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1 DESCRI PTI ON RAI LVWAY- TRAI N COMMUNI CATI ON APPARATUS
5 TECHNI CAL FI ELD [0001] The present invention rel ates
to a railway-train connunicatiﬁn apparatus that is
provided in a railway train and provides a

conmuni cation function of a railway-train

comruni cati on system 10 BACKGROUND ART [ 0002] There
has conventionally been a PESCREFTI®NEI n comruni cation
apparatus that includes a configuration control unit
that has a carrier sense nmultiple access type

interface, apswinah-NAWb ¢hatuiesapIdnanphaRENOE ON
for a 1S transm ssion path, and a switch that sw tches

of f input and output signals of the swtching hub.

The -LRilWaY w2y conmmuni cation apparatus controls a
communi cation state in the up/down directions of the

t 1&809dilssi oM heatdrdpentcanmenit hon are dasesnnechi ngifllvey-train
sw tch and recogni zes 20 nfiguration. and connection

sCRIBENI gy pé)a?ﬁaotﬁlsg pnentPERY hifcalPafl faylvay train

t BAN pirbRi AP DmRes PA N fleetBAtod) a FAVORky-train
The railway-train comuni cati on apparatus discl osed

i goparadcabdemEnstelyuses the switching hub that 25
CRREEhLS Ik j cati on apparatuses in one-to-one
communi cation nethod to evade a fault and renoves a
MAS0er] conmirireati=on appastusnd D prisyenta railway-train
conmuni cation stop in car. An object of the

r SPF‘WHFiﬁaé}iW_“c&nﬁﬂﬂﬁaégﬁ gMaappiF HidRSi ] ¢nf hPkegEion
sysherohehiraki lbiniy 30 [DQ04) -] Pat ent - Dogyien lé]aggggs type

Japanese Patent Application Laid-open No. 2005-11
Dlii BCeGSURE , OB [sSMVENT iON PREBLEM TO\8E SCbvEDCBYfTHEtion for a

I@¥§§£h§§sion path, and a switch that switches off input and
cutput signals of the switching hub. The railway-train
communication apparatus controls a communication state in
the up/down directions of the transmission path by
connecting or disconnecting the switch and recognizes
configuration and connection states of communication
equipment within a railway train (for example, see Patent
Document 1).

(0003] The railway-train communication apparatus
disclosed in Patent Document 1 uses the switching hub that
connects communication apparatuses in one-to-one
communication method to evade a fault and removes a master
communication apparatus to prevent communication stop in a
car. An cbject of the railway-train communication
apparatus is to improve system reliability.

[C004] [Patent Document 1] Japanese Patent Application
Laid-open No. 2005-117373

DISCLOSURE OF INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION
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2 [0005] However, in the railway-train comunication
apparatus disclosed in Patent Docunent 1,
consideration is given to a fault of a transm ssion
path or a device constructed i2 a car or between cars
but not to signal 5 quality of the transm ssion path.
Therefore, there is concern whet her transm ssion data

[ ly transmtted t ni_cati on _apparat use
otRRP5Lars B GHEhor " L Er RROMEY: &t “opecd BN Eatds ™
duppheathe Hm@&@@%edoﬁnr@at@h@n@mb@we@m ﬁreQQQEQﬁéﬁétlon is

transm ssion data. 10 [0006] The present invention has
beéMehchPededalthtvpéwa SFaNRELSSIPE PRGH OFs 2 &FY &F

Ogbﬁgkrggtgge hngegglogr e%%eeﬁr%%kgeb tr@JﬂN%% % @H%l

conmmuni cation apparatus that secures adaptability to
aqhaam5g1s§|Ohepathnbmussgohowatﬁlgn&heq@émey amgre is

i mproves t tainty of data 15 transms n. NEA
OB e KA BRGH, ERETUOR TP 170 Sorre eneaedye Lrabstnted to
apdmihOnaehte¥e Lpparakiek, 1a bahkWayallsaih whether a
comruni cati on apparatus according to the present

i hveneméRspenf 6PAEJt AaRSAPSSISORUST 60eddes lpfcregse of re-
tE?QﬁgﬁEEEESn Eé&ﬁénk aB%”k%%b%%l [Re]s) egak%W ng

rou er car network construc between cars
oﬁoaOBalImayhetpaEBeaﬁdlavsechd teansekessizohisivgaalin view

flomﬁng through an. in-car network constructed in each
of 't hB c%?@veTHEObﬂSW?maﬁngrépnoééﬁﬁﬁnpéaFPSnlnventlon is to

2pPal atusal pok udes_arpode candaybae backugbngras kEst
S|gna converter and a second S|gna converter that

aS@CQresudédptabuhetyatoaﬁdtpenﬁmnﬁsaonn@a@alhgwgwallow
conversign the fi rst ansm S|on and

{ReIad o%'da?%g}ﬁsﬁ%“g FER-SY Sﬁal SnaoE e s s ﬁ‘

speeds@oaversion and a layer 2 switch that is 30
arranged bet ween the first signal converter and the

séeditd PSR ghalVEdkvBRPEEENOr connecting the first
St@@@b]convf5t§51ve the above problem and to achieve the

object, a railway-train communication apparatus according
to the present invention performs transmission processes of
transmitting a first transmission signal flowing through an
inter-car network constructed between cars of a railway
train and a second transmission signal flowing through an
in-car network constructed in each of the cars. The
railway-train communication apparatus includes a node
device including a first signal converter and a second
signal converter that are provided in the car and perform a
mutual signal conversion between the first transmission
signal and the second transmission signal and a
transmission speed conversion and a layer 2 switch that is
arranged between the first signal converter and the second
signal converter for connecting the first signal converter
and the second signal converter; and a first controiler

that is ccnnected to the layer 2 switch and controls
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and the second signal converter; and a first
controller that is connected to the |ayer 2 switch
and controls 2a transm ssions of the inter-car
network and the in-car networRa The first signa
converter converts the first transm ssion signa

recei ved from an adjacent inter-car network on a
FLrstoplde;of t%& 37 %o the ., 5 ng ¢ang. Lransm.ssion. .,
sT§RAFTaRa 18UPplr s (' Re LEEESNG ATt FERSN SO Signal” 16
t hetlvayer ZTa%AE@hstaedgﬁ@mvebh$e&m%r SeeeRd t s

transm ssion signal received fromthe |ayer 2 switch

i AP® fhESE F§ﬁﬂﬁmaﬁ§ﬁrp§sﬁéﬁn§|lgﬁ§|ce&ﬂ@do§tr§m 0t ggjacent

FERsbr- Eé@”ﬁ@‘a%k%noﬁ' gnal; e tsliﬁea@fa%%@ aa@tq %Al he
network on 10 the first S|5 The second si gnal
caﬁvenﬂetraoamesssonhs1ghaﬂsandram$mm$§|mmeSE@EMHd
ceived from an adjacen network on, a
e ORERePhGShr ST RB AT ol his LAY esegoma  HTands GoaNerts the
Ss@a@hdaﬁgaﬁgh@§5§ohh§1§ﬁﬁQnthé§ﬂ%@li&b@ﬂth@lQ%@brtQ switch
the layer 2 switch, and converts the second 15
t EARSNT BS;| Bﬁr§Fgﬁéﬁnﬁ@é§W@ﬂ pleppithandapait PR tswitfieh first
| PEOeshiles LbRSL b ansabsshan-alianah cand ouL BULS cLfiGiork on
fIrst TFansm SsPon S|gna acent inter-car
nebaofkrseh snhe seTbadsended EEERET GEnvéEthVENﬁw@Mts the
g 25 30 LOOO8£ A@corgin to tgg rail way-train
hﬁﬁﬁuEéﬁPBﬂ SEbpar 8t 682acEEFE NG 6 TPRe 2pr @8dACENT inter-
| By enhEPRorkhenfhrskcand sthe sgecend shgnahteonyer kekend
that perform nmutual signal conversion between the
fFf%FSmFQﬁSﬁﬁS§F@ﬁaélgﬁdlOahﬂuthetSGSQ@@ﬁ@d transmission
t Ssj o ign e_copnect t y
£9$§%1 ﬁg QP% go nec EW?Q Eh : Prg c%ﬁ%%o?%e second
transmission signal received from the layer 2 switch into

the first transmission signal and outputs the first
transmission signal to the adjacent inter-car network on
the second side.

EFFECT OF THE INVENTION
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Therefore, the adaptability to a transm ssion path
having |low signal quality can be secured and the
certainty of data transm ssion can be inproved. 10

BRI EF DESCRI PTI ON OF DRAW NGS fboog] [Fig. 1] Fig. 1

is a diagramillustrating a schematic configuration

of a railway-train comunication systemin which

r ab0W&Y - t r aife coomiiumg dat | Ore appiahne yrsesa i accondingcapion
a_preferable enbodi nent of the present 15 inventjon _.
APEPRFEI dedC TFG " B] 'S TSN HyFaRt oy tRE first and
I Eheskeabhad sa geenf idifadiitirs alh i SORNSEH 1 @Rt i®UesObnal
the railway-train comunication apparatus according

t 6ONNergiesehe tamsoditfentL 1 ra)sH gSignjgignal and the

diagram ihLysthaldng, & Gany WAl g 20818 PRde 1 yer 2
devi ce constituted 1n the rai way-train conmuni cation
appatatushaftFiig. odinrlidted! i tehai 2grsamm ¢bhusdtdekng a

net wor hierarchy in the railway-train conmunicatjon .
bR oaGeorieng ey e brob et bt et 198 PRE. naving
Slhohl 84 gRallS o@allieGk HRHAMdddsd r@td Neh@ certainty of data
configuration of a converter. [Fig. 6] Fig. 6 is a
diagnamissigst can Mg dmaeaeedwere a fritting circuit

g%ﬁ¥bge%E%%RﬁPﬁﬁﬁﬁl?ﬁpt |J%ﬁﬁ%%ding function in an

omat i ¢ coupler’is ac 30 [Fig. 7] Fig. 7 is
aldoagnam i nruky.chja fRiaw of i packeigrdéoribbusteoatingg a
the state of transmission path is _illustrated on the |
bﬁﬁéﬁméFéﬁréﬁpééﬁﬂéﬁﬂﬁﬂﬂrﬁft%)¢ﬁkﬁw%ﬁ‘tf¢$@.C%TmﬁPb?atlon

83§§t@mdﬁﬁg&ﬁqeﬂlfﬁﬂﬂﬁ%#JE&&E&“HH@WG&P?@@ioﬁxéﬁﬁé?atuses
for expl aining connection state and configuration
i atopmatingn tof aa praiflevap ta anbhodiment 9L Filge Brésent

di, dllustrati t at i nf ti t i
ChEVEDIER: PG Rogd ditlist rated in Fig.

[Fig. 2] Fig. 2 is a diagram illustrating a configuration
and a connection mode of the railway-train communication
apparatus according to the present embodiment.

(Fig. 3] Fig. 3 is a diagram illustrating a configuration
of a node device constituted in the railway-train
communication apparatus.

[Fig. 4] Fig. 4 is a diagram illustrating a network
hierarchy in the railway-train communication system
according to the present embodiment.

[Fig. 5] Fig. 5 is a block diagram illustrating a
configuration of a converter.

[Fig. ©6] Fig. 6 is a diagram illustrating a state where a
fritting circuit provided as a poor contact avoiding
function in an automatic coupler is activated.

[Fig. 7] Fig. 7 is a diagram in which a flow of a packet
for monitoring the state of transmission path is
illustrated on the block diagram corresponding to Fig. 5.

[Fig. 8] Fig. 8 is a diagram illustrating a connection
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58. [Fig. 10] Fig. 10 is a diagramillustrating a

determ ning process of a connection nobde in a main

network. [Fig. 11] Fig. 11 is a,diagramillustrating

an exanple of an |IP address syéten1in t he

railway-train communi cati on 10 system according to the
present enbodinent. [Fig. 12] Fig. 12 is a diagramin
wiFixampare efanpixe bilningommunecht Ponspatk basedood itghweation
set JP address is illustrated.on the configuration
dﬁggéroarrlﬁ%gcolror%sop% i Wy #%aYFIF §°'B: 15 EXPLANATI ONS OF

LHEEERS OR NUMFRAL S s [ 0403 g28mr al lway rhkang thrCcattatus

group 12, 27 automatic coupler 14 railway-train , )
c&ﬁﬁéﬁmﬁﬁ%Qﬂ1%&$aP%t%%e opnagCtgon BRdRedddpRtrated in Fig.
cgntroller 17 transm ssion path 20 railway-train

comruni cati on apparatus 21 node device 22 network

cdritirol 11dY] Bi3,1Q4is 25 deagabm| ihéud6rpanabl el determining
interface circuit 28 qgerat&on.controL boar d 3%3

coMVerTer 037 SWHTHHT PP huB 9301 33%ppals P&t Ry <34

byjpass. lime 5t her nes {reghgtenedi1tnadenaikyy an example of
transmtter/receiver circuit 5 52 buffer nmenory 53
HBEC it @fdhateryyEedn v Ehectipilway-train communication

system according to the present embodiment.

[Fig. 12] Fig. 12 is a diagram in which an example of a
communication path based on the set IP address is
illustrated on the configuration diagram corresponding to
Fig. 8.

EXPLANATIONS OF LETTERS OR NUMERALS

[0010] 10 railway train

11 car group

12, 27 automatic coupler
14 railway~train communication apparatus
16, 82, 83 network controcller

17 transmission path
20 railway-train communication apparatus
21 node device

22 network controller

23, 24, 25 serial line

26 parallel interface circuit
28 operation control board

31 converter

32 switching hub

33 bypass relay

34 bypass 1ine

51 Ethernet (registered trademark) transmitter/receiver

circuit
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55 pul se transformer 56 Ethernet (registered
trademark) controller 5 57, 58, 59 FIFOtype nenory
61 HDLC controller 62 RS-422 transceiver 63 pul se
transfornmer 64 capacitor 10 66~ m croprocessor 67 WDT
(watch dog tinmer) 68 relay 69 switch 70 i nductance
coil 15 BEST MODE(S) FOR CARRYI NG OQUT THE | NVENTI ON

[ J0d1] BxEehpt angmenpodi nents of a railway-train

c ni Lon_apparat us ,according to the present
ant e TR BT 4P RS e R P TG Al | i th
referensel $© thensase@spanyi ng drawi ngs. The present
invention is not 20 limted to the enbodi ments

exi? ai fedHetew. (Too1ofereri Erapesarkyt comtarller

Rai] weyg t rad n Congcryﬁi)c@gbgnme@gjg em First, a brief

description of a rallway-train onmuni cati on system
i rbPiwhi dOTGidavay=ek hén conmuni cati on 25 appar at uses

are, praoyd d i1l be explained. Fig. 1 is a diagram
i Iqezust ?Pé% i%z \gﬁ%%rﬁ%?r%ﬂf%rconfi guration of the
rad wayodrsd ne £an@EwHeati on systemin which the

rai | way- trajn communi cati on apparatuses according to
a%ef érEm @ tehbodi ment of the present invention are

preqyi d%‘f’rcﬂ&p ! e?lg%(g%an'pl e illustrated in Fig. 1, a

railway train udes a car group 1l1-1

( MEF ri etbaiwatigh adoy at traergroup 11-2
(Married-pair-2) of which each includes two cars.
Thése gt s are connected to each other via an

aygoomatd. g «caupl er 6
70 inductance coil
BEST MODE (S) FOR CARRYING OUT THE INVENTION
(0011] Exemplary embodiments of a raillway-train
communication apparatus according to the present inventicon
will be explained below in detail with reference to the
accompanying drawings. The present invention is not
limited to the embodiments explained below.
[C012] (Brief Description of Railway-train Communication
System)

First, a brief description of a railway-train
communication system in which railway-train communication
apparatuses are provided will be explained. Fig. 1 is a
diagram illustrating a schematic configuration of the
railway-train communication system in which the railway-
train communicaticn apparatuses according to a preferable
embodiment of the present invention are provided. 1In an
example illustrated in Fig. 1, a railway train 10 includes
a car group 11-1 (Married pair 1) and a car group 11-2
(Married pair 2) of which each includes two cars. These

groups are connected to each other via an automatic coupler
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12. Each car of the railway train 10 includes rail way-
train conmuni cati on apparatuses 14 (14-1 and 14-2)

that respectively include a noge devi ce (node) 15 and

a network controller 16 that is a first controller.

The railway 5 train comuni cati on apparatuses 14

provided in the cars are connected via transm ssion
paths 1Fatl cansoftuhe ratéwagatrajet Wdr KeolTes arad lway-

TN-2). that are. a_ dual -system (redundant- ste

etk ARG o Ty SPPATAE 10001 M daddir o oA 2) that
Cafe et ti0@S1 AN hO1 Gaé HehvwBEK aeCNLedi(hberegntl of oM@ thenetwork
10 inter-car network. However, the in-car network (C

| COtlorfettedl fothak At er féaPtnePREERS LEFN- 1 Thed railway-
1T%f§iﬂ'éb$$ﬁhi§%ﬁ¥gﬁrageggégkﬁg%o%g' [Q%%Hed in the cars are

(Configuration nmuni cati on
Apparrataisid 161 Nelxt ansmissibgupathen 18nd ca comsnedhiten inter-car

nmode of a i -traj.n.,co ni cati on _apparatus w| |
el B 3nd pPho LERHE: &hFi Pl qeachg ep (redundant-
canfdmatnonyard 8n €RANESLIQAYNRE8iaf 18. In addition, each

rail way-train conmuni cation apparatus according to

t Fe prigsertdesoai kentar | peFrvgrk2 (CH)r gitifdey e2¢ thrginy the

c lcatj atu Lncl S. e j - :
R o EREk 5| Ropduk L MBS R0 pURUCER oy s
serdreseafed at auahe syist entcarnndewdekiscg TRE12 ahldatTN-2) via the
constitutes the ~other of the dual system and network
coMtrBtTferenoral Le 192-2 that are respectively

comecied todder NQdeadeyihces ggi%%a%—%&%i%lt%ﬁﬁUHication

rai l way-trai n conmuni cation apparatus 20 further

i Melnedestthlerei n vari ous types of interface

Ci rcui th'e/lé nes c§se i al I{:]nes 23 to 25 and. a paral4 el £

i nt erf e8¢ redf 2By T T hiohi 878age COPRECESFTAM G ST 2

23 dislwaah-t e B f @efmbhatat So£08ppETFEE uEOwaAN 1aW0RBYI1G ined.
coupl er 27 30 and communi cates wth a node device of
afdtther? def Hyrotgoraydj htenstrating pr esefigege tgiosumnd a

Vi, 5%%%3%%&d§qgf tfaPP&%Q-QEaEHec%%kﬁﬁﬁkk%ion apparatus

coupl er . e Sseria I ne 1S
according to the present embodiment. In Fig. 2, a railway-
train communication apparatus 20 includes a node device 21-
1 that constitutes one of a main series and a sub series of
a dual system, a node device 21-2 that constitutes the
other of the dual system, and network controllers 22-1 and
22-2 that are respectively connected to the node devices
21-1 and 21-2. The railway-train communication apparatus
20 further includes therein various types of interface
circuits/lines (serial lines 23 to 25 and a parallel
interface circuit 26). In this case, the serial line 23 is
an interface that is connected to an automatic coupler 27
and communicates with a node device of another car group
adjacent to the present car group via an electric contact

point of the automatic coupler 27. The serial line 24 is

an interface that communicates with node devices of the
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an interface that communi cates with node devi ces of

the 7 other car in the sane car group. Both lines are

conponents that take on a communi cation function of

the inter-car network (TN 1 and TN-2) as descri bed

above. On the other hand, the serial line 25 and the

parallel interface circuit 5 26 are a line and a

Ciottugirt dahratirt ransnidmepesiatgoougont Both nmﬁesnatbonomponents
(a,braking command, velocity information, swtg % car

ﬁ#&rtn&ﬁ B % TG GHRE FROF R BR BFeAﬂréte

(%@MW&?H‘XﬁNJETEﬂH”WNI&D a®rddberobber apaykgat bANthe other
informati on to an operation control board 28. These

| hgadi0 thed sEixiadi tlidre Tompohertes phneliakeiphesface circuit
C%%”%QJC th e éﬂ%ﬁinéhf) thetﬁn Céraggkfglggggﬁ%l%% control

déscri be ove € no devi ces
21nZoa~mt3©mar at ey fwiom c&amhamhevelahewodﬁfdemhteon,
21-1 |% respectively connected to serial_lines 23-1

afd 3EDE g d R Ide A @ 299D) i sS 18R espREPFRELyOon of ATC
cqareched 110 38fiflcddies) £3-Zr ande 24t Re r DAL Rigat ion

transm ssi on between the node devi ces 21 uses an HDLC
|l@rf@|rrr(aa;lfqrr gto tammmsxtmn stgmatyltoobeddé8eri Boegse line
bel e ot her_ hand evices 21 are

PRl o e Ml e (O B8 RS o2 EpndGisgt ion
by unktan cexamplte ar2Qad-Rasedreabte) 48 atberiweadsbove.
data transm ssion between the node devices 21 and the

néP\%ﬂu conti§ Ingyde e isers ahl - Etahlé@n%% Zregeseepagated from

%%5”%%ﬁkgzh???%%gﬁy Q%%ﬂbase t §§'988é589§bély connected

cmnnsetuaﬂ 125 emdsS-df andSMV¥ Chridatheenodendevice 21-2 is
nultlplg ess/collls%gn detectlon% netggd 'S gsig

SCTPREFMIEK Y MOEFTSTE Dt NetHE L3 hel H3ER devf cal -2. Data
aﬁgahgﬁlg%HW%f%éﬂ%@éﬁﬂﬂﬁﬂfhéﬁé dé@%@&@leaﬁgéﬁeén HDLC
connectlon node can be enpl oyed. For exanple, in

addpnién (o ftlﬁ@@M%’l@H(wcm e$igenke MIbepﬁessoibed below.
Zﬁéfgélc th%%l%%ngft%ﬁ¥lon gg?%esh?ieaggnrgspectlvely
connected to the network controllers 22 by, for example, a
10-BaseT cable. In other words, data transmission between
the node devices 21 and the network controllers 22 uses an
Ethernet (registered trademark) signal (a second
transmission signal).

[0015] In addition, the 10-BaseT that is one connection
mode of a CSMA/CD {(carrier sense multiple access/collision
detecticn) method is used as a network interface between
the node devices 21 and the network contrcllers 22.
However, another connection mode can be employed. For
example, in addition to the CSMA/CD (carrier sense multiple
access/collision detection) method, there can be employed
various types of carrier sense multiple access methods such
as CSMA/ACK (acknowledgment), CSMA/CA {cocllision aveidance),
CSMA/CD/ACK (collision detection/acknowledgment),
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various types of carrier sense nultiple access nethods

such as CSMA/ ACK (acknow edgnent), CSMA/ CA (collision

avoi dance), CSMA/ CD/ ACK (collisjon

det ecti on/ acknow edgnent), 8 MW/ CDY MACK (col |ision

det ecti on/ noni tor acknow edgnent), and CSMA/ NCACK

(non-col l'i sion acknow edgnent). Therefore, a signal

apprhr CarMAEE dachlietbod dededie cnsahn iMoweerknowledgment ),

' | OB N d, this | f |
ooum na gt ) BT s poed the LT e
exzetl@ntl ¥ppsaprlibty duechent AR tvyd QUSNess Wed. However,

conmmer ci al groducts, an advant age of easy cable

pl 2TFHEiNanehakh BbvanPafesefl isosrseshd tdiize iGarpusferable to
effecthvelynut Ll Lzed. r [yt dfe |

r eason%bl e t hat bdgtsg F%%%é%bsgﬂ o%%\(’%& tt?gevveo‘;fn etxnceeﬂnlo8 &
dev¢xest Rllicanduseta shgnabrdithenetskaw ft hemntdRlcGal products,

[ | . Ho the HDLC i f ble to th
prEseilV Ay KT 4S BPY FABLE Back Pk bherbl DethREe of

t heos HAKa s& gpal chaspancagduant 398 yt hati 13 daf.a transfer
control by bit and a strict errorf control by CRC

(chti1&! r eduhaBRRYer 451 EhdEk Feaanned isethatnedt 4 J0kz]smission
( i L on : I ge) xt....a_caonfiauration
(PSS S P DR S0) o g SR BURL eran ene
didygr@ns idhakt r aléwgvar, cohki goLat iien pefe fidhremede o the

device included in the railway 20 trai.n communi cation

apparHdtus. SYRE R 2532 FRelABdE devPcd 1Nk coRdiigdedacmise the

comer tergnl Ka3d-4na i tehy
(SWHUB) 32, four %@p§§g§%g%gis%§%\eﬂ(gsﬁf%%ot%?lf)f,erancc?ntrc’l

t ity BAgasand i mest B84ct 3dr toandoB4r2)l. bVhERSW (toohilig memiundancy
3 C use, [for _ex | e,, a standard Ethernet
(r%ehgel Stleret Ztéet?%ﬁgﬁg?%i'l ayer 2 (a layer 2 switch).

[ O8] 7 Mor eov®sn £ 1her ONVAT bEr 80dd ©arives the
following specification as a preferable

speci f it&tiom AL PonERt AR SEghhP doAvedsivage will be
(@QﬁyégﬁgaﬁetF£é?géSigrgddiagram illustrating a
configuration of the node device included in the railway-
train communication apparatus. In Fig. 3, the node device
21 includes two converters 31 (31-1 and 31-2), a switching
hub (SW-HUB) 32, four bypass relays 33 (33-1 to 33-4), and
two bypass lines 34 (34-1 and 34-2). The switching hub 32
can use, for example, a standard Ethernet (registered
trademark} layer 2 (a layer 2 switch).
[0018] Moreover, the converters 31 can use the following
specification as a preferable specification.
(1) Function: Signal conversion (HDLC/Ethernet (registered
trademark)) in layer 1 (physical layer)/layer 2 (data link
layer)
(2) Network interface: 10Base-T (or 100Base-TX)
(3) Serial link interface:

{a) Method: AC coupled RS-422 method of DC-bias
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trademark)) in layer 1 (physical layer)/layer 2 (data
link 30 layer) (2) Network interface: | OBase-T (or
100Base-TX) (3) Serial link interface: (a) Method: AC
coupl ed RS-422 nmethod of DC-bias 9 voltage
application (however, application of DC- bias voltage
can be switched) (b) Differential voltage: 2 V (4
VRt agee )a g fioymmat ho DI €: ( 2aBpMbps¥ isn( df DC-biias
vQl t .24 V. _[0019] The, bypass relays 33 can use,
f%kqggéﬁﬂﬁﬁnz?érﬁﬁ%éﬁqig%n type nmechanical relay. By

using amormnmferantidypeoltiqy: the iatep-par
networks and the converter 31 are connected to each
ot her Wy'a HHaRS P Fetee HPLE he2rel ¥pPEh 10 norma

times agyi ljustial edhifdhe sfapi ng. On the ot her

hand, when the node devite 21 is out of order or
adRodvdl , (e intmesrsare egswo? kscam eusennéoredxtopike a

bypa l.i ne 4 because the. rel l o a biasin
{ BPIER LINGRRY dre dHE A1 Gk g LAY oughy t RELT it 8r Hggmally-on

netper ke 1bynashd hedode-6 gemi6ex21ah® PBe converter 31 are
transmtted to an adjacent node device. By the

pFREEREE S6F heasypasd eIy s2 I3l aptnghtobypass Fhaeselay in
Sﬁorﬁaﬁagﬁﬁég'éy“¥¥ﬂ ség?%gfﬁgﬁg@?gegfgﬁi%%écaBnb%he cther

prevent ed from spreading ntrre o
r aehvay wheai nhecommiccation Bysiemiah dheotdarnor! Abnormal,

addi ti.on, the bypass 20 relays 33 are controlled by a_.
i FéPEctig RO e 1 e O ¢ Hed nbe R VPERASE. T ines 34
iSessh o L APl (ULipf S FELLTS WLLsPeLL, ata
t héoPiaserhroysterghe Ne)tsr-sanmminicaks onypassotbe node
U385, bhe ALY S5 LA SO SO0 AT Wl ce. o,
Fibe fresecace agr amd Idysddatidih@s 33 and the bypass lines
34, a fault or ancmaly of the node device 21 can be
prevented from spreading to the entire of the railway-train
cemmunication system in the train. In addition, the bypass
relays 33 are controlled by a fault detecting unit included
in the node device 21. More information about the fault
detecting unit will be below explained.

[0020] (Communication Protocol of the Present System)

Next, a communication protocel used in the railway-

train communication system will be explained with reference
tce Fig. 3 and Fig. 4. Fig. 4 is a diagram illustrating a
network hierarchy in the railway-train communication system
according to the present embodiment.

[0021] Ethernet (registered trademark) (layer 2) and
10Base-T {layer 1) are used for communication between the
network controllers (CPU/CNC) 22 and the switching hub 32.

Similarly, Ethernet (registered trademark) (layer 2) and

i0Base-T (layer 1) are also used for communication between
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network hierarchy in the railway-train comunication

system according to the present enbodi nent. [0021]

Et hernet (registered trademark)lél ayer 2) and 30

| OBase-T (layer 1) are used for~ ctomuni cati on between

the network controllers (CPU CNC) 22 and the

swtching hub 32. Simlarly, Ethernet (registered

t r%@%nﬁwk‘}cwmehum 38ndnd OBaseohvEreers B dire @lsonode
&&Ié’% gonmmuni cation between 10 the switching hub

32 and thé tonverters 31 in the node device 21.

[ 002232 n thcenother ohasd, hEhber meherred strifibtered
trademar k% i 2: LLC%{ HDLC (Il ayer 2: MAC) and

R 2R ](i feRrYeY arelli&edHP&F dmmed at M banvbeis—422
th?l%ﬁcfﬁtaEQnM§éEeE§r3éom}nﬁn9EEet MO A% the adjacent
illustrated in Fig. 4, her net (reglstered

t radenerkgr$rabhe |$nenthp$utmtreld i &s dd lMBEIUQ Sftreairein Fig. 4,

t hi s, manne ni ca envi roonnent
batba A0 O pf DR LS T EREr SreHgas )1 tictitgy i g lated in
4ar3}mm|ﬂ§;§1ne Therefore, the railway-train
communi cation system of the present enbodi ment can
pertorin t r ankpateht BaRRAAF cat FORMURLC Higpeenipamment based

than 5!&6‘@&%&?99&5?' L{Sr%lﬁgggr%’ ltnhéglr?dl 5 Y 10 éDrOVJ_ded

say, a layer not Tess than a network Tayér a
s dtha e figh, cblmearanmapﬁtmnh aommne@tajtdfordes\ys&%m nf the

t he cart anq% devi ce of another system concatenat ed
WRIPTHE PretHieRl sEam SPB62AT FEARAPGRFR GoMgRnication in

ConVes e )uﬂ%ﬁ £ e OPhL OHERLLER Bhnthe 19QPeri®iu MiNd) , that
be 20 explained. Fig. 5 is a block diagram

||34~°u§'tcr #&dng 2 lepvefigotalesa odhanhe cenwertkerlaylar and can

(regl st e:kgle cocpv c%‘?élslag ?ggél Et Srfazgggt P&ellpncﬂgvdﬁe in the
5Lama druf feerdm Yo 62anathe HDE Gs t BANSBINCHRNECRI BIth the
C|prr%usletnt538ysa enr1ﬁ Croprocessor

[0024] (Configuration of Converter)

Next, a configuration of the converter will be
explained. Fig. 5 is a block diagram illustrating a
configuration of the converter. 1In Fig. 5, the converter
31 includes an Ethernet (registered trademark)
transmitter/receiver circuit 51, a buffer memory 52, an
HDLC transmitter/receiver circuit 53, a microprocessor
(MPU) 66, a watch dog timer (hereinafter, "WDT") 67, a
relay 68, a switch 69, and an inductance coil 70. The
Ethernet (registered trademark) transmitter/receiver
circuit 51 includes & pulse transformer 55 and an Ethernet
(registered trademark) controller 56. The buffer memory 52
includes FIFO-type memories 57 to 59. The HDLC
transmitter/receiver circuit 53 includes an HDLC controller

61, an RS-422 transceiver 62, pulse transformers 63 (63-1

and 63-2), and capacitors 64 (64-1 and 64-2). The



25 (MPU) 66, a watch dog tiner (hereinafter, "WDT")

67, a relay 68, a switch 69, and an inductance coi

70. The Ethernet (registered tradenark)

transmitter/receiver circuit 5ilincludes a pul se

transfornmer 55 and an Ethernet (registered trademark)
controller 56. The buffer nmenory 52 30 includes
FITF¥9pecaerdrireso5ist @ 5@cofide ddbltC@oller that controls each

CAIRMALEE/ LECEhL LI 53 T NOLIGE A MBLG oo,

controller

tr@pﬁi&ﬁﬂ®mSoﬁ3thé3micraﬁﬁo@33%bm @@d Cqm%ﬂﬂé¥é§(%% is
(64-1 a % 64- 2% The 11 m croprocessor 66 is a second
mﬁﬁ?%ﬁ? bYh c%hFF6P§O§8§ﬁorcéﬁpon§Wﬁ @Muﬂﬂ? 69 is

connerier1 &l c Ihg I 1,0r 5 73Ny operatig he .
m cr oprocessor 669V§%£ﬁ§%r§§ %g pet b%b gﬂrﬁ %%1 é
m Erbpriooess oo 6. 7Thesspirbehdea b& EZQONEEDMrﬁéto be

tu n or_off the relay 68. The i.nductance coi

70 R ou, il ok Ot NS P o03SF P ddditigmEed in Fig.
tffe}fs(mw&{é efoBlowl hgstnatedohy . Fig. 5 has the

followi ng functions. (1) Speed change function 10 (2)

Rel‘dy st B rERge uReEF BhoBf nessage (3) Poor contact
AL RO LR BUE OIBLL 80 OBUPELsabd) o !

detectlng tion ansnlsS|on P ?tate

ndﬁt(ﬁuqn;dQHtH¢KHBVQ5d1ﬁ@nﬂ&ﬁtt@BnnEdeaaﬂbﬁﬁ&ﬁtﬁcoupler
15 Hereinafter, these functions

t
re%ﬁg&éW£h)éﬁ¢%§;£%§) %ﬁc?Eﬁ%ed Change Function) In
Fi@) SrddintlOdranon LLerLracriver Gl elbbeddn

generates and deco franme over,
§@rﬁ@@@eQﬂﬁﬂner¢ﬁa&ﬁlmmdtameresogad61by functlon

fe e et d AL Midefmeh %S FLER beGRRplathea.
otfkezehand, (hedd eisreje (reaisisered trademark)

transm_tter/receiver circuit 51 generates and
In Fig. 5, the HDLC transmitter/receiver circuit 53

generates and decodes a HDLC frame. Moreover, as described
above, the HDLC frame is made by encapsulating an Ethernet
(registered trademark) frame and the encapsulated frame is
sent. On the other hand, the Ethernet (registered
trademark) transmitter/receiver circuit 51 generates and
decodes the Ethernet (registered trademark) frame and
changes a signal speed (the HDLC transmitter/receiver
circuit side: 10 Mbps -> 2.5 Mbps and the switching hub
side: 2.5 Mbps -> 10 Mbps). The reason performing the
speed change is as follows.

[0027] As described above, a 10Base-T cable (for example,
a twisted pair cable of category 5) is used for the
transmission of the Ethernet (registered trademark) frame.
Therefore, a transmission signal has high quality. ©On the
other hand, because the transmission of the HDLC frame is

performed through the automatic coupler that connects the
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decodes the Ethernet (registered trademark) frane and
changes a signal speed (the HDLC transm tter/receiver

25 circuit side: 10 Mops -> 2.5 ps and the switching

hub side: 2.5 Mips -> 10 I\/bps)l. The reason perform ng

the speed change is as follows. [0027] As descri bed

above, a | OBase-T cable (for exanple, a twisted pair

cable dfoeRs egor yréysingsased Bognkhe h3d® tlransmisssiton as

of her ne regL.stered trademark) frane. ,
Th%ér% %thge?gab?r%‘%sm ngoﬁgéﬁgﬁgﬁsﬁgs high S§§ad Ghange is

t heer Db hesd haneln because theot KapsRisSSNOR NS & TG 31 when
frame is performed through the automatic coupler that

c TP IHeS 42" EarPHF bapdcdairpanshes Sithe roiggndlr athisstered

| ovamahd ) 28 alESes bed Retowe Eqr thi's reason. the

speed change is perforned from ps to 2.5 Mips in
t hlel Gohver t efRSlaywhenef¢hencenvenstabni % fpekfseamed
fromt EEt.herngt regi s%{gred 5 tradenqark) frame to

the HDLC firsfre. > 1 0628] PLREFAY PR ¥r @Acd SFNEEIGR Yofthat

Message)s | fighsWisshenbybben ABAPLY.enlel $52 dR™M i %ed above.
that absorbs a transm ssion speed difference as

ddS& i WP dbare. memerey PP ECEeypbinehbny Shecbnstetutienpry 52

t he huffer, Y, | Spa. enocy in_which

hi"gh- prn{ orcf{‘oyar?{r a%@%%%%é%a?ﬁ%Jé¥yaggﬁrr%ﬁfn§tt5§fj gita are

t e cotrhelra treahd, Qrhetld FEEhypehaRaPr yh88FIIF0-a yiemaeyory 58 is
in which lowpriority transmtted data are

aCcdinfidted Ui wi P RHeCFH FO- typRSReRbEG Srta are
N@k%@%%ﬂetéd“hﬁﬂf%%tW@@h”@H@rYI§§—£28@ ﬁgﬂ8%¥ 5.  Moreover,
at . nt S case,

whi ch received data 15 are accunu
hitdie- FiliEstyped ateamo e cudrul ait @dmeémo thei Fl FDithpeeceived data

r i upervisory . informatjon (Real tinme use)
SOeR SSbMANBT Coeh Srichoan hHBBrPAAPTE kil 04 on
t hecotduela thand.n 11Qwe pri o ¢ yp&ahéno Agcynul at 8dpbRvliRe ry
FIFO- type nmenory 58 is accumnul ated 20 i nformation

(P&Bﬁpnré'éﬂtiﬂfhe( ) Wit @eeh past aperacpngrol command and
an important fault. On the other hand, low-priority data
accumulated in the FIFO-type memory 58 is accumulated
information (Non-real time use) such as a past operating
record.

[0029] Morecver, the high-priority data accumulated in
the FIFO-type memory 57 is transmitted by using, for
example, UDP (layer 4). On the other hand, the low-
priority data accumulated in the FIFO-type memory 58 is
transmitted by using, for example, TCP (layer 4).

Therefore, the Ethernet {registered trademark) controller
56 can determine the highness and lowness of priority based
on a transmission protocol that is used in an upper layer.
However, without employing these techniques, the Ethernet
(registered trademark) controller 56 may provide a field
for identifying priority, for example, in a data frame and

determine the highness and lowness of priority based on
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record. [0029] Moreover, the high-priority data
accunulated in the FIFO-type nenory 57 is transmtted
by using, for exanple, UDP (I ger 4). On the other
hand, the low 25 priority data ¢cumul ated in the
FIFO-type nenory 58 is transmtted by using, for
exanple, TCP (layer 4). Therefore, the Ethernet
(regleretedinradeatnikh sonttenl éen the d&@ldaternine

th p ghness nd I Qwn 0 r.ior t based oan
r§%2%1£3|0n prot o §8Pg?ﬁ5 Evgl§§89 H”&ﬁlﬁﬁbéPI%%Rﬁmatlc
3Cdiowbyey, w thout enploying these techni ques, the

Et hernet (registered trademark) controller 56 may
prOV|deI%FfP%$H CPRFeFHeAVPEGIAG énnéﬁnpm wiigrl be explained

exanpl e ta.f nd tepm; ne hi_ghne

and Ioﬁﬁ%@%r%?g%r?%r??g?bgseng % graor%'t @i SPustrating

|lﬁ(ﬂﬁﬁmecthWQtaeﬁantihg ﬁuebd;t[@@&@hdéaoag Goricafit contact
Ay Ol gggqgctlon in, Autonat ic Coupler) The poor

cont ac G R P Ut ﬂemﬁPFOB@téQpFQPﬁé&r 5 Syt ivated.

r eftey emeiec d hdrl @i rSuifl OncPubssarfhagiambbhbustiatd R he
a state where a frltt|n8%0|rCU|t provi ded as a poor

coit’aot St ailth ngviedet $on thet hedagtenaei coaduﬁIOer airsl a +24
S ‘%H‘%%I "B rgu%gt Chel&s §F&H9665 the tmpTOVe

m croprocessor rel ay-
i wehgot anoe i by Ggn adeli de +2411400¥DE ebRELEEC 2$QHN 68, the

An object, of fritting is to inprove poor contact by
ait - %@Wﬂ$ﬁqIQHQﬁﬁ%Ftoﬁ¥%%t0%%%% bt lrhen hheomapitect area of

couRl efutolhg xide,didm gn-thesgont act aLea 9&51E@§nce of the

automati c coupl er I ncreases a contact resistance
t ﬁeltoamt@matqcmpﬂmplmd aritu$ hdesgdedeadeset heaquaki by

T L

r €silat dnceleai thed dﬂlﬂd)ff?dé cc@@@@&@rré§lg§gﬁsess@ PYe
a +24 VDC voltage to the automatic coupler,

tﬁ@t&@@%&gaﬁqyphﬁrtqﬁgdecreased by applying a +24 vDC

voltage to the automatic coupler, the degradation of the
quality of transmission signal can be improved. In this
case, applying the +24 VDC voltage to the automatic coupler
is performed by exciting the relay 68 and turning on the
switch 69 by the control of the microprocessor (MPU) 66.
Moreover, applying the +24 VDC voltage to the automatic
coupler is performed until a signal output from an adjacent
converter is received and is then terminated after the
signal output from the adjaéent converter is received.
However, a voltage applied to the automatic coupler is not
limited to +24 V. Because it would be good 1f the applied
voltage is a voltage by which the oxide film of the
automatic coupler can be destroyed in a predetermined
application time, it is only necessary to set an arbitrary
voltage in accordance with materials of the automatic

coupler.
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quality of transm ssion signal can be inproved. In

this 20 case, applying the +24 VDC voltage to the

automatic coupler is performed by exciting the relay

68 and turning on the swtch by the control of the

m croprocessor (MPU) 66. Moreover, applying the +24

VDC voltage to the automatic coupler is perforned

untGa31d si gnaiawlit pRrtécommantadiatent 25 converter is
receiv and is t term nate fter the. signha
output%g¥%ﬂgﬁﬁﬁ?%ﬁj d%%?l%%nVé?%g?eigxpgéép9gdwlth reference
Haweverg. & voltagerappt i @dcéocthg auhefmrbhCigowpherizie® by the
not limted to +24 V. Because it would be good if the

apih & Wotudpd i L RR sagee By inPeh t B B8khEE Frigs, the

Ofc iR r3Q AU oAl Qjé@ékpé e{tgaé‘wﬁefgﬁﬂr%e%b@l%. The WDT

predeterm ned application tinme I's onfy necessary
t67s@mqﬂudﬁinartmmer\nﬂia@Etlmnacmondance whehoperation of

O e B Y . by ERErE ERTRLE T ORI ERBet indr circuit

etﬂhr@&@ﬂ;twl tthd &frer entedet Orii Ges 5thgjaetf1éuﬂ'ulicroFrocessor 66
detectl g function is realized by the WDT 67 inc

Vet el eng Pwikiets woregentrad sigaaverl FAPLT
3%1%% qe%%&Fd&ﬁ%f%%hf lgh yb%é%géfr?%gﬁ ?@T 6ZonnFct the

i ncl"'udes a tinmer circul ors e opera ion o
t hetriretcepr oeessark 66 ﬂhﬁ by@mﬁﬁellmhea4tMEeélﬁﬁg. 3).
ﬁk@CUIt tinmes out, the WDT 67 deternines that the

FER 6Cas SETe6 8dbd R pet st e 2@ SORpaEsSE 31 is
Caphb@inadl, gndle (WHAULEH %%E%&HE“QhéOFAQQ@tEQbhéTgtBhgctlvate

bypass relay 33 to connect the inter-car network t
t eb?ﬁ@@§$lﬂﬁi&%l%%ee FigthBy. mamM¢eov9he @D§n6ﬂhencluded

Lput f the nverter 3 $ DT .
63 oSt oriied B (e 5 hceoSar ahod ) padE ecting
rehayta&n In this nanner the WDT 67 included 15 in

the converter 31 has a sel f-contai ned fault det ecti ng
f LABBEdNn. (Transmission-path State Monitoring Function)

The present function will be explained with reference
te Fig. 7. Fig. 7 is a diagram in which a flow of a packet
for monitoring the state of transmission path is
illustrated on the block diagram corresponding to Fig. 5.
In Fig. 7, the microprocessor 66 monitors a packet that
flows out from the HDLC transmitter/receiver circuit 53 and
a packet that flows into the HDLC transmitter/receiver
circuit 53. For example, the microprocessor 66 can monitor
a packet by using the state of an incremented serial number
and the CRC of an HDLC frame. A monitoring result by the
microprocessor 66 is transmitted to the network controller
(CPU/CNC) 22 through the serial line such as RS232C. 1In
addition, menitoring information collected by the network
controller 22 can be displayed on an indicator or the like
of the operation control board 28 (see Fig. 2) via the in-

car network (CN).
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[0032] (Transm ssion-path State Monitoring Function)

The present function will be explained with reference

to Fig. 7. Fig. 7 is a diagram.in which a flow of a

packet 20 for nonitoring the state of transm ssion

path is illustrated on the bl ock diagram

corresponding to Fig. 5. In Fig. 7, the

mi [&dcisrlocess@rorgteamindt ongda patkes tihaRecbbows iont Function)

fromt EEHDLC trquﬂitter/receéie% circ#it 5 an% A ¢
packet that FIOHA i nte- the" HHEC t PEnEHPL PP FPeddite et erence
2% ccirrieul t8 S&h FOf. ex@npl eigt he MkChORLAEeSHOn 166 seaRting a

noni tor a packet by using the state of an increnented
sEFEC Gl X Rl & WP CRE B2 Bl MDLECRREREIOA state and
MRRIHFQ I &5 i of1 GF OPf Q€ 6ebSin. Fig. 9
o A R Ve SR PRECIE
t br cigly rtame islenistl rd i ey sozh asaRBR320fokmaB@on set in the
addi tion,. nonitpring information collected by the .
NGCRBIEE T I isd o5 ChA B thispt dyeli- onFa- 10 is e

| adiaeat@l ian ddter-di key HfadherfpPeirli pRoeeBEr 8k Boakfnection
28 (see Fig. 2) via the in- car network (CN). 15

0033 rCanmect] dretnsiegk Aut omati ¢ Recogni ti on

[
Fupgti,on) Th t f1 | o0 W xplaj . i L
PR (TS B ol e Ayt PO REBLERGEL O, Flnction
I CTHesttridticag iapn comretiaomexangpde for expl ai ni ng

connection state and 5 configuration_information of _

the raffway Y Ca P PReraaien agf affli PPUBERRE Rgde in a

Cabnsk@itys i MRIITBU QM Selc | Fedbgni £PHRCELELRIPRAGi11 be
illustrated in Fig. 8 Fig. 10 is a diagram

i ERpdBriatEich g id Idetedtariariaw pr ocess ©f alvoadddtiion, the

in i.n network. 10 [0034 Connect i - node.
o] S A R o Tl TP BEP BB in a state
Adhagent: hiNodr)v idved dand iddcadd 0d 0per ahtANcehe@Nand a power

adj acent node in a connection-node automatic
r éEoGHITIEEN SMunEETH Y 130 b1 | akaed-with reference

t?OEbgﬂ 8'Iﬁ1f§¥ytgﬁghcéﬁﬁ%ction state and configuration

information of the railway train as illustrated in Fig. 8
will be explained. In Fig. 8, a first car group

(Married Pair 1) consisting of two cars of A-Car and B-Car
and a second car group (Married Pair 2) consisting of two
cars of A-Car and B-Car are connected in a connection
manner in which the two B-Cars are connected to each other.
In other words, a Node-1 device in the first car group and
a Node-2 device in the second car group are connected to
the main network. Moreover, a Node-2 device in the first
car group and a Node-1 device in the second car group are
connected to the sub network. Each car further has a car
number. For example, A-Car and B-Car of the first car
group respectively have "1010" and "1011" and A-Car and B-
Car cf the second car group respectively have "2020" and

"z2021".
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15 identification of an adjacent node is perfornmed in

a state where the devices are connected to each ot her

and a power is turned on, nanely, an online state.

[0035] First, the connection stldt e and configuration
information of the railway train as illustrated in

Fig. 8 20 will be explained. In Fig. 8, a first car

gridws qIMar r iksttiPaigdd )deohse sékolganfetwa caksnafibArCamd an ID

and B-Car _and a second car, group (Married-Pair-2 "
COHEPE Y GOTHR E s U HEL P and B EQRVEFEET 1D nurber®)
CRANeGiR G it A rePIRE L} O i PBAGCE 1 §Ra MBI BBL kBNt WBjacent
B-Cars are connected to each other. 25 In other words,

a NOFETE gedri cEaan tREWoristcenrrgtbap 4ndC) aaNnadérgs the car

devi in.t r n e . .
PR ER 1 el S o I PP BT B SR PEAE HahOprpBE s wichin
cahegrsaup ard ariNoder IR$EVEICeihtiet hecsecondecaetgboup

are %p ected to the sub network. Each car further

h&&& ekl S50 TRARSHY. 2 For S R& AT RS A Car ShABCBOEaF gt Pased on

tha i eh 16 e JrAURId £SPA 4 Vb YvDavern1p197 andyata
"1011" and A-Car and B- Car of the second car group
r éspdedited phdhe "R rlandont 2QR1er a6e {0086pJdEdol each ID

ggﬁ%b%%YiC%z%¥%Q&ﬂﬂ§P $é$%£a€g%2§%%$?§?grﬁéE%n%grgsg network

convert er (hereina

by ohitans et igPg-1anthveecel Ving sh@nabs betweeatadhacemt can be
converters. Each network controller (CNC) acquires the

cAPCEIRGHSEr ATt (iR ekRerand HhbepnVeBReFBupre not
COBVRLELELY W DIy dd\e SR GRf 82N BSE3ECe recorded data

i nterface. The network ~cont recogni zes e
cofinétel ortstcatke aamtoar! msefBoh hala¢ a" 20k lecfed4dsas ID3, it

described above. In Fig. 8, data collected, by_th
R oPE dgntaiand aiet e SerS L BY10bhunber present
Feb reXaneloginkeealse reqt deshdat@. of rhphe pet wobrke-2v of wB-

controller 82-1 have no | D3 and ID4 information, it
c&Arbd 20Pdd dgmifz éMahabited Raimn32and | D4 converters are

n?bO37] (Connection-mode Automatic Recognition Function-
Setting of Car Status Information)

A setting operation cof car status information in a
connection-mode automatic recognition function will be
eXxplained with reference to Fig. 9. After the connection
state and configuraticn information of the railway train
are recognized, the network controller (CNC) of each car
sets the following information as a car status in each node.
(1) Its own node number and car number
(2) In an adjacent node in car group (Intra-Pair side)

(a) Car number

(b) Converter ID number (any number cf 1 to 4);

(3) In an adjacent node between car groups {(Inter-
Pair side)
(a) Car number

(b) Converter ID number (any number of 1 to 4)
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connected to any devices. Mrreover, because recorded
data of the network controller 83-1 have "2021, 2, 4"
as ID3, it 15 can be recogni zed that "the converter

| D3" of the present car is connected to "the

converter | D4" of "Node-2" of "B- Car (2021)" of
"Married-Pair-2". [0037] (Connection-nbde Autonatic
ReldogrinficomaFinet | Gird Set t i hdgeont i Caint ahasend of train

I nf.oryation), 2Q. A settin eration of car.sta
ORI o Bl 8 i SRELRNE Ol PariaE 3R HRe i
I eeF@ntd o unetd sy W | (be texphai pedimtibrigtenencecr

to Fig.. 9. After the connection state and
c GAFTEat ilon GaiT dretis OOt 2¢hethak| Wigderai'nofaf'd-Car

23%@%‘)“%0&4‘%}&‘9?%& ”écﬁfél:&ﬁt(%@ ?En@é?hp‘é% side)

sets the followng information as a car status
ea@hwwewethqﬁbaﬂtgrqmwsrmmmetMu@etsamdnode mUUBEBd(%x the

dj acent node in car g ( ntr sid "
%Cg fatoer N er%%rxﬁégﬁ ycﬁﬁnﬁgbzéﬁ
cb@ 4, ré%%dﬂ@zéd‘Eﬂhﬁuﬁﬁﬂﬁﬂﬁa@éﬁg Q§S$5$mn€§5 Pair side)
groups (Inter- Pair-side) (a) Car nunber (b) Converter

| B“nm@erca(fawmm wineeied) ta7" tha) CPRFeFHEEi 6R2" of
(EQ%e B %%%bé he e $ha€faé5§?% t[gg%g] kn.Ei.g.

9, car status Inf orna i on or na &Pt ed
t@a@klsh@604betwddﬂltﬁéEﬁéiLgfﬁmpseX§nbbﬁnettedaﬁobethe
reco%nized that "Node-1" of "A-Car 5 1010)" does not
h&P8 V&R t&dj ddent Hode- g 2T -markesi 431 " bet ween t he

capoglqups Q@%ﬁﬂgg%ﬂéhjhﬁwgkhﬁ€@ﬁ£€gcaﬁeéagnlgﬂgnoﬁunctlon—

car. Moreover, in "Node-2" of "B-Car , It can
@etéamgm@Z@@Htuﬂ anmﬁqtnmnnMwm@E (Intra Pai r S|de)
in the C%ﬁ& ar.oup I.,s. connected. to "the conver

| D2"
of 10% It ST Hd 3h AdFRERT hSBemOde in a

(bet@filed function of a connection-mode automatic
recognition function will be explained with reference to
Fig. 10. 1In Fig. 10, a determining process of a connection
mode in a first inter-car netweork (main network) is
illustrated.

100407 The determination of the connection mode is
performed according to the following steps.

{1) First, a main station (a main car) is determined and
the node number and car number of the main station are set
(Step 1). For example, when nodes are connected to a main
(sub) network, it is preferable that a car having the node
of the smallest node number among the nodes connected to
the main (sub) network is determined as the main station.
(2) The network controller (CNC) of the main station
determined at Step 1 broadcasts car status information by
using a UDP protocol. At this time, car status information
of a station at the receiving side is added to the rear of

a frame indicative cf the connection mode generated at Step



Pai r _side) between the car groups is connected to "the
converter ID3" of "the car nunber 1011". [0039]
(Connecti on-nmode Aut omati c Recagnition Function-

Det er mi nation of Connection Mdé) 15 A deternination
operation of a connection node in a detailed function
of a connection-nbde automatic recognition function

will | ( SeepeXl ai ned with reference to Fig. 10. In Fig.
10 a etermm rocess of a connection _npde in a.
g e T o o ro L e hor P D050 BhE Slafion
I abstiatethdd G4t e Ahexgiet es 0t Nnathe8rof 28884 to the rear of
connection node is performed according to the

f $icoingg s tap dqat Figrsrde e pai pedt AR formpaipai By using the
C?J@p gsfoct%c%flméhedct@doaéf?e é‘g @}Eé;?ﬂ@f@) an Ségtl}g”’oef

main station are se or ‘exanpl e
wherf oraces ar es iconnect edtd oSeepal n(§sap) 3nahWOBkepl t4)
ferabl e that a car_having the node

(0]
rFé%R M&FF rmthfoets a]rfbﬁ@rf?%%l%dég EBﬁﬂE’@FEHeSotOt Rel the
MRl WoFUD)e SHLMONKe f 5 Fﬁ@f rarme@lh@slﬁhsrﬂaw sbakben. 1n

(2) The network contro (CNC) of the nmain station

30 hdet e, ned latc @it i gaeiéest sn cahesrainsand sub inter-
i nf.or ion.h u3|n aUDP ocol At this tine,
céqr%stnae‘t;tﬁ”sorlkn ormath egjn F%l%n‘r}}at t he receiving

sijd@4ils added:;tamn her rmrAdﬂre@sfrane i ndi cative of
the connection node generated at Step 18 1 (Step

(3) NeXEXtyh eIPn@tW%oﬁﬁ?o}me?h?d\@}W%?ktﬁ@“§?89~|18ﬁ (CNC)
ha,\mgben @z)mm%r widd F AL Qupber edlﬁoahHeFlg 12.

rear of frame broadcasts predeterm
i Afgr.matli ors lay disiowpnt hiel 514D piwmg ool emamplhe béses IP
of the held ar st at S i nformation,siml|arl

to.St
2OPERES 3 SYd S& o Afie (UL BN chr LRt GPBEUD hEB AaDT §HSTem
|§cbb§@§ﬁbt&%ﬁtﬁﬁz@ﬂeééﬁ% SV KegONt robher$2( ENCh diagram

|nthe|nter car network. In
in which an example of 'a communication path based on the

set IP address is illustrated on the configuration diagram
corresponding to Fig. 8. As illustrated in Fig. 12, two IP
addresses (for Node-1 and Node-2) are set in each network
contrecller (CNC).

[0042] As illustrated in Fig. 11, information reguired
for IP address 1s a car number (Car Number), a node number
(Nede Number), and an ID number (ID in a car). Among these
information, the ID number is an identification number for
identifying the network controller (CNC). For example, in
Fig. 11, "0010" is set for "CNC1i" and "0011" is set for
"CNCZ'"™. Moreover, the node number is an identification
number for identifying the node device. For example, in
Fig. 11, "0" is set for "Node-1" and "1" is set for "Node-
2". According to the present embodiment, although the IP
address system as illustrated in Fig. 11 is employed,

another IP address system can be employed.
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this way, all connection nodes in the main and sub

inter 10 car networks are recognized (Step 5). [0041]
(Grant of | P Address) Next ddress set in the

network controller (CNC mnlllg% expl ai ned with

reference to Fig. 11 and Fig. 12. Fig. 11 is a
diagramillustrating an exanple of an |IP 15 address
s%@ﬂémilwttﬂ;rkﬂlmww/¢¢m¢iﬁ@n@@ubb@atpoﬁdsystmﬁned data is

cordln to . enbogi nent .  Fj 12.is, " "

TGP H PR o e of S okhOAFEat FBn BNFR" of "A-
ba;&ezd @unAche st 'lN%@@LdI'ess 18 ﬂhin&agéedn@aeLhamber
configuration diagram correspondi to Fig. 8. As

i Lndsrmatden w1 éiNclJz" o AR 2D AdeFebEed e$s(Feruired. It is

n.eae & KwnC r w o
(CN%)@ o2 s Ay D e O, o PiEy o0 " i
ré@dimm¢mfuheId%nnhh&&mn+mbdecamfunm@ELOQCmseNuﬁbgr)10 and
od mber __(Node Nunber), and an ID n
2708, At Teiodt b TSNt ORCYRBNT D AQRDERFs Feason,
anPl@@@ﬁégéxﬁdﬁﬂtﬂﬁﬂﬁmﬂtﬁfwg tﬁ@nﬁté&éﬂgrﬁhﬁeaeaﬁ@ékfrom
controller (CNC). For exanple, in Flg 11, "0010"

SECNC" oENGIB-Cartd 030131111 " g0 SBENGBY of ClE2Car (2020) via

Ma el a | o] e
foﬁ%g%bﬁtlﬁylngqg%e no 'ré%?C%§ o?ﬁ%ég%%%h Qn gggb 12.
Filgo441, "0"In sisiet ﬁann 'Noden | Ea@ndnédwok g sehttonler of the
"Node- 2". According to the present enbodi nent,

aFEAGHGH 1@ 1P SO SR ARRAT 7 | 1 BsPFaY ddefinipi gach car,

1% F%@@@@éﬁﬁ%ﬁedfﬁﬁﬁéﬁﬁré§éaﬁgf§§§ PaﬁtgnEGQHegglng point
oyed. 19 [0043] It is now considered that

pb@d@ﬁ@mmaaah(nﬁQWQE# qqmﬁmwﬁl¢edamdoaatﬁmnbdeoﬁeVlce

"B-Car (1011)" " of "A- (20 vi a

" ﬁ88&e|“(t % tﬁﬁt‘”ge case T THote- ’h%%%?k %ﬁﬁi‘FSﬂ of
eNﬁnuanca'tAdﬁarca(rQQg?&) "eﬂ@frﬁa@duwdusiﬁgl sh& foupddress.

that the node nunber of CNCl " of ™"A-Car (2020)" is

" Fort Lomst Feasemedid o dasirl ¢ nf bf nat yoneT 3bePPFrgosgoterminal
and only inserted into a vacant port of the switching hub of

each node device, the inserted terminal can communicate
with another terminal and a terminal that 1s connected to
an external network connected to the inter-car network.
Moreover, because system construction is performed based on
a standard specificaticon, a display, a monitor, and so on
using an existing general-purpose protocol and a general-
purpose application can be constituted. Therefore, cost
for system construction and system maintenance can be
reduced.

[0045] As described above, according to the railway-
train communication apparatus of the present embodiment,
the first and second converters that perform mutual signal
conversion between the HDLC signal and the Ethernet
{registered trademark) signal are connected to the

switching hub that is connected to the network controllers.
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Fig. 12) of the main inter-car network. For this

reason, |P address for transmtting the predeterm ned

data from "CNCO" of "B-Car (1Q11)" to "CNC " of

"A-Car (2020)" via 10 "Node-1" “becones | P address as
illustrated in Fig. 12. [0044] In this manner, in

each network controller of the railway-train

¢ Grmeuns feeds ,ort fesp prataat Wsb pr ovy ded theeachnemissian path having

redeter ed | P addre et for a conpectin
bdtiie AWK COnrS| PEruERd SaGnCABaECALaROLY of data

15&@1@?@@&%& xdhend Msr&asqanet work. A desired
conmuni cation can be perforned by using the IP

ad@ﬁésfis] ForAkHiaugledsn, ©# bEvwexahpén Fpmunlcatlon
S _
SSRPRY PR LI oS BpYspDo8hbRAhER? Bas 2 qual
th@sﬁm&ﬁﬂﬁfﬂkd&krﬂdnﬁr@hhetpnﬂhalE&leﬁQ mmahnanomhﬂmlcation
ternlnal and a termnal that is c?nnecte

AP e A ct BHO1® CHE T ARErCeaP HOLRGHE, @

MpieRRian thesaisg, syst em construction is performed
based on a standard specification, a display, a

o iCtda], and%cgwmnqjswgtla@ @R¢§¢nhge@bﬂdmlen;§ur pagéough the
r%tl%%%l —acnda Q:eoner@rllicz p$]§§ l I C%E\' 00 %@l b% stem
consti t ]‘Fher e I¥

ore, em construc

armht@)ts{c@m n‘mtm(ﬂﬂa,nctﬁlé:aﬁabﬁmapedm@ﬂ Cbﬁ.ﬁ45hcé$.lon
descri bed above, according to the railway- train
c GRRaHAcAS W%ﬂﬁa‘featau§b‘?g%%ec‘ﬁPéégH?aéhBBdWﬁféﬁPUt 30

t he dlinh and, se6pnd gonvier eééséhaEthﬁBBE”BE‘r}E%@ also has a

si gnal conversion between t HDLC signal and t
Eshexgiet cqhﬁxyunaﬂrmhtraﬂmnamk$ gagnalitare ooﬂneeteasary

the, .switching hub t s connected. to the network
CSRERo 8 SIS LRt O b 5 HES BaRataHl P¥SCER ¢ ho
t ranamissi onpatte havi Nga v OMe 5h 0R8hmAHakLEY o8@BpRRratus of
secured and the certainty of data transm ssion can be

i FpeoPEEsri0sEIb ol inulgh the Faénwayssiannspeed of the
C%%E%@H@?'(yéglstered trademark) signal is 10 Mbps and the

transmission speed of the HDLC signal is 2.5 Mbps. In
accordance with the situation of the transmission path, the
transmission speed of the HDLC signal can be changed to be
larger or smaller than 2.5 Mbps.

[0049)] Moreover, in the railway-train communication
apparatus of the present embodiment, & fritting circuit is
used as a poor contact avoiding unit of the automatic
coupler. However, the fritting circuit is unnecessary when
constituting a communicaticon transmission path without
using the automatic coupler. In addition, even when the
automatic coupler is used, the fritting circuit is
unnecessary when the material of the automatic coupler has
excellent resistance to fritting and sufficient
transmission quality can be also secured by using an HDLC

signal of the changed speed.



5 apparatus according to the present enbodi nent has a
dual - system network controller, the railway-train
comuni cati on apparatus nay hazﬁ a single
configuration without a redundant system [0047]
According to the present enbodi nent, although the 10
rail way-train communi cati on apparatus has a
dubfPgysREN. ARPBEICABILAENWOrk, the railway-train

co Lcatio arat u have a single .
coﬂ@yggfatio%sm§55853ggé gg%ﬁﬁda e%ﬁ§?&%a%7$ﬁqﬁ%
cas@vmiecfodendeypbeeadhsoabasrding RY € he present invention
configuration. In this way, it is not necessar

15
t st $Helnbt dBr RN cHAVEBLEER ﬁ&@tai@uaqap@}é{eemry [ooi48] applied
I h ' z LN ' i tLu f, . the
resent b Ene PAGT Fand s dRn HIRA sy in
Etthrer hetv{regist eordutiadedenk s ysitgmal is 10 Mops and
the transm ssion speed of the HDLC signal is 2.5
Mops. In 20 accordance with the situation of the
transm ssion path, the transm ssion speed of the HDLC
signal can be changed to be Ilarger or snaller than
2.5 Mops. [0049] Moreover, in the railway-train
communi cation apparatus of the present enbodi nent, a
fritting circuit is 25 used as a poor contact
avoi ding unit of the autonmatic coupler. However, the
fritting circuit is unnecessary when constituting a
conmuni cation transm ssion path wi thout using the
automatic coupler. In addition, even when the
automatic coupler is used, the fritting circuit is 30
unnecessary when the material of the automatic coupler
has excellent resistance to fritting and sufficient
transm ssion quality can be al so secured by using an
HDLC signal of the changed speed. 21 | NDUSTRI AL
APPLI CABI LI TY [ 0050] As described above, the
railway-train
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communi cation apparatus according to the present
invention is useful as an invention that is capable
of being applied 5 to a transm ssion path having | ow
signal quality in a railway-tmpa n comruni cation
system 22 CLAIMS 1. A railway-train comunication
apparatus (20) that perforns transm ssion processes
of transmtting a first tra%%gi%%ion signal flow ng
through an inter-car network 6 1, TN2) constructed

bett.weern carislwefy-a il Vel da @éh foS£E80Es (20) that
transm ssion signal flow ng through an in-car network
( BT LU rUATET ISP e P ICe fe T 05, LY SRt Fiag -2 first

t read TN, i a t I sing 0
TS0 s (R PR 500 AP
c dfert NA)3ah)stand: te s dpandkersignad cbnverdeIwd{ B1le23in and

t hat areoqxq)rovi ded in the car an erforma signal

SVErSTSh il E e i hi ST NGO lprPn tn-car

conversi

betewsenr it heM)i nduranadSsimoedigngd and ddes, seeond i 1way-
transm ssion signal and a transm ssion speed 15

c 6P s iICORMUEHE a4 1oy PR It e hl 4032 ) c e iy bet ween
the first, o gRal;d on(\Q%rj er 2(13_12;')1)iDta}.’richc{jth}}c?(r]esecond

si gnal converter 31 ‘or “cofinecting first
si gnal conver tférst3Fibnadandornvee tsaecortd sli)gnald a second

converter (31- %); ggﬂ é(; a first controller (22-1,

23S EPHVE LS ectied 't FRah@ ey asi tidh fe)car and

apd rgenty @l $ilghans HossiedRs f Ahe o IWHBIrEAs NG Wdeqy

and the in-car network, wherein the first signal

cERVEREELOn3 Petyeeondict it frinegtsmitssdrgmissigiral and the
acent inter-car .25 netwo

onoaore, SEobKR et o AP a3 Enetipeion MR
t ranseirsioan angnal and out puts the second
transm ssion _signal to the layer 2 switch (32), and
converts thé %é&@ﬁdz switch (32) arranged between the first
signal converter (31-1) and the second signal converter
(31-2) for connecting the first signal converter (31-1) and
the second signal converter (31-2); and
a first controller (22-1, 22-2) that is connected to
the layer 2 switch (32) and controls transmissions of the
inter-car network and the in-car network, wherein
the first signal converter (31-1) converts the first
transmission signal received from an adjacent inter-car
network on a first side of the car into the second
transmission signal and outputs the second transmission
signal to the layer 2 switch (32), and converts the second
transmission signal received from the layer 2 switch (32)
into the first transmission signal and outputs the first
transmission signal to the adjacent inter-car network on
the first side, and

the second signal converter (31-2) converts the first

transmission signal received from an adjacent inter-car
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transm ssion signal received fromthe |ayer 2 switch

(32) into the first transm ssion signal and outputs

the first 30 transm ssion signal to the adjacent

inter-car network on the firsp3side, and the second

signal converter (31-2) converts the first

transm ssion signal received froman adjacent

| LRLGAr 23, neluork an 2 seaqnd side ol the cardnfo

t he "secon transm ssi-on signal and out puts e second

t tansrind Sisadn Siignall ted kertayer thesWdathd 32)anamicdssion
converts the second transm ssiqgn signal received from
tﬁ’églnéyleFOZ R tlé‘lﬁ’e(rsﬁ) sy 1t (3¢ f A"t YGHIRER S Sihgh second
SigBAknaad 1 QW RULH0NE ddiSed HRRSHSS 10 Y gnaly 1Qh (32)
the adjacent inter-car network on the second side. 2.
Theteaithgay-itsai i reosmisiscan elgagdaracusot20)ts Ihe first

a%cording t.o clainé#, wh%%fin Lhe secand transm ssion
sIEGRACTS SlaeRated A i the FIrer T PdhdH seifofis - work on
skgpakeandd isSdr.ansmtted to the inter-car network

(TN1, TN2). 3. The railway-train conmmunication

apparatus (20) 15 according to claim1, wherein the

forst apd seqepd.signa Leng 131 3L 20
i ncl ude at ?eastyfmo k%hggﬂ%§5buﬁ%é% wg ﬁ egg%%r( )
cenpensangngocacdiefifrelgnedere itr dhensesicon Spegtmission
between the first _transm ssion _signal and the second

Al sSPoRNS8PEPdALFY aRd [1Re kg KiTiae B e 1onal and
NBADEEH AR @ tBHOYLA@He) UBk cirl caltl QR wRfrka @@y eriNg

unit that converts the second transm ssion signa

into the first transm ssion signal. 25 4. The

rail wayetrain &Qg'—"d%iﬁ“ Fb{ng%&%r AU %é 2G0T G
to claim3, mﬁer inone o & TWo KN 9)oa'frabu férd]
menookdsnysta bilghm pri ehetyibuf fer menory (57) in
whi ch high-priority data is .
the first and second signal converters (31-1, 31-2)
include at least two kinds of buffer memories for
compensating a difference in transmission speed between the
first transmission signal and the second transmission
signal, and
the two kinds of buffer memories are provided just in
front of a converting unit that converts the second

transmission signal into the first transmission signal.

4. The railway-train communication apparatus (20)
according to claim 3, wherein

one of the two kinds of buffer memories is a high-
priority buffer memory (57) in which high-priority data is
accumulated, and

the other of the two kinds of buffer memories is a

low-priocrity buffer memory (58) in which low-priocrity data

is accumulated.
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accunul ated, and 30 the other of the two kinds of
buffer nenories is a lowpriority buffer nenory (58)
in which lowpriority data is accunulated. 24 5. The
railway-train conmuni cati on appdratus (20) according
to claim1, wherein each of the signal converters

i ncl udes a second controller (66) that nonitors a

flow ofp dqr St S S l.on signal, and the
seona b ey AT RARIENS 4R apBEE L0 f20)
t Reddrdiing ransitiesisa dn, sitgnedid o the first controller

via the Iagﬁg swtch.. 10 6. The rajlway-train
comunis a%b%r%t%&aj( VST i Y Y eRT e nsecond

wRemeidd1Ween @e)l aasdt ddpdtof 4 he Garse ithd hes ot

r
railway train are coupled via an automatic coupler
( FZanzml sgdcra s itgraadsmassl on path forming the
i nter-cgar t WOr TIN1, -TN2) .15 between the part, of
t he ca?tzlel %%cconscrrcu(oﬁtefdﬂblye%sﬁr g3 V%eselaeéwr?%t%%]rﬂ%cﬁes“t of
ofchiehe iauttomatanemiGiyiler (ibhal2he @achr fst heosieler via
converters (231-1, 31-2) includes a direct-current
voPEadéYsdpllyishg tG-cui t (68, 69) that applies a
predeterm ned direct-current voltage, and 20 the
second controller (66) controls the direct-current
v6l-t ag@happiayilmg veitrewint qcfBuni®attiorapppe tatars (20)
pr rrm ned di.rect-current .voltage to the electric
cgﬁ%tg?%?lgﬁ t%ﬁ)ecgﬁtlgh'ést'i rh@&?ﬁner. 25 7. The

rai | wayhthaiaft CeBERHNIaC ghiren FPRMAlLS ( 2Q) tRCGY NG, train
to claim®6, wherein an applying period of the
pPEfefeHRilREd Vdrr 8Bt adkrreft ovslovdder < 1det & medl a

CESaRtce iR BUOL! PULROGCERY i) ilvons (min, muo
cbatwaBcathenpappapdt the( 28ks is constructed by using an
electric contact of the automatic coupler (12, 27),

each of the signal converters (31-1, 31-2) includes a
direct-current voltage applying circuit (68, 69) that
applies a predetermined direct-current voltage, and

the second controller (66) controls the direct-current
voltage applying circuit (68, 69) to apply the
predetermined direct-current voltage to the electric

contact of the automatic coupler.

7. The railway-train communication apparatus (20)
according to claim 6, wherein an applying period of the
predetermined direct-current voltage is determined based on

the monitoring result of the first transmission signal.

8. The railway-train communication apparatus (20)
according to claim 5, wherein
the node device (21-1, 21-2) further includes

a first switch (33-1) arranged between one of a
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according to claimb5, wherein the node device (21-1,
21-2) further includes a first swtch (33-1) arranged
bet ween one of a 25 first transm ssion path
constituting the inter-car netawrk (TNl, TN2) and a
reception termnal of the first signal converter

(31 1), a second switch (33-2) arranged between one of

rs%e%gggstﬁggsghs$h%% %atht%%n%tltUtlgglkﬁ%r car network
|n er-car networ ( ransm SSI1 On

t ernipairnef the ae@eaépiu@mater@ammarh&rt&%lﬂansuasignal
third swtch §33 3) arranged between the other of the
f FPBVEEF8AsHPd5ildmn path and a transni ssion ternina

10 of the fbréécéhanéhl%gﬂVQ@%&Q (3} ge%f%@%ﬂéén one of a
switch (33-4) arranged between the ot he of the

seeonddttaasamsss@nnpaahhan@natn@@&pﬂ@otheQMUﬁﬂ a@fr network

th onverter .(31 a fir

TR SaNg) SpRl e ERRt S Sk o kB B ot 4 N Beond signal
t@gﬁsgk§§k0m3magm and the one of the second

transm ssi on ath, and a second bypass |ine (34-2)

t hat connectBsthhed srREFhof(38he)f prepNgeshFite'siesn the other

h d 0 : n ran h
R estR s e Db e, PRER A et fermina
aoffahétfdeEEcBuggamnbbnvbatedeuédPs)a fault of the

second contraqller (66 n he fault detectin

control 5. WReROREERS SHbeRr tiad )t RAroPRECS Cetmpen the other
CQBtEQé|§écéﬂéttk§ngﬂﬁsgﬁoﬁrﬁﬁﬁh afd %Wf@aggﬂidﬁ tlihinal of
first swtch (33-1) and the second switch (33-2) to

t heef fecondypagnali aenysstey dRd-gW-tching of the

third switch £33 §)F§§gs%2§}%%gﬁgg—ﬁwﬁE%gt(%%hﬁéck% the one

the second” bypass
of the first transmission path and the one of the second

transmission path, and
a second bypass line (34-2) that connects the

other of the first transmission path and the other of the
second transmission path,

each of the signal converters (31-1, 31-2) includes a
fault detecting unit that detects a fault of the second
contrecller (66), and

the fault detecting unit controls, when it is
determined that the second controller that is out of order,
switching of the first switch (33-1) and the second switch
(33-2) to the first bypass line (34-1) and switching of the
third switch (33-3) and the fourth switch (33-4) to the
second bypass line (34-2).

9. The railway-train communication apparatus (20)
according to claim 8, wherein the first switch (33-1) to

the fourth switch {33-4} are normally-on type relays.
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15

20

25

30

30 9. The railway-train comunication apparatus (20)
according to claim8, whergin thhe first switch (33-1)
to the fourth switch (33-4) are nornmally-on type

rel ays. 10, 26 10. The railwagetrain conmunication
apparatus (20) according to claim1, wherein the
layer 2 switch (32) is a switching hub. 5 11. The

r %‘o' Wa)fhter %Iaq l?u% aﬁ.?lt rllrmlJT)f %r Q:tluosn ( yara%c (jé(p )g

to claim™, "wher ransm ssi S|gna
aacl:lBh:emlggma»I ,clamh 1t,hem$ercainﬂ ttrreamerpaslznrsmmal 325 is a
an Et her net &Jegistered trademark) signal. 10 12. The

r SMFWEYLPa PN Pconmuni cat i on apparatus (20) accor di ng

to claim1l, wherein a transm ssion speed of the

Et hernet (registered trademark) signal is either one

ofl110 WbpsraddWﬁWGtwbp@ CQmEumﬂ¢aiﬂqﬁﬂﬁﬂﬂ&ﬁﬁﬁussﬁ%ﬁﬁ

of the HDLC SI 13. The railway-train
cOMTIAREas &) SéFbﬁus ?fﬁ) Maccording to claim i,

wher ei Rh20 fiiwe tneadendeMiseasofsitgrea dfs the Hde HdeiLe, and
(21-1, 21- 2) and two first controllers of %ype of the
first t&6nFREPPEr tErapspissiop %%Q@adrdﬁidﬁb G rsite

Oﬁrbgﬁs@%g%dd%¥bﬁ%ﬁa&%% %1 152) is connected to the
t Wwo 2

Irst controllers 22-2) and the other of
the 25 two devices is connected to the two first

copntrollers_s to.construct. a redundant dua

98t emtnEa Fa BT st adg EPRT PGS HRinT: ARG Srpr As
(20roracesr dong1komchal, myherwher ei n each of the signal
converters 30 (31-1, 31- 2) is assigned with at | east

a car ﬁuﬁﬁéﬁsgﬁgsaon speed of the Ethernet (registered
trademark] signal is either one of 10 Mbps and 100 Mbps,
and

a transmission speed of the HDLC signal is 2.5 Mbps.

13, The railway-train communication apparatus (20)
according to claim 1, wherein

two node devices of type of the node device (21-1, 21-
2) and two first controllers of type of the first
controller (22-1, 22-2) are provided, and

one of the node devices (21-1, 21-2) is connected to
the two first controllers (22-1, 22-2) and the other of the
two devices is connected to the two first controllers sc as

to construct a redundant dual system.

14. The railway-train communication apparatus (20)
according to claim 1, wherein each of the signal converters
(31-1, 31-2) is assigned with at least a car number and a
signal converter identification number as information for

recognizing a connection configuration of the railway train.
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signal converter identification nunber as information

for recognizing a connectjon configuration of the

railway train. 27 15. The railway-train comruni cation
apparatus (20) according to cbaim1, wherein each of

t he signal converters (31-1, 31-2) is assigned with
information indicating an end of the railway train as

i pf.or ion _f.qr recogni zing a 5 cqonnection

CORTT gUPSt Ear ISP YL RE o ISVRY YAy ot PRpgatus (20)

r ackwanihgaicd eQaunilGatineitcdppaaainiof 2Q)e wAicpdidthverters

to_claim_14, wherein a predetermined |P address is

séflfdr &lcénndét rE§igsicst etwded amatijgnstindicating an end
cart kel 2611392351y 22 2), ANAL LR Node devi b (Al a
21-2). 17. The“railway-train comuni cation apparat us

( 20hneatcondicng figuchdiimnl ©f wher eian liwey [tRaddr ess i s

set based on the car nunber, an identification nunber

of the node 15 device (21-1, 21-2), and an

izgegt | fheat-hanwayrhes iof cobgunfidatt sonrigpRldLernd 22-0b,
accérding to claim 14, wherein a predetermined IP address

is set for a connecting point between the first controller

(22-1, 22-2) and the node device (21-1, 21-2).

17. The railway-train communication apparatus (20)
according to claim 16, wherein the IP address is set based
on the car number, an identification number of the node
device (21-1, 21-2}), and an identification number of the

first controller (22-1, 22-2).



