1 WAVEGUI DE ANTENNA EMBEDDED ON A RAI LWAY VEHI CLE The invention relates to
a directional transmtting/receiving device with waveguide in general, and
nmore particularly an antenna with bi-dirgctional and symetrical wavegui de.
5 Atransmtting/receiving antenna having a bi-directional radiation pattern
communi cates with transmtters/receivers in two preferred spati al

directions. Such an antenna has an application for exanple along a road,
rail, etc., transport axis. Conventionally, radio coverage is ensured by a
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transmitter. This step is called « handover » in a cellular communications network.

To ensure this communication with the upstream station and, simultaneously this
monitoring of the level of receiving the signal transmitted by the downstream transmitter, the

20 receiver must use two antennae pointed respectively to the front and rear pointing above the
horizon in the direction of the antennae on pylons.

In the case of a railway communications system, the fixed communication device is
located at ground level or in a tunnel arch along this path. The fixed communication device
can be omni—directional, that is, it radiates or receives an electromagnetic signal in all spatial

25  directions. The communication device can be also directional, that is, the signals have a high
gain in a spatial direction: the radiation pattern shows a main lobe of given orientation. A
directional antenna having the same radiation pattern strongly optimises communication with
the latter device.

In an « open » propagation medium, the communication device at ground level will

30 be for example constituted by directive transmitters/receivers. In a « closed » propagation

medium such as for example in a metropolitan network, the communication device at ground

level will be a waveguide for example.



A wavegui de device at ground |l evel nust work at very high frequencies, above
gigahertz (GHz), to result in nmechanical realisation of dinensions
conpatible with its use on the path. Ushng these hyperfrequency frequencies
ensures all the ground-train conmunications considered. These high
frequenci es correspond to wavelengths in the air of 5 the order of 5 to 20
cm (1.5 Gz to 6 GHz and nore). Because of this, the waveguide on the path
often proves to be far - in ternms of nunber of wavelengths - fromthis
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is a directional receiving and/or transmtting antenna enbarked on board a

vehi cl e whir ofitle anseadneumben o€ waveleapthy ah frpqgencies exploited by the radiating cables
{generally to 500 MHz) and for « on board radiating cable - radiating cable at ground level »
20  distances (or in a tunnel arch) of the order of a metre.

Coupling between transmission lines oriented favourably relative to one another
clearly proves more important than coupling in the opposite orientation. To receive a
maximum signal and according to the orientation of the train relative to the way, it therefore
proves necessary to use a switch to manually invert the relative terminal positions of the

25  generator/receiver and loaded on this radiating cable on board of the train.

A disadvantage to this device is the length of the propagation lines necessary for this
type of coupling, i.e. an antenna train of a few metres long. Another disadvantage is the
necessity to switch over the orientation of the transmission lines according to the direction of
travel of the vehicles to increase coupling and improve communication between the vehicle

30  and the device on the way.
The aim of the device of the present invention is a directional receiving and/or

transmitting antenna embarked on board a vehicle which can communicate reliably and



stably with a fixed directional conmunication device |ocated on the way,
this antenna being of sinple design, not bul ky and i ndependent of the
direction of travel of the vehicle. According to the invention, the
receiving and/or transmtting antenna nounted on a vehicle noving al ong at
| east one way and communi cating with a fixed conmunication 5 device |ocated
al ong at | east one way by neans of hyperfrequency signals of given

wavel ength, is constituted by a wavegui de of rectangul ar section whereof a
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two main |obes 1n tw Symetrical diréctions relative to a plane
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sinple to use and reliable, and the double directivity allows to be
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respect t eombhmnivatiemdeviescording to the invention, the anplitude of the

signal s proves remarkably constant and requires no partjcuylar, .
g P - the antenna 1% remote t%om the %xecf gontmuous communication device by at least

four wavelengths of said hyperfrequency signal propagated in the air,
20 - the antenna is located to one single side of the vehicle,
- the antenna is located on each side of the vehicle,
- the antenna is covered by a radome.
Due to the invention, each slot of the antenna radiates a signal exhibiting two main
lobes in two symmetrical directions relative to a plane perpendicular to the plane of this slot.
25  The waveguide is easy to make, simple to use and reliable, and the double directivity allows
to be independent from the direction of travel of the vehicle without any specific
intervention. Since the propagation environment of the communication ground-trains is
characterised by intense reflections on the different surrounding obstacles (trains, walls...), a
directive antenna, focussing its radiation onto the waveguide on the path, limits the impact of
30  these multiple reflections on the quality of the link and thus increases the distance « antenna
embedded on the train - waveguide on the path » exploitable in practice.
Also, from the waveguide on the path and with respect to the antenna according to the

invention, the amplitude of the signals proves remarkably constant and requires no particular



4 snoothing)) of signals. Specific focussing, symmetrical in two particular
spatial orientations, and only in these directions corresponding to the
maxi mum radi ati on of the waveguide on the path proves particularly
favourabl e for optim sing the balance of ground- train transm ssion. 5 O her
aims, characteristics and advantages of the invention will energe fromthe
follow ng description, a description made in reference to the attached
drawings, in which: - Figure 1 is a schematic view of the conmmuni cation
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control st@feh@e, It is contained in hyperfrequency signals synbolised by the
full arrows S 1 and S2. Alternatively, the directional communication device
can be | ocat ed-onFigareh? slluserates the resliatmn. diggrem Hygbarging touthecantaning rrat ardangeto
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15 changing direction and path by means of a loop between the two paths,

— Figure 6 illustrates a vehicle equipped with two antennae according to the

invention, changing direction and way by means of a garage way.

Figure 1 is a schematic view of the communication device of a railway network, for
20  example a metropolitan line.

A directional communication device | enabling the control station of the line to
communicate with the vehicles A, B travelling on the ways 2, 3 (and vice—versa, enabling the
vehicle to communicate with the control station) is located for example between the two
ways 2, 3. This information can be for example automatic control information on the

25  wvehicles, information on line signalling or even video or audio information of the vehicle to
the control station. It is contained in hyperfrequency signals symbolised by the full arrows S1
and S2. Alternatively, the directional communication device can be located on each side of
the way.

The hyperfrequency signals are injected into the communication device 1, constituted

30 by at least one waveguide. The waveguide is in the form of a hollow tube of rectangular
section comprising four faces. It is located at ground level or in a tunnel arch on a non—

emissive face.



Each wavegui de has two em ssive vertical and opposite faces la and | b, each
face being pierced by a network of slots perpendicular to the axis of the
guide, located on the |arge faces of the guide, whereof the |arge dinension
is much smaller than the wavel ength of the signals propagating in the
wavegui de. This characteristic draws fromeach slot only a very 5 snmall part
of the energy of the propagated signal. Consequently, since the signal is
only very slightly attenuated by transmtting to the exterior of the guide
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m nus 30). An antenna conprising these two characteristics (directional and
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20  whereof the orientation is identical to that of one of the main lobes of the radiation diagram
of the waveguide.

For example, to communicate effectively with the waveguide having a main lobe
directed at 30° relative to the axis of the waveguide, the antenna embedded on the vehicle
must also have a starting angle of 30° to effectively receive and transmit signals in this

25  preferred spatial direction.

In order to be independent from the direction of travel of the vehicle on one or the
other of the two ways disposed around the waveguide 1, the on board antenna 4 must be
« symmetrical », i.e. each emissive slot must radiate symmetrically relative to a plane passing
through its centre and perpendicular to the longitudinal axis of the guide. In other terms, and

30 to repeat the above example, each slot must have a lobe whereof the orientation is at 30° and
a lobe whereof the orientation is at 150° (180° minus 30°).
An antenna comprising these two characteristics (directional and symmetrical) is the

transmitting and/or recetving antenna 4 according to the invention illustrated by Figure 3. It



6 1is constituted by a wavegui de of rectangul ar section whereof one of the

| arge faces of length b is pierced by seven slots 5, |ocated
perpendicularly to the |ongitudinal axisgof the guide. The waveguide is

cl osed at one end by a coaxial inpedance charge 7 of 50 ohns, and its other
end is connected via a coaxial link 6 to a receiver (not shown). The | arge
dinmension D5 of the slots 5 is close to the hal f-wavel ength of the
hyper f requency signal propagated in the waveguide, though | ess so as not to
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15  the large transversal internal dimension of the guide. By way of example, for a guide of
10 cm of large internal side, this gtves

Ac=20cm

or even a low cutting frequency of 1.5 GHz. At this frequency, no signal is
propagated in the guide : with the above formula X , tends towards the infinite. Above this

20  frequency, signals begin to propagate in the guide with low attenuation.

In the same conditions, at 2 GHz, or a wavelength in the air A of 15 cm, the
wavelength A , of the signals propagated in the guide, calculated from the preceding formula
will be 22.6 cm. Considering a network of a few slots spaced out evenly and fed at one end.
The power communicated to this end propagate from one slot to the other with proportional

25  phase lag to this guided wavelength A ;. Part of this power is radiated to the exterior of the
guide and propagates this time in the air with a wavelength A. The combination of radiations
in the air of these slots fed out of phase by propagation of signals in the metallic waveguide

provides a radiation diagram having the required starting radiation angle, phase lag of a

A

g
guided half~wavelength '2_ provides the necessary double radiation lobe and having



by a space E between two successive slots 5 near the guided hal f-wavel engt h.
For a nore reduced space E between slots 5 there is a single radiation |obe,
simlar to that obtained on the waveguide 1 on the way used. 5 The obtai ned
pol ari sation of the electromagnetic field is linear, the radiated electric
field has a main conponent oriented according to the |ongitudinal axis of
the antenna or of the guide support. Each slot 5 nade in the wavegui de has
a small side big enough for the netal thickness of the waveguide to be
small in b NEh; 10
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illustrat % g?lrtam for the antenna according to the invention. The
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The emissive face of the waveguide of the antenna is located at the vertical and
parallel at an emissive face of the fixed continuous communication device located along the
way. In effect, the waveguide of the communication device is located on a non—emissive

25  face, the emissive faces being located at the vertical. Polarisation of the radiation of the
waveguide on the way is identical to that of the receiving/transmitting antenna.

The antenna is therefore located on the vehicle such that the longitudinal axis of the
waveguide of the antenna is parallel to the longitudinal axis of the waveguide on the way so
that a lobe of the radiation diagram of the antenna and a lobe of the radiation diagram of the

30  waveguide 1 on the way have an identical orientation.

The antenna is mounted either under the chassis of the vehicle if the communication

device 1 is located at ground level between the two ways 2, 3, or on the roof of the vehicle if

the communication device 1 is located in a tunnel arch between the two paths 2, 3. The
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20 On the return way 3, the antenna 4 communicates with the waveguide 1 on the way since the

transmitted (or received) signal by the waveguide 1 in the zone of the lobe L, has the same
orientation as the zone of receiving (or transmitting) the lobe L, of the antenna 4. In this
end—of-line configuration, a single antenna 4 is needed on the side of the vehicle the closest
to the waveguide 1 on the way.

25 Figure 6 illustrates the second figure case: the vehicle A shifts from the forward way
2 to the return way 3 via a siding 20. It is therefore in the inverse configuration of that of the
forward way 2, i.e. the head cabin at the rear of the vehicle (in this case, the vehicle generally
has one cabin at each end, not featured here). Two antennae must be mounted on both sides
of the vehicle, since the antenna 4, mounted on the vehicle to be closest to the waveguide 1

30  on the way as the vehicle moves on the forward path 2, is found on the side furthest from the
waveguide 1 on the way when the vehicle moves on the return way 3 while performing a

forward and return journey on the siding 20.
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CLAIMS 1. A receiving and/or transmtting antenna (4) nmounted on a vehicle
(A, B) noving along at |east one way (2, 3) and communicating with a fixed
comuni cation device (1) 5 located along at | east one way (2, 3) by neans
of hyperfrequency signals of given wavel €éngth, characterised in that it is
constituted by a wavegui de of rectangular section whereof a large face is
pi erced by rectangul ar slots (5) whereof the large dinension is |ess than
t he hal f-wavel engt hs of said hyperfrequency signal, and in that the space
between the centre of two successive slots (5) is close to a
hal f-wavel ength of the hyperfrequency 4P 10 (Xg) propagated in the
wavegui de. 2. The antenna according to claiml, characterised in that the
nunber of slots (5) is between five and ten. 15 3. The antenna according to
claim 1, charadter Aseceivingtahdlor trigsnsiltingSink@ni eben@intédién a wehiclgAB) by ingf
said antenna (4) is vertical and is |ocated parallel to an em ssive face of
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comuni catwaesledgihi eRarbdiprised. inTthat anisecunstimedobyiangateguideaoimreitanghlar aedtnhi sed
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vehicle (A B). 8. The antenna _according to claim1l, characterised in that
it islBovétad@rappeaied jrpihepaveguide.

2. The antenna according to claim 1, characterised in that the number of slots (5} is

between five and ten.

15 3.  The antenna according to claim 1, characterised in that the emissive face of the
waveguide (1) of said antenna (4) is vertical and is located parallel to an emissive face of the

fixed communication device (1) located along the way (2, 3).

4. The antenna according to claim 1, characterised in that the axis of the

20  waveguide of the antenna (4) is parallel to the axis of the fixed communication device (1).

5. The antenna according to claim 1, characterised in that the antenna (4) is remote
from the fixed communication device (1) by at [east four wavelengths of said hyperfrequency
signal propagated in air.

25
6.  The antenna according to claim 1, characterised in that it is located to one single

side of the vehicle (A, B).

7. The antenna according to claim 1, characterised in that it is located on each side
30 of'the vehicle (A, B).

8. The antenna according to claim 1, characterised in that it is covered by a

radome.



