1 Communi cation device for a railway vehicle The present invention
concerns a device for comruni cati on between one or nore railway vehicles and
a 5control post in general, and relates nore particularly to a radiating
wavegui de conti nuous communi cati on devi ce. From t he docunment FR 2 608
119 of the Applicant, a device is knowh for continuous conmunication with a
wavegui de radiating in dom nant node, also ternmed node W TEOl, between a
rail way vehicle and a control post. The device conprises a holl ow tube
parallel to a transport track and deposited continuously al ong the track,
formng a wavegui de, only a single em ssive face of which is pierced by a
network of geonetrically asymetrical 15
openi ngsf ort hepassag€ofmyppertt equedeyiad dorr entighévar vediate on. The network
of openings (termed "slots"” in the remainder of the description, owng to
their narrow and el ongate geonetry) is itself then disposed so as to direct
its em ssive face Tie a gbshent diiaanceohr osvhberast enna tdatvegeal fort h the
vehi cl e, novabl e al ong the radi ati ng wavegui de. The geonetry, the _di nensions
én%Fﬁé di

of the slots SHEHNEATHR Hftderd b Agt ¥y & <bitreRgi 8REd2

accordi ngsto ther fSePCY I JRERTaUS €dna THE1 £F &S SnSRCtpHit ifutahe y2%ogui de i s
of the order of the wavelength and the |arge dinension of the slots is snal

conpar ed wi t ha t PRSI nGRIUTRE FRRERIRYP CaRFEnMARERCONt df¥i¢Rrnitted to
use varies accord|§§b$ckﬁgedgipmgﬁg:%&;bF%@§c§19agg kﬂe”%&%lﬁ%QhQ”SaOf t he
eiln t he 2. wh

world, it may advantageously 4 GHz range, ere the channel s
are | ocat ed whecicean she kmbwhi sédr acoortdimguso sbandar dst 1&EEE w802, 18b and g,

standar ds knowgvgixi}5Fgaéggtygéekgs%kﬁh%gkLt%bdg;ighso termed mode

10 TE;,, between a railway vehicle and a control post. The

device comprises a hollow tube parallel to 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 elongate geometry) is 1itself

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-gection 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 varies according to the country. In France, and in

many vregions of the world, it wmay advantageously be in

30 the 2.4 GHz range, where the channels are located which

can be utilised according to gtandards IEEE 802.11b and

g, standards known as Wi-Fi for Wireless Fidelity, or in



2 the 5.8 GHz band according to standard | EEE 802. 11a. El ectronagnetic

t heory consi der 5 that—for—tstamreces—isetmeemmmmmemac of the order of
magni t ude of the wavel ength or of a small nunber of wavel engths, the 5
antennae are said to function in near field and require a particul ar
approach in order to study their couplang. By way of exanple, at 2.4 Gz,
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 di stance of
the order of magnitude of three to four wavel engths, or 40 to 50
centinmetres. Beyond this distance, the antenna begins to function in distant
field. Al ong the guide, and at distances of |ess than four wavel engths,
the overal | siwghak.sadiid ethaby tdecorarMegui ge mrundarli keperl tsoat heasum of
each of the radiations in near field of the several slots |ocated upstream
and downst r edhSSIE ROHEIEGELENt LHEPRY WREPE1ERES antBAha &PTt hEIPERPERS i s

| ocated. The Wed S Sadiated 2 pgﬁger@%{fé&l ardyy bt de ygkangof cfpe slots.
nh y, for t

It is not possible to show cl ear ese short ranges, a privileged

di rection of waeeleaditat i on safth aassmell d rhenbelst aphedvde oorgsitger i hlget he

conbi natign of radiatiqns in.distant field of the slat en _the latter

exhibit, 25 bW S fem Saaﬁgr Sﬁr ?g?glp%%slen annefrpot\jfﬂd?e\ﬂn% irc?ﬁ‘slﬁf‘%s‘? As a

result, the vehitclelias egprpped whtbrder atd esmalyf ahetirarsniplltingg ard/ or

recei ving hyperfrequency waves faciljtating the near fi ﬁl d Cﬁ”g{ni ng%bet ween
[

the enissive R (oo tHP Maveduiaéd &5t HeTantehingd SBVERENIE etM80

wi thout any pardi g4 anof gvodhabl gnoriRakat E9814 stadde dd afddpgegontir ol post
i's equipped with a device for supplying the wavegui de wi th hyperfrequency
waves 3 and/@nwgnth oaellgastinone! eRbERINGE 1pBcel ¥i N hyperdy e§@endy waves

com ng framthe vegujde. Thi iC ] 0s§l b | nt:aj
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5 ground and wdeeheehyttises. okn aeartd i elod, cekheidevies. al sBgemd t shis

si mul taneousl%/_, t__the meas renment of speed of the %/ehitcl es vvith%gt tEh}ési cal
contact with PYr6und “8fid alsd the H6EEE ohCof FtHe" V¥hi ci'es “BY S Fehdi ng a
pseudor andom sgqguence recorded in the structure of the Wwavegui de. The

device is operational whatever the environment of the track (tunnel,
vi aduct, cutting, P89 thrhguise oftmdi g fie§aerefesti AcERetRan WL range

makes it pOSS/h)f Iy c@Mer GRARE LA TR 91dlY1 HadiNe Jf 2:3/] &R Qfav_e?uide

el ectromagnetic conpatibility which are” i sconstraini in a raiFway
environnent. may be likened to the sum of each of the radiations in

near field of the several slots located upstream and
downstream of the c¢urrent point where the antenna of the
vehicle is located. The energy ig radiated
20 perpendicularly to the plane of the slots. It is not
possible to show c¢learly, 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 latter 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



The wavegui de is made of nmetal. The choice of nmetal constitutes a conprom se
bet ween the constrai nt s—of—cost—ant—t-he—consimeummemeds= | nher ent conducti vity
of the metal, affecting the perfornmance of conduction of the 20 wave in the
wavegui de. Thus, depending on the netal selected, the |ongitudinal
attenuation will be nore or less high fand the nunber of
transmtters/receivers necessary per kilonetre of waveguide will be
proportionally nore or |less high. The total longitudinal 25 attenuation is
the sumof the |loss by the Joule effect and of the | oss due to the draw ng
off of the energy of the wave which is radiated through the slots of the
wavegui de. For exanple, in a particular enbodinent at 2.4 G4z, 30 an

al um ni um vavegyide exhipits,@ | hpgaf | an% bygkbecdoul &£f f egledl idy- 16
dB/kmand a |1 near loss by drawing off limted by construction at 2-3 dB/ km

4 Ther e ywealfgegueony fvaoms heommnénrpmp@se 6418vggz_iéeei r p@ihéﬁ _
vavegui de w th jug. Londlt udi nals Jighworks af neligul.an, opgnlogs dispased in

t he upper par =0T ne Wavegui-de. At the very high Trequencre oned
(7.5- 5 10 @Hmdsbaride vakequi deouMiik) sestwades af qumpadatpoen oh hhegher
order generally terned TE, ,6" n >1) .in order tigobtﬁgn alimt

m , d
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network. In qsdefids0 REMMitahdeuBIpPagpti pRashrémase #Pdggeedhgrdinget er of
10t he waveguide is at |east three tines greater than the wavel ength of the

waves propagatedtidlest helglupee. piveiept coatagperiHgs Sher cadPwi t ed
wavegui de si nultan S 1t _a _plurali .af _co : I agnetic
radi ati on. Tﬁgf&%hgggfg¥ggg%$? SFegF%oQ%%ﬁEEF% e epgﬁifﬂﬁjlg %%%nggnt
spati al directaroitsn Hoawpweige t heedamied anfrennchegenstalbdtyureceefesthesi ngl e

electric field co nent orjented in a privileged spatial directi and
thereforéoeer§ﬁ%iy¥§$ry a F%ﬁcthHlS? tg% eTRY Jéﬁﬁﬁte&’ Sﬁtheggﬁide, t he
ot her part prewiingrirene Edi ahed wrhbput (1 2¢hdlei ng skt AS caickesylt, this

reduces the signal-to-noise ratio of the link, which in turnlimts the
usef ul out pute®t-t-he grurtEs o°f r AN cdrfIHEREL £BN 1Rhitlde shoul & heWever be

highin a ”Ddlea{r{begrrﬁ’é!{!é!a't 'tﬁééé‘iﬁwiS@éi%éyéﬂé%aﬁ\/?fﬁwe £ the

propagation possible in this waveguide of a plurality of sinultaneous

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

25 attenuation 1is 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 1is radiated through the slots of the
waveguilde.

For example, in a particular embodiment at 2.4 GHz,

30 an aluminium waveguide exhibits a linear loss by the
Joule effect of 15-16 dB/km and a linear loss by drawing
off limited by construction at 2-3 dB/km.



nodes generates between these different propagation nodes beating and | ocal
attenuation of blgnals ettt NGt e —met—O0f— e e et chG—Bimiuib@ LI €©
acting like a node filter, conplex to produce with materials acceptable in
the railway environnent, mﬁth regard to nmechanical durability or em ssion of
toxic funes in the event of fire. 5 g4 When the railway network to be
equi pped with communi cati on devices is a double track network, wavegui des
are disposed parallel to each track, with as nany transmtters/receivers as
necessary on each side. 5 The traffic control post thus conmunicates with
each train travelling on each of the tracks by sending the hyperfrequency
waves into the two conmuni cation devi ces. The probl em whi ch the

invention aims torsekueikSalBat kAbwh et et O AMEREr UBf 3 648 172 a
transmtters/receivers installed on the ground and of limting the | ength of

gui des to be difstdRredvaredgl SO uUBIET afRayl erEdiidinal of@EMWCELS| iPft the
quantity of rmaterjal. ag g ﬁﬂ?ggu%ts%ﬁﬁaf ﬁ?”ﬁ%@enhépwatgfﬂ@ %:Eﬁgéﬁéry

wi t hout generating any particul ar ani cal stres
|nstalIatlonway@g@ndﬁaln@@naﬁcewknnefnghtﬁeeQBenceeahmbetabhe@Am@ @-contro

post to commu e at_.a high data out put mnth he t aln vellln on the
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vehicle and a 25 control post includes at |east one mav?gglde di sposed

bet ween two peraliltelthe apkepaestiay oh ahaem- ardssi veleaceiangmrisl ng two
em ssive faces,. €A plefLceds by, a BSEX‘D%rgé IS eﬁfaQ:rert hﬁmé}f‘sf&ge of
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emit a plurality of components of 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. Ag 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,



6 supplying the wavegui de with hyperfrequency waves and with at | east one

devi ce for recei'vi ng-hypertregterey-mrmres—eani-Ng fromthe wavegui de, and is

such that the waveguide is in the shape of a parallel epi ped, the 5openi ngs
of which are fornmed by slots. The conmuni cation device al so incl udes
one or nore of the follow ng features:s the | arge dinension of the em ssive
faces of the waveguides is of the order of magnitude of the

wavel engt hof t heel ect romagneti cradi ati on propagated in the wavegui de, the

| arge di mension of the slots is |less than at

| eastfiveti nmest hewavel engt hofthe el ectromagneti cradi ati onpr opagat edi nt he
wavegui de, the inter-slot spacing is |l ess than the hal f-wavel ength of the

signals emtted i nyidie aine F4E1da0 NRIWREKS @b SlRt s &afig godant wagh,
one of the networks of slots is of |larger size than 20t he ot her,

communication devices is a double track network,

waveguides are disposed parallel to each track, with as

many transmitters/receivers as necessary on each side.

5 The traffic control post thus communicates with each

train travelling on each of the tracks Dby sending the
hyperfrequency waves into the two communication devices.

The problem which the invention aims to solve is

that of reducing the number of transmitters/receivers

{0 installed on the ground and of 1limiting the length of

guides to be installed along double railway tracks, in

order to limit the quantity of material and the quantity

of components that are necessary without generating any

particular mechanical stress, to limit the installation

15 or maintenance time of the device while allowing a

controcl post 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

20 tracks are spaced by a significant distance, as expressed

in wavelengths of the hyperfrequency communication

signals used.

The device for continuous communication according to

the invention between at least one railway vehicle and a

25 control post 1includes 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

30 one vehicle equipped with at least one antenna for

transmitting and receiving hyperfrequency waves, the

control post being equipped with at least one device for



the em ssive faces are disposed vertically, the slots are di sposed
vertically, t he drstame—bet-weerrtre—amt-erna di sposed on board a
vehi cl e and the comuni cation device is at |east 25four wavel engths, the
ant enna di sposed on board a vehicle has a directivity of radiation identical
to that of the conmunication device. A first advantage of the wavegui de
comuni cation 30 device wth double network of slots is therefore that of
dividing by two the quantity of material necessary for 7 producing the
wavegui de, while increasing only slightly the nunber of
transmtters/receivers. A second advant age of the wavegui de

communi cation device with double network of slots is that of subjecting 5

the track to igar ingst ahd atifRegli HESSES Y nhpkhgraguéhey Waxeaw dgneut of
the actual track, thereby facilitating the maintenance operations for the
latter. Withhi R dpAEst ageci slevRaf vitth rafsiwirainderentremees@vegui de,

al though robyst,ePrOYes.d OsPem! €58 GXRAYRIALO and is such that the

waveguide 1s 1in the shape of a parallelepiped, the
5 openings of which are formed by slots.
The communication device also includes one or more
of the following features:
- 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 1is less than at

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

- the inter-slot spacing 1is 1less than the half-
wavelength of the gignals 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 is 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 quantity of material necessary for



Wnmat eri al damage |inked to objects or falling or trailing from vehicl es,
especial |y those for track—ra-rterameemm———~A-ferth advantage is that the
vertical arrangenent of the double network of slots renders it |ess
sensitive to the accunulation of dirt, water, snow, ice, etc. on 15its

em ssive surfaces. In addition, the dinensions of the waveguide are
such that only the dom nant propagati on node TEO1l is utilised, thereby

| eadi ng to nechanical sinplification of the guide since the different
propagati on nodes no | onger 20need to be filtered. The invention w ||
beconme clearer. fromthe follow ng description with reference to the appended
drawi ngs, in which: Figure 1 is a diagrammatic view of the

conmmuni cati onp28deyig® tae AahLway, NGhMREK.intrgdtend THYs &1 sspetional
vi ew of the wavegui de according to the invention, Figure 3 shows a

sectional vi e®8f NuHee NeRle iHdETEEEEF 8T BECE M i nvention according to a
Sesend 0erboc TEnk: RS Sl TR TRl SRR 2L
device with double network of slots is that of subjecting
5 the track to fewer installation stresses by bringing the
waveguide out of the actual track, thereby facilitating
the maintenance operations for the latter.

A third advantage is that with this arrangement 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 glots renders it less sensitive
to the accumulation of dirt, water, snow, ice, etc. on

15 its emissive surfaces.

In addition, the dimensions of the waveguide are
such that only the dominant propagation mode TEy 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 toc a second
30 embodiment,
- Figure 4 shows an embodiment of the communication

device according to the invention,



8 Figure 5 shows the radiation diagram neasured in azimuth of the

conmmuni cati on device according to the invention, associated wth a physical
representation of the wavegui de. 5Figure 1 shows a device for conmunication
between a control post P and at | east one vehicle A travelling on a track,
conprising a plurality of fixed wavegli des 1, 1, 1', etc., disposed
continuously and end to end along the track. The I ength of the conmunication
devi ce depends on the type of network. A waveguide is several hundreds of
metres in length, and the comuni cation device conprises n wavegui des
covering the whole rail way network. Since all the guides are identical
only the waveguide 1 will be described. The waveguide 1 is forned of two
separ at e secti-onsFiguaad 3 bshpwso thie chad et wav esiageamnjestsededf oin exanpl e
by neans of a coaxgal-ggm% egggdeotraqig%Lon,d%gigheaeggsdgg and éQEOf t he
sections la and | B?*fhHe"erds 38 &Ad"3b GF ‘the maveSU|8e 1%ard c%arged in
order to avoid theneshabbhshaesdcdtari 20 the@ Bhyeficatlatrepiasynvayssm i n t he
wavegui de, for exanple by neans_of a wavegui de-to-coaxial transition and an
adapt ed resi stive°thaP§e¥2b2IPi% he arrangenent of a hyperfrequency
absorbent smat eri alp;di;$B0Se &R sf LORlev@tea rBBt @blinGnShRF Lok i hEMIdePl ANe of
the guide. The ends 3a, 253b transmt no wave to the adjacent wavegui des
and | n. Thewmresare eaptt 8dapdretel st Bneg vehicle A travelling on a

transnitter/réyggkyekémg&gggﬁgogn%ﬁhgggng of fixed waveguides 1, 1',

1", etc., disposed continuously and end to end along the

track. The length of the communication device depends on
10 the type of network. A waveguide is 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-coaxial 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



comuni cati onsnetwor kRl i nkingal lthe transmtters/receivers 4, 4', 4n..., to
the control post 30P. The data thus flow fromthe control post P to the
vehicle A, or vice versa, via the conmunications network 9 R the
transmtters/receivers 4, 4, 4 and the waveguides 1,1',1", As Figure
2 indicates, in this particular enbodi gent the waveguide 1 is in the shape
of a parallelepiped, the 5 large faces 6a, 6b being pierced by slots 8a, 8b
(shown vertical here) which radiate or receive the waves. The faces 6a, 6b
are termed "l arge" because their side b is larger than the side a of the
"smal | " faces 7a, 7, The large dinmension b of the em ssive faces 6a, 6b is
of the Worder of magnitude of the wavelength. OMng to this characteristic,
only the dom manthevtead&iilt tierdftriddes@drsiae.4 only® vhe thesvavieslel dean
propagate in the guidge to the exclusion of any other node. The |arge

di mension D off-t hé:stots is nuch smaller 15 than the | ength of the side b:

[ Ds at least Tives!pigarl ess dhathddie uayehenopl Pl epagal sbddirdie oui de,
This nmakes it possible o [imt the radiation [oSses per unit length to 2-3
de/ km whi | e mahnat aeMegygide powes Ehdiheedhaye the gubdeatlgi¢emimau, ttdieensure

high output comuuni ¢aLLan 2OWLh [ Ne VeNlehes LY RS '8 sy (shown
vertical here) which radiate or receive the waves, The
faces 6a, 6b are termed "“large" because their side b is
larger than the side a of the "small" faces 7a, 7b. The
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;; is 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 slotsg) make
it possible to radiate substantially a single electric

field component, oriented in the direction of the guide.



b D< X5 - X being the wavel ength of the el ectromagnetic

25r adi ati on bei hg—propagatet—in—the sttt ———iecr abl y, the | arge

di mrension D of the slots is disposed in the vertical direction,
perpendicularly to the direction of the wavegui de. This arrangenent and the
very asymetrical shape of the slots ({§is at leas: 6 30 tinmes greater than
the small dinmension of the slots) nmake it possible to radiate 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 m ni num necessary for ground-to-vehicle

communi cati onpp 3% dJ¥AH 11GR1 4@ Wayedehde; Eunet i 08899t cBel QWrEpgguency of
2.4 GHz in dom nant node has a |arge face b of approxinately 12.5 cm or the
wavel engt h A ocloftheheredligder odnghbl § cwandika iane e Wy apopddatedmi phe he

gui de. The | ar ge, di Si.0 f 1 sl qts i 9. .1 he. st dipensi on of
the slots is ﬁ%%é%dpt¢%§¥%%S§rE§W8E8%iFg% ?EE%iH%L%E ?l%ggééay%a#?%nt, as
shown in Fi guiig1idunt heckasgeydi oenst@mdbiooteBlt1& heowhod Scddaioef, one

em ssive face, for. exanple the em ssive face 6a, may be uniformy_increased
15rel ativé to theIParéggﬁFﬁﬁﬁsioﬁ PRI RS sIforStahnafdt hetot Rer 1@t ssi ve

face 6b. Thi s grdARGRNERMr MBKESHZt in dominant mode has a large face b

of approximately 12.5 cm, or the wavelength A of the
electromagnetic radiation being propagated in the guide.
The large dimension of the slots D is 19 mm, the small

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

As a variant, as shown in Figure 3, the large
dimension D; of all the slots 8a of one emigsive 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 laying of the waveguide between the
tracks as 1linked to the configuration imposed by the
gite, it being pogsible 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
similar behaviour of its electromagnetic radiation in the
air.

Figure 4 1s 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 1is provided when two trains are



possible to requorce the el ectromagnetic radiati on towards one of the two
tracks. By way of exanpl & THIs nakes Tt possTbfreto conpernsare-or an
absence of 20 symmetry of the laying of the wavegui de between the tracks as
linked to the configuration inposed by the site, it being possible for one
track to be further fromthe waveguidell than the other. As a variant (not
shown), the guide could be of 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 30shown) and two trains A and 2 travelling in
two opposed directions on two parallel tracks, 2 and 3. The foll ow ng
description iprpsent ded whenttadkd raiagd & e bdd i esenindsrdthed raeks 2 and
3, but it is understood that the functioning of the device is exactly

i dentical eveRPff FHREFECTENINPY SRE Fﬁﬁﬁﬁetﬁﬁvéﬁ@@ﬁéyoﬁQEq§lﬁ§PeQWPQCk The

wavegui de 1 igrdigppseds RalMeeet ReaEWOLE{ACKSI g on a single track.
The waveguide 1 is disposed between the two tracks 2

5 and 3, its small face 7b being placed on the ground, or
on a support at a certain distance from the ground, the
large faces 6a, 6b, which are emissive, being vertical.
Alternatively, the waveguide 1 could be suspended in a
tunnel vault, between two tracks (2, 3).

10 The traffic control post P communicates with the
trains A and B by injecting into the waveguides 1, 1',6 1"
signals S1, 82 in the form of a group of hyperfrequency
waves, which propagate according to an  "outward"
propagation mode within the waveguide la, 1b and which

15 are all radiated by the emissive faces of the waveguide
la, 1b 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 onboard antenna
therefore receives all the waves injected 1into the

20 waveguide la, 1b (Fig. 1), the receiver of each antenna
processing in a known manner the signals S1, S2 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 waveg is
maximum close to the ends 2a, 2b (Fig. 2) when it 1is
injected by the transmitter/receiver 4. Conversely, at

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



5 and 3, its small face 7b being placed on the ground, or on a support at a

certain distance f r om the—grount—the~-arge—it~emess@n  6b, which are

em ssive, being vertical. Alternatively, the waveguide 1 could be suspended
in a tunnel vault, between two tracks (2, 3). The traffic control post
P comuni cates with the trains A and Byby injecting into the wavegui des 1,
", la signals Si, S2 in the formof a group of hyperfrequency waves, which
propagate according to an 'outward propagati on node within the wavegui de | a,
| b and which 15 are all radiated by the em ssive faces of the waveguide |a,
Ib in the direction of the antennae 5 of the trains A and B (the waves
emtted are represented in Fig. 4 by two-directional double arrows). Each

onboard antenna t S&QI% L ECEI 858l k stgyvay S0 et £ -4 heg 20

waveguide la, Ib [ t he receiver of "each antenna processing in a
known manner rebheisegmal sTi8ig, Shher ¢geiivedAsandsBt oonmiemtddtye whitdh tdiegnal is

dd dto it t may be di d on board th
Side or on GGERCEPHG WPU N8 (hAI FTLSETHR) ity G adbountPTHE SHEVGY | ose due

to the | oss hyvésevigutiee eddRsdranaitleansess duewspdd hendranagiield 10f ener gy
fromthe slots 8a, 8b, the power of the waves i s nmaxi mumcl ose to the ends
2a, 2b (Fig.th§ WRERaIE £EEPnPELREdPEYPEBRtEF aREATt FBR/ PEOERVER 4 8D

Conversely, gk 3 thei&nds 32,c8H, chhe dwweswofad he peavgsid o1 niogum  si nce
t he wave has | ost energy by propagating al ong the guide and by radiating

through the $Fbgs 8, o8b.thelwaveguigige lomdddr b ahrehwae' Spxagatdpnar e

transm ttersmagd [8S i‘\’cea{ls'toThclﬁ%t E?et éa.i&&w%ra&}dm%d%ommni cate with the
control post = %y eni T ng signal's i n hyperfrequency waves via the onboard

antennae 5 towardsnt briwavegei deaking5ihhe acgpbahs then dweiray proxgagat ed

fromthe slots 8a, 8b of the em ssive faces 6a, 6b t%\éﬂ/ards t he, ends 2a, 2b
(Fig. 1)%f tRe ReWJui 86 158G t Wa¥e" rBtaRSYedor bPEgatin WOUBSRHEHt ilcal to

that of the gouiyerds TRA@hel MibAke168SSc LA NEhddtH2 ACERURL thaener gy
| oss, the power of the wave injected into the wavegui de 1 decreases in the
direction of thaetemuymiteraceiveach (hegtrldnsnitter/receiver 4 (Fig. 1).

/[t is known that f@e {gdi Q%QQ d(i_&gg an’é}%‘ ar%vaetqtgnde &fagljg% proifor Aart, very

| ong and pierced wWith
waveguide of the prior art, very long and pierced with

15 glots over only one surface, the slots being of
dimengions 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 1is 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, i1.e. in particular to have the capacity for



slots over only one surface, the slots being of dinmensions nmuch smaller than
t he wavel engt h, ' eatbrtS—F—Rear—i-eltmmauentch ot O mmaasn @G Lt | €

per pendi cular to that of the openings, towards the outside of the guide,

wi thout it being possible to obtain focusing of the energy in a privileged
spatial direction. It is also known that antennae may be produced
starting froma transm ssion |ine of the wavegui de type. Thus the "Antenna
Engi neeri ng Handbook” by Richard C. Johnson and Henry Jasi k publishes, in
its second edition edited by MG aw H Il Book Conpany (chapter 10, page
11), a description of an antenna termed "Leaky wave antenna". This antenna
is constructed starting froma wavegui de of rectangul ar cross-section having

a short |en9tr*31-di|aftiH?e§>yS|m@taﬁsi BrWRhChntBgnd as gerdinBasi op-d s (of the order
of 30 magnitude of fThe hal f-wavel ength. These antennae are devel oped in

order to obt @miegn ©he dnéehand e lgnashsi ci@hly the. een¢rgypambiictl a¥sto have
the capacity i atli y ans_of, an en f d si,ze (of

t he order of(%) éﬁﬁ%ﬁ%g eﬁétﬁgfgaﬁﬁgthéne%%?g9 mﬁ?cﬁg?§'c%§n§§$%3f§§ to them
and, on the qreat haidtahoef othe aengrgat didianed tiwe eneegydeathaied in

the desired 5 privileged sgaiiat di rection, Such an antenna the%efore
functions’i n BV iteare SRATIAS FAGFGETYN di 2Yranfhs2BFFBRR| bRgFEIore I n

the sanme chaptgicribhe auhharss deserdbesranotbgr 24d £ Pr adugedmbyigreans of
slots pierced on the four W faces of the guide in order obtain circular
pol ari sat i on Birechéospgnal s enitted in a privileged spatial direction. In

these cases in poirdl,.ddiestadi ablaps of b Aldhigrente openinosaboyerfere
strongly and are conposed so as to produce tthe required directivity and
pol ari sat i on.arkeshaong ccoweld g be¢aveenof hetet spenemgsdanch tties ff@hd present

in the guide is therefqre produced and utilised. . The aimof the

| hventi o o S Ciior T cE Lot IS (RS R B4 CHAAbf PPRETAEF AT hr o
severely in gfenet @idhalsobhiopéy Mery piivilegedesgytiaomit hect mderi or of
the 20 guide. The waveguide 1 is therefore pierced by very small slots 8a,
8b whi ch i ndiVi FPESey H=RF JfF RN - atPexErEmBFORP nPt e8hanBaAE B ener gy

fromthe interer of theduidie as:deasifed Breviousldeedines Al icant has

now denonstrated that each slot 25 Ba,” 8b of the waveguide 1 according to
t he i nventi ompraduiciek et e requénade dditelctwsveguiadel ppetsrtsdyidrour et wor ks

't or act 16 ISCR Ehee SHRTH)E pPSRAGLed 1974 nECGUTBE orid t A6t hEre Kear by
slots 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 1is 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, B8b. 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



30 8a, Bb. The radiations of different networks of slots 8a, 8b disposed on

opposed eni ssi Ve f aces—6ar=-gh—of—t-he—Waiegti-toimintletmpaes- | N fact

substantially 14 independently, w thout significant coupling between the
two em ssive faces 6a, 6b. This effect therefore makes it possible to
transmt and to receive signals contifpgously and over great distances via n
waveguides 1 5 disposed at the track, each waveguide 1 radiating via two
networ ks of slots 8a, 8b, the radiation characteristics of which are

i ndependent of one anot her. In fact, in the case of slots of very
smal | di nensions provided in a conducting plane, polarisability Wtheory
denonstrates that the radiation of a slot having transverse di nensions that

are very smaklgbfefed alipn § Qe w@\fgﬁf@g;atht FEolb1isg eE%@%@Q ilRea thin

conducting plane, and in the far field state, is conparable to that of an
el enent ary nhgneemésdipel §aoebentedsal ondhilse effiest IHhefefidre Irakgs

di nensi on of iEhe Slsostib‘i‘@ ch_r adi %t ggml n ela%%t r |tc fiel gegggponsent oLl ented in

the direction of H4e gui de. “Fhe "6FBREA ary magnecfi c di pol' e ari'$8€from t he
fact of the ceheifuwpislon oid coverenjrddmned aalaniche sukf acavafeduidesetial |
linked to the presence of the %%eni ng. 20 Thi s_magnetic di pol e of equival ent

radi ati or i sG6FPRMRRP perterdiait achyit Yavee htant v1dideng otta two By

cal cul ating hhewoves abk Rkl Rl i oy of c fders @i @ld PNsnofa & d,4r4§ cunber  of
these correctly spaced and dephased slots, the formation of a particular 25

radi ati on di afrem¢n alistiadependedti sf obnaiaredheFhe wavegui de 1 according to
the invention therefore functio infar field and its.radiatiqn _diagramis
di rectional . Homej\{’/rér,f??t’doelsn n(r)Lt % ufe€tron®r | ksefl%g?/vav%%ui\g?er of Stn}?glpri or

art, since tHempayagts derdyidRarder i rgntiact hegi pvemd j opofamictdang tiyn f ar
field and not in near field.Nor does it function Iakg a w%vegtflide,- type
antenna 8% t hBEPFY ofCBPESEERIRY thRE weRRghRgRakion of a slot” having

transverse dimensions that are very small in relation to
the wavelength, 1if 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 1is
directional. However, it does 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



15 according to the invention radiates only a mnute part of the energy of
the—signal which pa f ' #stance, whereas
an antenna of the prior art radiates all the energy of the signal which
passes 5through it over a very short gui de distance. The cal cul ati on of
the inter-slot spacing is carried out (gn a known manner, taking into account
on the one hand the phase shift introduced by the propagation of the

hyper frequency signals in the waveguide 1, and on the Wother hand the phase
shift 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. permtting the

constructi ve,sugpai Ao Of t A6 faditabhoRgai dee Ofod e 4ihiMlEnipHeNegcUti ve
slots, the order of Tagnitude of which is a few centinetres inthe 2.4 - 5.8

GHz band - okhanepedgy of rignistigaelsmhghhl paberewttiseunhl fitweverengt h of

the signals 1.0t LN br. .- thus Ldes_a 'gpg

anpl i tude abggg tﬁgn%u$%g§33%ﬁ%§¥§%3rwgﬁggégsg?i%%&o tﬁ%géﬁggﬁﬁgggabove a
sl ot, betweeartwrasliatss etld. tBeyoskidy sofrthe caligapaciwigcht hessiegnal
transmtted bxethe network of slots fluctuates strongly fromone opening to

the ot her’® an8RESNERteRYSF g 0veY ABPTY PV IR id55E8B°E for mmi nt ai ni ng

ground-to- 25t rai fin€ opRLAL XAt ofFitddr @nbet-epr&sehsScife fadiatdiey di agram
of the waveguide 1 according to the invention, the slots 8a, 8b of the two
em ssive facestbdiing: oknpdentmiaeaprdi raéksnensNtPheaesduntof oR héhgawdgui de 1

corresponds Egnéntﬁggﬁﬁﬁég é%ift introduced by the propagation of the

hyperfrequency signals in the waveguide 1, and on the
10 other hand the phase shift 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, 1i.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 two 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 axisgs of the waveguide 1 constituted by two main lobes



30 Onvng to the symetrical formation of the two networks of slots, a

di agram of radi at+enr—syreite-satl i otobaldontowt he axis of the waveguide 1

constituted by two main |Iobes 16 9 and 10 appears. The two nmain | obes 9 and
10, transposed to the transport environnment of Figure 3, nake it possible to
concentrate the el ectromagnetic energySinultaneously in the direction of
the two transport 5 tracks 2 and 3, by neans of a single radiating
wavegui de 1 disposed in a central position on the ground or in a tunnel

vaul t . This radiation diagramis obtained as soon as a sufficient
nunber of radiations of slots is integrated. WIn practice, about a hundred
slots nmake it possible to obtain high limt beyond which the effect of

summation of Jfhe gonggib I%é)éc}ss.of thees! oLs tr%}qqs hpalds gan, asynpj ote. As
i ndi cated préviously, th adi ati ng wavegui de I's instal led continuously
bet ween st at itarsispdSedetodibt ancasspirts everiabnhandr efisFofunet B esmafise a
result, it C%ﬁtabggsfgygrﬁk)tggggg%¥¥gég: % gtsélectromagnetic energy

simultanecusly 1in the direction of the two transport

5 tracks 2 and 3, by means of a single radiating waveguide

1 disposed in a central position on the ground or in a

tunnel vault.

This radiation diagram 1is obtained as soon as a
sufficient number of radiations of slots 1is integrated.

10 In practice, about a hundred slots make 1t 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 1is installed continuously between stations,

15 over distances of several hundreds of metres. As a
result, 1t contains several thousands of slots.

In a vertical plane, the lobes 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 1installation on site, a
compatible antenna height of the vehicle will be selected

25 in order to locate the antenna of the vehicle 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.

300 Below four wavelengths, the antenna is placed in the near
field state. However, 1in the far £field state, the

radiation diagram is not formed and does not therefore



In a vertical plane, the | obes of radiation 9 and | e have maxi ma which
depend on the height of the wavegui de above the ground. The presence of the
ground and its 20physical characteristics influence the radiation diagramin
el evation of the radiating wavegui de. In dependence on its effective height
above the ground, as defined by the neldhani cal stresses of installation on
site, a conpatible antenna height of the vehicle will be selected 25 in
order to locate the antenna of the vehicle in the main | obe of radiation 9
or 19 of the waveguide | at the track. In practice, the distance between the
onboard antenna 5 and the waveguide 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 plmeedti thehoavegrifie el dest &rais Hdwevemwerifmeghentar efeedy st at e,

the radi ation di agramis not farnmed.and does not therefore 7 permt the
wavegui de 1 teof%lfeggdéle e hntyqﬁ"earr egSt Foy BRETYi et f aet i FaFy ttéqv\‘/la';r)dst? he
antennae 5, ahnriulisate CRTWeRnCaleibet w@en drcinds vaith g&QUBML WniSedn

opti m sed |inkage bal ance. 5Although the di stance between the wavegui de 1
and each ant ageoPatRBCGehicle A, B is in practice increased in relation

to the wayeguide g hREGRN ictle Alfsr DS 9o dUPVEAET Y ebi 5osUMEALf o and

concentration of energy conpensates to arge extent fo addi t 1 onal
attenuati on cfadtheastgnaas whicdh phss Wwlercla gheat®r idi stiancpraatide air,

fromthe waveqguide 1.to the.onboard a nna 5. . he, ant enna 5 _of the
vehicle A or %ﬁ?géfgpégeé%%gggggtgobgkgogaY%%uﬁ%?H%%eﬁ??ypfﬁoﬁr%§§h1ty to a
network of golhet ya8a @rrdBhdexhidy tihig tshemaatdbat ko dbageaorefidn guf e 4, and

progressively and conti nuously sweeps. the whol e of the thousands of_ slots 8a

or 8b of the SESFEYUITRIPENGGFERg oné nRFSIfe X din% hkP T ehiPRI @9 b OB Fi g.

4).The attenuation of the signals which pass over a greater
distance in the air, 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 vehicle A or B (Fig. 4). The

radiation diagram permanently accompanies the movement of

20 the vehicle 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



radi ation di agram permanently acconpani es the novenent of 20 the vehicle

and conti nuously suppres—t-e—t+he 1t WotraRsPottaddmpsless=? and 3 a naxi num of

el ectromagnetic energy in a privileged spatial direction. An ant enna
termed omidirectional, i.e. an antenna which exhibits an el ectromagnetic
field whatever the 25 direction of aﬁrival of an emtted signal or
alternatively which in the sane way radi ates an el ectromagnetic signal in
all spatial directions nay be suitable. This antenna will be able to capture
the signals emtted by the waveguide 1 in its privileged directions of
radiation and transmt signals in the direction of the waveguide, at the
sane |level as the 18 signals received or transmtted in other spatial

di rections. . wev. : h an_an not _exhihit_an i cul ar
gain |inked tsolgtnﬁg'gf ocrﬁe'rscienlé}égf tﬁre e;ﬁgggé“?ﬁ@es% 0%8 oréér:}r{oerre p%?%ﬁéelged
spatial directrensioAs.a result, the signals shown by this antenna will be

weak or will not make it possible to inject a hi%h ower igto,the wavegui de,
t hrough the sl ot sHO¥RVET meafidcR hall s Sraanteffa WPFI R¥tiRhke 31 possibl e

to obtain high, 1Q.60aPURLEAL 1QRKAHT RUL %h%xq%@hsfiag IJICraasi &geidie fower
emtted by the train or "ground transmitter. A shaped beamant enna
havi ng a ¥adicatei oF dicagr aniaxilebedi agatdiakbcdivectemnof ragiatreosubernmits the

best possi bl & r aisfien ofenel gy, befveeno L be, yayegui de 1. ak 5 b track

and the antenna. ot her words, e radi I agr am of e antenna shoul d
have at | eastnoanemaied nikohsadfikladi @t | onjedat wWal cii gihe powkentiaitioont hes
identical to that of one of the main | obes oﬁgghe radi ati on di agram of the

wavegui de 1. AYEIYAFAENt &TFOHIM s tder iH&EF Sy t AR anfFa&N30 “43f or ' the axis

of the main lekenwht hytihe axbs ofakbe ant eEaa_spml@f_we_ wBYLOMI dgigiFor
exanpl e, as the waveguide 1 according to the invention in Fig. 4 has a main

| obe di rétt eFAMUABFREXPTIMIBINPBE WerPeResfest 1BCTIRSENG s tOF thevSlavegui de,
an antenna SGQREk%QGBQ wh&htrain 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 1is 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 oo 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 also 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 wunit length in the

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

loss by drawing off energy from the waveguide is doubled.



25 the train should also have a starting angle of 30 in order to receive and

transmt efficiently srgmats—tn—thi-s—prrytegetr—smreriipieesimmeetmamee=s |cCh an

antenna nmakes it possible to obtain high comrunication output rates. The
total attenuation per unit length in the 30 waveguide 1 is only slightly

i ncreased since, via a double nunber ofg slots that are all identical, only
the I oss by drawing off energy fromthe waveguide is doubled. 19 In the
particul ar enbodi nent presented at 2.4 GHz, the total attenuation per unit

| ength thus passes from 18 dB to 21dB in the case of an al um ni um wavegui de,
and the reduction in range would therefore be 3 : 18, or 5 approximtely
17% This reduction in range may be palliated by slightly reducing the size

of the slots,iivhigd pavt dohoxevemnbbaveenthepresitdedf af eduai ngyd hecigher gy
emtted and received via the wavegui de. Om ng especially to the weak

el ect r onagnettiat aW @éiSPMAG BBt REENUAH] akeRgtnethiv? kaoses| HXQT thedbehavi our
Lo be st able h e 0ot FaauSaey Band Bri 1o iraet | e FopSHas Shl on the. -
proper node ofedwcopagat ion exngéi ngowid hithetrleé omavebgui de 15118, 200xCLAI V5
1. Device for contlugus,gomuypi catin belugen Al in range may be
palliated by slightly reducing the size of the slots,
which would however have the result of reducing the
energy emitted and received via the waveguide.
Owing especially to the weak electromagnetic
10 coupling between adjacent networks of glots, the
behavicur 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.



| east one railway vehicle (A, B) and a control post (P), 5 including at

| east one waveguide (1, 1, 1n) disposed between two parallel tracks and
resting on a non-em ssive face (7b), conprising two em ssive faces (6a, 6b)
each pierced by a network of openings (8a, 8b) formed by slots for the
passage of hyperfrequency el ectromagnetic 10 radiation of given wavel ength,
at | east one vehicle (A B) being equipp with at | east one antenna (5) for
transmtting and receiving hyperfrequency waves, the control post (P) being
equi pped with at | east one device for supplying the waveguide (1, |', 1n)
with 15 hyperfrequency waves and wth at | east one device for receiving
hyper f requency waves comning from t hé& daveduitdé (1, 1', 1n), characterized in
that the waveguide (1, 1', 1n) is in the shape of a parallelepiped and in
that the em ssive faces (6a, 6b) are disposed vertically. 202.Device
according to claiml, dheviactefdzedonninbats tbenhanpeadiorenbéoreat &he

em ssive face 6a, 6b) of . the vegui de, ( 1',,1n) is _of_the or of
magni t ude of f%%SVBQQ?eﬁaf%W%¥ %%%lg#%cﬁ?bﬁ%bn%??car58?5??5np8?8pgggted in
the wavegyi deindbaDeyi e arenidi Bget dvatlegiutyd of1 ¢l ai'm 2inchanagbgedzed in
that the large dinension (D) of the slots (8a, 8b) is less than at |east
five times theeWsst ehitfe P2l &l corlgheatise LRddirat PoRPrepagat 8 in t he

waveguide (1, ;1o 19k 304Devigesacees ding.tn,anyape ofccl akip Latg 3,

characterized in that the 1 r-sfot spacing I1s less than t
hal f - wavel engpheofed Hey sa gmetl woBmdft egpemngise (&kr . 8b21 formed b§. sDevsce
according to ?Q¥ OQ%wpf Sggéggel %% 4’hyperfrequency electromagnetic

10 radiation of given wavelength, at least one vehicle (A,
B) being eguipped 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, 1n) with

15 hyperfrequency waves and with at least one device for
recelving hyperfrequency waves coming from the waveguide
(1, 1', 1n), characterized in that the waveguide (1, 1°',
1n) 1is in the shape of a parallelepiped and in that the
emissive faces (6a, 6b) are disposed vertically.

20 2. Device according to claim 1, characterized in
that the large dimension of the emissive faces (6a, 6b)
of the waveguide (1, 1', 1n) 1s 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 claim 2,
characterized 1in that the large dimension (D) of the
slots (8a, 8b) 1s less than at least 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. Device according to any one of clains 1 to 4, 5characterized 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
slots (8a, 8b) are disposed vertically. 108.Device according to claim1 to
7, characterized in that the distance b;bween the antenna (5) disposed on
board a vehicle (A B) and the conmuni cdt'ion device is at |east four

wavel engt hs. 9. Device according to claim8, characterized in 15 that the
antenna (5) disposed on board a vehicle (A B) has a directivity of

radi ation identicd toPeNaFeofaachE ddBmisi Gati o &levt celaims 1 *to 4,

characterized in that the two networks of slots (8a, 8b)
are identical.

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

S5 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 claimg 1 to 6,
characterized in that the sglots (8a, 8b) are disposed
vertically.

10 8. Device according to claim 1 to 7, characterized
in that the distance between the antenna (5) disposed on
board a vehicle (A, B) and the communication device is at
least four wavelengths.

9. Device according to c¢laim 8, characterized in

15 that the antenna (5) disposed on board a wvehicle (A, B)
has a directivity of radiation identical to that of the

communication device.



