1 Train and nethod for safely determ ning the conposition of such a
frain The present invention relates to a nethod for

determ ning the conposition of a train including a plurality of
vehi cl es grouped in successive units connected together, anmong which
a head unit and a tail unit, the trainﬁanIuding: 5- a safety
managenent delialeandmefiied foreately detarmining ihe gompesitigarafistickastraini ch
are specific tfgl 5re?_|erﬁ iSRABbA Rlated TN e fHdaOB, 'dEfé'i‘mfnﬂ{g e mMRshioRfof a
adj acent units, each coupling comunication I'ink only connecting two
devi ces dminaifjcludingt a hirally of avehisiesr aouped b sUCasSAiMe dinita goangcted ogether,
devices t, ioh a At ﬂp&ﬂggtg@gpq'é}gg- pnitial step for
transnittﬁﬁgb&?ﬁ% eaéﬁFUeV|ce éber t e&geﬂgggl let wor k, a non-secured
br oadeast ness&geafetidnandosmepbeevies pern unil, @eph deyies Saviam dvea idendliers gich
recei vi ng.o Yiddficga@h device, nessages including the identifiers of
the other devices. ' _In the follow ng of the docurment, a
uni t desi gnat es® sowling sommynicadiepdinlicint casftl Pakmbradiagsat tbitse eaehicolpling
The pr es Bl RSl Ak HiPCodrBbiHeARolRvReS bidlacdnfiGhitli ng a pl ural ity
of vehicles grouped I n successive units connéected together, anong

whi ch a head uAigenaradingfwoel ¢onpasting alifee devicas tartherdi ng:  one safety
managgment dewlCe ok éﬁ?ﬁ(ﬁrisin?a&hjrﬂ?a‘f:‘sfe? #a?waﬂsm&mg,t WL 18liSe WIbCthe
20 are specific to It and inCluding first menory storage nmeans

capabl e &Pneabetvgrksaingnisgevred foreadsastireensege iclusingdents phigs idestifiggeand a
capabl e QleploAtaratingufin IERAIde] thadhgte ilifuchle Mld deRliffordlortE other
device, neans for transmtting a nessage to a device of another unit
and neanéewemireceivipg a message froma device of another unit,

. one_coupli ng, GRMEHALIGE!dr e bbalind ! o GRRMNRRINGtES a 36 GHGRANIdRNYSN and
each coupling 25comunitTation I'ink onl'y connecting two devices o

adj atent nomriserarablagehiclgsgeneral network connecting all the devices
together. The deldtiifvdioh MsAtOLRIEBL S i ' ) |
unit of such a_?#ﬁ?nrﬁﬂﬁwq es a nﬁﬁd?gquig e @{Bﬁﬂéﬁiﬁﬂgﬁﬁﬁgfaﬁ_g@s
di f f er enBraugad in supsessyauniisgconoetie taggtheryaropng wich edieadaindg and a tail unit,
fulfille Ie for exanple the calculation of the speed of the
train, tﬁgtﬁg EPFﬁgbbf 30 the opening of the doors or further '
emer gency br eaRhegafelipanagensnt dexies per Unilneadhalevighiheming itwe idestifigre which
the s@f ebi ehediftetd b ifcRRrG Fist Fhelbi e LG {tBing said
conposition_é? the grain) |n_éfﬁer m%rdgp?ﬁgg%rg%?ngg%géﬂ%ng to Fé
t he uni t Eleafiiiere onpees tod Presession masheges Fpablel ofrpizhoralingt dimespagre inclyding
al lows L bERIiBr & 1t aYibd eI rarlsHAKOAMEIIEC B o 4BliSs BROAIIRL Snit
bei ng essential during the crossing of reversal swtches, or further
know t heand means for receiving a message from a device of another unit,

- one coupling communication link for each pair of adjacent units, each coupling
25  communication link only connecting two devices of adjacent units, and

~ a general network connecting all the devices together.

A train of the aforementioned type is known. Each unit of such a train includes a
module capable of ensuring that the different functions relating to the safety of the train
are fulfilled, such as for example the calculation of the speed of the train, the handling of

30  the opening of the doors or further emergency breaking. Another primordial function which
also relates to the safety of the train, consists of being able to determine the composition
of the train, in other words the order according to which the units are connected to each
other. Fulfillment of this function allows the train to know its length, the knowledge of this
parameter being essential during the crossing of reversal switches, or further know the

35 mass distribution of its units, which is notably useful for parameterization of the features of

the train.



35mass distribution of its units, which is notably useful for

paraneterization of the features of the train. 2 Thi s
determ nation of the conposition of the train is achieved before
starting the train, when it is at a stgndstill, and is conventionally

carried out b%_ safety equi pment install“ed on the ground, and able to
det er mi ne t he TN ¢iewENgieg; afitom compesitoruai the. traly ihagiewed Hedere sugreng the
equi PentafdrwiRARRE @t IaNSlaHESiN! 85 & ChARSIbALIS Grridd B%byﬁ%a%ﬂf %%uigwent

and/or 5 <circuits, operati ncg aut ononmously or“as a conbination \
each ot hédpstalledeeths giorgd.oandk gbie faedfiteriming the mkativiet pasiiien «d ripe sinits.oBuch

of the tfiBsiep sk L@bReht SrEkampiBSndindd Fédﬁd“ﬁﬁn&ﬁlﬁ&%,sltr%%lﬁs nsors and/or

conposi tion by reading coupling electric couplers insta et ween
each ni Circ\disd capRENG guigspEpHsly @ asct cembiratien witbfeach otharal hese pigces of

presence cQliphlafit ARFEPSM 1R HHPAGRIMN oMt traih AONNORIAE ts@f thBSrain then
I nvention 1S therefore to propose a nethod tor safely determning the

conposi t iCBACksfitst (REROSHIPA by wPaHNGAPWHINg telackioresiplen wstaded between ach tni,
use Of  9BANhIEH!WBERRIe, for cach ufiObt I failliHROBReehdioR Y BidentBld: &

of the invention is a method of the a¥ or ement | oned ype,
char act eefjpéantiuitt hat it conprises the follow ng steps: 15-

tranggitting %‘ﬁfbﬂ'(éc@&{ t@'ﬁﬂﬁ\gé?'{tioﬁ‘% W@Féfor%qg,p?é/pﬁfse%aﬁgthﬁeg&l ddilly determining

comuni cation |ink _l'east one device, a secured nessage to
one of t e sepaewinn efetiiectean t witls ihiphdiés eessilledo meswitlu!t ithe lugeiof @remns
of the idghbhbkhers of said device, transmtting over the general
network with each device having received an identifier from another
devi ce connecfél thisr suiprse dsupubiegt-watterusf chei brentionkis & melbed of the

200ne r e%#&érﬁéﬁtwaeaﬁﬁp%?&?aré&sﬁzéﬁiiﬁlgqa@ﬁtcembﬂgégthéif@l{bﬁ«ir@fstép@} d device

as well as the received identifier, receiving, w each device,
tranditted restEaLiting ovesBggesneralfietwork and ovpstaschioeupig egramuaigation

| east onﬁn@%ihcaueésﬁ%nle%geé,;é Lseéuéga ndigadd & alshe §thd a%ﬁc@ﬁmme@sg& said

step consisting in applyi predeterm ned al gorithmw thin sai

devi ce. gdsvicadiemgpsagetincledpe pneeiihn idegitirrs ohepddedcst the inventi on,
i g CRASRRIAY Q0B Yol USRI, LGk i Akt o
conbi nat id¢ntfier from another gevice connected through a coup mgpcommunication link, at least

20  one restoration message including both identifiers of said device as well as the received
identifier,

- receiving, with each device, transmitted restoration messages, and
- determining, with at least one device, the composition of the train, said
determination step consisting in applying a predetermined algorithm within said device.

25 According to other advantageous aspects of the invention, the method comprises
one or more of the following features, taken individually or according to all the technically
possible combinations:

- each unit further includes two coupling electric couplers, each coupling electric
coupler being able to detect the presence of another unit, connected to said unit and

30  during the step for determining the composition of the train, the determination algorithm
includes the following step:

+ seeking an assumed tail device of the train by identification of the two
devices which are only connected to a single other device, via a coupling
communication link and the selection of one of these two devices,

35 + seeking a second device connected to the assumed tail device via a

coupling communication link,



each unit further includes two coupling electric couplers, each
coupling electric coupler being able to detect the presence of

anot her unit, connected to said unit and 30during the step for

determ ni ng t he conposi tion of the traijn, the determination algorithm

i ncludes the following ste &eek 8 an assuned tail device
of the train by |dén'ﬁ?rﬁi'%gheoﬁre&Pd'P%étqwt‘%ﬁa Y Step\asi @h agrbe gy device

connected to hidhnNgbRly @bARECIELLN £ 8nglt iotheR dERBP Vb RO PIMEHEdrEALIAOioni [IRK,
and the selection of one of these two devices, 35+ seeking a second

devi ce connecfald atherdruios irmingthe gssurard/nead daviceaandupl i ng

comuni cation |inkg vaﬁdatlnﬁ the corhpl'eie%é@é binde tiam, B’(eeé?éi‘adhw@g hek&Bnd Hiltits,
by step, as far as the ot device which is onrﬁ/ connected to a
qv

singl® ot her &RSPEEWSD] %PFEFSEBE‘HWQ iRy eorasymed digedrfiavicriandsigi tge qspeped tail

devi ce fornm ngelibe RSHANBhGMirERY hE  ndRBtihg M byl adddiv ihBEtorrespondlng
conpl eteness of the train, the assumed head and tail units,

respectively GB‘HR“BQG@QHICWQUP@% he assuned head device and to the

assumed tail dewbsGevib@HoR@eb @u@%a@%nlahé@#naﬁ nﬁﬁ%soaaérhﬁ\oamalwavfﬁg an
readi ng the correspondi ng_ coup gee ectric coup

devi ce i ﬂﬁﬂnutﬁrswh'ﬁb '%éP@@'f)»c Fﬁar‘fa@é feringothg) iadial é@ehforwﬁanﬁr@lttﬁ@wwﬁﬁ %ﬁf-h

idenypfi gevinkli &8 the éa(h%i?élfnbﬁzvdrk) d hon-8éWiredbrobAehst %sbéﬁé h@hd%%tﬁ &its
transmttin wi th each 10 device, over_ the general network,

non- secuidé‘ﬂgidﬁ%aae‘&squr‘ﬁ@s@ﬁg%eﬁ) fer Gansgitings WV'E')"f SR deient P’F‘?reﬂ@ ognrgal

during t Rhewdrie it fi@dst ohaestbiatibi thesdhdd inrRRaMgHRDth G its RIERifidrd sdpdlCidtne
net wor k, at | east one restoration nmessage i ncluding both of its

i dent i fi &3e8ived idpntifien Sajdwor @E@W‘f@éﬂafed@ﬁt‘ﬂ?rit@ﬁrs falng twwafqibémqnﬁp%m@nt

are the hiRllds WigES itahcitidess, loweh sdRiley trgr‘i’slﬁﬁﬂ[ﬂg&ﬁ ovﬁWHé'nﬁﬁerVWeﬁ the beneral
i ncl udes, each nodule transmitting its own i tifier over the

genelal TSW@E"V\Drk - each device includes a safety nmanagenent

modul e, each e@sh elelid¥iindudesos iself hidnBgSmum BBd @& CesdPeRbling Haingt two
and durlrfl_%ﬂthe initial step for transmtiing, wth each device, over

the genef&NUiREs XYL, a7 IRSFIELLD é’@dwgada%ﬂmv?é%@r trRopmAtingy Wi each

of its identd, dver the Gundrall nBivtek, tdﬁﬁ‘o@&&ﬂréoolﬁrobﬂ@%? MekEadtlinclMbihg bBACH its
devi ce over the general network, 20 | east one restoration nessage

i ncl udi n@jSBBfﬂEHS Gindi quEng Hssiep i‘%r‘@”é@'“\W@l With gaghdeviceoyay dig general network,

idenpo fi gf ﬁeastséhéjrésWaﬁcﬁﬁrﬂbéefdg@ﬂﬁcl@dﬁg b éﬂ%nlﬁéfﬁtifiéfs'ia@fueﬂ he tﬁélfr%e‘xﬂ:ed
managenment nodul e which it incl uring the step fo

t ransmi t {deREfiersy sai wocHerfiligreare tB% édenf'i'\eés @EH’@r%ﬁf sty stangeRMealk mP@d‘% phich

one rest gidides; nessage including both of its identifiers as well as

t he received _ e : .
- during the step for transmitting, with each device, over the general network, at

least cne restoration message including both of its identifiers as well as the received
25 identifiers, two devices further transmit in parallel over the general network, a message
including both of their identifiers as well as the value of a variable indicative of the
presence or absence of an adjacent unit.
The subject-matter of the invention is also a train of the aforementioned type,
characterized in that in each device, the means for processing messages are further
30 capable of elaborating a restoration message including both identifiers of the device as
well as one of the identifiers of a device of an adjacent unit, and in that at least one device
further includes means for determining the composition of the train.
According to other advantageous aspects of the invention, the train comprises one
or several of the following features, taken individually or according to all the technically

35  possible combinations:



25 irdentifiers, two devices further transmt in parallel over the
general network, a nessage including both of their identifiers as
well as the value of a variable indicative of the presence or absence
of an adjacent unit. The subj ect, matter of the invention is

also a train of, the af ntlone characteri zed t hat
oach devi ce, tHES MEaRS Mich ﬁrﬂa@aggh%égfﬁa S e Laftekie SSePnckBamey

of el abOl’s&irag’Egnﬁaﬁﬁéﬁdmeh@ftbr @@cmg@ ah RRJoHthnt) Shdeddont desthdrl s®r Sgedheans
ntifiers of a device o

t he devi ce. as one of

i acent PGB CALHE TP 58 ANELLT T0nECEUIES ‘e CORDPSTA 06 4o TABaie
for det erfbdltiog nidims Bemgaapibledi 8pplYiRe siiti Algdrithm for determinfgCtRé dbMPodifon
ot her advF9@3g¥ous aspects of the invention, the train conprises one
or seVer& e following features, taken individually or according

to all the teuﬁﬁcﬁa&ém@ﬁﬁﬂéﬁirﬁlﬁeé;mlsm’étyQﬁ@'iageﬂ’lent hRiueaBscH elodule
determ ni ng theh(gequ"(;gom tion of fhe train include second nenory
storage HEYA¢a] Hhighyis seeeititi@ihg an al gori thm the second menory

storage neans -Rethdetiapabtrer aiciBies =l fifetdmalagemehhimoi@E, SHA efdduRI MWing
t he corrp SI'[ on. of E train the execution neans bei ng capabl e
of appl y| HIftPr%\W}ilSF PHARGHIC 9t er mi ni ng the conposition 5of the

”S' Imo - thz(ej G‘lﬁ@(hmém\éhﬁetofr dd hﬂ{an% Nk u\e/i\ﬁﬁerL Y¥pabRf 6f }é}oﬁﬁ@{%aéﬁltone
noaul es, ul e entifier | IS SpeciTticC o1lt;

T Cach it es Veide OF WRRG iRt oresenah AL BR AR AR 20 aciagant Urt, the
modul e h@gegang fcirvwo¢e§eung infds8AGesWbHisd fuather @a%slefdffélatb@rathg alRessbfé ifcludfig
nmenory s capabl e of stori | east one

ora ar furt her
vari abl eE’ {"ng'?}ﬁe HErPs Well sineyalug &f prid var 'or t he absence of

an adj acent untﬁe,getnteaalﬁemmk fsQf ngivokes shaBitherpesgees bei ng further

capable of elaboratin nes e including both identifiers of the
oS ae wel £ ek U Ayl GRS 48 SoUPIRUPBSHC cREgenerdl SeIdHIn Sectrs

a networ ko@fletfeingRdpablreadf dbieRing thé-pr@@elhe dnarotihdiunhedonnBetd B said VHit;
coupling electric coupﬁll ers, each coulﬁ(aﬁ W@Lect ric c

capabl 6 of dof 82¢h FRPFIRG CpBLaIcaRoD St ing SriHe b2 a hmgarder

unit; with the IEEE-802.1ab standard;
- the means for processing messages are further capable of elaborating a
20  message including the composition of the train provided by the means for determining the
composition of the train.

These features and advantages of the invention will become apparent upon
reading the description which follows, only given as a non-limiting example and made with
reference to the appended drawings, wherein:

25 - Fig. 1 is a schematic illustration of a train according to a first embodiment of the
invention, the train comprising three units,

- Fig. 2 is a schematic illustration of the units of the train of Fig. 1, each unit
including a safety management device, each device comprising two safety management
modules,

30 - Fig. 3 is a schematic illustration of one of the safety management modules of
Fig. 2,

- Fig. 4 is a flow chart illustrating a method for determining the composition of a

train according to the first embodiment of the invention, applied by each safety

management module of Fig. 2,



each coupling communication link is conpliant with the | EEE-802. 1g
standard or wth the | EEE-802. 1ab st andard; t he means for
processi ng nessages are further capable of elaborating a 20nessage

i ncluding the conposition of the train EErow ded by the means for
determning the. c e features and

aQn ition of the trai
advant ages of ~fl H?e5?93‘[%’("@%”\}““?1"3%@0%#@9%@PBH‘B W%ﬁa?'b%ﬁ‘f?‘ﬁd”qrt‘?éeme“t

descri pt infgtiutd)iL prelielehaived MtrivhrBiiY ®8 rAigstd tHOBeh istarhmitg PHrANRE Pnatidh of
made with reference to the appended draw ngs, erein: 25- Fig. 1is

a schemati® % PMistration of a train accordi ng to a first enbodi nent

of the inventigg. & ReatdchbMat® MEkRIGAToftRE GRS 1K teStrain accordl fFioga séchridd
a schematic i|lustration of the units of the train of Fig. each

unit PnclIBCAet ehheiireptidhgenent devi ce, each device conprising two

saf ety managemgpt inedtledS ralay b 1 §c¢o$d|ﬁg wbwmte'ncboulntét%t fHe' .ﬁtbr%n
one of the safet i/qcrrana enment nodul es of Fig

f1 ow charfeit@inutincdeng st ralbnenis 1A, @eteéprﬂﬁ fﬂ"wg mﬁéogaﬂﬁ&tmrﬂéﬂhwurat

train acqoedifadsdcdnt hm|tf1IOBSte.ﬁgﬁﬁ%haﬁeé||y050nh@&ea r&téemelnofsbth PR hed hyc.
each safe mana

dul e is a flow
hart 1| TOS{TOTRAOR & ey oParind shihe Fejn "areine i oty s o i il e
noduh@, &apredet erm ned aI gorl thminits m dst the step stenm ng
fromthe nmethod of Fig is a schematic
i|lustration 6P ?%@"ufﬂfP@fsonéerths tigiy] Wrtaewplati?fga f"@t goupdipg ggmmunication fink

Senmbodi mptanafa &b eaPINgAEdmmunicationHing- 141E'abh B@G;ﬂﬁ?%@m%tfnﬁ!ahﬁ\@}tnk 12,
train 1 accordl ng to a first enbodi ment of the invention he train 1

i ncl udes 14 PPPRGES %0 PRisEERtHNts T amorg ¢ HNitol 94 nPBuIOEC. Msie sRacitically,

third roldd @st sduplinglmmbiiBatiPS WAR 18 HohndABtHRAIAN! O7BAAENGE, &lnld%he second
connect ed between both units 10A, 10C. The first unit 10A is the head

uni t 19f FRPTIPG aFemmUBiRtions elinkni1ftq cpfects) §te iusits OB and {9F+ Beth tagepling

10t rai n gemmunicatiorFMkksCRNMUN oAt Qétsts bheoam.ag r&oﬂantumaahert hiE ITpdeaid 1
first coupli ngqccom‘runl cation |ink and a second c

communi c&thehMnefuqgs fﬂe@é%weé%‘&fblW%@@Sﬁ\*ﬁ%ﬁhédﬂ'tﬁﬂoﬁ ﬂQB,]_%OC,lt@gether as

connect s edWEin@dlIAGHH. TR des 1%rd¥rﬁo§ﬁ|m@gcdnmﬁurﬂé‘étioﬁ lihR®and @ gdikral MUK
specific %I Y, the first coug)@ gtcom’runl cations link 12 connects t he

unit 10AT8AME Lisfeg o trRNsplling a or information within the frain 1.
20 In the following of the description, the terms of « front » and « rear » are meant

with respect to the advance direction of the train 1, from the rear to the front according to
the arrow F1 in Fig. 1.
As known per se, each unit 10A, 10B, 10C includes a front coupling 19 and a rear
coupling 20, in order to ensure the mechanical connection with an adjacent unit 10A, 10B,
256  10C. As illustrated in Fig. 2, each front coupling 19 includes a front coupling electric
coupler 21 and each rear coupling 20 includes a rear coupling electric coupler 22. Each
unit 10A, 10B, respectively 10C, further includes a safety management device 24A, 24B,
respectively 24C, capable of ensuring that the different functions related to the safety of
the train 1 are fulfilled, and comprising means 26A, 26B, respectively 26C, for transmitting
30 data.
The coupling communication link 12, respectively 14, connects the device 24B,
respectively 24A, to the device 24C. More specifically, the coupling communication link
12, respectively 14, connecis the data transmission means 26B to the means 26A,
respectively 26C, for transmitting data, as described in detail subsequently.
35 Each coupling communication link 12, 14 is for example an Ethernet wired link

according to the IEEE-802.1q standard, generally called a VLAN link. Alternatively, each



15 c¢oupling comruni cations |link 14 connects the units 10B and 10C.
Bot h coupling communi cation |inks 12, 14 forma set 16 of coupling
comuni cation links. The train 1 further includes a general network
18 connecting the units 10A, 10B, 10C, together, as expl ai ned | at er
on. The set 16 of coupling comuni catih [inks and the genera

net wor k F8URling ﬁ%@muma“@fr diAsni4:t 1hgis| 8y Ethameh wred ﬂiﬂbrmml@n’t withhfhe

the trai nERg-880118biskndafd, | JoNerlly @hlldd18n ERFEHELKHKORith FBfes &MRe U network
front " and " rear >> are neant with respect to the advance direction

of the tHCAVETY »fl¥RSm the rear to the front according to the arrow Fl
in Fig. 1. sl anémahmyvrba@ﬁrco@snngee&hmuﬁ.bgnohoﬁxk 189Bi4 .%%w.%“#nieah@f

front _coupling_19 and rear coupli , in order to ensure
mechafi cma%%hﬁ@émebw'w i, aHG*heﬁ %@%fmﬁﬂr@l linds for ex@mple2s 10C. As

illustrated i Btlf'agerngbwe%ﬁ%aclfl € gfllnﬁ%mrﬁd?ﬁbajdgn !lﬁﬁghﬂdﬁﬁzsaa Mr@l@tss link such
coupling electrlc coup each rear coupling 20 includes a

rear coufFiHgxemela? F’@'Qf'@GB@W “2@ orfiyrgher gnioptiaah Ar meEPtICrCé’S'B'é@t!lNiel y

10C, further iRe chQ;ﬂﬁg%oﬁﬁlﬁﬁdétlgﬁﬁﬂQ%%pééﬁVélf¢4 356‘3 a%‘ﬂﬁof circulating logic
respectively 24C, capable of ensuring t he di'ffer en functions

rel ated g8tet9idntogpaion Gem the deyieg R4A, r@.saeqtluﬁwla%épwaaﬁ@ theodpiges?4iy and

meangg 26 fonvefddly, 'ﬁ%ﬁ'pﬁﬁtde\ﬁ%é P48 GCihelf Rivick RS Fﬂs?éétﬂgly%@at a. The
coupl i ng comuni cati on nk 12, respecti vel connects the device

24B, respecti VBfgepaRl “?Pﬂqf'hé Sdfémne@tszth@ demse% 24he @1Bi @4F| with epgh other.
coupl i ng Ww@mﬁ@ﬂ%%el deMeral hetWSRPEEEAMRIY H, d&&%ﬁ%%siohem%@zm

transm ssion _nean B to the neans 26A, respectively C
t ransni t £PRg28atiagether. dee geneial neivadiet§i is fouissamalena ﬁth%B‘Ea@HWOfk The

coupl i NggEREPALULEBK msldaE!sbué%f cikuihtingf 185ic @%eHY ﬁf@maﬁém%rﬂ% da\o.éeeﬁlzm
i nk accordln%%to the | EE standard, generally called a

li nk15 Al £48 ipueyds %’Q@Wrdﬁ‘"é‘%@ﬂ\ B, @dfmuni cation 1ink 12, 14 | s an
Et hernet W regadH @Buiﬂﬁgﬂ%lé&m c%ﬁl@r Eli‘GZi ek 8RR - 1@);3‘}?1@?3 éghvlt(aly 10C, is

generally called an Et net link with frames of net wor
di scover §omneciggeto the device 24A, Ji4B, IFG%SLCBY%?F‘QePW respeeding daghe wgit. In the

comuni Cagdrafladyl é}Kbécﬁmeﬂl‘ldés%n@edM d=eH do'uB#ng%lQ@tFlc QOEH@PZ@n%EBh%r G 104,

wired I|nk such as a specif |c seri al for exanple
al t er nat {10 Vspé%'ﬁ'vca%% NAl b’oﬁ‘?fﬂﬁ”%‘ét ?'Gﬁtﬂpuwtapis cmatr'% qi @ﬁtecéqn@s@e

| i nko® ucPredsndeDsr aﬁf@ﬁﬁ?'uﬂlt %oﬁﬁé&éa fo%t@[]ﬁﬂd)A MoB, %spfeeﬁ\léwo@nt Ritapasik
or magnet |1 C coupl In commnl Cat 1 on | i'nk

P spoot oty Hanpaing A oy P4 e 1D Gich Tt s congead gformation of
i nf or mat {HRNpeEeHBet bie ol aNé %gs&ﬂ:é ofr £3PRCIdA elos, 2143@ ﬁh@f\@feéénwsr dBYdrfc8

24B, and_ 10 conversely, fromthe device 24B to the device
respect | \rﬂ@rmag%appears in the form of two variables, one of the variables |nd|cat|ng the free
state or not of the associated coupling, the other variable indicating the occupied state or

25  not of the associated coupling.

Each device 24A, 24B, respectively 24C, further includes a safety management
front module 30A, 30B, respectively 30C, as well as a safety management rear module
32A, 32B, respectively 32C. Each device 24A, 24B, 24C includes in memories two
identifiers which are specific to it, as described subsequently.

30 In the exemplary embodiment, the means 26A, 26B, respectively 26C, for
transmitting data include a front switch 34A, 34B, respectively 34C, and a rear switch 36A,
36B, respectively 36C. Each switch 34A, 34B, 34C, 36A, 36B, respectively 36C, is
connected to a module 30A, 30B, 30C, 32A, 32B, respectively 32C, on the one hand and
to the general network 18 on the other hand. Each switch 34A, 34B, 34C, 36A, 36B, 36C

35  is further connected to the front 21 and rear 22 coupling electric couplers of the unit in



The general network 18 connects the devices 24A, 24B, 240 with each
other. More specifically, the general network 18 connects the data
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toit, as desg“le?ed subseq%sntl%B %q%n t he exenpl ary enbodi nent
) | 1'

, h
moans’ 264, 26HN OB, ERANGEIAIAL AR, 051 308 ATR FRAF (NGrHISaI4h 1 398 GdE all have

front switeCdanddétruoddB, smﬁa@ﬁttgy@’qu thA&ruchitg ofthe@asr mvdIE B2RMY thdedtore
resp%tlgely 360., Each switch 34A, 34B, 340, 36A, 36B, respectively
360, ¥s CBHREEPEE to a nodul e 30A, 30B, 300, 32A, 32B, respectively

320, on the opg ihtgteans Fig 3! he rgan@balle BPAREIKdSSeNmEMBnoitBRIge hidkhs
Each sw %gh 4A, 345,rf0340, 36A, 36B, 360 35is further connected to
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h to which it is connected via ,a coupli

to the sole s%tﬁ l'ing
communi cat i on'I'f ot T‘?W%SQ?%P?ar&s TareRoBNGHiRY t%ﬂ"ﬁé’%_@%ﬂé“ﬁr% i e
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only the structure of the re?r npdule 32A wi l| therefore 15 be
descri begtate of the rear coupling 20 of the first unit 10A. Both identifiers of each device 24A, 24B,
30  24C are the identifiers of two safety management modules which it includes.

The means 40 for processing messages are connected to the rear switch 36A and
are for example formed with a data processor, known per se. The means 40 for
processing messages are capable of transmitting a message towards the other modules
through the rear switch 36A. The means 40 for processing messages are capable of

35 elaborating a broadcast message including the identifier |ds;a. They are also capable of

elaborating a restoration message including the identifier 1ds,s, the identifier of the module



As illustrated in Fig. 3, the rear nodul e 32A includes first nenory
storage neans 38 and neans 40 for processing nessages, connected to
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35  second, third and fourth variables stored in the second memory storage means 46.



25 to a second current identifier. Further, the third variable

corresponds to the identifier of a nodule of the assumed tail unit of
the train 1 and the fourth variable corresponds to the identifier of
a nodul e of the assumed head unit of t e train 1. The corrputer
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non- secusad. hi@ﬁdt:@&hoﬁpﬁ&%é&nédn@rﬂ&th@n BRItHRSIdSifiers3aR,, 1805 1d3& Bz,
Idazc.

During a next step 63, the means 40 for processing messages of the rear module

32A elaborate several secured messages, each secured message including the identifier

30 lds2a and the identifier of a module different from the rear module 32A. The means 40 for

processing messages thus elaborate a number of secured messages equal to the number

of identifiers received durihg the preceding step 62. The means 40 for processing

messages transmit, via the rear switch 36A, the secured messages over the coupling

communication link 12 and over the general network 18, according to a conventional safe

35  fransmission mode, of the point-to-point bidirectional link type. During this same step, the



32C: The first nmenory storage neans 38 then store the identifiers

| daDA, 1d30B, |daoc, 1d320 During a next step 63, the neans 40
for processing nessages of the rear nodul e 32A el aborate several
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pairs of modules belonging to a same safety management device. Thus, each isolated
30  pair of identifiers includes the identifiers of the modules of a same unit and forms a pair of
identifiers of a unit. For example, one of the pairs of identifiers of one unit is formed with
the identifier Idsc and of the identifier Idsgc. The computer 48 transmits these pairs of
identifiers of a unit to the second memory storage means 46, which store them.
In parallel, during this same step 68, the computer 48 isolates, in the restoration
35 messages from the modules 30B, 30C, 32B, the pairs of identifiers of modules connected

via a coupling communication link. The computer 48 transmits these pairs of coupling



30 pair of identifiers includes the identifiers of the nodules of a
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identifier and isolates the other identifier of this pair, the computer 48 then designating this
35 identifier as being the first current identifier. The computer 48 transmits the first current



35identifier as being the first current identifier. The conputer 48
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step 74 mdicatdsomat oaunit @dcarimectelif the method for determining the composition of the
train 1 is interrupted during step 72, not shown. An operator may then intervene in order to
carry out for example a maintenance operation on the coupling communication links

25  and/or the general network.

The algorithm for determining the composition of the train 1 applied by the
computer 48 is interrupted in the case when a given safety management module appears
as being connected, via coupling communication links, to two different modules.

Additionally, the method includes an additional step 74 not shown, carried out after

30  step 70g. During this step 74, the means 40 for processing messages elaborate a request
for testing the coupling communication link 12 and a request for testing the coupling
communication link 14. The means 40 for processing messages transmits via the rear
switch 36A, the request for testing the coupling communication links 12 to the module
30B, over the general network 18. They also transmit the request for testing the coupling

35 communication link 14 to the modules 32B, 30C, over the general network 18. If during



30 step 70g. During this step 74, the neans 40 for processing
messages el aborate a request for testing the coupling comunication
link 12 and a request for testing the coupling comrunication |ink 14.
The neans 40 for processing nessages t gnsnlts via the rear switch
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commui cabpeud of nokesf the colgling Wwakhinkiddtion sisleo1z] enaikenBa setaricérhbatiment
subs_equeﬁt I%, ghig first embodinment is the preferential enbodinent of
the i nvedepgfhed subsequeptly. o ai t ernati ve enbodi nent, the safety
managenment noThisdisst@eibaaihard id the prefeantial ewibodinang otbaneehtsh. t hr ough a

wired link. Thus ach  saf et nent, modul e 15 | has cess to
erti 11 or of M Ak FIBEHES SEATa FE. tHiebanHsasit douhs beedt i
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net accor di e i.nve n. 0 |n this t.er nat,i ve,
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bel ongs. 1T PYRGR. Resar s Ris ATPUIANGR 10° AT AT B Roraes Mepgs 76 are not
conput er pd@nmeterzapahlae operagpl ying, for all the identifiers stored in
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't 25 alternative, during step 62 for receiving with the first memory storage means 38, isolated
identifiers Idsga, Idsos, ldsoc, ldszs, Idsae, the computer 48 identifies the identifier [dsga, by
means of the recognition rule. The computer 48 then transmits this identifier ldsga to the
second memory storage means 46, which store it.
Fig. 6 illustrates a second embodiment, for which the elements similar to those of
30 the first embodiment described earlier are marked with identical references.

According to this second embaodiment, each safety management device 24A, 24B,
respectively 24C, does not include any more a single safety management module 76A,
76B, respectively 76C. Further, the means 26A, 26B, respectively 26C, for transmitting
data include a single switch 78A, 78B, respectively 78C.

35 Unlike the modules of the first embodiment, each module 76A, 76B, 76C includes

a front portion having a first identifier and a rear portion having a second identifier. Except



Fig: 6 illustrates a second enbodi nent, for which the el enments
simlar to those of 30the first enbodi nent described earlier are

mar ked with identical references. According to this second
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characteri sti gltednBeveM the hesitch8d, 78A3678B/ BEBEI fre 2Rpla0BO USItH @ny NBeans for
swi tches, 34A,..34B, 34C, 36A, 36B, 360 of the first enbodi nent.
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20 The method according to the second embodiment of the invention, applied by the
module 76B, will now be described. The three steps 60, 62, 63 which follow are also
applied in parallel by the modules 76A, 76C.

Initially, the train 1 is at a standstill and the first memory storage means 38 store
both identifiers of the module 76B.

25 During the initial step 60, the means 40 for processing messages transmits over
the general network 18, via the switch 78B, the non-secured broadcast message including
both identifiers of the module 76B.

During the next step 62, the first memory storage means 38 of the module 76B
receive over the general network 18, via the switch 78B, the identifiers contained in the

30  non-secured broadcast messages from the modules 76A, 76C. The first memory storage
means 38 then store these identifiers.

During the next step 63, the means 40 for processing messages of the module
76B elaborate several secured messages, each secured message including the first
identifier or the second identifier of the module 76B and one of the identifiers of a module

35  different from the module 76B. The means 40 for processing messages thus elaborate a
number of secured messages equal to double the number of received identifiers during



nodul e 766, will now be described. The three steps 60, 62, 63 which
follow are also applied in parallel by the nodules 76A, 760.
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20



The' net hod for determ ning the conposition of the train according to
the invention thus gives the possibility of doing w thout the use of
ground equi pnent. 15The description was nmade with reference to a
train including three rolling units. Cp skilled in the art wll
nevert hel ess understand that the inv I applies in the same way to
a train including a nunber N of roll its, N being an integer
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non
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r SCEIt V:c ng4B\Azz]E¢yt ﬁ@é}h?ﬁgdrhegél ek Zéf)Ba n%ﬁ@)acm&maiztﬁﬁé%dgé\mdddmg its
identifi S. 0 e o0 er ces

Sehar no M (2R e, SPHLE Slep () 151 LNt aqFeRRvins (AfAnZAE, PAC) Tesdages

transm t tricngirigb #e oav@mﬁérl@eogemr@hemaémé< (241/8) 2apd 2aer teaekethod being
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ni cation 80, 8 ¥
devi & (?Q"’}iad?zi%e‘flﬁﬁﬁﬁt 'tfogﬁ’é'%?%ﬁ‘e#@ ‘one of the devices (24A,
246, 240) adj agemmittngs®83) dexi g (gféﬁérm 2,49%0&4@)8) bhe oRS$Sagth coupling

e e BLu ! OETAIARTES o Ses ek i 5, A s
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coupling communication link (12, 14; 80, 81), at least one restoration message including
the two identifiers of said device as well as the received identifier,
- receiving (68), with each device (24A, 24B, 24C), transmitted restoration
25 messages, and
- determining (70), with at least one device (24A, 24B, 24C), the composition of the
train (1), said determination step (70) consisting in the application of a predetermined
algorithm within said device (24A, 24B, 24C).
2. The method according to claim 1, characterized in that each unit (10A, 10B,
30  10C) further includes two coupling electric couplers (21, 22), each coupling electric
coupler (21, 22) being capable of detecting the presence of another unit (10A, 10B, 10C)
connected to said unit and in that, during the step (70) for determining the composition of
the train (1), the determination algorithm includes the following steps:
+ seeking (70b) an assumed tail device of the train by identifying two
35 devices (24A, 24B, 24C) which are only connected to a single other device (24A,



- determining (70), with at |east one device (24A, 246, 240), the
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