| RADI O COMVUNI CATI ON DEVI CE The invention concerns a device for radio
communi cation having a continuous radiating structure, a directional
antenna and a neans for transition of jenergy between the continuous

radi ating structure and the directional antenna. Such a continuous radiating
structure - described for exanple in docunent FR 2 608 119 - is used on
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The known continuous radiating structure thus effectively covers an area which can be

called “one-dimensional” concentrating the radiofrequency energy in immediate proximity to

the track and along the length of the latter. However, this structure is not capable of

effectively covering a large space such as that in a railway station, garage area or workshop.

In this case it is necessary to dispose the waveguide in the form of a network of parallel

guides, at regular intervals, which proves economically unrealistic. Radio coverage of a

station, garage or workshop 1s, however, necessary or even vital.

These areas nevertheless prove less constrained from the point of view of radio
propagation and are covered effectively by free radio propagation, that is, using discrete
directional antennas, disposed at intervals, every few hundred metres along the track. A
mixed solution which in areas of complex radio coverage uses a continuous radiating carrier
giving freedom from these constraints of the propagation environment and, in areas of easier

radio coverage, uses discrete antennas thus proves to be an effective combination.

In order to accommodate these constraints, the current technical solution shown in

figure 1 is implemented: at the extremity 3 of the continuous radiating structure 1 (here a



radi o coverage, uses discrete antennas thus proves to be an effective

conbi nation. In order to accommpdate these constraints, the current

techni cal solution shown in figure 1 is inplenented: at the extremty 3 of
t he continuous radiating structure 1 (here a 2 waveguide) significant

radi of requency energy remai ns because the attenuation related to
propagation and to radiation fromthe waveguide is of a value of |ess than
20 dB per kilonmetre and because the wavegui de | engths generally used are
limted to a few hundred netres, nanely the inter-station distance
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wavegui de and the directional antenna. At present there is no known opti nal
solution which allows Yagi-type directional antenna technology to be

conbi ned wi t Hoserér, suhussolatbrelidsngyarhlr disdduigages chiotebgivelyrexpeasdve bezauseeduce,
in partigular, the probl em of signal attenuation. D rectional slotted
vavegui & Rinperiedesoaxiah FRRSITIRs Pecayss of the cablapi and; hgeditetionad ppkenps bnal
ant enna el fhvaGBBEAACH RPORAUpiicdB tiRoRBreBYH ASorh iR ihiidhibne AP " adi 0
clearance and, in particular, to clear the Tirst esnel zone ftor

comuni eétiosave Gigaadavaitablengt thendsttemifihos tHey pevedfuideniserapally sittemiagsnded itt o

radiate directionally and with m ni num congestion |1 the energy
communi PA¥EY tcfts?u%l thedrastiope and %Eirp?c@éiaﬂ wbqa 3pf@war4§gtﬂs RifEREPgaPMER R clle d
addition, sudden variations in the signals transmitted are recorded when they pass between

the waveguide and the directional antenna.

At present there is no known optimal solution which allows Yagi-type directional
antenna technology to be combined with continuous radiating structure technology in order to

reduce, in particular, the problem of signal attenuation.

Directional slotted waveguide antennas are known in the prior art. This type of
conventional antenna is in general disposed high up on pylons in order to have good radio
clearance and, in particular, to clear the first Fresnel zone for communication towards moving
units. This type of antenna is intended to radiate directionally and with minimum congestion
all the energy communicated by a transmitter. Typically, depending on the gain expected
from such an antenna, its large dimension, extending along the axis of propagation, does not
exceed a few wavelengths, i.e. the large dimension is less than 1 metre at 2.5 GHz. Beyond a
size of a few wavelengths, the gain of such an antenna and its directivity no longer increase

significantly and because of this are no longer of practical use.



fromsuch an antenna, its |arge di nension, extending along the axis of
propagati on, does not exceed a few wavelengths, i.e. the large dinension is
|l ess than 1 netre at 2.5 GHz. Beyond a size of a few wavel engths, the gain
of such an antenna and its directivity no |l onger increase significantly and
because of this are no |onger of practical use. 3 However, it is not
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devices for radio coverage of several areas whose propagation conditions differ from one
another by proposing a solution which is economical, effective, simple to make and whose

implementation is flexible.

In accordance with the invention, the communication device of the type mentioned
above is such that the transition means and the directional antenna consist respectively of a

second and a third section of a radiating structure,

The communication device of the invention also possesses one of the following
features:

- the second section of radiating structure includes a second series of slots, whose major
dimension extends progressively over the length of the second section, and the third
section of radiating structure includes a third series of identical slots whose major
dimension is close to but less than the half-wavelength of the signal propagated in the
waveguide;

- the first, second and third sections of radiating structure are adjacent and consecutive;

- the pitch between two consecutive slots is constant and identical along the length of
the three secttons of radiating structure;

- the length of the second section is within a range from 1 to 20 metres;



section of radiating structure includes a third series of identical slots
whose major dinension is close to but |ess than the hal f-wavel ength of the
signal propagated in the waveguide; - the first, second and third sections
of radiating structure are adjacent and consecutive; - the pitch between
two consecutive slots is constant and identical along the length of the
three sections of radiating structure;4- the length of the second section is
within a range from1l to 20 netres; 4 the third series of slots includes up
to 10 slots; the third series of slots is formed by the junction of the
second ser-i etheghird pasies ofislos inpladesqute 19atatEs of slots inverted in that the
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by directional antenna of the prior art,

- figure 2 is a diagrammatic representation of a device for radio communication via
a radiating carrier along the length of the track then via free propagation according
to a first embodiment,

- figure 3 is a diagrammatic representation of a device for radio communication via
a radiating carrier along the length of the track allowing the range of the ground-

train link to be increased locally according to a second embodiment.

Figure 1 is a diagrammatic view of the device for radio communication via a
continuous radiating carrier along the length of the track then via free propagation by

directional antenna, and has been described above.

Figure 2 is a diagrammatic representation of a device for radio communication 10
according to a first embodiment. The communication device 10 consists of a radiating
structure formed by a waveguide with a rectangular cross-section having three sections of
radiating structure a, b, ¢ pierced by slots 12, 14 and 16 respectively. The communication
device 10 is disposed at height above the ground or, where necessary, is installed on the vault
of a tunnel. The first radiating section a extends within an area of train movement over a
distance which can be several hundred metres. The second and third sections b and ¢ extend
in an area allowing a progressive increase in the radiated power, over a distance several

metres long compatible with the ability of the train and ground radio equipment to withstand



di rectional antenna, and has been descri bed above. Figure 2 is a

di agrammatic representation of a device for radio conmunication 10
according to a first enbodi nent. The comruni cation device 10 consists of a
radiating structure formed by a waveguide with a rectangul ar cross-section
having three sections of radiating structure a, b, ¢ pierced by slots 12,
14 and 16 respectively. The conmuni catpon device 10 is di sposed at hei ght
above the ground or, where necessary, is installed on the vault of a
tunnel. The first radiating section a extends within an area of train
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progressively and effectively from one mode of functioning to the other, allowing the
transition of radiofrequency energy between the continuous radiating structure a and the

directional antenna c.

The slots 12 in the first section a are disposed transversely to the longitudinal
direction of the waveguide and their major dimension is very much less than the wavelength
of the microwave signal propagating within the waveguide. The major dimension is
understood to be the dimension of the slot in the transverse direction (also called “major
axis™), this dimension being clearly larger than the dimension of the slot in the longitudinal
direction (also called “minor axis™). This feature makes it possible to extract only a very
small amount of the energy along the length of the waveguide and thus to obtain a radiating
structure with very low linear attenuation. The signal radiated is weak but continuous along
the length of the structure and sufficiently powerful to provide radio communication via the
train antenna moving in immediate proximity. This section a is described as “continucusly
radiating”. Depending on the configuration of the transport network, it may extend over

several hundred metres.



The slots 12 in the first section a are di sposed transversely to the

| ongi tudinal direction of the waveguide and their nmgjor dinension is very
much | ess than the wavel ength of the m crowave signal propagating within

t he wavegui de. The nmajor dinmension is understood to be the dinmension of the
slot in the transverse direction (also called "major axis"), this dinension
being clearly larger than the dinensioB of the slot in the |ongitudinal
direction (also called "mnor axis"). This feature nakes it possible to
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hal f -wavel ength. This energy is transferred fromthe inside of the
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calculating the inter-slot distance explained below.

In section a, theory of radiation from small apertures developed by H. A. Bethe,
“Theory of diffraction by small holes, Phys. Rev., vol. 66, pp. 1263, 1944” is applicable.

Consequently, the radiation from a small aperture, here an elementary slot 12, can be
expressed in the form of the radiation from equivalent magnetic dipoles written as # and

written in the form of a relationship between the magnetic field propagated within the

—

waveguide, written as ff), and a coefficient called the “magnetic polarisability of the
aperture”, written as &, . At a sufficient distance from the aperture, the magnetic moment of
the magnetic dipole equivalent to the radiation from this aperture is written in the form of the
dyad m=a, };TO The magnetic polarisability of a slot in the form of a very elongated ellipse

has an analytical solution. It is written using the major axis of dimension “27” of the

3,2
2r Ie
aperture in the form &, ( ) an expression in which “e” 1s the excentricity

"3 Ele)-K

of the ellipse-shaped aperture, “K(e)” and “E(e)” are the complete elliptical integrals of the



12, 14, 16, which are regularly spaced and phase-shifted according to the
principle of calculating the inter-slot distance explained below In
section a, theory of radiation fromsmall apertures devel oped by H A

Bet he, "Theory of diffraction by snmall holes, Phys. Rev., vol. 66, pp.

1263, 1944" is applicable. Consequently, the radiation froma small
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each slot, which varies as /”, produces the linear variation in the power increase required
along the length of this section b, whilst Bethe’s hypothesis concerning small apertures

remains valid. At the end of section b, the power of the radiated signal has greatly increased.

In the directional antenna formed by the section ¢, starting from this already high level
of radiation obtained progressively along the length of the second section b, the objective is
to make best possible use of all the residual energy in order to rapidly and efficiently radiate
all the residual energy at the extremity of the waveguide. A slot resonating at a half-
wavelength in air, correctly supplied, has a high level of radiation efficiency and has the
property of radiating almost all the energy communicated to it. Consequently, if a half-
wavelength slot 16 resonating at the working frequency is disposed in this third section c, this
slot radiates most of the incident energy either side of its plane. Half of this energy is thus
radiated into the half-space inside the waveguide (it is reinjected into the latter) and half is
radiated to the exterior. In practice, there then remains in the waveguide, in the section c,

after a first half-wavelength resonant slot 16, approximately half the initial power. There is
then a reduced number n of successive half-wavelength resonant slots 16 (7 <10) in this

terminal part ¢ so that it is possible to consider all the residual energy is effectively radiated,



received by the antenna of a train noving in translation nearby is
progressively increased. The change in this dinmension 1 is calculated so
that the change in the power transmtted by each slot, which varies as |3 ,
produces the linear variation in the power increase required along the

| ength of this section b, whilst Bethe's hypothesis concerning small
apertures remains valid. At the end of8 section b, the power of the radiated
signal has greatly increased. In the directional antenna fornmed by the
section ¢, starting fromthis already high |l evel of radiation obtained
progressively along the Iength of the second section b, t obj ective is to
make beslot possicbklet USETHE padckss leads @sd thpil atesnan@n, iclbsertdi%j Q dfamd gbwerand

ef fici entIy radiate all the residual energy at the extr y of the

wavegui de. sl at onating at a. half- vel t h air rectl

suppl i ed? ﬂ%’ge‘é 17 BT‘?'ﬁVe"\?eThe ‘fva‘fe&&}i}t%t% 45 @%@;9 T3 ath’fh§’ft thep‘ieé%é’f‘lty of
radi ati pgergl| n%ho@tl hadifiSnaBNBEBY (&emﬂﬂsceéﬁfécgo 'éableg%%eﬂyam hafecéfoh & hal f-
wavel ength~sl ot 16 resonating at the working fréquency di sposed 1 n this

t hird seodpagatian, canningn tslthd threalsextiens apbtandfc. tThe ammenﬂtyncbf theergpegeide her si de
of its plane, Half, of éhls ener% i s thys adi at ed ntothg hal f - space
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radi at edaj @hkh%r@%&&rd BEkchahiraPtagtice, there then remains in the wavegui de,
in the sectionc, after a first half-wavelength resonant slot 16,

approxi mately half the initial power. There is then a reduced nunber n of
successive haglf- wavg% gvy th resonant sl rm nal part

6 0.
c so that it §p;5t81§ B%F%‘F’eé ‘?ts tlé 14 é‘gijolt]? ? %E‘E’r"&?n Ogt § FECHI vel y
radi at eqectBn o?ltﬁé v@a@e@ﬁ@l@ﬁn@'ﬂfgw&@bl 8f HeGG8n ts e%%dﬁ 1Ecbaféu[a%9f & suﬁh a

attenuation, close to he po trans internally to t
wavegui d'elyaatacllo t)btatrhzes1gﬁzillc1:f" censtamtanh}::imudmralmigiﬂhb ehhie leeghdxﬁalhe coammangyation t hout

additio | osses (transitions, connegctors, cable) and.i i‘l PH% di rection of
ot opagatiPuie COMBHIIY Knaid AP BIORE (ROHE St ting 1 Posiseliedtouiia 1061 of he

wavegui geniln thANgREs. L qglscm%hémyreﬁingf fn?&taemt QH@HﬂMs&@ﬁﬁ*?@g |0?fst1 rBEe”

sinmply protected by a dielectric ap wh provi des "a nechanical sea The
pi t ch betpweng theosloend ehﬁt,lWaV@USieOS'@rtm fr(jm tlamgindﬁd wevelergihetiisolf acfin¢tion
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also from the phase shifting undergone in air, outside the waveguide, by all the radiation from
the slots contributing to the total field received at all reception points in proximity to the
waveguide. This inter-slot distance is constant and identical along the length of the sections a,

b and ¢ in order to provide a continuously increasing level of signal above the waveguide.

The radiating waveguide is installed along the length of the transport track in the form
of unitary sections connected to one another electrically and mechanically. In order to ensure
easy transport and fitting/removal of these sections, the length of each of these unitary
sections is limited in practice to a value not exceeding 20 m. A terminal section is formed
from the sections b and ¢ shown in figure 2. The directional antenna formed by the third
section ¢ is of a short length, limited to less than ten slots, clearly less than a metre in length.
The second transition section b may advantageously have a dimension at the most equal to
the length of a unitary section minus the length of the section c. The first continuous radiating
section a, which is very long, is made by all the other unitary sections situated upstream but
may, as a variant, form part of the terminal section, depending on the dynamic variation of
the signals which can be tolerated by the radio equipment and thus the effective transition

distance necessary to provide sections b and c.



way as to obtain a signal of constant anplitude along the entire | ength of
the communication device in proximty to the continuous radiating
structure, in particular above a slot, or between tw slots. It is obtained
by taking into account the phase shifting of signals supplying the slots of
t he wavegui de, starting fromthe guided wavel ength - itself a function of
the internal geonetric dinmensions of tBe wavegui de and of its node of
propagation - and also fromthe phase shifting undergone in air, outside

t he waveguide, by all the radiation from the slots contributing to the
total field received at all reception points in proximty to the wavegui de.
This inter-slLot djstance is constant. and , denti.cal al.ong the Iength of the
sections a, Sy(ﬂ"ﬁfdﬁle ?]ﬁe%lloaglr r{8m5’r i;qnngg by ?&nh‘%uﬁ?ﬁlﬂ} (f’n‘scqorvg}i‘grf:%ﬁ rlag\%l of
si gnal  abputset Reetfe@Dbydfee PRSpaoatbmt thiRdiWaVBD Yeect dchiirdetd bR Q8Q t he

| ength of the transport track inthe form of unitary sections connected to
one anoghérongiest paiticnlar yo Hredpropegadion cavirgnmém ofrthie station,emenksiop, gasge, or
transport and fitting/removal of these sections, the .length of. each of these
i ¢ apy e B e 8% SR e opr Ay sdShtn % m rnpEoRBaBling §Eosen A

t er m nalgp$ ekt hntdnh@r med fromthe sections b and ¢ shown in figure 2. The

directional antenna forned by the third section c is of a short |ength,
limted to less than ten slots, clearly less than a netre in length. The

second trans;lghi OE secti ont.b rra% advant a ous%have a ﬂrirrensionh%t t he nost
equal to thd"f RYTLSRRanatignhas Poensgive BN TR AG900™ 2 gt mBY Mg RO HEi on .
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all the other unitary sections situated upstreambut may, as a variant,
f or m pafermstl byrthe seonil aad thisksacbons klapba piovigdes thet progrtysiviise inapaver iod theof

the signals, which be tolerated by t di i t and thus th
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radio coverage is effected by free propagation, that is, with features
dependenteagensutiag pgdhdnuods deeroanvan theppowdraiitiae sigenls teseiyed peogatthis time, the
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di scr et @) ariief@ssible arrangement is particularly useful in the scenario where two sections of
track with complex radio coverage require the use of a radiating waveguide and surround a
simpler environment whose radio coverage is provided by one or more consecutive discrete
antennas. At the extremity of the first waveguide area equipped with a terminal transition
section according to the invention, the power of the signals transmitted will progressively
increase, in accordance with the dynamic range which can be tolerated by the radio
equipment used. The free propagation conditions thereafter apply in the intermediate free
propagation environment for which a maximum of radiofrequency energy has nevertheless
been communicated by the terminal transition section with very limited losses, thus making it
possible to provide efficient free propagation. In proximity to the second area of installation
of the waveguide once again covered by a radiating waveguide according to the invention,
the signal will increase because of the proximity of the source of radiation then, once the
beginning of the third section ¢ has been passed and along the length of the second section b,
the signal will progressively decrease over a few metres, until it returns to the base level

received along the entire length of the first section a.

In this first embodiment, the first, second and third sections of the communication

device are adjacent and consecutive, the second section b making it possible to pass



The above expl anati on has been given taking into account a train noving
above the communication device and |leaving this area of radi o coverage. The
termnal radiating section formed by the second and third sections b and ¢
provi des the progressive rise in power of the signals received by the
train. The problem can be reversed when a train approaches froman area not
equi pped with the communi cati on devi cel(according to the invention to an

equi pped area, ensuring a continuous decrease in the power of the signals
received from this tinme, the directional antenna (third section c) as far
as the gongrésswelysiromdi aontnmoss muelke urfeopefatiost wisle dow aadiatdn toThilscal envalesotbl e
arrangenent .i s rticula&l useful in the scenario where two sections of
track mPPﬂaE@hﬁﬁgﬁﬂﬁﬁﬁF ‘E%Wbrage require the use of a radiating wavegui de

and surroundTfe igieiBbE rthﬂ“ﬂak@ﬁ%&si%%igrﬁ@ﬁﬁc? vERVEHRYE ah$ e@érﬁ%&i?@@rf Ry one

or nore consecutive discrete antennas. the extremty of the

wavegui deliacemameginappedewice hwlach erovideal twor ypes of oommaiechiion imcwo rdififergntt o t he
i nvention, the power of the signals transmtted will progressively

i ncr eas @TORREALISHVHINBE i t h t he dynami ¢ range which can be tol erated by the
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the internediate free propagation environnment for I ch a maxi num o

r adi of r eepgbimg\sceaalr mytrdsamndreaablinghdie asdio eeipmenvombairddhe thaimytot fidlaver thisnal
transition,section with Yer limted. | Qsses, .thus rraklipfng. it possible to

or ovi de T8F i1 R PTOSTESIS o SR B TSk Pl 365 AP IERaL HOPHENiSRIRhA ar ea of
installation of the wavegui de once again covered by a radi ati ng wavegui de
according to the invention, the signal will increase because of the

proxi mty of Astevasiaot, des pbssitaelicalocdly inbrense the calidtiva bydecgallynmalgngflotshef at hi r d

section.c has begen passed and along the length of the second sectipn b, the
Signal WFEFF ol S4B VBrGes i SATB oPdRe Sa R ReTe thoRavaRide syt el ¢ o
the basgydafly@lstant BoR1 ¥R Grah SNl RFMrith BypRE AL aﬁ&‘@r_ogéiﬁé.tl;c}ﬁ?aﬁgltféﬂala- I'n

this first errbo.di nent, the first, second and thl rd sections o
comuni catrigprradidtedi loealdy evedjhesefewamdireonséeutt pessitihdo smogpedsasedor tre b

LIRS RO K IR TR
radi ati QRown in figure 3.

Over an area of the radiating structure 20 where a local increase in signal radiation is
required, a first series of slots 14 (intermediate radiating area b), whose major dimension
increases from a length considerably less than the wavelength of the signal propagated in the
waveguide to a length less than the half-wavelength, is made between two continuous
radiating sections a. A second series of slots 14’ (intermediate radiating area b’), whose major
dimension decreases from a length less than the half-wavelength to a length considerably less
than the wavelength of the signal propagated in the waveguide, is then made. The change
profile of the length of the major axes of the slots in these intermediate sections b and b’ is
determined in theory as described above for the second section b. The series of slots in
section b, followed by the series of slots in section b’, locally creates a more intense radiating
section ¢’. In order to obtain the necessary increase in signal over the required length, the
section ¢’ can be extended over the required length by adding slots whose major dimensions
are all equal to that of the last slot 14 in section b or the first slot 14’ in section b’. This

dimension, the upper limit of the major axis of the slots in sections b, ¢’, and b’, 1s calculated
on the basis of the above expression &, of the magnetic polarisability of the slot in order to

obtain the radiated power necessary to compensate for the additional attenuation related to



The invention thus nakes it possible to produce, very sinply and
economcally, a radio communication device which provides two types of
comuni cation in two different propagation environnents. This device
permts a continuous rise in power, over an adjustable |ength, capable of
reachi ng several netres and enabling the radi o equi pment on board the train
o "follow' this rise in power progreklsively, wthout any risk of a |oss of
signal synchronisation. As a variant, it is possible to |ocally increase the
radi ation by locally making slots of a l|arger size for a few netres, for
exanpl e thenlocdlly hna@ese\dhﬁfferemh@irv\éimgcﬂ gl then pHywi aceeitimp tariype & op%tmi@/n elft@‘t ant

fron1th traln tenna in .order tp pass_a.poi nt nd Cro n

aad ti ol e Jy el JAREEF by VBE ERUTE RN PEs aKAG SRS bl o
to conp ﬂﬁﬁéﬁed Qftert tAR tyﬁéi df bie@nahitaiuh@a dakatipd td £haleshido stritingre VG H¥es
|ncreased difference in distance. Such a variant is shown in figure 3. Over
an ar eanotinginde thedeetidnyd, stanqicb uwkichOmphey thataat mdbntnqabwea%ﬂldede@gtgnals
radiatlon i S &h@ylred a |rsH)se£|es of slots 14 (intermedi ate radiating
area b) DECHIHER HROYIAC giateater rpinber QEICREUEIS. £+ om a | engt h consi derably | ess

t han t he mavelength of the signal propagated in the waveguide to a |length

| ess than the hal f-wavel ength, is nade between two continuous radiating
sections a. Ahedewstidnverifesclon d@lvm‘f:shaibeel( dmebcrﬂetakmgemmmcaumﬂ@e apwaoth' ) |

wh d t than the half:yaxel ength
o a1 et BETh 3Ry LR e BP0 Bedry ERh ERenifgBied 1o Huar oo
in the wanams dficnirs 1ﬁt@ﬁdbdfrﬁﬂethe-[%sc%@g§kneﬁ[ PhintiplobE Taﬂ@nﬁe?tﬁj}lgﬁﬁm@iloﬁ he

maj or axes of the slots in these interne te sections b and
det er mi m@@pilqm trh%slyl Hy eanpdies i toethealioveatipor i.ehan stheonebes o€t itan b) 8T¢Iéldserl es

of slots in the series Is

ocal 1y Soiupkaioh i e s S iaent FnSEL ko iha By B erbip 4BRA0 Bty ¢ ne
necessairy th@Cfaqmlﬂﬁl ﬂnﬁ:tx&eaéndo?sﬁfpagmd refih 8k lspogtie té he redfige! tBiving can
be extended over the required [ength by adding slots whose najor di mensions
are al | cagipaient o that of the last slot 14 in section b or the first slot 14
in section W This dinension, the upper limt of the major axis of the
slots in sections b, ¢', and b', is calculated on the basis of the above
expression C-" of the magnetic polarisability of the slot in order to



obtain the radi ated power necessary to conpensate for the additional
attenuation related to 11 the locally increased difference in distance and
then allow a return to type a operation after this area of |ocal signa
increase c¢', via the section b'. O course, the signal energy propagated
after this type of area is attenuated relative to a wavegui de structure

whi ch does not include the sections bj2c' and b', which inplies that, at an
i dentical waveguide length, it is necessary to provide a greater number of
repeaters. The functioning of such a device has been described taking into
account the case of ground to trai n(@ammsuni cati on, where the radi of requency
energy is communicated to the radiating structure intended for the trains.
The general principle of antenna transm ssion- reception reversibility

appl i es to]t padioceeithidBation RvideV16,7®) Gadg choﬁtﬁﬁldﬁs bR ARG ctusOmYWHLCat | on
for which the radlofrequency energy is enl% by the train antenna,

received by waveguidelper¢adgbys e rfst series afialoty ﬂﬁa,gm@dvmah himicrowage §1gnab1sw eto
a renote rece|V|n ni cat i on devi
(10.720) hav it Gl fRhBET et o dp Beene i R oh COTBe SRS Hier ced
by a first s@ph@fiofs ra'iihm@ s&r%zaure (d)taﬁd\t‘ﬁ’é &Fbcﬁoﬁdlcahféﬁﬁé{?c)sdhgfh%{erﬂsé‘d inf Rhect ed,
a directional antenna (c) a neans (b) for transition of energy between
the continueasd traditian mgalst(rbau(andurseld( da)ecannlaltetmemmar(e):t:onmﬁlreanmmiﬁ o‘f @)

characterised in,that ans_( nd sai d,direct

ot enna (o coidn endadbd sbr it o e SER. i T, REp B ciffr Segfons
radi ating st oeeddiifg sﬁﬁbﬁlmfearsto) beRigAafhcantdnd Bbidc@Bet | Ons radi ating
structure (a, b, c) being a jacent and consecutive. 2. Radi o com‘rum cation

device (10, 20) according to claim1l charact erl sed in that said second
section of qﬁdatl structure Iude ries.of 14),

and. s
whose  maj Br H & Oéh‘éfsv“% g8r sﬁcﬁ%r g0 g al{nnle F@ﬁ&‘f’ﬂs‘*&méﬁ t¢2%cond
section (b), saitld se@tidn"&traditife gmdtﬁkeqspfdcmae@a séR AEHODoBASNH G L4 §hbs)
includes a third series of identical
major dimension extends progressively over the length of said second section (b), and
in that said third section of radiating structure (c) includes a third series of identical
slots (16) whose major dimension is close to but less than the half-wavelength of the

signal propagated in said structure.

3. Radio communication device (10, 20) according to claim 2 characterised in that the
pitch between two consecutive slots (12, 14, 16) is constant and identical along the

length of the three sections of radiating structure (a, b, ).

4. Radio communication device (10, 20) according to claim 2 or claim 3 characterised in

that the third series of slots (16) includes up to ten slots.

5. Radio communication device (10, 20) according to claim 2 characterised in that the
third series of slots (16) is formed by the junction of the second series of slots (14)
with the same series of slots (14’) inverted in that the major dimension progressively
reduces from the half-wavelength of the signal propagated to a size very much less

than the wavelength of the signal propagated.



slots (16) whose major dinension is close to but |ess than the
hal f -wavel ength of the signal propagated in said structure. 3. Radio
comuni cation device (10, 20) according to claim2 characterised in that the
pitch between two consecutive slots (12, 14, 16) is constant and identi cal
along the length of the three sections of radiating structure (a, b, c). 4.
Radi o communi cati on device (10, 20) ac¢dprding to claim2 or claim3
characterised in that the third series of slots (16) includes up to ten
slots. 5. Radi o conmunication device (10, 20) according to claim?2
char act eri 8eRado tdmamubicetiort tévice 6ldx 28sacbrdihgpts afyl 6hc bf tHeopraem ity claimes
junction of the second series of ots (14) .. with the sane series. of. s]ots
(14') invert SR n Hislgp G mibit Blrsaeﬁﬁﬂé YrseLy i (ERiRHR] ¢ he
hal f - wavel engj.h tﬁfnéﬂlﬁefﬁdﬂﬂfﬁ shiopagated to a size very nuch less than the
wavel engt h of t%e si gnal propagated. 13 6. Radi o conmuni cation device (10,
20) according to any one of the preceding clains characterised in that the
slots (12,_1 16) are di sposed transyersely to the | ongitudinaj irection
of the r ad?-a:braﬁ‘ﬁ) CoRTpIGREon Jeviee o 2LbAtHAFIBELT R aawgéhe(are@% clagf%or di ng
Lo any one OlcnkiicRl o thalin oAbl RRAH RLUSEH) i wlHRla Lo hEROT B & the
second section Is wthin aTange from1l to nmetres.

metres.



