1 Communication device for a railway vehicle The present invention concerns
a device for communication between one or nore railway vehicles and a 5
control post in general, and relates nore particularly to a radiating
wavegui de conti nuous communi cati on device. Fromthe docunent FR 2 608 119
of the Applicant, a device is known for continuous comrunication with a
wavegui de radiating in dom nant node, also terned node 10 TEQ , between a
rail way vehicle and a control post. The device conprises a hollow tube
parallel to a transport track and deposited continuously along the track,

formng a wavegui decoRlyii2a%iBgl @efTesitve haegialayhivehilcde pierced by a
networ k of geonetrically asymretrical 15 openings for "the passage of

hyper frequency el ectromagnetic radiation. The network of openings (terned
"slots" in the renni nder_of tpe description, owir%?lto theié narrow ar]}d

el ongat e geonetry) s | PEEPEC hetP WA b¥Rd SETSSTES di Pect Y %mi $SFve
face at a 20 Shfiihidiatifc o d it hgnanbenf@ rientegiriatayV +&hibees Vehicke,
novabl e al ong the radi ati ng wavegui de. The eonetry, the dinmensions of the
slots and al senthel fssdi nigt EeneEeHl  hand| mgab@% WPrenPREAEGUASESY IR t o

t he frequency r. . The .cyoss- | I U .S t he order
of the wavel éngt ﬁgﬁ&%gﬁvfﬁégedmﬁgﬁyﬁ% %{%e S ltz)ctsastglludsrggdnéal Cc)%:'orrpar ed
with the wavel engidam Tiiee f doquesny Fange &b chibt dfs tges nippedchnt, uae
varies according to the country. In France, and in nany regi ons of the

world, it maye¥dvant dfeol@I% e HOT 3GOPE PONSGHETHENGE Caki&Fe e channel s
o S (S PRl LhSC sttt rstancants | ESAgZ bt ant
10 TE;, between a railway vehicle and a contrel post. The
device comprises a hollow tube parallel tco a transport
track and deposited continuously along the track, forming
a waveguide, only a single emissive face of which is
pierced by a network of geometrically asymmetrical
15 openings for the passage of hyperfrequency
electromagnetic radiation. The network of openings
(termed '"slots" in the remainder of the description,
owing to their narrow and elcngate geometry) is itself
then disposed so as to direct its emissive face at a
20 short distance from the antenna integral with the
vehicle, movable along the radiating waveguide. The
geometry, the dimensions of the slots and also the
spacing between the slots are dimensioned according to
the frequency ranges used. The cross-section of the
25 guide is of the order of the wavelength and the large
dimension of the slots is small compared with the
wavelength. The frequency range which it is permitted to
use varles according to the country. In France, and in
many regions of the world, it may advantageously be in
30 the 2.4 GHz range, where the channels are located which
can be utilised according to standards IEEE 802.11b and

g, standards known as Wi-Fi for Wireless Fidelity, or in
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2 the 5.8 GHz band according to standard | EEE 802.11a. El ectromagnetic
theory considers that for distances between antennae of the order of

magni tude of the wavelength or of a small nunber of wavel engths, the 5
antennae are said to function in near field and require a particular
approach in order to study their coupling. By way of exanple, at 2.4 GHz,
i.e. for a wavelength in the air of 12.5 cm the near field state as
expressed conventionally in electromagnetismis valid up to a 10 di stance
of the order of magnitude of three to four wavelengths, or 40 to 50

centinetres yo n n t C n
distant fi eltc%% onght%l%e gu a%cﬁfl ggbgtrﬁ?ng gngses 0 %sg[%%gntspgu}llg
wavel engt hs, slketeveiainetsicgnat hésely at ednbydehe waregui deor rraylibeaht:l-_éened to

the sum of each of the radiations in near field of the several slots
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by considering the conbination of, radiations in _distant field.of the slots
when the | at® éﬁHﬁ@FtaRﬂ?QﬁQQMﬁﬂl Eﬂuﬁ?ﬁﬁYaf@ebﬁaEBuHﬂﬂngoweg

rel ationshi pg,y A atafild, Lbevehipghe iiS Layigped aa\awléﬂ?@m eAnankor
transmtting and/or rece|V|ng hyper f reqlency waves facilitating the near
field coupllmgrbeEWEea2tﬁe em,ssithe peer ofiehd wategei desanéxphressrtenna
of the vehicle, 3yt an %ﬁ;tlcular f% ourable orle%tatlon The
traffic contF(‘ﬂnv d S T EERS

10 distance of the order of magnitude of three to four

wavelengths, or 40 to 50 centimetres. Beyond this
distance, the antenna begins to function in distant
field.
Along the guide, and at distances of less than four
15 wavelengths, the overall signal radiated by the waveguide
may be likened to the sum of each of the radiations in
near field of the several slots located upstream and
downstream of the current point where the antenna of the
vehicle is located. The energy is radiated
20 perpendicularly to the plane of the slots. It is not
possible to show clearly, for these short ranges, a
privileged direction of the radiation such as would be
obtained by considering the combination of radiations in
distant field of the slots when the Jlatter exhibit,
25 between them, appropriate phase and power relationships.
As a result, the vehicle is equipped with an antenna for
transmitting and/or receiving hyperfrequency waves
facilitating the near field coupling between the emissive
part of the waveguide and the antenna of the vehicle,
30 without any particular favourable orientation.
The traffic control post is equipped with a device

for supplying the waveguide with hyperfrequency waves



for supplying the wavegui de with hyperfrequency waves 3 and/or with at

| east one device for receiving hyperfrequency waves comng fromthe
wavegui de. This device nakes it possibje to maintain continuously a w de
passband [ink (> 100 MHz) between the control post on the 5 ground and the
vehicles. In near field, the device also permts, sinmultaneously, the
measur enent of speed of the vehicles wthout physical contact with the
ground and also the location of the vehicles by reading a pseudo- random
sequence recorded in the structure of the 10 wavegui de. The device is

oper ational whatever the enviro nt_of the track tun@el, vi aduct ,

cutting, etén” /OFhe HiERof AFgh .?%ﬁ%enéﬁgé i (SRE IC+EreF§ﬁ§énﬁpkes
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conmpatibility which are 15 constraining in a railway environment. The
wavegui de i sdemndeeofmalstsal 1t Thesghblee tof madidlainc oyt innewsky canpideai se
bet ween the constraints of cost t he constraints of inherent
conductivitypgﬁsgﬁgd E&%&,ﬁhf(g%ﬁﬂ%gt eFEETt or n%%ng?ogoﬁaﬁgt?BntgF t he
20 wave isn theowavegiideshd hvishidependi ng eraiher nEidl tisel eevede &hgo

| ongi tudi nal attenuation will be nore or I|ess high and the nunber of

transmitter sPegdditeer £imbdeanepuslser Whe oneppEreNeRby &fuitresd | pfpéhe

proportional | re _or | i otal .l.ongitudin 5 tﬁpﬁa LQn is
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wavegui de. For exanple, in a particular enbodinent at 2.4 G4z, 30 an
al um ni um wavégecfle eS@THIREE a FPAEAFACHossiThy ERe structure of  the

10 waveguide. The device 1s operational whatever the
environment of the track (tunnel, wviaduct, cutting,
etc.). The use of high frequencies in the 2 - 6 GHz

range makes it possible to overcome the majority of the
problems of electromagnetic compatibility which are
15 constraining in a railway environment.

The waveguide is made of metal. The choice of metal
constitutes a compromise between the constraints of cost
and the constraints of inherent conductivity of the
metal, affecting the performance of conduction of the

20 wave 1in the waveguide. Thus, depending on the metal
selected, the longitudinal attenuation will be more or
legs high and the number of transmitters/receivers
necessary per kilometre of waveguide will be
proportionally more or less high. The total longitudinal

25 attenuation is the sum of the loss by the Joule effect
and of the loss due to the drawing off of the energy of
the wave which 1s radiated through the slots of the
waveguide.

For example, in a particular embodiment at 2.4 GHz,

30 an aluminium waveguide exhibits a linear logss by the
Joule effect of 15-16 dB/km and a linear logs by drawing
off limited by construction at 2-3 dB/km.
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Joule effect of 15-16 dB/kmand a linear loss by drawing off limted by
construction at 2-3 dB/km 4 There is also known fromthe docunent US 3 648
172 a circul ar waveguide with two |ongigudinal networks of circular

openi ngs di sposed in the upper part of the waveguide. At the very high
frequencies nentioned (7.5 5 10 GHz), the waveguide utilises nodes of
propagati on of higher order generally ternmed TE,,,,, (m n >1) in order to
obtain a limted longitudinal attenuation in relation to its utilisation
along a transport network. In order to permt the propagation of these

nodes, the dianet of 10 the wavegui is.at |least thr tl greater than
the wavel ength o?hﬁﬁs Mv@gsﬁ%é} g%ﬁ% tt_af}’?e %iﬁ%?nn'fl'ﬁtzs %F&%ﬁl gjgoﬁeni ngs
pi erced on thervavagui gavegiidkanqousl YeweM loAgPtulahhtly Abtgerrenesgts of

el ectromagnetic radiation. They therefore emt el ectromagnetic energy in 15

different spafirghléir eePPBABISHoURSRPSEeRheln 1 dilte ambmeta Dgatter &FI ythecei ves
a single el eetrie fiel d camonent, oriented Lo, priyi Leged, spayiab o
r |y fted from

direction and®tRéréfore ‘exhibrt <o raction o he energy e

the guide, tbe gider past wakeyuidet aitidl gl ahede Lo rdthdpet gh used. As
a result, this reduces the signal-to- noise ratio of the link, which in turn
limts the uBdPBET QRIS FNLFRL Y obRYNES- TFmi n{Bonfuritdatibrey#sEnhtShoul d

however be highaif 3 MRARriL " QUAGsERatha1 NoFRUIUALGRL Ofl SYBLE(Rn MEeOVEr,

t he propagation possible Tn this wavegui a plurality of sinultaneous
propagati on ikedes idenstates betmgen tthesmspedirftf enetworpk opadat i ardemwdes
beating and | ocal attenuation of sig requiring the, use of a sandw ch

nal s
gui de struct BFETAEL i it | PKEPRIRbGE™ f‘?% t ERSSEQMNAES 1 othFo shisth ©
materi al § acegRt ghleedilide is at least three times greater than the

wavelength of the waves propagated in the guide. The
circular openings pierced on the waveguide simultaneously
emit a plurality of components o©f electromagnetic
radiation. They therefore emit electromagnetic energy in
15 different spatial directions. However, the train antenna
generally receives a single electric field component
oriented in a privileged spatial direction and therefore
exhibits only a fraction of the energy emitted from the
guide, the other part proving to be radiated without
20 being used. As a result, this reduces the signal-to-
noise ratio of the link, which in turn limits the useful
output of the ground-to-train communication which should
however be high in a modern ground-to-train communication
system. Moreover, the propagation possible in this
25 waveguide of a plurality of simultaneous propagation
modes generates between these different propagation modes
beating and local attenuation of signals, requiring the
use of a sandwich guide structure acting like a mode
filter, complex to produce with materials acceptable in
30 the railway environment, with regard to mechanical
durability or emission of toxic fumes in the event of

fire.



30 the railway environnment, with regard to nechanical durability or

em ssion of toxic funmes in the event of fire. ........ ..... . 5 We
rai lway network to be equipped with coymunication devices is a double
networ k, wavegui des are disposed parallel to each track, with as many
transmtters/receivers as necessary on each side. 5 The traffic contro
t hus communi cates with each train travelling on each of the tracks by

sendi ng t he

hyper frequency waves into the two comruni cati on devi ces.

n the
track

| post
The

probl em whi ch the invention ains to solve is that of reducing the nunber of
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educ1ngy éhe number of transmitters/receivers
installed on the ground and of limiting the length of
guides to be installed along double railway tracks, in
order to limit the quantity of material and the guantity
of components that are necessary without generating any
particular mechanical stress, to limit the installation
or maintenance time of the device while allowing a
control peost to communicate at a high data output with
the trains travelling on the two parallel tracks, with
the same security and the same availability as the
communication device of the prior art. The two parallel
tracks are spaced by a significant distance, as expressed
in wavelengths of the  Thyperfrequency communication
gignals used.
The device for continuous communication according to
the invention between at least one railway vehicle and a
control post includes at least one waveguide disposed
between two parallel tracks resting on a non-emissive
face, comprising two emissive faces, each pierced by a
network of openings for the passage of hyperfrequency
electromagnetic radiation of given wavelength, at least
one vehicle equipped with at least one antenna for
transmitting and receiving hyperfrequency waveg, the

control post being equipped with at least one device for
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networ k of openings for the passage of hyperfrequency electromagnetic

radi ati on of given wavel ength, at |east 30 one vehicle equi pped with at

| east one antenna for transmtting ang receiving hyperfrequency waves, the
control post being equi pped with at | east one device for 6 supplying the
wavegui de wi th hyperfrequency waves and wth at |east one device for

recei ving hyperfrequency waves comng fromthe wavegui de, and is such that
the waveguide is in the shape of a parallel epiped, the 5 openings of which
are formed by slots. The conmuni cati on device al so includes one or nore of
the follow n fe?tures: - the Iarﬁe dinenﬁion of the em ssive faces of the

wavegui des i SUBPI¥ABIor BBF of2Vagiht 2%ide¥ dt NRARANSYgt Wage st hand
el ectromagnetji¢hr agh atlidkt PLRRAJALEI-EN £die wavequiige, h{%@%fké&ﬁgnc
di mension of the slots is less than at |east five tines e maveleng¥h of
the el ectromwayest i comirt atfirom prbpagaveguidet, heands ivaveyahdehat t hhe
i nter-sl ot s%acin 1.5 | ess than %ge hﬁlf- m%¥elength 8&1%?8 Eigaalstggitted
inthe air, “A4'Re &8 néfworks §fCsi §1'8P%r e Fdeft i gaf 2= = “on8 8F t he 1ét wor ks
of slotss s @behahggroiim@ihha@reZQc&h@dpre@;otsLhe em ssive faces are
di sposed vertically, - the slots are disposed vertically, - the distance
bet ween t he antenﬁ‘gzedi%cp@i@éalwwm gegicgelilae hngledes comrurtalPsh
device is atoke%%% fgﬁl%%quw%égk%ggghs, - the antenna di sposed on board a
vehicle has a

- the large dimension of the emissive faces of the

waveguides 1is of the order of magnitude of the
10 wavelength of the electromagnetic radiation
propagated in the waveguide,

- the large dimension of the slots is less than at

least five times the wavelength of the
electromagnetic radiation propagated in the
15 waveguide,

- the inter-slot spacing 1is less than the half-
wavelength of the signals emitted in the air,

- the two networks of slots are identical,

- one of the networks of slots is of larger size than

20 the other,

- the emissive faces are disposed vertically,

- the slots are disposed vertically,

- the distance between the antenna disposed on board a
vehicle and the communication device 1s at least

25 four wavelengths,

- the antenna disposed on board a vehicle has a
directivity of radiation identical to that of the
communication device.

A first advantage of the waveguide communication
30 device with double network of slots is therefore that of

dividing by two the gquantity of material necessary for
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directivity of radiation identical to that of the comunication device. A
first advantage of the wavegui de conmuni cation 30 device wth double
network of slots is therefore that of -dividing by two the quantity of

mat eri al necessary for 7 producing the waveguide, while increasing only
slightly the nunber of transmtters/receivers. A second advantage of the
wavegui de conmuni cation device with double network of slots is that of
subjecting 5 the track to fewer installation stresses by bringing the
wavegui de out of the actual track, thereby facilitating the nmaintenance

ti for the.latter. A third advant is that .with this_ar t
the wavegui BEOSHFERBuGH'S oBAYES SF By e NG5S ExPs e 1o =16% Rkt &r i al

damage | i nkegdhkonohbest 1ok rhalshii R e@fs /iredieliag sf,r om vehi cl es, especially
those for track maintenance. A fourth advantage is that the vertical
arrangenent of tRe fecene madvesiteast Sfotlshe ewgeieguyide essmaERiFatyen to

the accunulationC%TWQE%Eﬁg tf%’né%%%%k;éﬁhsfg§é 20 ¢ tiéf gﬂkﬁa%ﬁgFgonly

dea&
surfaces. | n addairtion, I"mensi ons o he  waveqgui dé aré suc

t he dom rant tpeopagaid oo NBERe FEOnsital1dtibhsed.rediiLilyy | BAthGOnd Othe
mechani cal sinplification of the guide since the different propagation
nodes no | onyavegpddgecthitt 00be tHhe tafedal TREACKy erftielY | F2BéédRaténgar er

ooy LOLERY §8:cUERGHAl an st bpetessage baghis ampencea draw s, 11
a railway networ kA tHimglradRastaygs assebtcondlthyitw of athengavegti the
waveguide, although robust, proves to be less exposed to
10 material damage linked to objects or falling or trailing
from vehicles, especially those for track maintenance.

A fourth advantage is that the vertical arrangement
of the double network of slots renders it less sensitive
to the accumulation of dirt, water, snow, ice, etc. on

15 its emissive surfaces.

In additicn, the dimensions of the waveguide are
such that only the dominant propagation mode TE, 1is
utilised, thereby leading to mechanical simplification of
the guide since the different propagation modes no longer

20 need to be filtered.

The invention will become clearer from the following
description with reference to the appended drawings, in
which:

- Figure 1 is a diagrammatic view of the communication
25 device for a railway network,
- Figure 2 shows a sectional view of the waveguide
according to the invention,
- Figure 3 shows a sectional view of the waveguide
according to the invention according to a second
30 embodiment,
- Figure 4 shows an embodiment o©f the communication

device according to the invention,



according to the invention, - Figure 3 shows a sectional view of the
wavegui de according to the invention according to a second 30 enbodi nent,

- Figure 4 shows an enbodi nent of the dbmunication device according to the
invention, 8 Figure 5 shows the radiation diagramneasured in azinuth of

t he communi cati on device according to the invention, associated with a
physi cal representation of the waveguide. 5 Figure 1 shows a device for
comuni cati on between a control post P and at | east one vehicle A
travelling on a track, conprising a plurality of fixed waveguides 1, 1'

1", etc., disposegicopl NYOUSH KNG HRNA 51 §P8oA! AthdPen tWedGurefeihengt h
of the communication device depends on 10 the type of network. A wavegui de

i s several hundredgiouthnetfy éhd rcommnivataimh tdevcormantending devibe

conprises n wavegui des .covering t.h ole .rail network. _Sinc .1 _the
Ui fes are | dent | AAPETRARR RS RS du ot | PRYe TRl CFPRER =S8 RaP ianequi de
1is formed 15 obft WheSeRAefAdzections |a and 1b, into which the waves are

injected, for exanple by means of a coaxial -to- waveguide transition, at the
ends 2a and 2b of Filgaresdct$lpids| a deyics. frie eomEUSECaMBhbOFWERR 2

vaveguide 1 are gharaed i Qrier, Lo, avoidhd ool ADI A SDEOL, 9148 3] Leol me
of stationary Waves rn the wavegui de; Tor éexanple by neans of "a

wavegui de- t 0+&@ax, alcdnipgaitisd inPna apluaal i agapifed inesl stdwegehdegel, on'by the
arrangenment of a hyperfrequency absorbent material disposed in front of a
netal [ i ¢ shoft+cPE€uirt HSRRSSS  FPRE HUiEsS 1 Than@ngsdz &0 2ndpatPRAsHE no

wave to the %gﬁ%%ﬁntfﬁ@”ﬁgﬂé%ﬁ;éf @ﬂg dommunication device depends on

10 the type of network. A waveguide 1is several hundreds of
metres in length, and the communication device comprises
n waveguides covering the whole railway network.
Since all the guides are identical, only the
waveguide 1 will be described. The waveguide 1 is formed
15 of two separate sections la and 1b, into which the waves
are 1injected, for example by means of a coaxial-to-
waveguide transition, at the ends 2a and 2b of the
sections la and 1b. The ends 3a and 3b of the waveguide
1 are charged in order to avoid the establishment of a
20 regime of stationary waves in the waveguide, for example
by means of a waveguide-to-ccoaxial transition and an
adapted resistive charge, or by the arrangement of a
hyperfrequency absorbent material disposed in front of a
metallic short-circuit plane of the guide. The ends 3a,
25 3b transmit no wave to the adjacent waveguides 1' and 1°.

The waves are emitted or received by a

transmitter/receiver 4 which is connected to a
communications network R linking all the
transmitters/receivers 4, 4', 4"..., to the control post

30 P. The data thus flow from the control post P to the

vehicle A, or vice versa, via the communications network



The waves are emtted or received by a transmtter/receiver 4 which is
connected to a comunications network R 1inking all the
transmtters/receivers 4, 4, 4"..., togthe control post 30 P. The data thus
flow fromthe control post Pto the vehicle A or vice versa, via the
comuni cations network 9 R, the transmtters/receivers 4, 4', 4n and the
waveguides 1, 1' , 1". As Figure 2 indicates, in this particular enbodi nent
the waveguide 1 is in the shape of a parallelepiped, the 5 large faces 6a,
6b being pierced by slots 8a, 8b (shown verti cal here) whi ch radi ate or

receive the waveg. [he sfrr&%"t%r@g”re Sr%gzh‘}st ar mgd " lgar %‘d ﬁx‘éabéﬁ gﬁ%géss' de b

is larger thant Fe S|€' a of fdces '7a, I mensi on
b of the eni gsive,fafes 6a, 6b is of the 10 order of magnitude of the

wavel ength. OMng_to this characteristic, only the dom nant e TEQ is
utilised, i.e. of %/t%ﬂ¥WQr%tl?ékﬁﬁ%%% p%%p%ﬁé?ep?ﬁt%ﬁglaﬁlSggpélmFﬁE

exclusi on of +aay wigwe; Jheihaige @H&%Jés'd?ﬂ“ P B%réf@e%ﬁ&ﬁe&s ErHEh

smaller 15 than the 1ength of the side b: I's at” least five tinmes |ess
t han t he snavélaewgt hf gorepagat edbi roaimgy g.un&heced‘hbg siaites §a, pdssi(bhewho

limt the radiati,on.l gsses, pe l.Length to 2-3,dB/ km while maintaining a
power radi at &y “he YR dgwéﬁ?ﬁlﬁ o‘%ﬁsﬁ?%eﬁyﬁht [ﬂﬁv%%nnuhﬁgatlgn

20 with the vehis &a) nsst hee t@ifed PlardeD Bekhlsk ReidG tdwiaeyeligngt h
of the el ectromgnetic 25 radiation being'propagated in the aulde
g '
large dimension b of the emissive faces 6a, 6b is of the
10 order of magnitude of the wavelength. Owing to this
characteristic, only the dominant mode TE, 1is utilised,
i.e, only the first mode can propagate in the guide to
the exclusion of any other mode.
The large dimension D of the slots is much smaller
15 than the length of the side b: it is at least five times
less than the wavelength propagated in the guide. This
makes it possible to limit the radiation losses per unit
length to 2-3 dB/km while maintaining a power radiated by
the guide sufficient to ensure high output communication

20 with the vehicle.

In other terms,

b ~ A

D < A/5

A being the wavelength of the electromagnetic

25 radiation being propagated in the guide.

Preferably, the large dimension D of the slots is
disposed in the vertical direction, perpendicularly to
the direction of the waveguide. This arrangement and the
very asymmetrical shape of the slots (D is at least 6

30 times greater than the small dimension of the slots) make
it possible to radiate substantially a single electric

field component, oriented in the direction of the guide.
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Preferably, the large dinension D of the slots is disposed in the vertical
direction, perpendicularly to the direction of the waveguide. This
arrangenent and the very asymetrical ghape of the slots (Dis at least 6
30 tinmes greater than the small dinension of the slots) nake it possible to
radi ate substantially a single electric field conponent, oriented in the
direction of the guide. 10 This electric field conponent is utilised by the
antenna of the vehicle. In this way the energy drawn off fromthe guide
and radi ated towards the outside is limted to the mninmmnecessary for

ground-to-vehjicle co ni cati 5 ln practi.ce, .a. wav ide_functioning at a
low frequen 18f%?%EH§%Fi$ﬁ%gﬁiﬁ3ﬂ Oﬁ%ﬂg ﬁﬁsh§ﬁ%ﬁﬁﬁ§&é%etﬁe Spkenna
approxi mat el $rlZ2pe &8hiNd heryamel NP thofehditgy edesihosrgNerbfm Eadi ation
bei ng propagated in the guide. The |arge dinension of the slots Dis 19 mm
the smal | 10dtiidengineh xddiaked| bowards3thm andsike iif e¥imitrdpiechheis 61
mm As a variant, as shown in @F%ur% 3nd.he large, dinensian DL of all the
slots 8a of OHEIEMTSESTE race, or 9 gy&ﬁpl@ e Ems IV acé a, ‘may be

uni form ys i ncreasag 1prRitildee t thevdpigi: di ARNst Denlkgof atheasl obs 8b of
the other em ssive face 6b. This arrangenment nakes it possible to

rei nforce t héreBencymednet i€ FRdi 4t 8ATinaRAr §996ndasf 3 hba¥y® fraekk. By

f le, this makes.it ible t te.f b f 20
symmetry of Che PROTAEIBRECHE ubtvetuicle bRFwedlt ¢ REvEAPROED ok [Tnk&ESto the
configuratioplicRess@ddnetite r&iffidd BEiAY PRSphbhe Horidnendrackqko be

further from the wavéguide 1 than the other. As a variant (not Shown), the
gui de coul d Hd&eoflarge dimension of the slots D is 19 mm, the small

10 dimension of the slots is 3 mm and the inter-slot pitch
ig 61 mm.

As a variant, as shown in Figure 3, the large
dimension D; of all the slots 8a of one emisgive face, for
example the emissive face 6a, may be uniformly increased

15 relative to the large dimension D, of the slots 8b of the
other emissive face 6b. This arrangement makes it
possible to reinforce the electromagnetic radiation
towards one of the two tracks. By way of example, this
makes it possible to compensate for an absence of

20 symmetry of the 1laying of the waveguide between the
tracks as linked to the configuration imposed by the
site, it being possible for one track to be further from
the waveguide 1 than the other.

As a variant (not shown), the guide could be of

25 circular or oval cross-section and would exhibit a
gsimilar behaviour of its electromagnetic radiation in the
air.

Figure 4 1is a view of the device for continuous
communication between the traffic control post P (not

30 shown}) and two trains A and B travelling in two opposed
directions on two parallel tracks, 2 and 3. The

following description is provided when two trains are



25 circular or oval cross-section and would exhibit a simlar behaviour of
its electromagnetic radiation in the air. Figure 4 is a view of the device
for continuous comunication between the traffic control post P (not 30
shown) and two trains A and B travelling in two opposed directions on two
parall el tracks, 2 and 3. The follow ng description is provided when two
trains are present on the tracks 2 and 3, but it is understood that the
functioning of the device is exactly identical even if there is only one
train travelling on a single track. The waveguide 1 is disposed between the

two tracks 2 5 and 3, its snmall face 7 ei pl.aced on the groun or on
a support at?ﬁeﬁﬁPFaPH_&' %ﬁﬂ?&%wﬁn?%@ grogﬁa,thésl¥ﬂ%ﬁ¥?é§%£ %%?th,
which are enigsi ¥enReiRdnerdf Cahe ahiiNatd Vekyctipe jerypguide dy&oul d be
suspended in a tunnel vault, between two tracks (2, 3). 10 The traffic

control postiP themanisatssywenh theint raawslAingdoB bysinpéet kmgcknt o t he
wavegui des 1, 1', signals.S1, S2 in the formof a group of h r frequency
waves.  whi ch’ prophist 8280018Fnd 26 A SPREAREL S baats Gh TS € hi
the wavegui dgnhagz,| b @ndsmbni thfdeecan® aldidpdbBdesd bynt hdeergssineg, faees of

the waveguide l|a, Ib in the direction of the antennae 5 of the trains A
and B (the waled AHRAEST afl Pepldd@rifeddiFtanee 4rep thgo-HNawrdi one

i nj octed | ni SoFAE S0<MAvagt dbbr a ol e SpoobRat el BB cnna

processi ng i AlBeknawnvabpnercHhewairggalideSlL, SRul@ceievegduspondsdt an dentify
which signal is addressed to it. One or npre antennae may be di sposed on
board, on thEUSBf: Vahdk. obPebWeBRckhwSi BE26KSt hé t Bain.

10 The traffic control post P communicates with the

trains A and B by injecting into the waveguides 1, 1', 1%
signals 81, S2 in the form of a group of hyperfrequency
waves, which propagate according to an "outwaxrd"
propagation mode within the waveguide la, 1b and which

15 are all radiated by the emissive faces of the waveguide
la, 1lb in the direction of the antennae 5 of the trains A
and B (the waves emitted are represented in Fig. 4 by
two-directional double arrows). Each onbocard antenna
therefore receives all the waves 1injected into the

20 waveguide 1la, 1b (Fig. 1}, the receiver of each antenna
processing in a known manner the signals Sl1, 82 received
so as to identify which signal is addressed to it. One
or more antennae may be disposed on board, on the same
side or on each side of the train.

25 Taking into account the energy loss due to the loss
by the Joule effect and losses due to the drawing off of
energy from the slots 8a, 8b, the power of the waves is
maximum close to the ends 2a, 2b (Fig. 2) when it is
injected by the transmitter/receiver 4. Conversely, at

30 the ends 3a, 3b, the power of the waveg is minimum, since
the wave has lost energy by propagating along the guide
and by radiating through the slots 8a, 8b.



25 Taking into account the energy loss due to the loss by the Joule effect
and | osses due to the drawing off of energy fromthe slots 8a, 8b, the
power of the waves is maxi num cl ose tgzthe ends 2a, 2b (Fig. 2) when it is
injected by the transmtter/ receiver 4 Conversely, at 30 the ends 3a, 3b,
the power of the waves is mninum since the wave has | ost energy by
propagating along the guide and by radiating through the slots 8a, 8b. 12
The onboard antennae 5 (Fig. 4) are transmitters and receivers. Thus, the
trains A and B communicate with the control post P by emtting signals in

hyperfrequency waves via the onboard antennae 5 towards the.mavegrid 1, 5
the signals then B8PnGTHCGFEAEETIEMT hF 19 oty sare ghrapfMiheeERi e8fve

faces 6a, 6b.Lowaidyglhe GRds e A0raiifd b g O Lofm¥RYEQUEdGidnWRD @
return" propagation nmode identical to that of the "outward™ node. In this
case, takingcontaodccport the lenerggyitdtoigyy si@nialle pawer hgperbheegagrcy
injected into the wavequi de decreases in the direction of the,ends 2a, 2b
Lo reach  thEVEENSP S REAVE HEIES 1§ CIATE OB ERGPULAE 1
radi ationy di ageanQfnA s WeNEAULLE nel Y dtdd aftomVehy |G Angh pi gpced
with 15 slots over only one surface, theslots being of dinensions nuch
smal | er t hanofhethbeyvemimgtiive ekhArbpt $d.n Ghedrovards Fheadendsor@adi rébt ed,

in a plane perpendigcul a Q that of.the openjings,,towards the qutside of
the gquide, aﬁPﬁbufﬁitoéefhﬁ ﬁ'Yﬁqﬁﬁgﬁc&o@fghn%¥odﬂ%?%ﬁnofprgﬁagﬁ L8Her gy
in a privil egedespdentl cdilr @t itkat Jf ithealreRutkia@@Y title .ant ennae may be

produced starting froma transm ssion |ine of the waveguide type. Thus the
"Ant enna Engi neer ilflg tHekibeake, b aligigarin account the energy loss,

10 the power of the wave injected into the waveguide 1

decreases in the direction of the ends 2a, 2b to reach
the transmitter/receiver 4 (Fig. 1).

It 1is known that the radiation diagram of a

waveguide of the prior art, very long and pierced with
15 slots over only one surface, the slots being of

dimensions much smaller than the wavelength, exhibits in

near field a radiation directed, in a plane perpendicular

to that of the openings, towards the outside of the

guide, without it being possible to obtain focusing of
20 the energy in a privileged spatial direction.

It is also known that antennae may be produced
starting from a transmission line of the waveguide type.
Thus the "Antenna Engineering Handbook" by Richard C.
Johnson and Henry Jasik publishes, in its second edition

25 edited by McGraw-Hill Book Company (chapter 10, page 11),
a description of an antenna termed "Leaky wave antenna".
This antenna is constructed starting from a waveguide of
rectangular cross-section having a short length. It uses
slots in which the large dimension is of the order of

30 magnitude of the half-wavelength. These antennae are
developed 1in order to obtain on the one hand high

efficiency, 1i.e. in particular to have the capacity for
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Johnson and Henry Jasi k publishes, inits second edition 25 edited by
MG aw Hi | | Book Conpany (chapter 10, page 11), a description of an antenna
termed "Leaky wave antenna". This antggna is constructed starting froma
wavegui de of rectangul ar cross-section having a short length. It uses

slots in which the large dinension is of the order of 30 magni tude of the
hal f - wavel ength. These antennae are developed in order to obtain on the one
hand high efficiency, i.e. in particular to have the capacity for 13

radi ati ng by nmeans of an antenna of reduced size (of the order of a few

wavel engt hs) _all _the_eper whichis co ni cated t.o them.and, t.he ot her
nand, to roctathet Mizehy Meeliha 1 ERETHIR rah apbhobR B
privileged spagéal &lf rect ifed. SeghlangeRkennal 1 halrf okeerGynCihess s far
field and its radiation _diagramis directional. In the sanme chapter, the
aut hors descfppeunhedhed Cantdein Frbduedtly aehas AN ofte fixteedon the
four 10 facg%gg ”&%Qﬂ'n@r% "?:aaoer de%né’][bé)g! ”r&{ﬂ&{:'!eér RQ ardisati oo, ofe § he
signals enmitted rn a privileged spafial”direction. |In these cases 1n point,
t he radi ati opsioiléheddicbheriant diaperdirgs. | nfethese Hntengly tsherefere
conposed so as to, produce the required directivity and pol arisation, A 15
strong coupl FHEChEPRBen R hek®F opeifiiths a8y £hE fFafdatpPBseAt2eheThel Yui de
is thereforedgggggﬁggagpd utilised. The aimof the invention on the other
hand is to limt the radiation of the structure severely in order to draw
off only very |itThe tdreer ggmér arhdgteer nt eheorawthdie d2@cgubee. addigher

waveguide 1 is therefore pierced by very small slots 8a,.8b which
i ndi vi dual | y20F SiPaf fpr&ﬂ@%{] PYx feaRs| Msi ﬁilLPEH ESFAEDT OBndt§y ¥9%m t he

interiorgof faces of the guide in order obtain circular polarisation

of the signals emitted in a privileged spatial direction.
In these cases in point, the radiations of the different
openings interfere strongly and are composed so as to
produce the required directivity and polarisation. A
15 strong coupling between these openings and the field
present in the guide is therefore produced and utilised.
The aim of the invention on the other hand is to
limit the radiation of the structure severely in order to
draw off only very little energy from the interior of the
20 guide. The waveguide 1 is therefore pierced by very
small slots 8a, 8b which individually draw off only an
extremely limited amount of energy from the interior of
the guide, as described previously.
The Applicant has now demonstrated that each slot
25 8a, 8b of the waveguide 1 according to the invention,
unlike the antennae with waveguide pierced by four
networks of slots described previously, radiates
independently without significant interaction with the
energy propagated in the guide or with other nearby slots
30 8a, 8b. The radiations of different networks of slots
8a, 8b disposed on opposed emissive faces 6a, 6b of the

waveguide 1 take place in fact substantially



t he gui de, as described previously. The Applicant has now denonstrated that
each slot 25 8a, 8b of the waveguide 1 according to the invention, unlike
the antennae w th wavegui de pi erced by (fjour networks of slots described
previously, radiates independently w thout significant interaction with the
energy propagated in the guide or with other nearby slots 30 8a, 8b. The
radi ati ons of different networks of slots 8a, 8b di sposed on opposed

em ssive faces 6a, 6b of the waveguide 1 take place in fact substantially
14 independently, w thout significant coupling between the two em ssive
faces 6a, 6D, ghis ﬁffﬁﬁt t herefore makes _.it @ossibl .totransmt and to
recei ve si gnalPSSPEBAEMRG8usI Y Hit oy EF IGFEAL2RF st AREREIRY a BF Sgubifes 1 5
di sposed at t{8 ha@eiwraAcCiayeyegHi dgpl ratdhali BEfécd tMerdRIMOrkskes slots
8a, 8b, the radiation characteristics of which are independent of one

anot her. I n fact ,pegsilpke cade of txhoERisf @y sl | TYECRRNS on8igradb$ded in
a conducting_pl ac ri ilj.t heo nst.rates t

radi ation ofC§n§?§P0ﬁ§g§n5§%réﬁév%r%%g%%ngﬁé¥%%§g?h§§aaﬁb'%éi%g%ﬁég% }n
relationsto gtiBgowedehenghle, tirffadk, ienctf Wesiefhide a tridi£ontycyiagtwel ane,
and in the far field state, is conparable to that of an el enentary magnetic
di pol e ori ennglvarkfig theshets B2 0f8R hethar g@ddiatedt oRNB¥aE KRBT $8%1 CThi ch
radi ates an lectric.fiel t .ari.ent ' he direction of the

gui de. The ePgngﬁ gbya%gg%gggggggggﬁeogr#ggsgﬂggﬁskhe fact of the
interruption of cuonareitckineimt tithe swdeacerf ofsldies nedfl , véipkedmadl t he
presence of the opening. 20 This magnetic_di pole of equivalent radiation is
oriented pefpBREFEGREr PFoVddere 15 sheJidudlelng gelane, polarisability

10 theory demonstrates that the radiation of a slot having

transverse dimensions that are very small in relation to
the wavelength, if it is effected in a thin conducting
plane, and in the far field state, is comparable to that
of an elementary magnetic dipole oriented along the axis

15 of the large dimension of the slot which radiates an
electric field component oriented in the direction of the
guide. The elementary magnetic dipole arises from the
fact of the interruption of current lines at the surface
of the metal, linked to the presence of the opening.

20 This magnetic dipole of equivalent radiation is oriented
perpendicularly to the plane of the slot.

By «calculating the overall contribution of the
radiations of a large number of these correctly spaced
and dephased slots, the formation of a particular

25 radiation diagram in distant field is obtained. The
waveguide 1 according to the invention therefore
functions in far £field and its radiation diagram is
directional. However, it dees not function 1like a
waveguide of the prior art, since the waveguide 1

30 according to the invention functions in far field and not
in near field. Nor does it function like a waveguide-

type antenna of the prior art, since the waveguide 1
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By calculating the overall contribution of the radiations of a |arge nunber
of these correctly spaced and dephased slots, the formation of a particul ar
25 radiation diagramin distant field ijg obtained. The waveguide 1
according to the invention therefore unctions in far field and its

radi ation diagramis directional. However, it does not function like a
wavegui de of the prior art, since the waveguide 1 30 according to the
invention functions in far field and not in near field. Nor does it
function |like a wavegui de- type antenna of the prior art, since the
waveguide 1 15 acgcording . to the invention . .radiates only a minute part of

t he energy o?c?ﬂﬁgﬁPﬁnEP ﬁh?cﬁn5§§§é§ntﬁﬁ ghert < gi%am%RHSFIQﬁﬁﬁlﬁ#de

di stance, whepgagnaRa@Ntanngnof stiBRART kel crardad A atReoabh the Rraray of

t he signal which pasSes 5 through™it over a very short guide distance. The
cal cul ati on weéryhéohgt gnideodispacicey whergas edr andtering aknidwh pradower

taking into account,.on the e _.hand the phase.shift introduced by the
propagati on 3Fttﬁ@dlﬁﬁﬁﬁf?ggu§&%/%ﬁ%ﬁ%ﬁsofp e ﬁb%%@%ig lf%aﬁﬁ%%ﬁ?the to
other hard tperghggeishbitroh {hesesmbgnahsiat HedHaadeby the propagation

of the signals in the air on each side of the waveguide 1, after the
passage of the enBhgycehrodghionheisitdes i@demsiplon Enagicd interrsied
spacing, i.e, . permitti he nsiructive su i f the radiati 15 of
t he differen?quﬁgéc%tﬁsg)s o@%ﬁngﬁé %Fﬁé%gbfﬂHﬁ%g%?%%ﬁ%&bfoéh?%% f%ﬂg few

centinetres hanéhehd. ghassd. 8hi@z ibandduced dy arderpipadai dndef stheght |y
bel ow the hal f-wavel ength of the signals emtted in the air - thus
provi des a sPYRErfBEIEBRSYartiHmmIs t dde ERRVEMEIYHel 200 RhafBy % he

posi ti onof BbﬁeﬁnhSHHath%b%%%s% hQlet of these signals introduced by

the propagation of the signals in the air on each side of

the waveguide 1, after the passage of the energy through
the slots 8a, 8b. A critical inter-slot spacing, i.e.
permitting the constructive summation of the radiations
15 of the different consecutive slots, the order of
magnitude of which is a few centimetres in the 2.4 - 5.8
GHz band - or an order of magnitude slightly below the
half-wavelength of the signals emitted in the air - thus
provides a signal of constant amplitude above the guide,
20 whatever the position of the antenna: above a slot,
between twoc slots, etc. Beyond this critical spacing,
the signal transmitted by the network of slots fluctuates
strongly from one opening to the other and consequently
proves not very utilisable for maintaining ground-to-
25 train communication.

Figure 5 represents the radiation diagram of the
waveguide 1 according to the invention, the slots 8a, 8b
of the two emissive faces being of identical dimensions.
The axis of the waveguide 1 corresponds to an angle of 0°.

30 Owing to the symmetrical formation of the two networks of
slots, a diagram of radiation symmetrical in relation to

the axis of the waveguide 1 constituted by two main lobes
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between two slots, etc. Beyond this critical spacing, the signal

transmtted by the network of slots fluctuates strongly from one opening to
t he other and consequently proves not ,gery utilisable for maintaining
ground-to- 25 train communication. Figure 5 represents the radiation di agram
of the waveguide 1 according to the invention, the slots 8a, 8b of the two
em ssive faces being of identical dinensions. The axis of the waveguide 1
corresponds to an angle of 0. 30 Owing to the symetrical formation of the
two networks of slots, a diagramof radiation symmetrical in relation to

the axis of the veguide 1 constitutﬁd bg two nmin oEes 1 9 and &0
appears. The’t wB™ftai h°l oBBE®8T8nd 1017 r BHSpo¥BY™t o1 PRESt r AnspBPt 10+

envi ronment ef-ahkgBERASITRHR driarRRMbladirhpRaaNtsateidlee 3, make

el ectromagnetic energy sinmultaneously in the direction of "the two transport
5 tracks 2 amd 3pobyihbanstof comianjimateaditie nglegteguadaeticdi spesed in a
central position gn t he qround og in(ﬁ. t unnel vggl& Thi_s ragiation giagram
i s obtained S$THSGANESUSIYsuffi ciBhit FUBE D Hdi &onS¥Sr SFOREPPE
integrated. ti@ckB pragid ce, BPonbaAshwEdiediSlfts FRKkEat inPpossrbELiEe
obtain high limt beyond which the effect of summation of the contributions
of the sl otsltaHdPassshr#8 &n Ceriipt opesinsonn@ncdihel previdusity,in ha

radi ati ng w%%%%%&d%a 1%5 i nstall ed continuously between stations, 15 over

di stances of "several "hundreds of netres. As a result, it contains several

t housands of slotghikn fadeatienl dlagwesmt e | ebeaiakdr agds atdah 9 aandal0
have maxi ma whi ch depend on the height of the wavegui de above the ground.
The presenceséﬁfﬂﬁéeﬁFodﬁﬂmﬁﬁﬂ pfs radiations of slots is integrated.

10 In practice, about a hundred slots make it possible to
obtain high limit beyond which the effect of summation of
the contributions of the slots tends towards an
asymptote. As indicated previously, the radiating
waveguide 1 is installed continuously between stations,

15 over distances of several hundreds of metres. As a
result, it contains several thousands of slots.

In a vertical plane, the locbes of radiation 9 and 10
have maxima which depend on the height of the waveguide
above the ground. The presence of the ground and its

20 physical characteristics influence the radiation diagram
in elevation of the radiating waveguide. In dependence
on its effective height above the ground, as defined by
the mechanical stresses of installation on site, a
compatible antenna height of the wvehicle will be selected

25 in order to locate the antenna of the wvehicle in the main
lobe of radiation 9 or 19 of the waveguide 1 at the
track. In practice, the distance between the onboard
antenna 5 and the waveguide 1 should be at least four
wavelengths in order to function in the near field state.

30 Below four wavelengths, the antenna is placed in the near
field =state. However, in the far field state, the

radiation diagram is not formed and does not therefore



20 physical characteristics influence the radiation diagram in elevation of
the radi ati ng wavegui de. I n dependence on its effective height above the
ground, as defined by the nechanical gtrresses of installation on site, a
conpati bl e antenna hei ght of the vehicle will be selected 25 in order to

| ocate the antenna of the vehicle in the main |obe of radiation 9 or 19 of
the waveguide 1 at the track. In practice, the distance between the onboard
antenna 5 and the wavegui de 1 should be at |east four wavel engths in order
to function in the near field state. 30 Bel ow four wavel engths, the antenna

i s placed ingEQﬁiE?%ﬁe'Ud¥é§d¥&g‘% OV &I s éﬁbt%ﬁ%éﬁfré&§égc§F@E§rg§he

radi ati on diagramis not fornmed and does not ther re 177 permt the
wavegui de 1 edfkotaveflye hypezfdequehey emeteynaeff écti vehg t dwmrads the
antennae 5, and thus to .conmunicate. between trains and,ground with a

opti M sed | FREYEIEAFEndE T e { REABROL RO STANCS Botodtt t HBCHEYERH de 1
and each antgppage ehitheevehicle A, B is in practice increased in
relation to the wavegui de of the prior art, the gain provided by this
summat i orf and conééntiaghontled ddssegyreconpenser eshico wavaggidextlenandor the

addi tional 1Q _attenuation of the si.gnals . whi.ch pass_.over a.gre r, .distance
inthe air, ffo tﬁggﬁ59ggu%deo tdg?hé”%ﬁﬁ%%ﬁdehanF%nﬁg 5}%Th§%§ﬁgéﬁ%a 5 of

the vehicl e AneteBsed dirspasest 56n 85 tReb@akegatiae pE nEmEendtyorNapeoximty
to a network of 15 slots 8a or_8b exhibitin%.the radi ation di agram of
Fi gure 4, andhgr Gyrids RV idemthdo¥ ofbi fuSusTR tdmBe pNG heonpteraf 1o hat

t housands of eg'ez%l&_;ﬁr %ﬁer?%]@ést% vavegiides e dUET B9y G MOMRTERLLQY the
vehicle A or g. i e
10 attenuation of the signals which pass over a greater
distance in the airx, from the waveguide 1 to the onboard
antenna 5.
The antenna 5 of the vehicle A or B is disposed so
as to be located permanently in proximity to a network of
15 slots 8a or 8b exhibiting the radiation diagram of Figure
4, and progressively and continuously sweeps the whole of
the thousands of slots 8a or 8b of the waveguide 1 during
the movement of the wvehicle A or B (Fig. 4). The
radiation diagram permanently accompanies the movement of
20 the wvehicle and continuously supplies to the two
transport tracks 2 and 3 a maximum of electromagnetic
energy in a privileged spatial direction.
An antenna termed omnidirectional, i.e. an antenna
which exhibits an electromagnetic field whatever the
25 direction of arrival of an emitted signal or
alternatively which in the same way radiates an
electromagnetic signal in all spatial directions may be
suitable. This antenna will be able to capture the
signals emitted by the waveguide 1 in its privileged
30 directions of radiation and transmit signals in the

direction of the waveguide, at the same level as the
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radi ati on di agram permanent|y acconpani es the novenent of 20 the vehicle and
continuously supplies to the two transport tracks 2 and 3 a naxi mum of

el ectromagnetic energy in a privil egquspati al direction. An antenna ternmed
omidirectional, i.e. an antenna which exhibits an electromagnetic field
what ever the 25 direction of arrival of an emitted signal or alternatively
which in the sane way radiates an electronagnetic signal in all spatial
directions may be suitable. This antenna will be able to capture the
signals emtted by the waveguide 1 in its privileged 30 directions of

radi ation and transmt si nalg in the direction of the vegui de, at_the
same | evel a$ifRréles E?@%éﬂ’% reQH velrarsMi5RSH t t B ir’?vég’(eﬁ:gr spatiat
directions. HQ?%‘&%&on%‘JCh an antenna does not exhibit any particular gain

| inked to the Tocusing of the energy in 5 one or nore privileged spati al
directions. As a Heseler,t hewignars shwnrey tdoss amienhnaewhibibe ammk or

will not nake it B%SSi bl e toll n%e t _a hti&%h gower. into_th vvav%géji de,
through t he SPEELCYUTRFs Yedhst tREEYsGén At eRHaT WPk TRKEIY ¢ 11
possi bl e st o ghkaidy hiGh 19 COMuRLakhani Qut LS c%eeR! folsigcreasing the
power emtted by the train or ground transmtter. A shaped beam ant enna
havi ng a radithei crigfialgy aghowrhiy ttvgs depeennai tWidsl ober agiadt ion péthits
t he best possi blrg tran%fer of £ erg:yo bet v.vgeg thehvi/a\(legui‘ge 1iatt 15 Bhe
track and t h&antBANa. T BPREFOWOr 0 tRSFhdi%at Pd9" dPRETAm S h&"ant enna

shoul d have ahvkgastieqnei®bugh obBe Qfldtadi atiten d Mmakhehchbe afu@nt ahion is
identical to that of one of the main |obes of the radiation diagram of
antenna will not make it possible to obtain high

10 communication outputs except for increasing the power
emitted by the train or ground transmitter.

A shaped beam antenna having a radiation diagram
exhibiting directivities of radiation permits the best
possible transfer of energy between the waveguide 1 at

15 the track and the antenna. In other words, the radiation
diagram of the antenna should have at least one main lobe
of radiation in which the orientation is identical to
that of one of the main lobes of the radiation diagram of

the waveguide 1. The orientation is defined by the angle

20 ¢ formed by the axis of the main lobe with the axis of
the antenna or of the waveguide. For example, as the
waveguide 1 according to the invention in Fig. 4 has a
main lobe directed at approximately 30° with respect to
the axis of the waveguide, an antenna 5 co-linear with

25 the train should alsoc have a starting angle of 30° in
order to receive and transmit efficiently signals in this
privileged spatial direction. Such an antenna makes it
possible to obtain high communication output rates.

The total attenuation per unit length in the

30 waveguide 1 1s only slightly increased since, wvia a
double number of slots that are all identical, only the

loss by drawing off energy from the waveguide is doubled.



‘ "~ ]
the waveguide 1. The orientation is defined by the angle 20 a fornmed by the
axis of the main |obe with the axis of the antenna or of the wavegui de. For
exampl e, as the waveguide 1 accordingj4o the invention in Fig. 4 has a
main | obe directed at approximtely 30 with respect to the axis of the
wavegui de, an antenna 5 co-linear with 25 the train should al so have a
starting angle of 30 in order to receive and transmt efficiently signals
inthis privileged spatial direction. Such an antenna nakes it possible to
obtai n high conmuni cati on output rates. The total attenuation per unit

length int ide 1 i | lightly i d si i
Goubl o numbern of 161 Rk HATL & o SAPPALERE et RE. 4 vheOHF" artkh ng of
ener gy fromgdesayegihdgtrisndpel! 6hitld erlgtd henpar bhsykar reahodigmey

presented at 2.4 GHz, the total attenuation per unit length thus passes
from 18 dB &® 21dB iim tHee cgascofofanaal @divmimduiavegvedeldeindanfe the

reduction in_range wuld th fore be 1 or -5 _approximately .1.7% This
reductioninf?é%nﬁf%%y & géﬁggatgau%g s?FSﬁ?F?r?ed%gingathe é%%e 6thhe
slots, whi cdppesst thdroykeyerihave theniesutdddc i@glucimg fdrege enegy em tt ed
and received via the waveguide. OM ng especially to the weak el ectromagnetic
10 coupl i ng Bt hearrddioycenl 1aBEWor kKEeBicinipt §het elzgepfyi B latfe doubl e

network of %ﬁféha%%fcf Hd%%'v?etxi O’anqjeag{:ﬁg‘ | poLaf figtd :R{cﬁl/@iﬁ hg,stable
in a wde frequency band and in practice depends only on e oper node
of propagat i @terxy sémitgred tdmd desivey® gl dehe IbategR0dE. L A1 M S
Owing especially to the weak electromagnetic
10 coupling between adjacent networks of slots, the
behaviour of the double network of slots and its
radiation diagram in far field prove to be stable in a
wide frequency band and in practice depends only on the

proper mode of propagation existing within the wave guide

15 1.
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1. Device for continuous comruni cati on between at |east one railway vehicle
(A, B) and a control post (P), 5 including at |east one waveguide (1, 1',
in) disposed between two parallel trackg and resting on a non-enissive face
(7b), conprising two em ssive faces (6a, 6b) each pierced by a network of
openings (8a, 8b) for the passage of hyperfrequency el ectronmagnetic

radi ati on of given 10 wavel ength, at |east one vehicle (A B) being equipped
with at | east one antenna (5) for transmtting and receiving hyperfrequency
waves, the control post (P) being equipped with at | east one device for
supplying the waveguide (1, 1', in) 'thégﬁgﬁéfrequency waves and with 15
at | east one device for receiving h y waves conmng fromthe
waveguide (1, 1', in), characterized in that the waveguide (1, 1', in) is
in the shape of a paral | el epi ped and in that the openings are forned by
slots. 20 2. Deviée ac@@WGpﬁgig cfaipinuoes acomrenized liom hﬁﬁweqmeatarge
di mensi on of the enl S|ve f ces v i.d is of
t he order of nagﬁl e W%gg %ng%% %) gdgﬁbc ﬁgﬁéﬁéé?lc rébratlon

propagat ed i mntcmadma\gegant dﬂ_ea%& 3onbewpeacicy diing to' ¢l ainp 1dospekadm 2,
characterized in that the |ar dlnen5|on (E» of the slots (8a, 8b) is less

than at | easbPefweent tiwes baral ﬁ1%ﬁ t#ﬁﬁ%ﬂ%&t?%nﬁgﬁ@ﬂrémﬁﬁﬁiﬁ?lon
propagat ed i he vegui a r di tQ,apy one
of clains 1 SCE, “?%%aagF@$F§é6“§ ti epggs%g Fer- s 0 gggélﬁgglsg?egs t han

the hal f -waveliemged df heiesiwgna s:fempetrejdagm tdee, adls) Pdr HheDpubsage
according to any one of clains 1 to 4, o
hyperfrequency = electromagnetic radiation of given

10 wavelength, at least one vehicle (A, B) being equipped
with at least one antenna (5} for transmitting and
receiving hyperfrequency waves, the control post (P)
being equipped with at least one device for supplying the
waveguide (1, 1', 1ln) with hyperfrequency waves and with

15 at least one device for receiving hyperfrequency waves
coming from the waveguide (1, 1', 1ln), characterized in
that the waveguide (1, 1', 1n) 1s in the shape of a
parallelepiped and in that the openings are formed by
slots.

20 2. Device according to claim 1, characterized in
that the large dimension of the emissive faces (6a, 6Db)
of the waveguide (1, 1', 1n) is of the order of magnitude
of the wavelength of the electromagnetic radiation
propagated in the waveguide.

25 3. Device according to c¢laim 1 or ¢laim 2,
characterized in that the large dimension (D) of the
slots (8a, 8b) 1is less than at 1least five times the
wavelength of the electromagnetic radiation propagated in
the waveguide (1, 1', 1n}.

30 4, Device according to any one of claims 1 to 3,
characterized in that the inter-slot spacing is less than

the half-wavelength of the signals emitted in the air.



characterized in that the two networks of slots (8a, 8b) are identical. 6.
Devi ce according to any one of clains 1 to 4, 5 characterized in that one
of the networks of slots (8a, 8b) is of larger size than the other (8a,

8b). 7. Device according to any one of clains 1 to 6, characterized in that
the em ssive faces (6a, 6b) are disposed vertically. 10 8. Device according
to any one of clains 1 to 7, characterized in that the slots (8a, 8b) are
di sposed vertically. 9. Device according to claiml1l to 8, characterized in
that the distance between the antenna (5) disposed on 15 board a vehicle

(A, B) and the cqfnunl 1LCq S our. V. gth :
Devi ce according 1o cI%?‘;%gé,] gﬁé?%@ g zed |r§? %ﬂét la’tfh\tla\(l?lagdljt"gé]nngzLi ?’g) %gi sposed
on board a vetdrdetdAlzd) 1hashatdkhanuwutQEKwOfmﬁlaflemotdedwaxﬂsﬂm t hat

of the 20 conmunicatjon devi ce.
are identical.

6. Device according to any one of claims 1 to 4,

5 characterized in that one of the networks of slots (8a,
8b} is of larger size than the other (8a, 8b).

7. Device according to any one of claims 1 to 6,
characterized in that the emissive faces (6a, 6b) are
disposed vertically.

10 8. Device according to any one of claims 1 to 7,
characterized in that the slots (8a, 8b) are disposed
vertically.

9, Device according to claim 1 to 8, characterized
in that the distance between the antenna (5) disposed on

15 board a vehicle (A, B) and the communication device is at
least four wavelengths.

10. Device according to claim 9, characterized in
that the antenna (5) disposed on board a vehicle (A, B)
has a directivity of radiation identical to that of the

20 communication device,



