly cover the or each
communication spectrum band, and the protection antenna being able to radiate the
generated signals in the direction of at least one coach of the said rail vehicle.

Third party devices such has described above are therefore no longer able to occupy
the channels on which the protection stage transmits signals.

According to particular embodiments, the invention has one of more of the following

characteristics taken alone or in any technically possible combination.
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- the protection stage is able continuously to transmit signals over time on the or on

each predetermined channel,

- the or each communication band is narrower than a predetermined channel of the
multichannel range;

- the communication stage comprises screening means able to attenuate the signals
radiated by the protection antenna;

- the communication stage comprises filtering means able to attenuate signals
whose frequency belongs to predetermined channels which do not cover the or
each communication band;

- the characteristics of the spectrum band are defined by standard IEEE 802.11;

- the protection stage is able to transmit signals which comprise data frames on
layer 2 leve! of the OSI model.

A further subject of the invention is a rail vehicle characterized in that it comprises a

communication device such as defined above.

The rail vehicle may comprise one or more of the foliowing characteristics taken alone
or in any technically possible combination:

- the protection antenna is able to radiate in the direction of at least one of the
coaches of the rail vehicle which are located in the vicinity of the installation point of the
communication stage of the communication device on board the rail vehicle.

The invention will be better understood with the help of the following description given
solely as an example and with reference to the appended drawings in which:

- Figure 1 is a schematic of a rail vehicle comprising a communication device
according to a first embodiment;

- Figure 2 is a schematic of a rail vehicle comprising another communication device
according to a second embodiment;

- Figure 3 is a spectrum schematically illustrating the power radiated on some
channels of a spectrum range when the protection stage of the communication device in
Figure 1 or Figure 2 is inactive;

- Figure 4 is a spectrum similar to the spectrum in Figure 3 given when the protective
stage is active; and

- Figure 5 is a schematic representation of a transmitter of a communication device
according to the invention.

The wireless communication device 5 illustrated in Figure 1 is arranged on board a
rail vehicle 10 for contactless communication with control beacons 15 arranged on the
trackside 17 of the moving rail vehicle 10. Communication between the communication

device 5 and the control beacons 15 takes place either by electromagnetic coupling via a
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waveguide 20 as can be seen in Figure 1 or by airway via beacon antennas 25 as illustrated

in Figure 2.

The control beacons 15 define spatial cells 26 along the rail track 17, each cell 26
being associated with a communication frequency. The communication frequencies are a low
frequency F1 for example and a high frequency F2, F2 being higher than F1, and are
alternately alflocated to the successive cells 26 along the trackside 17.

The communication frequencies belong to the spectra defined by standard IEEE
802.11.

The rail vehicle 10 comprises coaches 27 to receive passengers, in particular
passengers carrying mobile communication devices 28.

The communication device 5 comprises a communication stage 30, a protection
stage 35 and a protection antenna 40.

The protection antenna 40 is arranged in a coach 27 of the rail vehicle 10, in
particular in an end coach 45. Advantageously, the communication stage 30 is arranged in
the same coach 27 as the protection the antenna 40. Preferably, only the coaches 27 of the
railway vehicle 10 that comprise a communication stage 30 are equipped with a protection
antenna 40.

The protection antenna 40 is arranged in an end coach 45 of the rail vehicle 10.

The protection antenna 40 is a coaxial cable for example whose shielding has been
altered to enable the cable to radiate some of the electric signals passing through it.

The communication stage 30 comprises a transmitter-receiver module 50 and a
communication antenna 55. The communication stage further comprises filtering means 57
and screening means 58.

The transmitter-receiver module 50 is able to communicate with the control beacons
15 via the communication antenna 55, by electromagnetic coupling between the
communication antenna 55 and the waveguide 20 as illustrated in Figure 1, or by free
propagation between the communication antenna 55 and the beacon antennas 25 as
illustrated in Figure 2.

The filtering means 57 are able to perform spectral filtering of a signal received from
the communication antenna 55.

The screening means 58 are a caisson for example to insulate the communication
stage 30 electrically from the protection antenna 40, whilst allowing communication between
the communication stage 30 and the control beacons 15.

The protection stage 35 comprises a first transmitter 60 to generate signals on a first
spectrum band B1, and a second transmitter 65 to generate signals on a second spectrum

band B2. The protection stage 35 further comprises a coupler 70.
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The signals generated by the first and second transmitters 60, 65 are preferably

frames at layer 2 of the OSI| model such as described in standard IEEE 802.11. The frames
are composed of a header, a payload and end in a CRC code (« Cyclic Redundancy
Check ») which is used by the receiver to check whether or not a frame has been properly
received. The frames are generated by the transmitters 60 and 65 in sequence without
interruption in time.

The first transmitter 60 and the second transmitter 65 are linked to inputs of the
coupler 70.

The protection antenna 40 is electrically connected to an output of the coupler 70 to
radiate a combination of signals applied by the first transmitter 60 and the second transmitter
65 to the input of the coupler 70.

For example, as illustrated in Figure 5, the first and second transmitters 60, 65
comprise an Ethernet interface 100, a baseband processing unit 105 and a radio frequency
module 110 linked in series.

The Ethernet interface 100 is capable of receiving information about the configuration
of the transmitters 60, 65, for example information from a ground-based rail traffic
management system or from a computer arranged on-board the railway vehicle 10. Such
information is for example the value of the low frequency F1, the value of the high frequency
F2, the power of the signals to be generated or the length of the frames to be generated.

The baseband processing unit 105.is able to supply a signal comprising baseband
frames. More particularly, the baseband processing unit 105 is able to supply a signal
comprising baseband frames whose characteristics are function of the configuration
information received by the Ethernet interface 100.

The radio frequency module 110 is able to transpose the signal provided by the
baseband processing unit 105 in order to generate a radio-frequency signal comprising
frames and having a frequency F1, F2 that is associated with the corresponding transmitter
60, 65.

An output 110S of the radio frequency module 110 is linked to the protection antenna
45 to apply said radio-frequency signal on said protection antenna 45.

Advantageously, the baseband processing unit 105 is also able to receive, from the
Ethernet interface 100, the piece of information related to the value of the frequencies F1,
F2. As shown in Figure 5, the baseband processing unit 105 then comprises an output 1053
connected to an input 110E of the radio frequency module 110 for controlling the
transposition frequency of the signal supplied by the baseband processing unit 105, said

transposition frequency being equal to the frequency F1, F2.
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The communication device 5 whose functioning is illustrated in Figures 3 and 4,

operates over the range 2400 MHz-2489.5 MHz. This range is subdivided into a plurality of
predetermined channels conforming to standard IEEE 802.11. According to standard IEEE
802.11, the channels of the 2400 MHz-2489.5 MHz band have a width of 20 MHz.

The communication stage 30 is able to transmit and receive signals on a low
communication spectrum band 75 and on a high communication spectrum band 80,
respectively centred on the low frequency F1 = 2417 MHz, and on the high frequency F2 =
2472 MHz. Each spectrum band 75, 80 has a width of 5 MHz.

The low frequency F1 here corresponds to the central frequency of channel « 2 » of
the 2400 MHz-2489.5 MHz band in accordance with standard IEEE 802.11.

The high frequency F2 here corresponds to the central frequency of channel « 13 » of
the 2400 MHz-2489.5 MHz band in accordance with standard IEEE 802.11.

Advantageously, the spectral bands 75, 80 are selected so that the corresponding
channels do not interfere with at least one other channel of the multichannel spectral range.

In general, mobile devices 28 transmit on channe! « 1 », channel « 6 » and channel
« 11 » of the 2400 MHz-2489.5 MHz band in accordance with standard IEEE 802.11,
respectively designated by the references CH1, CH6 and CH11 in these Figures.

Therefore channel « 1 » covers the low spectrum communication band 75 and
channel « 11 » covers the high spectrum communication band 80.

The first spectrum band B1 of the first transmitter 60 of the protection stage 35 is
channel « 1 » CH1 as per standard IEEE 802.11.

The second spectrum band B2 of the second transmitter 65 of the protection stage 35
is channel « 11 » CH11 as per standard IEEE 802.11.

The filtering means 57 are a linear band-cut filter for example whose cut-off band
extends from 2422 MHz to 2462 MHz, and is designated by the reference BC in these same
Figures.

When in operation, as the rail vehicle 10 travels along the rail track 17, the
communication stage 30 communicates with the successive control beacons 15, alternately
at frequency F1 and at frequency F2 due to the successive passing of the communication
device 5 from one cell to the following cell 26.

The protection means, formed by the protection stage 35 and the protection antenna
40, continuously (i.e. with high repeat frequency and with no transmission delay between
packets so as continuously to occupy a channel over time) transmit frames on channel « 1 »

CH1 and channel « 11 » CH11 to congest these channels.
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The antenna 40 is preferably able to radiate signals chiefly in the direction of the end

coaches 45 of the rail vehicle, located in the vicinity of the installation point of the antenna 40
on board the rail vehicle 10.

Therefore to communicate, any mobile devices 28 being used in the end coaches 45
can no longer use either channel « 1 » CH1, or channel « 11 » CH11. They can only use
another channel e.g. channel « 6 » CH6.

The filtering means 57 filter the signals transmitted by the mobile communication
devices 28 on channel « 6 » CH6.

In addition, the screening means 58 attenuate the signals reaching the
communication stage 30 after they have been transmitted by the protection stage 35 and
radiated by the protection antenna 40.

As a result, the power of the signals sent by the control beacons 15 and received by
the communication stage 30 on each of the low 75 and high 80 communication bands
prevails over the power of the signals transmitted either by the mobile communication
devices 28 on channel « 6 » CHG, or by the first transmitter 60 on channel « 1 » CH1, or by

the second transmitter 65 on channel « 11 » CH11.



Claims

1. A communication device for rail vehicle, of the type comprising a wireless communication

apparatus,

the wireless communication apparatus comprises a transmitter-receiver module and a
communication antenna, the transmitter-receiver module communicating, via the communication

antenna, with control beacons arranged along a trackside for a real-time control of railway traffic,

the communication between the transmitter-receiver module and the control beacons being
established on at least one communication spectral band of a spectral range subdivided into several

predetermined channels,

the spectral range being not exclusively allocated to the communication between the wireless
communication apparatus and the control beacon but capable of being used by a terminal used by a

passenger located in a coach of the rail vehicle,

wherein said communication device further comprises a directional antenna and a protection

apparatus that is linked to the directional antenna,

the protection apparatus, which protects the communication between the transmitter-receiver
module and the control beacon against perturbations by the terminal used by the passenger, generates
signals on at least one predetermined channel of the predetermined channels subdividing the spectral
range, the at least one predetermined channel covering at least one communication spectral band while
at least one communication spectral band is used by the communication apparatus communicating with

the control beacon, and

the directional antenna radiating the signals generated by the protection apparatus in the
direction of the coach of the rail vehicle where the passenger is located, in order to prevent the terminal

used by the passenger use of the at least one predetermined channel.

2. The device according to claim 1, wherein the protection apparatus transmits signals

continuously over time on the or on each predetermined channel.



3. The device according to claim 1, wherein the or each communication band is narrower than a

predetermined channel of the multi-channel spectral range.

4. The device according claim 1, wherein the communication apparatus comprises screening

means attenuating the signals radiated by the directional antenna.

5. The device according to claim 1, wherein the communication apparatus comprises filtering
means attenuating signals whose frequency belongs to predetermined channels which do not cover the

or each communication band.

6. The device according to claim 1, wherein the characteristics of the spectral range are defined by

standard IEEE 802.11.

7. The device according to claim 1, wherein the protection apparatus transmits signals which

contain data frames at level 2 of the OSI model.

8. A rail vehicle, wherein the rail vehicle comprises a communication device according to any of

claims1to 7.

9. The rail vehicle according to claim 8, wherein the directional antenna radiates in the direction of
at least one of the coaches of the rail vehicle which are located in the vicinity of the installation point of

the communication apparatus of the communication device on board the rail vehicle.



