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Bescription
HIGH AVATLABILITY NETWORK SYSTEM

c:harzsc:teznsmg clayse of ¢laim 1.

Tha invention ig &ﬁapted in par&icui&r to a vehicle Sy v&hif:%e, it iz understosd that
passengers and/or goods. Thus, tmnsmrt by rafl such as g train and Hs carviages on a
rail, a tramway, but also & preumatic-tyred train, with or without rails, or a bus with at
least ong compartment are included within the scope of the invention for instance. Other
means of transport outside the lond-based field could also be concerned such as 3
marithne-shuttle service ftke a “ferryboat®. In particudar, all these vehicles comprise
means of control or cormmand, subseguently comnonly calted, controllers, which enable
command apphcations to be created or run, for example for vehicls guidance; ar sven
automatic control of the vehicle if the fatter has np driver. Numgraus other applications
are understond to be possible, bat will not be listed for the saks of darity.

Thus, from a first viewpeint intermnal to the vehicle, § communication network between at
Ieast two communication interfaces 18 known, these being respectively connacted (o 8
tirst controler which creates a command application and 8 second contraller which runs
the command application. The controliers can for example comprise one or more
available computers, in this case, on-board the vehicle, The communication interfaces
have, for sach controlier, at least one communication port towards a commaon Ethernet,
ADSL, WIiFI, et cormununication link in order 1o enable a transmission of information
between the controllers via the Modem, Switch, bridge-relay, elc, type communication
interfaces. Redundant links, in the svent of 3 fault on a point-to-point link can also be
created, for exampis by increasing the transmission links or cables which will be
activated for a new routing of data by means of & changeover switch, outer, for
example, by reconfigusing a rowter, el governed by an Intemnel/Bthernet type
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From ancther viewpoint external to the vehicle, information can alss be transmitted from
a trst communication interface on the ground, for example positioned on the path of the
vehicle, towards a second communication interface on-board the vehidle and vice verss.
Morsover by extansion, the first communication biterface can also be networked or ®sub-
traffic management server or an access point on another vehicle, In shart, it is casy to
undarstand that the coromunication systems adapted for the vehide, in other words in
the vehicle, on the ground and between the vehicle and the ground, comprize complex
networks, the architecture of the network links of which is multi-point and the data
transmission protecals can be varted according to the desired applications.

An effective example llustrating the complexity of a communication netwaork batwesn 3
Protocol”) type netwark which can be sxternal to the train (for exampie on the ground) is
given by ER 4533813 Al In prdet to enable a communication interface of the IP network
to communicate with a communication interface ("end user™) on-board the vehitle, &
data converter Oconverting msans”) is gositioned slong the rally o comeart the data
transmitted or received in accordance with the “IP” format to a “FLLY C=Power Ling
Communications”) type format, The data will be, for example transmitted to the
converter output in PLC format ¥ia elecirical catienaries o the convmunication interface of
tha train, To obtain the necessary power on the catenaries, the converter comprises
several conversion units along the rall, The "PLCY type communication technigue, alsoe
refarred to as PLC O Courants Porteurs en Ligne”) in French, enables, in particular in this
axample, 8 sufficiently wide handwidth for high throughput data on the 1P network to the
train and vice versa to be used (bi-directions! transmission possible} and o be sulted to
a ground-train communication for trains of various lengths, Moreover, the converter ysed
is associated with repeating means which receive or transmit data, the signals of which
gre separated into two frequency bands intandad o determine the direction of
transroission {(bilateral} of data between the IP network and the train. If a section of the
journey does not comprise catenaries, @ PLOC type communication switch is achivatsd
towards a radio frequency type communication switch, i order to provide a radio link
which is also dual-frequancy in acvordance with the direction of data transmission. The
O type link and the radic frequency type link thus form 3 redundant link in the svent of
use of one or other of the links not being possible. In short, for an advantageously

sommunication are used, which therefore requires switching in teems of the squipment,
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for exampie by adding additional means of routing, 0 particular at the output port of the
communication interfaces to select the PLT or radin frequency channel This also reguires
a change in the configuration of the routers and of the data routing according o the
communication protocel used, on the ons hand relative to the IP network, and on the
other hand, relative to the vehicle. Such reconfigurations related to new routing currently
reguire considerably more than 3 few seconds, which in the event of a fault for example,
axceads the tolerance of 3 seconds requived by csrtain automatic controls of raif
transport,

Generally, applivations relating to processing a contrel/command are commonty used in
transportation, in particular automatad transport, such as, for example, automatic urban
trains without & driver. These applications use, as mentioned, controllers which may be
composad of one or more computers and their associated interfaces, Depending on their
function, these may either be positionad an the ground along the vehicle tracks, or on-
bosrd a vehicle or several vehicles which may or may not be coupled (several trains). In
order 1o enable the monitoring and control of the trains along the track, the vardous
controllers are connected between themselves by ane or more networks {overhead, wire,
catenary; rail, stt)y

Viewed as 3 whuole, the architecture of the contrelfcommand processing networks may
therefora be excessivaly complex and represent a significant equipment outlay.

Each of these oatworks may also be considerably long {approximately 300 metres on
board the traing, sevaral kilometres along the tracks) and is subjected 1o 8 harsh

slectromagnetic snvironment,

Moreover, for some of these networks, the links to be established are, furthermorg,
muitipoint type connections, which increase the complexity of routing, espedally in the
event of a point-ta-point faull,

Besides these various constraints, { s imperative 1o ensure correct opsration of the
train: the untimely stopping of 8 train or another problematic malfunction is neither
desirable for the passengers, nor for the economical sfliciency of the traing, nor gven for
the safety of the passengers.

Thus, intermg of @ communication system adapted to a vehidle {nternal and external to
the vehicle), it {s necessary to be able to resolve the following techeical Faulty)



- On the one hand, besides cortain constraints on a physical laver of the communication
netwark, aliow a high throughput of data (for example, useful throughput of 10 Mbits/s),
whilst guarantesing 8 very high transmission quality (low error rate).

For example, iy tonns of a train, thy electromagnetic snvironment & very powerful and
the netwaork facilitating the Hink between the different controliers can be disrupted by
heavy and diverse interferences in particular, if the physical layer of the network uses
cables whose guality is not suited to dirsct use {cables in "Category 5 and 67). Similarly,
for equipment on~board traing, the configuration of the network can evelve, specifically
the network must be compatible with & scalable train length (variable number of
vehicles, for example, after coupling). Thus, it is important to be able to reconfigure
quickly and simply (automatically} a complex communication system, for example in the
svent of doubling the length of the train

~Qn the other hand, besides the complexity, a high availability of communication must
he ensured so that the system can tolerate faulls in a “transparent” and rebust manner;
in particular it s necessary Lo prevent 3 simiple fault relating to the communication
system {internal vehicls network, extermnal ground natwork and vehidle-ground inks) or a
plece of sguipment connected from affecting the correct speration of the
controlfcommand system.

Far this reason, the command system is often duplicated to tolerate faults, in particular
the nedworks and controliers are organised in pairs, so that one can replace the other in
the event of ¥ fault, such 85 noted in documsent EP 1533913 Al by switching between
PLL type link and a radio frequency type Hink,

However, regarding this possible switching, indeed, redundancy of squipment,
certain problems which are specific (o the network must be resalved:
al as already mentioned briefly, the control/command installations are subject to
harsh temporat constrainis. For example, certatn ratl transport automatisms can, at the
maost, tolerate, in the event of a faudl, an operating interruption of approximately 3
saconds, This is less than the reconfiguration time of a Ylevel 37 router {an integral part
of & physical network layer} which requires considarably more time to replace a faulty
network routs with another,

b} The duplication can becorme difficult to manags when a high number of pleces of
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gguipment or computers are connected tothe same network,

€3 Moreover, a el onthe network self will be sl the more gritical as it risks
simultansously affecting several controllers or computers. Stmiarly, it is necessary io
avoid a faull on a single piece of equipment o on a communication interface i & network
affecting the others.

d} With regard to networks located on board the teaing, it is necessary to remember that
their configurations can be changed; specifically these nstworks must be compatilde with
a train tength which is scalable accarding to the number of carriages/vehicies. This
specific constraint must also be taken inte account for network redundancy.

Considering these diverse issues, several sclutions hereinafier could be snvisagsd, but
still present some disadvantages that the invention intends to avoid,

Firstly, in order that g communication system (network) has 8 high flow rate over great
lengths (for example, a throughput of at least 10 useful Mbits/s over a length of 300
metres), whilst ensuring 3 very high transmission quality, iy particufar in the vage of
harsh environmaents (presence of strong switched currents), several solutions are knowa:
- one solution is to use optical Bbres for links betwesn communication interfaces, but this
type of solution can be difficult 1o envisage i some cases, for example the use of this
technology can be very critical prboard tralns, In particular vrespect of the slectrics!
coupler betwean two elements of the train to be coupled (for exampia carriages), and
this will be even more trug if the coupling s autematic

- anather solution would be to create ADSL-type links, but this poses a problem;
specifically this type of link is normally provided to create point-to-point links, in tha case
of application to a multipeint network, the architecture becomes complex, furthermors a
fault fnvolving one of the controliers linked to an ARSL type communication interface will
have a certain impact on the entire network, unless a star distribution is created, in
which case the cabling associated with the network would inevitably become tog
suthstantial.

~ & very commonty used solution is 1o use low threughput links which unfortunately
introduce 3 ot of constraints 1 the control/command instaliation,

Secondly, in order to tolerate faults and, in particular, o avoid a simple fault on oue of
the networks or one of the pleces of rguipment connected affecting the operation of the
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communication system; several solutions are kKnown:

The solution whith seems the most conventional is to use two different redundancy
networks, but this type of solution requires a significant equipment cutlay, For example,
that, in order to abtain a very high avallability, esch computer should preferably be
connected by different ports (therefore numerous) to two nebworks and transmit it

messages o the other controllsrs or computers.on sach of the two networks,

Another embuodimant of the communication system would be to use ring networks and 1o
connect the redundant controllers and computers to different “switches”. But this type of
solution only requires that the “switches” concarned are capable of “rerouting” the
messages rapidly via an alterngtive path in the svent of a localised fault {according to,
for exyample, a technique known as "Fast Spanning Tree™). This now widespread
technigue is rather adapted to an ~oplical Gibre” type physical layer which is costly to
implement in trains sad-in eguipment distributed slong rallways.

I the context of the invention, it s 8150 sugoested to the reader o gonsult documents
WGQ 97/314304 and US 3005/04070841, tha first dosument proposing 2 system capabile
of using electrical transmission Hines for transmitting dats and perfarming ramote sensing
or even remuote reading, and the sscond dosumant describing a supply line structure for
fransmitling infornmation batween electrical components in 8 motor vehicle, the

information being transmitted over a data bus,

An obiject of the present invention is 1o propoeses g communication system, in particular,
adapted to a vehicle such that it is internal to the vehicle, but also by extension, sxterhal
to the vebicle for communication adapted between the vehicle and a ground network or
for a single ground network infrastructure; such system does not present disadvantages

fo the prior art, such as those aforementionsd.

A first aspect of the invention provides 3 general solution irrespective of the viewpeint of

the communication system internal or external 1o the vehicle and/or the ground.

The invention desoribes a communication system, by particuiar adapted for a vehicle byt
also for any other ground natwork infrastructure even in g building, and comprising a
communication network betweean at feast two communication interfaces {such ag a

modem) respectively connected 1o & fiest controller {with, for example, two redundant



5

computers} which manage {in other words, run, indeed, create) o command application
{for examply, for.guiding a train) and a second controller which also manages {in ather
words, rungy g command application which can be the same ax-that managed or run by
the first controlier or any other command application to be run. The communication
interfaces have, for each controller, ot {sast one cormunication poet, from which a
comynunization ink betwesn the controtlers s thus ensured, vig thelr respective
communication interfaces.

For transmitting a command application between the two communication interfaces, the
communication ink is advantageousty a PLC type (Powerline communication} and
samprises at least two slectrically conductive inks connected to sach of the respagtive
communication ports through at least one coupling transformer.

Before continuing, it showld be remembered that the PLO technique has already been
designed-in order {o croate computer nebworks using malns wires as support, high
throughput links being arranged in parallel with the transport of the energy source
{atternating current {230V, 50 Hel or {110 ¥V, 88 Hzl) The sdvantage of this choice of
technology is to enable high throughput Htks on non-conventional supports, the physioat
characteristivs of which may differ from the mains wires, so as to optimise the guality
angd the topology of the PLC type links for use suited 1o the invention,

Similarty, ancther benefit of the PLL network is that it is 8 multipoint typs netwark and
dees not reguire the instalistion of major equipment {provided that multiple sccess to the
transmission medium is managed using a decentralised protoco! such as CSMA ~ Carrier
Sense Multiple Access” - very commonly usedy; a single adapter (for example an
Ethernet-PLC bridge) for each workstation {controliar, computer, control/managament
dovice, Terd user”, et 1 I8 encugh. Bach communication interface can be connected in
paratiel with two PLC type links, ke a mains network. Another advantage of this option s
that it folerates changes in the nstwork; specifically chargcteristics may change over
time when g device is connected to or disconnectad from the electrical network. This
aspect renders automatic recanfiguratien of the network possible (for example, when
modifying the train length after coupling or separating the vehicles of a train}. Thig
aspect of the invention also protects against multiple communication faults on the
netwark.

As o result of the use of the PLC toechinigue, transmission of data between the
communication interfaces {or by extension between the “transmitting/receiving”
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contrpliers) is permanentlye guarartoad at o high transmission putpul on trains which are,
in partcular, substantially long. Iy the svent of a failure of one of the conductive tinks,
the cbisct of the coupling transformer, ag an advantageously passive companent, is 1o
re-astablish a distribution of impadance between the bwo links, such that the
transmission of data is constantly ensured by the PLC type conductive Hink being intact,
Thus, switching o, more specifieally, any “active” squipment or sguipment linked 1o the
re-routing controls (such 35 3 “Switch” or other dats switch) is no longer advantagsously
necessary. Moregver, the time for redirecting data on the second PLT Hink i3 simost
instant, which meets the particular temporal requirements of rail transport during any
falture, On the other hand, paralie! or redundant type switching from a PLC type link
towards ancther type of communication link {such as radio frequency, ADSL, WiF,

manggement of the communication system proposead, but aiso does not reguire any
addition of specific squiprmeant with diverse types of communication inks, Of course, for
increased safety reasons for axample, a Hnk other than a PLU type link can be added in
addition to the twe PLC links, although the PLC type link is the most robust and the
highest performing for the transmission of daty intended by the invention.

As a result of there being two PLT type links, physical transmission redundancy between
the two communication interfaces is thus rendersd possible. Such a dual link is also very
widespread and high-guality, given that sveryday public transport {metropolitan, train,
bramway, ote ) uses it as cables adapted 1o signalling of the signals along the tracks or
raits. Such cables comprise at least twe conductive links which can be used for the BLE
technique. Bach link may comprise, moareover, a pair of different eloctrical conductors,
such as, for example, by means of cabling for wban transport signatling, for example,
K23-type which is well-known 1o a person skitled in the art, comprising at least ans pailr
of twisted cables and shiglding. This is particularly well adapted to our nvention, as it
also guarantees robustness againgt any harsh environment, for example related to
difficult mechanical conditions,

A direct current network type stacked electrical supply, for exaniple at low voltage {24V,
T3V, wie ) may also be connected to at least ong of the RLC type links, This can, in
particular, ensure a high data throughput and the supply of remote equipment with a
single twisted pair over 8 large distance between the communication interfaces, such as
for a substantially long train or for equipment positioned on tracks.

Morewver, in order to be able to deal with the problem of the high availability of
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computer networks citedd vthe priorart and in perticular to enable faulls or failures to be
tolerated; the invention enables two redundancy networks {0 be uzsed, howaver without
seeking to have two truly different networks, therefore doubled by 100%. Thus, the
implementation of the Invention is more Tlexible and, furthermore, i entalls & significant
reduction regarding equipment, as doubding the link snly invelves the addition of & simple

coupling transformer nstead of 8 new communication interface or new madems,

At the same Uime, the desired objective §s to simply ensume g very high availability of the
rretwork itself, on which it is sufficient to place redundant controllers withsut needing to
manage multiple Ethernet paths,

To do thig, tolerance to fatlures an the communication system dapends on the definition
of a new principle, which ig as follows: according to the invention, gach redundant
controller is connected o a single PLO {(Powerline communigation) type network but
whose physical layer has been doubled. In particular, the support comprises not a single
“copper” pair but twe Tcopper” pairs in paraliel.

With regard to the solution described in the prior st which, in order tp obtain extreme
availability, required that sach contraller is prefarably connected to the two networks by
differant ports and thersfore entalled a significant number of modems {two for each
contralier), an advantage of the invention is that it divides the number of modems by
two. It consists of connedting, via a vary simple glectronic cireult, each of the BLC
modems {communication interface with coupling transformer) no fonger to a single pair
but to bwo “copper” pairs on the nebwork. Thus, for sach network cannhection, the two
pates or PLT type Bnks of the network are connected in paralisl, but canthen follow
various transmission channels depending on their position or their function,

Tha PLL type Hnk between the differsnt PLC modems, being able to, for example, use o
targe number of frequency-modulated carrigrs, comprises two pairs of conducting wires,
thus enabling the transmission of date which depends on the impedance of the
congucting wires.

If & fault appears an one of the pairsflink on the network, such as a short greult or an
apaen circut, this provokes a variation in impedance angd the distribution of dada
fransmitted over the various carriers is modified such that the link is therefore
maintained thanks to the high tolerance of the physical layer of the PLC technology. At
the connection poinis (moeresver communication ports) on the network at the PLC
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interfaces, the two netwarks pairs are connectediin parallel, but precautions sre taken.
The invention specitically plans for a simple dual connection device and guarantssing
betwaan the two pairs a sufficlently weak coupling in order to avoid, for examuple, that a
shorl clrault or an interruption on a palr, by particular dose to the connection poing, can
simultaneously interrupt, or significantly weaken, the signals which ae prosseat on the
other pairn

The invention thus assumes that the coupling transformer presents a distribution of
impedance betwesn the PLC type links such that if ong of the links is faulty, for example,
caused by an interruption, a short circult, 3 mechanical effect, et the other Hink snsures
the transmission of the command application, To do this, it should slso be remembered
that the PLC type links are connected by pairs of conductors, preferably exclusively
dedicated o the PLC technique without the obligatory pressnce of o supply crrent
which further reduces ity this case, the complexity and numbar of components comprising
the commutication system,

Qne possitile physicaily and sconomically noticeable aspect is that L necessary, st least
ane partion of one of the PLU type links ig an elecirical supply connection of & component
o the communitation netwark which coltld sheady be installed s mains wiring o o
carriage or a train. Of course, the maing wirlng does aot prasent optimsl properties
regarding PLC type cabies adapted to high throughput in a harsh environment, but may
be a possible alternative if 2 cartain link doss not require bigh performance.

Consequently, several simple and therefore advantageous forras of coupling transfarmers
will be presented, as well as the possibility of improving the coupling of the PLC type

Hoks withoa communication interacs.

Devices, such as the systems of control, compensation and self-monitoring of the
communication systery wilth if need b, also be prosented in order to svpld any
problematic disruption in communication.

Alt aspects of the nvention mentioned thus provide a8 general solution regardiess of
whether the viewpoint of the communication system is internal or external to the vehicle,

I particular, the invention is an advantageous solution having several more specific
cornmunication system canfigurations:
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1} the communication system is an internal on-board communication system: the
communication interfaces, the comtroliers and/or st {east one of the PLL type links are an
board the vehicle, such as a means of public transport which may or may not be guided,
The PLO Enk, extending slong the length of all the public transport vebicles such as g
train, connects the desired comenusdcation interfaces. Thus, if saverst vehicles are
coupled, thelr communication networks are coupled by intermediate PLC type links, for
axample vig an elactrical couplar betwean vehicles (Tor example at a coupling devics), via
vehicle electrical supply catenaries, via g contact of the vehicles with at least one guide
rall, ste. Qther intermeadiate connections can be envisaged, but do not fall within the
desired scope of the nvention,

2} the communication system is an intermal on-board device which can be distributed in
sevaral different means of public transport, in which case:

- at least one portion of the Bnks betwesn fwo communication interfaces is respectively
positionad in the first means of public transport and » second means of public transport,
- the two means of transport are next to sach other but, i the present cass, physically
separated,

- the other portion of the links s composed of catenaries or slectrical rails (adapted
channel transmission, known FLO type) betwean the twe means of public transport, in
the event of a lack of, or iy addition 1o, an Intermediate ground network centralising
communication with gach of the means of public transport,

3) The comymunication system is & ground network (external to and independent of the
vehicla} of which at least one local subenetwork is a PLC type according to the invention
which, moreover, is adapted 10 & transmission of any type with the vehicle in movement,
for example by g portion of a radio frequency type Hok {overhead) or aven a portion of a
PLC type fink which can consist of channets which share a common frequency, but which
alsa have different frequencias i need be, such as fs described in the prior art £
1533913 Al Effectively, the PLC technigque is particularly well adapted slong the
channels. As a resull of the Insertion of the coupling transformer at a communication
interface oulpud, such a ground netwark can therefare enjoy the benefits described inthe
previous sections, Thus, the great and costly addition of equiprmant, in particidar along
the channals, could be advantagecusly avoided by placing simple voupling bransformers
at existing interfages.

More spacifically, the ground corrsnunication interfaces conngcted by the PLC type
ground Hinks are thus all positionad on the ground, preferably along the vehicls track, in
8 ground communication network or in the form of clusters of consecutive sub-networks



along the track, thereby enabling radio commiuniostion (prefarably WLAN type as nomingl
made} with eguipement on board the vehicls, preferably vig & redundant device {and
redundant bilateral transmission) comprising at least one on-bogrd redundant type
transmission/receiving router, Tor exampie by means of two logical ports of the router(s)
connectad 1o physical PLC type links in the vehidle.

The Hok between a controller and ity cormmunication interface according to the invention
will preferably be made by means of a physical port connacted to the BLC network which
is en-board and/or on the ground on whikch two ogical ports {eachrcompriging an P
address, routing data, etc.) are created 1 advantageously obtain two logical, then
physical gateways of communication by default on sach of the different routers un-board
possible communication paths for the equipment in the train andfor on the ground. Thus,
twe physical connections batween gn-on-board communication interface (andg the
associated controlier{s]} and two communication interfaces on the ground {and their
associated controller(s}} ensure a high throughput transmission over the two gateways
or high redundancy avallability between the two gateways. This is achieved without the
addition or replacemeant of 8 new commumication interfacs,

Finally, 8 seif-meonitoring device for the communication inmterfaces disables,; st ihe
communication port concerned, a permanent transmission of current, veltage and
interference data in the event of a failure on the communication interface.

A group of suh-claims also present advantsges of the invention,

Exemplary embodiments and applications are provided using the figures described, in

which:

Figure 1 shows a commuitication interface equipped with a PLC type communication port,
Flgure 2-ehows a PLE type communication network between two -communication
interfaces,

Fiaure 3 shows an example of 3 communication system in a vehicle or belweean two
vehicles such as trains,

Figure 4 shows g vehicle/ground cormmunication systerm by default,

Figure § shows a vebicle/ground communication system with failure an a data router

from the vehicle to the ground.
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Figure 1 describes a communication interface MODL squipped with a PLC type PFront
End” communication port to which the PLC-coupier electrical coupling transformer s
connected in order 1o ensure at least twe physical inks PLCT, PLCZ between the

to which another communication interface I also connscted, but not representsd in the
figure, Do this example, each nk PLCY or PLUZ comprises & palr of different slectricat
conductors, such as for example, & bundiing of cables for K23 type urban transport
signalling comprising at lesst two palrs of twisted cables and, possibly, shiglding. The
PLC-coupler coupling transformer presents impedance distribution bebween the Hnks
BLCY, PLCR such that if one of the Haks {Tor example PLOLY or ansther Hnk connected to
it is Toulty, caused for example by an inderruption, short circuit, mechanical effect, ste,,
the othar link (for example PLO2Y ansores the transmission of a command application via
the commurication interface MODY, by means of, for example, a CPU processor. This
corsrmand applicabion is, in practice, managed by a controliar {not represented)
comprising for example a computer {or several computers ensuring redundancy), the
through the medium of a8 10/100 BY type Bthernel BL ling connection and ether Etherast
type couphing componants (B coupler coupler; Bt_Port port) to the interfase MODIL

Other physical communication ports &t the interface MODL can of course be envisaged,
such g that represented for 8 RE232 type UABT Link connedtion or other Etharnat or PLC
type Hoks, In the sense of the fnvention, the use of links or portions/pairs of conduciors
sxclushvely dedicated to the PLC technigue towards & network which s ftself @ PLC typs
network (for exarmple slongside the vehicle) is principally recommaended, but portions
which are already in asistance or of another type {and if possible not very long or rarely
exposed to disturbances) will still be used at least betweean a controfler or an executor of
8 cotnmand application and a command interface, Al inks or pairs of condustors
dedicated to the PLO technique do not necessarily require the presence of a supply
current as provided by the PLC technology, At the same time, at least ane portioh of one
of the links (PLCY, PLCZ) could be an slectrical supply connection which is slready
installed in & vehicle for& component of the commurication network. Ttis also notified
that the autput “en the PLC side” of the PLE coupler coupling transformer of the low
attenuation allenustors {several dB madimum) are plannad, for gxample by means of &
nebwaork of registances/impedances positioned/distributed in series with the two loks
PLOL, PLOZ, These improve the guality of the PLC coupler coupling transformer; in this
sense, i is avolded that an unexpected short circudt, for example at the sutput of the
coupling transformer or an the links PLCIE, PLC2, culs all the signals on the two pairg
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PLEY, PLCZ of conductors, This also gpplies if a distaibution of impedance at the
cernnuiication port by means of the ling matching resigtor &t the communication
interface iy insuffictent or ynusatde, Othersolutinns are also possilde in this sense:

~ to this end, the coupling teansformears prosant sufficient series impedance to pravent
the loca! short dradt fram culting the signal on the bwo networks,

~ pridged strands (see STUB in Figure 3) of & PLC type network have g minimum length
of approximately 20 covwhich ensures sufficient impedancs inrthe event of @ short chreuit
o the inberface MODL o in a link PLCY ar PLCZ,

- sdmilarly, Instead of adding stisnuators, it can also be envisaged to use the ling
matching resistor 85 series impeadancs which is usually already present in the centre of
the communication interface MODYT such a5 g mcdem; thus 1t is sufficient to move this
impedance by distributing it over sach of the twe libks PLCE, PLEZ on the PLE ype
network. This aspect of the invention thus enables a shmple srchitesture to be obitained
for the high svailability PLE type petwork which tolerates faults, by using the properties
of the PLE physical layver, Furthermore, the advantage of this new architecture s o
create passive redundancy, on sach connection of a vehicle’s internal network, in general
embodied by at least one orvboard palr of PLO type links positioned along the vehicle to
which each pair of tinks PLCY, PLCR In Figurs 1) are copnected in bypass position; the
e palrs PLET, BLER of the network are connected o parallel, This solution aveids the
need for a double connection of the redundant strands baving the double disadvantage of
doubling the nwmber of intedaces such 88 mudamis angd of complicating the management
of logical sddressing (for sxample 2 [P addrasses por controfier).

An advantageous example of the technigque proposed is therefore principally based on:
~a-support comprised of two "copper” palrs by paratiel, 1

- & new device snabding sach of the communication interfaces o be connected o the two
copper™ pairs v paraliel whilst ensuring o sufficlently low coupling between sach other.
The aim being tu have; i terms of each communication interface, no longer ang single
Hnk bt two links Tor the physicel layer

- arcording to the invantion, several embodiment layouls are possibile, but only the most
simple solutions ars proposed here which only use the passive components,

For example, one possibiiity of o double communication interface connection MODIL to &
PLO type network could be achieved simalys

~ by using a third separate coll (such as g third conducting coll in bypass position coming
from a conventions! teansformer with bwo colls) on the PLOG coupler coupding transfornmer
at the port of wach interface MODL and respectively connected to-one of the finks PLUYL,
PLEZ,

~ by positioning a first, then s second output transformer on each interfacs MODI,
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respectivaly connecied to one of the Hnks PLEOL, RO,
- o by not madifying the interface MODRY, but by inserting an adapter circuit betwesn the
interface MODL and the two PLC type netwoark links. This adapter circuit could take a
simple form of a transformer with three separate coils {or any equivalent layout using
bwo transformers).
For connecting & commuinication interface 1o the PLO tyse network of the carmmunicstion
system adapted (o the PLC vebidle, the invention slse recommends the use of separate
transformers or colls for other reasons, I particular iIn order W
- prevent a short chrouit Lo earth or other ot gne of the pairs of conductors affecting the
other,

be able to add possibly different elecirical signals (such as by means of superimposed
feads, for example) or diffarsnt command signals 1o the two pairs of conductors. With
this ablective, at least for ene of the links PLCL, PLC2, a capacitor is placed i series with
an output cotl of the coupling transformer, in order not to short cirouit the low electrical
frequencies. This is llustrated in Figure 1 at the output of the PLL ceupler coupling
tramsformer,
-~ give the possibility of complementing the invention with 3 device for detecting faults.
The objective here being, for example, to inject 3 continuous signal {current or voltage)
on each conductor pair in order (o determine if a faull axists {interruption or short circuity
within ang of the two, Maore generally, the communication intaerface MQDRY, the associated
controller and/or one of the links PLTL, PLCY is connected to a fault survsillance module,
such as a direct currant injector, or a voltage generator, placed downstream of at least
one of these components and whose current, or voltags, can be measured upstream of at
lzast one of these componeants.,

Similarly, protection dicdss, such as dicdes positionsd in paraliel on each pair of
conductors according to Figure 1, could be added in paralisl to gach output of the
communication imterface or PLT type links/natwork.

To perfect this solution, the dinvention could be cormplemnented by the addition and
creation of a self-monitoring mechanism for communication fnterfaces {modems) in arder
that 3 potentisl modern with conlinuous transmission following & fault can disconnect
autematically,

Figure 2 dlustrates, according to the principle of Figure 1, 8 communication system
adapted for a vehicle and comprising 8 cemmunication network between st least two
communication interfaces MQD1, MOD2 respectively connectad to a first contraller CTRLEL
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managing or generating 8 command application and a second controfler CTRLZ here
running the same commandg application; and for which the communication interfaces
possess, for sach controlier, at least one physical communication port, from which a
communication nk between the two interfaces is possibla, For transmission of the
cormmand -gpplication bebween the Bwo communication interfaces, the comrmunioation link
s a PLO (Powerling commynication) type comprising at 1east two elestrics! sonducting
links FLOCL, PLCT connected to gach respactive communication port through at least pne
PLE caupler coupling transformer. This simple communication device enables tha
performance of switching and transmission fo be tested for the two PLU type links BLCYL,
PLCZ, Tor example Tor different transmission fengths L1, L2, This test device enables the
measurameny, i particular for @ considerable length L1, of & bandwidth on ink PLCYL of
approximately 30 Mb/s for 300m and 10 Mb/s up to one kilomestre, therefore adapted, for
sxample, to & train with 8 variable length like a link bebween two trains which are not
couglad over g journgy or sven betweean a vehicle and communication companents of a
ground netwark which can be spaced out accarding ta the perfarmance of the PLC type
systemy. Of course, a PLC type nebwork can he used ag & multi-paint configuration and
thus communication an be established betwean more than beo communication
iterfaces such as MODIL, MOD2 by positioring them in bypass position 10 twa PLC type
central channels which would be, for exarople, themselbeas positioned along a train. It
should be noted in this exemplary embodimeant of a communication svystem, an electrical
supply ALIM koown as "stacked” (supplyving hera g voltage Ul of A8 V) is connected
downstregm of the link: FLCT at the BLC output of the first communication interface
MODT, This supply ALIM can be supplemented by & test device "Test/ALIM for link BLEA
and/for can serve as a subesupply davice "Test/AALIMY {and 5 DU/DC c{mvérmr} for the
secand communication interface MODZ, said device being located upstream of the link
PLCYL. Thanks to the device in Figure 2 used 35 3 test banch, ® has been measured that
the nstwark betwean the controllers CTRLYL, CTRLZ is resistant 1o connections which are
cut, crassed orin short clrouit on ot least one of the links PLCE, PLEZ, This considerabls
robiustness enables the embodiment of 8 high availability fault-tolerant network to be
snvisaged, created with this type of PLO type connection in passive redundancy. This
solution avoids the need for a commutication port to be double attached physically to
redundant strands which is disadvantagepus in that & doubles the number of interfaces
or physicsl ports,

Fiaure 3 flustrates s example of a possible embodiment of & communication system
somprsing several sub-systems accarding o the invention:
~ a0 on<boand cormmumication system in & fest vehicle TRAIND or an on-board



communication system ina sedond traln tvpe vehicle TRAINZ,

- & pommunication system between two connactad vehicles such as carriages for the
second frain tvpe vehicls TRAING,

~ & communication system between vebicles or trabig TRAINL, TRAINZ via catenaries,
raflway tracks, 2 radic device {overhead) and/or an intermediate ground network,

The vehicle TRAIND comprises three communication interfaces MO, MOD2, MOD2R and
two radio fregquency transmisgion modules ANT, The first interface MOD s comnected to o
PLE type link actording to the invention which iy internal to the vehicls TRAINL, The
same first interface MODL also comprises two other physical pords, one towards ong of
the radio frequency transmission modules ANT for radio transmission, the other
cunnected to an BEthernet B Hne cable, itself vomnnected to g physical part of the second
inteiface MODEZ a8 an option, according o Flgure 2. The same Bthernet Bt Line link is
also connected, via an Ethernel type switch which i3 not reprasented,; to tha thivd
interface MORZ, which has an additional PLC type communication port according to the
invention anabling the transmission of PLC signals towsrds the raibway rails PLC BaLL
{with adaptation for PLU type transmission according to the invention} or cables on the
ground PLE_WAYSIDE for PLC type rall signals towards or via a communication network
on the ground or of the other train TRAINZ, The second interface MOD2Z, besides s
Ethernet type port, slso-has g portto the second radio frequanty transmission or-WiF
module ANT ag well ag a PLT type communication port sccording to the invention which
can therefore be connected via @ Coupling transformer to catenaries PLC CAT of the
rathway tracks PLU WAYSIDE in urder to enable g link to the other vehicls TRAINZ or 8
netwark on the ground. In this exemplary embodiment, the two vebicles TRARINI, TRAIN2
therefore have three types of diverse connections, of which two ars PLL type whith
snsure svallability, Increased resistance to environmental disturbances, double
redundancy and no switching effort i) the gvant of a transmission faull

Sirnilarly, the train TRAINZ with two cardages or coupled vehicles comprises at least two
“cantral” Hnks PLCT, PLCZ and positioned in parallel along the vehicles passing through
the alectrical coupling device (itself possibly being & PLC type gecording 1o the invention)
between the connetied vehicles, With the exception of 8 communicstion interface MDDS,
all the other communication interfaces MOD, MODE in the first vehicle and MODZ, MODS
in the second vebicle arg connactad by strards STUR Lo the central Bnks PLOL,; PLER
which enables disturbances on tinks PLOCY, PLOZ to be mintmised if a short circuit has
oocurrad on at least ong communication interface. The interface MODS of the second
TRAINZ reprasents an Ethernet-PLC bridge like the third Interface MOD3 of the first train
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TRAINT described previousdy, the Bthernel conrechion baing internal to the vehicle
TRAINZ and the PLU link being sant (o the esderiar of the vehicle, The inlerface MODS
has four physical ports; ane radio frequency type ANT, snd/or WIFT type, one Ethemat
type and two PLE ype ports according to the vention {one port on g Hink PLC . CAT via
catenaries and ane port on the central fink BLOL, PLEZ). I necessary, several categonies
of bridges betwesn the differant types can be made, agcording 1o the communication
interface options MQDR4, This increases the possibility of redundancy or the flow of
comraunication or enables switching on forced Hnks when others are overloaded or out of
service {no catenaries, severs slectromagnetic disturbances, tunnel, overhead
transmission barrier, etc.). Theinterface MODG has, in addition to its PLC type port
according o the invention, & communication port to an on-board router ROUTER which
can manage the muting of dats lernally in the second train TRAINZ, but also exdernsliy
of TRAINZ with the other train TRAINY or & ground network which centralises the
commuunication with or between sach of the means of transport TRAING, TRAINZ,

In summniary, the communication system according o the invention agdvantageously
covers atl least three possible aspects which gre adapted to one or more vehidles for
which:

8} the communication ledaces, the controllers and/for at least one of the links PLLY,
PLCZ are on-board the vehicle, such as & means of guided public transport TRAINT, This
iz the case for an auto-guided single-vehitle type train.

Ly the means of public transport TRAINL comprises several coupled vehicles for which
the communication networks can be coupled by intermediate PLT type links BLCL, PLEZ,
for-example vis an elactrical coupler on & coupling device betweaan the vehicles, via
slectrical supply cstenaries for vehidles, via a contact for vehicles with at lesst one guide
ratl, sto., or in the lack of, or in addition to an intermediate ground or overhead network

with several sscured vehigle unils,
¢} at least one portion of the links PLCY, PLER between two communication interfaces is

public transport TRAINZ,
= the two means of transport TRAINL, TRAING are separate and joined physically,
E the other portion of the nks FLCE, PLE2 is comprisad of cataenaries or electrical

rails hetwaen the two means of public transport TRAINI, TRAINZ, in the lack of, orin
addition to a ground or overhead intermediate network which manages the
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comumunication with sach of the means of public transport,

respectively possess at least onevahicle unit,

Figure 4 iHlustrates an example of g communication system adapted to a vehicle fora
vahicle/ground communication according to the invention and operating by default, in
other words, without a transmission fallure. The controliers DBCUL, OBCUZ {or
cotnputars, command or sxecution units, Yend users” like maoblie telephonas, camerss or
pther multimedia devices, ete. ] arg connectad to PLC type central links PLOL, PLEC2 of &
Erain via their respective communication interface MODT, MOD2 according to the
invention. A physical connection {(for exampls, Ethernet type) between the controfler
QBCUL and the communication interface MODT with twe ogical ports a, b respectively
comprising an IP address and routing data, For example, routing refersnce bubbles on
Figure 4 should be understood in the following manngr, based on the example of a data
message B osent Trom the vehigle to the ground for which the characteristics are:

- destination to a ground server 2CI Dest = 201,

= source of port b of the controfler OBCUL: Sro = QRO b

~ route vig on-board router BTIF2: Gw = BTIF2

Analogically, data from the controfize OBRCUL is also to be transmitted to the logical port
g via a second router RTFIFL to the ground servar ZCL. The two vasboard routers
RTFIFL, RTPLIFZ are also coupled to the on-board PLT type links PLCTL, PLCZ according ©
the invention and can therefore receive data from the communication interfaces MODT,
MO2 through @ single type of transmission, hamely, advantagaously PLC type
transmission sccording to the invention. The on-bourd routers RTIFL, RT1F2 are
responsible for subsequantly tranamitting the dats from the two logical ports g, b
towards the on-board radio frequency transmitters {{receivers) WCIFL, WCIFZ which
have, in this example, differsat transmission radio frequencies Fi, F2 i view of
redundant communication to the ground network. Radio frequencies Fi, F2 should not,
howsver, necessarily be differsnt.

The PLC type transmission principla s the same for & second controlier 0BCUZ or any
other on~board controller to the an-hoard rauters RTIFL, RTIF2. The on-boand routers
RT1FL, RT1F2 can however redirect the data to be transmitted to the ground natwork via
additional radio frequency type transmitters {(/receivers) WOIFL, WC2F2 adapted to
different {or nob) transmission radio frequencies B, F3, in sceordance with the slgorithm
seiected by the best client for each frequancy. Bi-directional transmission between the
vehicle and the ground is possible an each of the frequencies Fl, F2 and/or via the two
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ports g, b. Thus the communication ports of the on-board routers or communication

interfaces are input and ocutput ports,

The communication system accarding to the invention therefars sxtends o the ground in
the form of a netwark or a set of sub-networks Cluster &, Cluster 2, RGIFL, REIF2, st
which also have communication interfaces MOD3, MDD connected by PLT type finks
BLOR, BLES posilionsd onthe ground, irs other words, 1 & compmication network aon the
ground Cluster 1, Cluster 2, RGIFL, REIF2, str,, which facilitatey additional radio
comrpunication (for example, WLAN type) with the on-bourd vehicle sguipment, via the
redundant device comprising the two redundant typs transmissionfosceiving on-board
rauters RTIFL, RTIFZ.

In this way, communication is established hetween at least the first controller OBCUL and
the associated communicgtion interface

MODA, both of which gre on-board the vehicle, and at least a second controller RGIFL,
RGBIFI, ZC1UL, «le. and an assodiated communication interface MOD3, MOD4, both of
which are positionad g a8 second communication network on the ground. OF courss,
tronsition slemeantsare glanned for as WLAN type gccess poins ARLIFL, APIF2, AP2FYL,
train on the ground in order o recelve or transmit radio frequency signals to/from the
ground and which, through the communication interfaces MQDR3Z, MODA, are connected 1o
& sub-network Clusterd, Cluster2, elo. comprising PLC type links PLCS, PLUS according to
the invention, Pairs of access points APIFY, APLIER, APZFL, ARIF2,; AP4AF], AP4FZ,
APSF1, ARSFZ, elc. respectively comprise a transmission/receiving channel at radio
frequency FL and g teansmissiony/receiving charmel at the other radio frequency B2

Thus, the on-board communication interface MODL s sdvantageously connacted to at
feast one commumeation interface MODZ, MOR4 by two cormections Ll L2, sach
comprising one PLC type portion on-board the vehidle and another PLC type portion on
the ground and arvoverhead portion for radio transmission between thevehicle and the

ground,

The access points ARIFL, APIF2; ARIFL, ARIFZ; AR3ZF1, APIFZ are cannected to the
ground network via the second portion of PLO type Hnks PLCY, BLOY leading to the porty
of two ground routers RGLFL, REIF2 via communication interfaces MODR3Z, MOD4
according to the {nvention and also positioned on the ground. The access points ABLFYL,
APLIFZ; AP2FL, APZEZ; ARSFL, ARSFE respectively comprise a radio fregusney type
transmission/receiving channe! with one of the on-board radio transmitters/receivers
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WOLFL, WOILFZ; WOZFL, WC2RS, Bach of the two different routers RGIFL, RGIFR
pasitioned on the ground has at least one physical port and at least two logical ports, I
arder to be, via its communication interface MGD3, MOD, In commugsication with each
access polnt APLIFL, APIFZ; ARPZFL, APIFY; APAFL, AP3F2. Furthermaore, the routers on
the ground REIFL, RGIF2 have two physical ports connected 1o a caatral router RR of an
optical transmission type redundant network on the ground, self connected o the
second controller 2C1.

It is important o note that the Invention, as a whele, provides g highly advantageous
redundancy aspect, as any link betwsen a controller and its communication interface can
be created by at least ane physical port and at least two logical ports, comprising, for
gxampie, twa IR addresses and routing data, in order to have, by defaull, 3t least two
vehiclefground communication gateways on each of the bwo different routers RTIFL,
RT1F2 or, by default, two on-board vehicle/vehicle communication gateways. Thus no
physical switch gt the communtication port of the interface s necessary, as logical
redundancy on a physical support ensures permanently, and at least, possible physical
daoubling frony the communication interface output and from s coupling transformer.

Figure § tlustrates the system in Figure 4 with a fault relating to the on-board router
RTLIF1 (ritended to route radio frequency communication £ from the interface MOD1 or
the logicet port & of its on-board controller QBCUY to the ground server 2C1). This fallure
could also originate in the router on the ground RGIFL corresponding to radio frequency
Fi, i this case, the ore-board routers BT1FZ in the vehicle and thase on the ground
RGIFZ iy nominal packet routing mode on a WLAN type network an the ather radio
frequency F2 are responsible for packal routing on the WLAN type netwarks provided on
the two radio frequencies Fi, F2 {raminder: the two radio frequencies F1, F2 could
howevar be identical). Here, the message from the second logical port for which a
physical type fallure is noted on its router Dy defauit is then directly “re-routed” on the
on-board PLC link according to the invention to an intact physicat link, for example the
fink to the on-board reuter RTIFZ where the other logical port used is sent without
disruption. Then, the router RTIFL will, as in Figure 4, direct the distupted signai to be
transmitied according to the logical data towards the required radio transmitter/receiver
WC1F2, Routing without disruption of the signal following the first fogics port is
unchanged. Thus, in the event of & fallure in the vehicle, according to the invention, new
PLC type routing internal to the vehitle is very sasily possible in an advantageous
transparent manner for the controller OBCUL, provided that the routing {(physical) to the
exterior of the vehidle is not changed, a5, at this level of transmission, it already remains
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ensured i g logical manner, This thus prevents the modification of any routing
configuration of the networks and sub-networks, in particular overhead to the ground in
this example whers the failure originstes in the vehide. Bedundancy of logical ports thus
altows for dynamic reuting which minimises the usual reconfiguration efforts of the
physical ports.

More genarally and in the svent of a faull relating 1o the on-board router RT1E2 and/for
the ground router RGLFS corresponding to ong of the two radiv freguency tvpe links
{with or without a commion radio fregquency), the vehide and ground routers RTIF,
RGIFL in packet routing nominal mode on a WLAN type network on the other intact radie
frequengy type link are advantagecusly responsible for packet routing on the WLAN type
networks provided on the two radio frequency type links.

Similarly, 8 fallure on the ground no longer imposes total reconfiguration or at least of
the overhead path and of the vehicle nebwork by the use of doubling the laver known as
logical” without new switching by undesired doubling of the layer known as “physical”
thanks Lo BPLU type Hinks PLUS, PLCYE according to the invention.

As 3 result of ity robustness; the communication system presented in the invention could
alsp suit @ system comprising a commumication network purely on the ground {without
vehicte intervention), such as for g bullding or for & place where the environment would
b, for example, related to severe disvuptions, and for which a high reliability of
communication is required. Besides the public transport domain for land {train), maritima
{ferry} or air {alriineg), this system is adapted for any other individual vehicle (car, tractor
with or without g tesler; special seroplang, stt).
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Szabadalmi igénypontok

1. Kormmunikacids rendszer Jdrmihdz, amely tartalmaz egy kommunikacds
haldzatot lagalabb két kemmunikdcios interfész (MODI, MOD2) kéettt, amelyek sgy
verentd alkalmazast kezald eled verdridre (CTRLL} €5 egy verérld alkalmazdst kezeld
rrdsodik vezérifre (CTRLD) csatlakoznalk,

éx amelyekngl & kommunikdcios interfdszek vezdéridnkent tartalmaznak legaidbb agy
kommunikacids portot, shonnan kilndulbat egy kommunikacids kapesolat,

83 a vezér!d alkalmazds dtviteléher 8 ket interfésy kOBt & kommunikdcds kapeselat PLO
tipusy, {(Power Line Cormmunication) legaldbh két villamosan veretd vezatdkkel (PLCT,
PLCZ), amelyek legaldbb egy csatold transeformatoron (PLC_couplar) keresztil
ceatlakaznak a kemmunikdcios portokra, arzal jellemezve, hogy

ar sgyes vezetékek (PLCT vagy PLER) sgy par kulonallo villamos vezetdt tanalmaznak.

2 Az 1. igénypont szerint rendszer, amelynel a kidnalld villamos vesetd par

tartalmar egy K23 tipust vdrosi kiziekedési jelrésekat dtvivé kdbelozést legaldhb sgy
sodort érpdrral 8 sdott esetben drmydkolissal.

3. Az 1. vagy 2. lggnypont szedotl rendszer, amelyngd! 8 csatold transgformator
elosztia az impedanciat a vesetékek (PLCL, PLC2Y kG20t Guy, hogy ha az sgyik vezeték
hibas, akkor a masik vezetdk biztositis 8 vezérid alkalmazds Stvitelst,

4, Az elfzd jgénypontok sgyike szerinti rendszer, amelyngl a vezetdkek (PLCL, PLCE)
kizaérdlag 2 PLC technikdl sthalmazd vereték pdrokkal vannak dssrekétve, a8 ssuperpanalt
tapdram jelenidgte nélkil,

S Az eltrd iganypontok egyike srerinti rendseer, amelyndl az egyik vezetdk (PLCT,
ML) legalabb egy résie & kommunikacios haldzat elem villamos tdpesatiskozdsa.

6. Az 10z igenypontok egyibe szenintl rendszer, amalyng a csatold transeformatort
tegalabb egy harmadik, az egyik vezetdhiz (FLCL, PLC2) csatiakoztatotl vezetd tekercs
képest,

7, Az glfizd igénypontok egyike szerinti rendszer, smelyndl a csatold transzformatert
ket villamos transsformator képezi, amelyek a vezetékakher (PLCL, PLEY) csatigkoznak,

8. Az ol820 igénypontok egyike szerintl rendszer, amelynal a csatold

AL

"gZ TNH-100C
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transzformatornak sores impedancidia esfvagy minimalis s2ort induktivitasa van,

5, Az sided igenypontok egyiks sperinti rendszer, amelynél ha kommunikéciés porten
ax inpedancia closziasa g veretdk ileszid ellenalidssal a kommunikdads interfdaand
nem elegendd vagy nem Basznathatd, akkor legaldbb egy csillapitot, példdu
eltenalidashalozatot alkalmazunk néhany decibales nagysdgrenddd coillapitdssal & két
viazetsk (PLCL, PLC2) és a kommunikacios port kéxstt,

100 Az oldzd igénypontok egyike srerinti rendszer, amelynel a két vezeték (PLCL,
PLOY kilBnalid vivifrekvencidkat tartalmay dsfvagy KUOnbH:6 verérid jeleket viss At

11, A2 o826 igdnypontok egyike srenntl rendszer, amelyndl legaldbb a2 egyik
vazetekngt (PLCL, PLEZ) egy kondenzator van sorbakétve a csatold transzformator
kimenett tekercsédvel; kitonbozd villamos viviaramok szuperponaldsshor és kis
frekvencias vagy egyendramu taplaldshonz,

13, Az olfizd igénypontok egyike szerintl rendsser, amelynél a komimunikacios
interfesy, @ verdrd dsfvagy az egyik vereték (PLCE, PLC2) Sssze van kiitve say
hibaetlendred modullal, pdidaul egy egyendram forrassal, vagy fesziitség generdtorral,
amely legalabb az egyik elerm uldn van elhelyerve, és ahol az dram vagy a Teszitlisgg
iidrhetd legaidbb az egvik slem eldtt,

13, Az elGz8 igénypontok sgyike srerintl rendszer, amelyndt a kommunikaaios
interfészek, a vereribk ésfvagy legalabb az egyil vezeték (PLCL, PLER) a jarmiiben,
pelddud Wmegkdzickedest eszkdzben (TRAIND) van elhalyezve.

14, A 13, igénypont szerint rendszer, amabendl 8 tomegkasiakedes! esckoz {TRAINTL)
tohib csatlakozd drmlvet tartalimaz, amelyek komimunikdcias haldzata dsszeksthetd
asgymassal PLC tipust kdzbensd vezetekeken (PLUL, PLCZ) keresztil, péiddul egy
villamos ceatoldn keresstill a jJarmidvek kozotti fliggesetiszerkezetngl, a jarmiivek
villamos tapelldtd vezetdkeain kerasztlll, a drmd &g legaldbb sgy veretfsin érintkaén
keresztld, sth, a Jdrmivekke! kommunikacidt biztositd kézbensd palvamentt vagy vezetsk
nelkil hdlgzat helyett vagy medlatt.

15, A 13. vagy 14. igénypont szerinti rendszer, amelyngh
~@ ket kommunikdcios interfdsy kdzdtl a vezetékek (PLCL, PLEZ) legaldbb gy résee ax
elsd tOmegkdzickedesi eszkdzben (TRAINT) &5 a masodik tdmegkozlekeddsi axzkdzben



{TRAINZ} van sthelyeeve,

- & ket kdzlekedest eszkér (TRAINT, TRAINR) slvélasztott és fizikallag dsszekapesothats,

~ & vezetakek (PLCY, PLUZY masik része faistiveretek, vagy kit tdmegkdsiokaddsi exskaz
{TRAINT, TRAINZ} kézottl villames sin, a tomegkdzlekedés eszkdzdkkel a kommunikaciot
biztositd palyament vagy vezsték nelklh halbzat helyett vagy mallett,

16, Az elded wenypontok egyike szenint rendszer, amalynd! a PLE Hpust vezetdkekkel
{PLLE, PLOA)Y Seszekdtdtt kommunikacios interfészak (MODE, MOD4) & palys mentén
vannak alhelyezve, tehdt syy palyamant! komemunikdcios haldzathan (Quster 1, Quster
2, RGIFL, RGIFZ, sth.), wmi lehetdvd tosyl a radids kommunikacidt (WLAN) a
Jarmdivekben sihelyerstt berenderdsekis, egy redunddns berendesésen kerasztil, amsly
tartalmaz k&t redunddng otvonalvilasziot sz adas/vétel érdekében.

17. Az eldzd igénypontok egyike szerinti rendszer, amelyngh

~ logaldbb az olsd vardrl (OBCUL) és & hozzdtartozd kommunikacids interfész (MOD1) a
jarmiben van slhalyerve, €9 legaldbb egy mésodik verérié (RGIFL, RGIF2, ZC1UL, stb)
€5 sgy hozzatartozd kommunikaads interfész (MOD3, MODY) agy mdsodik palyamenti.
komymuntkacids haldzathan van alhelysave,

~ ahol 2 bedpitett kommunikacids intarfdsz (MOD1Y desze van kitve legaldbb egy
koemmuntkacids interfésszel (MOD3, MODE) kit veretéhen (L1, L2} kereszttl, amelynsk
agy PLO tipusy Jarmdben elhelyeget rdsze (PLUL, PLERY, sgy masik PLC tipusd
pélvamenti resze (PLOE, PLU4) &5 egy a jarmi s a palva kbt radidg adatdtvitelt
szolgald vezetek nélkill resze van,

18 A 17, igenypont szeeintl rendszer, amelyngl 8 bedpitell kommunikacids interfésy
{MOD1) egy olsd vazetdk részen (PLOL, PLCE) keresztlld dssee van kttve ket jdrmd
Gtvonalvalaszidval (RTIFL, RTIF2), smely sdatokat ad és/vagy vase 3 palva feld/padlyatol
legatahb ket bedpitett radio add/veviivel (WCIFL, WCIFD ; WCRFL, WQ2F2) azonos

radidfrekvencian vagy két kildnbéed réddidtrakvencidn (FL, F2).

18, - A L8, wenypont szerintl rendszer, amealyngl a verend &5 8 kommunikacios
interfésre (MOD1) kdedtt kapesolat legaldbb egy fizikal porton ds legaidbb ket lngiksi
porton keresztll jdn létre, s tartalmar példaul két IP cimet és tvanalvdlasstd adatokat,
hogy alapérteimerés szerint ket Jarmd-palya vagy Jarmd-ianma kRozdt kommiunikacids
Atjarar hatdrozzon meg a ket kiddnalto és beépitett dtvonalvalasztd (RTIFL, RTIF2)
mindegyikén.
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248, A18 - 18, igényoontol egyike srerintl rendszer, amelyngl:

~ & radio add/vevd tipust hozzaferdsi pont psrok (APLIFL, ARLF2 ; AP2F1, AFRF2 | AR3FI,
AR3IFZ) g Jarma dovonaldn a palya mentén vannak slosatve &3 tartalmeznak
radidfrakvencias tipusd add/vevd csatorndt a bedpitelt radid add/vevdk (WOLIFL, WCIR2,;
WLOIRE, WCRFE) egvikéhesz,

~ 3 hozratersst pontok (APLFL, APIFD ; ARZIFL, APRFZ ; AP3FL, AP3FZ) dssre vannak
ktve a palvaval egy mdsodil PLC tipust vezetak részen (PLES, PLCY) keraszilll, amely a
palya mentén elhelyerett két ttvonalvilasetd (RGIFL, RGIF2) portiaihoz vezet, amelyek
ket portts! csatiskoznak a masodik verériS (20141 masodik kommunikacids

interfdsedher (MOD2)Y egy pdlvamenti Rizponti (tvonalvalasstan (RRY keregetad.

L. ALY - 200 wgdnypontok agyike szarintl rendszer, amelyndl a két radidfekvencids
kapesolat egyikénsk megfeleld hedpitett Utvonalvalasztd (RTIFR) és/vagy a pdlyvament
Gtvonalvilasztd (RGLIF2) hibaja esetén a drmil 85 palvamenti Gtvonshvalaszte (RT1FL,
RGIFLY a névisges cyomagirdnyitast modban WLAN tipusy haldzaton keresstil a
csomagok ranyitdsdl dtveszi a mastk hibathan rddidfrekvencids tipust kapesoiat g ket
radigfrekvencids tipust kapesolatot biztositd WLAN tipust hdldzatokon.

22, Az 20 - 21, fgenypontol sgyike srerindi rendsrer, amelbynah:

a palya menién eirendesett ket kilonalio dtvonalvalasatd (RGIFL, RGIF2) mindegyike
rendelkerik legaldbb egy fizikai porttal 8s legalabb ket logikai porttal, Ggyvhogy @
kommunikacios interfészeken (MOD3, MOD4) keresetill kommunikdl az egyes hozzdtérést
pontokkal JAPIFL, APIFZ ; APIFL, APIF2 ; APAFL, AB3F2).

23, Az elds6 igényportok sgyike srerinti rendszer, amelynal & kommunikécids
interfeszek (MOD, MOD2, MODS, MOD4) a PLC tipusd vesetékekkel (PLCT, BLER, PLE3,
BLC4Y ledpasd veretdkaken (STUBY kereartil vannak desgekdtve, ami lehatdvé teszi a
vezetekeken (PLCL, BLUR, PLCI, BLESY & zavarok minimalizatdsat, amikor legaldbh egy

4. Az elbzd igénypontok egyike szerintl rendszer, amelyndl a kommunikacids
interfégzek (MODL, MODI, MOD3, MOD4) awto-fellgyeleti sgysdye megakadalvasza ax
adott kommunikanids portndl & zavard adatok dllandd kikGidéset a kemmunikddids
inferfésy fizemzavars esetén.
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