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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 conmmunication 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 raj|way-train comrunication
apparatus that includes a %ﬁ? on control unit
that has a carrier sense nmultiple access type
interface, a switching hub that has a branch function
for a 15 trafedl&diYod Rpdith COYMMINT Gl EEh ARRRRATHS ches
of f input and output signals of the swtching hub.
The railway-train conmunication apparatus controls a
cmHUHNEcaLiﬁmEﬁmate in the up/down directions of the
t&ﬁnsn153|on pat h connecting or di sconnecting, the

PEhland FE@oé’ﬁiezq@§t26né’€ﬁlftll§’Ei‘r FElat e d T ohricc vy ~train

SE@E@ﬁnQEa%QEﬁ“QF%@EhQ%s QALLPITRN G LRIy 8 & | MBYI yay train
train (for exanple, see Patent Docunent 1). [0003]

Thedr Rrbwaylesr ai rovommigiatdvinof uaprdrat ws adirscllosgd-train
in Pat ent. gbcunent 1 uses the switching hub that 25
connect's “eomi FEBn apparatuses in one-to-one
CBHUHGROBNDoanethod to evade a fault and renoves a

master conmuni cati on apparatus to prevent ‘ ,
coRRbiA] cat i Shegopasncanveationsldy) &eerpp mad lway-train

SR P B AFTMELERL SR BRRIAS 2 0 o
Japahesé RatienthApphieati carrhiairdsepse Moltd@ls BEEEES type
Ph@g%§ %ﬁg,OF EQY%@EEEQ Eﬁ%B%EgETQaEEaS rg%%h?¥ﬁgi%10n for a
transmission path, and a switch that switches off input and
output 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 cemmunication 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 object of the railway-train communication
apparatus is to improve system reliability.

[0004] [Patent Document 1] Japanese Patent Application
Laid-open No. 2005-117373

DISCLOSURE OF INVENTION

PROBLEM TC 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 i;n a car or between cars
but not to signal 5 quality of the transm ssion path.
Therefore, there is concern whether transm ssion data

[ ly transmtted t cOo ni_cati on apparatuses jn
ot RBPSLars EPVRREer " G dforhHest drf b ec HatT Eeihon
dugpheathe diecaasedofin eatddmnNIHasanr fTeqmiyddfation is

transm ssion data. 10 [0006] The present invention has
b8eHSBckPePed il tyicdwa Gfr s iFRE Maghl ervs 2 ARV ke
oppaet ke jhnvention E;ett%ee‘?{ Q. de 1, 3ld ey téla%r{hl
conmuni cation apparatus that secures adaptability t
agtransm sdi ahepatranzanisig drowatdi.gndlheqpeeidney, arftere is

i nproves the certainty of data 15 transni ssi on. MEANS
FERSBE V1 NESBROBLERPPGBOTS 176 Sobie Jthe Heche Tagherh ted to

aRdminGnaehice¥a Lbearahkifel id IAHMAY-AXAIdY whether a
comruni cati on apparatus according to the present

i AYepeMdASpenf sPRECt PEESBIESSISoRYsSr deeddws igfcrpse of re-
t ptting acfir transm ssi S| | fl.ow ng
tﬁ?gﬁgﬁﬁéﬁggpn€e$9§§pc e?%bF%%%%ﬁgtfﬁggééﬁﬁé'meen cars
of 0806&i | wa¥het paiesecand iaveetdrth H=andEssiaahisawlin view
flgmﬁgg tErough an_ in-car network constructed in each

t hBScaPeveTREOPLEMPuaPltr 4 PRt Aattitsn 1nvention is to
2pPayabiEs i ReliUdes -2 ragde 2RndeMiCR idic 'agaceﬂa%t%sf |
signal converter and a second signal converter that
peeforasaagapbabidigyalt oc entersisor s sietweert it heviinrgstlow
transm ssion.signal, and the second transn ssio
ST URAT Land <4 P&y 8n s LBRrPIR T Snged BatVeer T e
ftrstspigpabnconverter and the second signal converter
30 for connectingﬁthe first signal converter and the

s¥EBNE FORgREFVEDRVERPBEEMand a first controller that
'fOﬁ@ﬁ?eCtego solve 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 perform a mutual signal conversion
between the first transmission signal and the second
transmission signal and a layer 2 switch 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 controller that is connected
to the layer 2 switch.

EFFECT OF THE INVENTION
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to the layer 2 switch. EFFECT OF THE | NVENTI ON 3

[ 0008] According to the railway-train communication
apparatus according to the present invention, the
first and the second signal converters that perform
mut ual signal conversion between the first

transm ssion signal and the 5 second transm ssion

' I ted to the | tch that |
UG AR R L e R ey AT bR iSat don

adpphabichist ¥ o raih@RMtss Yrapatdt hawidi i oW sidn@ rst and
gquality can be secured and the certainty of dat a

t FBRs FESSNen SéanaBe comyieaied s thagRIFET WHaaN sggnal
DB@MLQ@@ Egog%kwEthth%]fﬁr%t %fé%é%f@é%ﬁﬁﬂglgnal and the

ilTustrating a mati1 c configuration o
raebma¢ transmdestwni Gadnarl argﬂcannatﬂdd(ﬂb the layer 2
ai.n.conmmuni cation apparatuses according to

b, HhRL s RnBa R et Lona e dudat ES RN

arRePEO¥rdedt hEFbap2hihndty2 tics 2 tHAGAMsion path having
illTustrating a configuration and a connection node of

t hewr aibnay- auanlmtafoﬁﬁnnb@atsue@mlrealppaandattm@ asodradimy of data
prLhenPLEsent atoad! ThRlo LB 0. 31 Fig 3 i a
a

di ag ran1| ustr on |gurat|on 20 of a node
dBREEE cassRIPUTeN OF ORawIadGlsway-train communication

a us. [Fig. 4 Fig. 4.is a diggramillustrating a
@5&8?& hi &Fagchgr i nfile failfwdy HRgitarc dihnsiteatisw a

S%§B§ﬂht%€°@6gfﬁ uEQtEB% B&eéthlﬁwggd%q%ﬁh Al i%at ion

is a blfock diagramillustrating a
c@mstgmranlwhlGh aacéwagrtealn[Ep@mu&pcﬁtgonﬁappaxatuses

ggéggmhllgstratigg a géate ghg a frltkln CIFC%It
pFovPHed " ds 8 BoBFEEERERLE SUBPHRG Y Qe
auh o8Bt i6ncauvpl grotrgdaati vat ed.

[Fig. 2] Fig. 2 is a diagram illustrating a configuration
and a cconnection mede 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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30 [Fig. 7] Fig. 7 is a diagramin which a flow of a
packet for nonitoring the state of transm ssion path
is illustrated on the bl ock diagram corresponding to
Fig. 5. [Fig. 8 Fig. 8is a diagramillustrating a
connection 4 exanple for explaining connection state
and configuration information of a railway train.

[ Eig. Eig. 9 is.a.diagram.ill.ustrating car status ,

| RHAPRLE: CRTs siol A LB, R O e T 1A (e Gpation
Figforha8iohFbg. al@hifkiwgy (Qaiw.a diagramillustrating

a determ ning process of a connection node in a main
néfher k21 FEG9-19) ipi . didgirang idilggtaatiinasaratdtigus

a f n.LP.addr t in t . .
rgPF§£§?#?8?nsggnﬁhnF@§tF§§%f§¥§§§¥3ﬁ£§%gg#&%ﬁf%ﬁ?%rﬁ? Fig.
pBesent enbodinent. [Fig. 12] Fig. 12 is a diagramin

Lch a xanple of a communi catiqn path based on the . .
gghgp 504 ocsor s?_oi FPust PARET 38N 1t He SESRS GEr & it ermining
dp2gEa8LCOEr 8SBBAAERE ibA mblg: 18 alRaEXPEANGENS OF
LETTERS OR NUMERALS [0010] 10 railway train 11 car
gfbup- 1211 27F 40t obdit L6 sodpheramd iddiuswaptiingi @n example of
c [ ' a u 16, .82, 83 network X .
OB FERk s B B Tn SRt h 40V ar Ay CrarRmication
copwtancattondappatat yke plepede davodemeztnet work
cgntroligr 25 23, 24, 25 serial line 26 paralle
i hE£9f ab®) ci Fedi t 12285 opefaRPEANC bt WO Choard 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
le, B2, 83 network controller

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 line

51 Ethernet {registered trademark) transmitter/receiver

circuit
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31 converter 32 switching hub 30 33 bypass relay 34
bypass |line 51 Ethernet (registered trademark)
transmitter/receiver circuit 5 52 buffer nenory 53
HDLC transmtter/receiver circygt 55 pulse
transfornmer 56 Ethernet (registered tradenark)
controller 5 57, 58, 59 FIFOtype nenory 61 HDLC

csatro%lgé r62 RS- 422 transcei ver 63 pul se
ansf Sr'mer’ BF"C4Faci tor 10 66 microprocessor 67 WDT

(88t chHOOQ tirEREhni t68 ri/elea) 162 S\Wityednid0 i nduct ance
coil 15 BEST MODE(S) FOR CARRYI NG OUT THE | NVENTI ON

[BB11] PEXERpILARRSEREBGTmEnt s of a railway-train
: ; : Cot
cggmunieaLL-Aa taQE@'Eﬁtsg% r@eC grr%'d]%%ar_ ) g;:otngclr %’b:%

invention wll ‘be~explained belowi
refer 8Ace500 t heFIadeaypanyiemgprgr awi ngs. The present

i pyentj i's not limted to the enbodi nents
egglaihggcbgPB%FoﬁgﬁfZ] (Brief Description of
Rapl waystnapntGapauRiigatdi on System First, a brief

description of a railway-train conmunication system
i A3whi BAlP&I ERARSEPAM&IcomunNi cati on 25 apparat uses

agg prggbgggthll be explained. Fig. 1is a

66 microprocessor

c7 WDT (watch dog timer)

68 relay

69 switch

70 inductance coil

BEST MODE (S} FOR CARRYING QUT THE INVENTION

[C011] Exemplary embodiments of a railway-train
communication apparatus according to the present invention
will be explained below in detail with reference to the
accompanying drawings. The present invention is not
limited to the embodiments explained below.

f0012] (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 communication apparatuses according to a preferable
embodiment of the present invention are provided. In 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 ccupler
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diagramillustrating a schematic configuration of the
rai l way-train communi cati on systemin which the
railway- train communi cation apparatuses according to
a preferable enbodi nent of the present invention are
provided. In an 30 exanple illustrated in Fig. 1, a
railmay train 10 includes a car group 11-1

(Vrr1 BATBar e ot Nt Ltoh Usioruads 4R HeS, Failvay-

Thea@n gbm&l@@@l@@n %@ﬁa&@tﬁ%e%aqm oftherl rd @M -2) that
automati c coupler 6 Each car of the railway train

10°PREFA¥S LrailnRdydet Bain® o mAYiictat (radsappar sl es network
1%05%%o%l@gd§%4§%gttqgt nyg?ndSH%ﬁ% Q&1Ud H%Jygﬁzyay—

devi ce and a net contro
atfteist commtmdlclaenonﬂa@pramalma}e% 1tar @mmmmaﬁh@mars are

appar at uses rovided i.n the rs connected vi a
PR bR EERS g Rk e s oen et o et {ter—car
nﬁb%@bk&s(TNNllaBﬁdTNsz tﬁ%%ta%%éadm&ﬂaﬁﬁgyéﬂam (redundant—
(redundant - system netmork in the rallmay train

| AY&8EM | pRIveakhinc&hei gellddey &raim ddr. neItnAmddl(tGN)n. each
dhgieEﬁﬁﬁyhég%bcﬁyl%a'r”%%ﬁ;w%%r et c:};ifé_ebrvgevterfr&rpethe

n-car connecte nter- ca

nﬁhmrKSaﬁ:TNeiwamt TNH2Wweviea ,t kte Aet-wark neaniord | @N) is
0013] ngnflguratlon of Railway-train

oa REESHi 6R thspépéﬁas)?afsnﬂéwrké dé"rNFlg@Pé%uTé\h Znd’ia the

anepPRBeRt LoA+MRAeef 1@ railway-train communi cation
apparatus Wl be explained. Fig. 2 is a diagram

i [POsBEati ngCanfanfirgtiiani of &ead lwayctmadcet iCommupdeadgfion
a rallmgé-ﬁrain comuni cation apparatus according to
t%@p%r% At enmbodiment. In Fig. 2, arailway 20 train

conmunieati oA appahiatitstdBni B@l'dude%oaanw@.o%e‘!‘dcﬁé 3F a3
1 that constitutes one of a main series and a sub

Sé?%é§aﬁftrﬁlEuﬁpm@y§ﬂ€ﬁﬁlﬁnné@@a§é¢uéeWEﬂiZhﬁh@ﬁplalned-
CPRgLI HULES ! BeaqRhRet 1 9hskher Ny a5 ¥ahe T At 108! WOl
connection mode of a railway-train communication apparatus
according to the present embodiment. 1In 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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22-2 that are respectively connected to the node

devices 25 21-1 and 21-2. The railway-train

comuni cation apparatus 20 further includes therein

various types of interface cirgcuits/lines (seria

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 30 and

COFGA CaFed Wit 5156 e ety - Bither e HfpfPmpenents
adhaeentkkoohhe poeSEMt G GhMidran el ritter-car
contact point of the automatic coupler 27. The seri al

| PREWSL K| dTNaR ERCedNade EFardecHIRTE ALY 6 t WIhdde other

dﬁghﬁeStﬁE Eggigl QE%%rZ%a%nhpf%ﬁggﬁygiféf WM ace circuit
Both fines are conponents 'that takKe on a
cemumecat Lanef andt kor lafcutite tihrtte rt-rearsmire toper da t(Iksk lcontrol

and . TN-2) .as descri bed above. t he ot her . hand, the

P AP A ET o8 Sa R B SOTTRER | S TR B
agRidching 3RdozmaihieM bt RaliddrdnNsMilgreneriaii@hation of ATC
control information (a braking command, velocity

i REBEARELHA, trawnt epnsgolnf ooratihen cdthexr deordgatsiamal

iﬂﬁ?&?ﬁgkggnogoAgg.o%%%%%g%%i%o%&§%q %Qﬂﬁﬁfﬂﬁg.(”qﬁég% line
other navigation 1ntornmafion 1O an operation contro
beaddc28cuTheaecl coapdieand chmeuitt ke enCc@MReReniirsication

tgat takeC§E a. communi cation function of the in-car
n

FREFKCLCRF hEeddScrrpedeators. (Poops] R Tidgs above.
$EMD@@§ 21- #nandodl- de9hec3eparat eddf LA €3Ch LIN8ted from

e node device 21-1 is respectively connected fto
seathl othaes 23h¢ apde2devigrd2ilhé nedeecdeeictd va1-y2 dainected

1 i vel ial i 3- d .
250 FERTE YELRConEoLe LA 3otk LR R Rl 212 1o
usespabt HRCy sbgnabtéa tbr sbribangines o3-2 gl P4-®2. Data

be described below. On the other hand, the node
devpeedl 991 arePPEYPEEL 18] POIEORRFALCES €43 1U5E SnannwGDEC

CONEBLL 5 8EoDY. LA EAaTDhe 1802 L0CPRRER Ml beton.
dewi tes @flhandh&hd, neheonkdeonerdkker 2122 resessprctively
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
detection) method is used as a network interface between
the node devices 21 and the network controllers 22.

Heowever, 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 CS5MA/ACK (acknowledgment), CSMA/CA {collision avoidance),
CSMA/CD/ACK (collision detection/acknowledgment),
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Et hernet (registered trademark) signal (a second
transm ssion signal). [0015] In addition, the 10-BaseT
that is one connection 25 node of a CSMA/ CD (carrier
sense nultiple access/collisiom detection) nmethod is
used as a network interface between the node devices
21 and the network controllers 22. However, another

R S el AT Bt L et 4 gt edgment ),
a66es S5emIl/MNCCEN (dRired1an)s i htkndWRd @i P€ Therefore,

enpl oyed various types of carrier sense nultiple
a8c &49NREt REPS CPFEF tead cCommhnae thaxsk il deiyriesrd, However,

0y
Lisi ) i ACK .
CIMr ot avagianehs G A Sl <o
débec pireseministyst eac keamatueshg raen ta)d v a retrecy <CSMAY K ent

(naon-col.li,si on_acknow edgnent). Therefore, a sjgna
SSBPREIAiEY, 0 Badh HEEnGd AN BE TRl WAL Products,
aspaURLREnthRat bire ch@Bas®lld $1us8thg,t irk ish BB e€ of

to 5 the present system because an ‘advantage of

ek€ek| end sveéesgen ey edfeatd ey wdriildusatess of

C i al r . .an.ad t f sy. cahle . .
pﬁggﬁﬁg, angog%%g %énﬁggé%o%%%éﬁﬁsé%ﬁfﬁﬁ%ﬁaé%%?kﬁfansmlSSIOH
ebkeetenekieunivldez ed vilcB316G]1 Mareasey a idigral other than the

regsgnable éhat data transm ssion . 10 between the node
de8VfteSigtadan HO¥SHLighae SRS ItharalifFatpLco the
spgaakntHaYBY e abhe HRhGabs PIefter Akl (Qdt®1 because the

present syStemas a reliable data |ink control because
t HELCHBLL@ngilghak has advaadeget 4dett Matdad addtransfarsfamtrol

cQnt .o by bit_and _a strict error, cont b

(B0cPE Bl Rasiey Sttt e kAR o B oo (e oG e Endancy
(Enstkgurahi pa pkriRedacBevi ce) Next, a configuration

of the_ node device will be explained. Fig. 3 is a

di@ftam i || (sPratpRgaE1oBoRTE Jarst Pevise)the node
deV'CerQELugegoh@ibﬁgaEgth%¥ the node device will be

explained. Fig. 3 is a diagram 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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20 train comuni cation apparatus. In Fig. 3, the node
device 21 includes two converters 31 (31-1 and 31-2),
a switching hub (SWHUB) 32, four bypass relays 33
(33-1to 33-4), and two bypassg lines 34 (34-1 and
34-2). The switching hub 32 can use, for exanple, a
standard Ethernet (registered 25 tradenmark) |ayer 2 (a

Mor eover, the canver
ST ade; bt dkp sy (RSHBYAh o AR G2 LTt i ks
specthiyeatkonbe( bivikumeldyon: Signal conversion
(HDLC Et her net (regl stered trademark in layer 1

(physi ¢B) Paféeyen }éﬂ yo@@@@@||aﬂ¥ Veager) (2)
Net Ogﬁgﬁ 3
Sermg{%llnﬁgln?g? face: as$§ﬁﬁé ho& coupled(Ré-422

nmet hod (df DC-bias 9olvaektagedappl i cati on (however,

a tion bi as olta can be switched h)

o BbuS a1 PR PTRGES Zoyars . GAh (o et SRS
HRbEmb6215-MaPS)pe dLhREiRiaas r\éqlaty’i‘ge Byzﬁs\ing[ WOIrmaiiy-on

The bypass relays 33 can use, for “exanple
nbyRal F¢lam.t $pe mﬁ@ﬁanp@alneéwayksaﬁmﬂmum@ gonverter 31 are

n, t r he i nt.er-.car networ nd ,
RePRarver sp ¥ien BERE IC e BB B GRS A retay in
bhasmay tomee ab theusekayeidnihl ther Malawlini®S @ the other
illu trated in the drawing. On the other hand, when

{hetfloddnaByFRE BOAPS AGHLCS 20r dér OBt AlinGAEY. of FPnormal,
éﬂﬁ@r1ﬁ€érnggfnﬁg§w§E§scQQQeQBEHeEQeﬁh%ob¥%%5%§ﬂa%%§llnes 34

because the relay | oses a biasing force
Theratioeethdaralall dwsrg Bhboaghnphdorneer - Gaerefore, data

LIS, DUPS3BnL e e O R P B, the moae
pd@se@@ezgftbhﬁeby@aﬁgm&ekamsta3aanadbaeeaxp%%adIda%ice By
3éheap£ggégcgro%nggglgyggsghiegggg %%Vg%% %%ec%gpg%s lines
34, a fault or anomaly of the node device 21 can be
prevented from spreading to the entire of the railway-train
communication system in the train. In additicon, 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.
[00Z0] (Communication Protocol of the Present System)
Next, a communication protocol used in the railway-
train communication system will be explained with reference
to 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

10Base-T (layer 1) are also used for communication between
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prevented fromspreading to the entire of the
railway-train comunication systemin the train. In
addition, the bypass 20 relays 33 are controlled by a
fault detecting unit included jpn the node device 21.
More information about the fault detecting unit wll
be bel ow expl ai ned. [0020] (Communi cati on Protocol of

LEBa PRAERE TR, Ml 37 2 Fhithe SRR ore Byt e 190

bgeeﬁgbagned wth reference to Fig. 3 and F|g 4,
' is a dlagﬁanrlllustratlng a network hierarchy

Fi g.

iﬁgpﬁe Ir ai | Way Hheaiok hegmbgmico athi tae Iyt el e Hetdt i hg

t ent 0di.mg! ] t t gi red.

¢ FraaantT (TR ) o (Gl 15 ) St a2z
u5édyéor1¢oamunme&ﬁrd@rbetﬂmmmmﬂdat1dnﬁbunWeen the adjacent
controllers %CPLVC»KD 22 and the switchin q:hub 32
SFRIVEFIEGTE SECHer ndl CrEGts MOFEE t Bstenari8t AgRrin)Fia. 4,
apd ekEBagetT (khayekell@he At U8t file is encapsulated in
comruni cati on betmeen 10 the switching hub 32 and the
convePLer §r3mei.-n the node device 21. [0022] On the

0 and, [Eth rnet regi stered 1rade rk) a

LE2RprC 1By BF 3 o Y g R s S itnie based
ueedpﬁ:otoeommreeatrrcoly het eem stthe tadj aeemlgcom/erg Provided.
31. In other words, as illustrated in Fig. 4,

ECRBFREPTEr e§hEt éﬁé&wﬁﬂa&éﬁéﬁk)coﬂ%lr?éqastléﬂbaﬁjéﬁﬂ% &f the
| Bre@BnEDLfbuaNR ALl 0343 er&o&ﬁf 15 rerft communlcatlon in

conmuni cation environnent base on protoco
hae&ayehyuaperlthehrahednemmany o@mﬁ;q&ﬂmﬂaﬂﬂmPU/CNC). that

Ther fore the.rail way-trai muni cat.i on .syste

(RS B0 EEn: SonbShinabt a8t TPE A FRS SRR Yna can
coanyRkCcat yANcbAcad eha¥ebnURReh eheodﬂeeﬂradmaévlce in the
controllers (CPUCNC), that is to say, a |ayer not

| 885 eﬁanaadﬁeeﬂer@flayeﬁhgﬁdsweﬁex5qga9ﬂﬁ9ﬂﬂqﬁ¢ with the
cgggggggagyggewﬂth a connection device in the

f0024] (Configuraticon 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") &7, a
relay 68, a switch 69, and an inductance coil 70. The
Ethernet (registered trademark) transmitter/receiver
circuit 51 includes a pulse transformer 55 and an Ethernet
{registered trademark) controller 56. The buffer memory 52
includes FIFO-type memories 57 to 58. 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



car and a device of another system concatenated with
the present system [0024] (Configuration of
Converter) Next, a configuration of the converter wl|
be 20 explained. Fig. 5 is a hhock diagram
illustrating a configuration of the converter. In
Fig. 5, the converter 31 includes an Ethernet

( [ red trad r.k transmtter/receiver circuit
ST R ) 2 AFTR O T et i beverols each
Cicotichedd, oFf mhey IraeRssy 25 (MY Wit &7 wadehtsog an
timer (hereinafter, "WDT") 67, a relay 68, a swtch

69PCEAY L&A Ohd HECafdETERNOCRE SOthe © £t hgthetelay 68 is

( i r denay. NSt /v i Ver: + Gi redli
S%Q%ﬁglteﬁdg)g Eatﬁ’%ul se It%artnogfor rrertr 6?5 an anﬂé%ﬁ néé%J ts
(regitséred ttoadenmdnitnecbrtr ald exf Hohy Tree mdfay 68. The

memary . 52 30 ingludes FIFO-type nenorj 57 10 59. The
LR B RSB Pbdr /ecdl PP R £94 WA dEan HOLG
cqoobpall er 161 adan tRESMG 22 He ARIMr 68, Ul $frated in Fig.
transforners 63 (63-1 and 63-2), and capacitors 64

(B84hesapesdodlowing FUNGHIGSprocessor 66 is a second

CQ‘T‘LV@%)E%EI ;fﬁg%ﬁ%o%ﬁj@gio%ach conmponent of the

converter 3 nonitors an operation of the
m(&n opedegs pak féGentiee fuelcay o8 dfs messaEdeed by t he

m croprocessor 66. The switch 69 is 5 controlled to be
o oG B PR er b 7 Vi EPrGaL oM A it Rl Ler

7Q4h SFRLOY dedcoR 11é4 FURetlighe. [0025] In addition,
the converter 31 illustrated in Fig. 5 has the

f 6P) oRiragsmaRstconpathl ptepee thoridmgd Maurfatiaii oo ( 2)
T OB SBRE LU 0l oS00 ) o v
det ect Hagefinagtieen ¢hestr FNeWLIBNENWAANh L& &l lained.
n?gbggﬁlng Qggggboghange Function)

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 fcllows.

[0027] As described above, a 10Base-T cable (for example,
a twisted pair cable of category 5) is used for the

transmission ¢f the Ethernet (registered trademark) frame.
Therefore, a transmission signal has high guality. On the

other hand, because the transmission of the HDLC frame is

performed through the automatic coupler that connects the
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(6) Connection-node automatic recognition function 15
Herei nafter, these functions wll be expl ai ned.

[ 0026] (Speed Change Function) In Fig. 5 the HDLC
transmtter/receiver circuit 532 generates and decodes
a HDLC frame. Moreover, as described above, the HDLC
frame i s made by encapsul ati ng an Et hernet 20

(registered tradenn franme and the en sul ated
PR SH 8B, o R R, e e D ey s

(Hegkstieead betl_b&hderT&Tdi:) thianyadd®t,/ receisededidifdide is
51 generates and_decodes the Ethernet (regi stered
tPﬁééﬁﬁF‘ﬁ)ﬂ fr&fe 1&ndPreh &y s I‘@%Egsnaatn stﬁ?ed:‘{‘t‘f%fmél when

t Eﬁ@s%BB%VSl%%e'l%e'be%%o“i‘nfeW' o?d drﬁle % O > ZePistered

Mops and the sw tching hub
Mopsilendd ) r dasoe merﬂﬂmanﬂﬂ}alﬂ;anﬁpeed change is as

i, OO0 I M T

used fan the.36,t k&RS BuFTN nindie 2 hiey Netmemory that
(registered tradenark) frane. Therefore a

t PRASHDSS Polk TaNgRAISSHEs IsiRgledy diififiareras tarfe degitgbed above.
h@Hg Feggagﬁ?ougﬁmk %W'%%ﬂy{fy grﬁ 'ﬁ%mory 52

performe automati c cou at connects
t he #2memarygriaupsich hn@h&mnmmnntymuﬁaﬁsﬂmﬁtédnﬂata are
qual i des%rlb d bel ow. For, this

S aTge" < Do aho PR It FBCHO M e WD LBy 58 1s

tBeméﬁBY9rEﬁrw%lc“h@%w—b&%o%%& Pl iS tReY Tt tire
fromthe Ethernet (regiStered trademark) franme to

t ﬁecmu(tatednenlpthezsr]lt@Rélh@y FRESf-drvinee @ dmpyret ioh ofMoreover,
??g%aQ?EOL@HEEngran&h%9 %ff%rnpgp% 2whlé%'¥%cef§ed data

apsor m Ssi on spee erence

deger bbedmabaved. The EhEG tupe, n&ﬁ@hy-p&acczdngt Idau:tal ng
the buffer nennrg 52 10 is a nmenory in _which ,
hRGRYPEL8F PPy 1Pr ZRENFLEET teRea TGO Yacdurhfl SURETVAFOTY

thgrothsE i BaNdrehie tELECHLERE SIRIPLY 38 dohtrol 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] Moreover, 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 protocel 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



10

15

20

25

30

a menory in which [owpriority transmtted data are

accunul ated unlike with the FIFOtype nenory 57.

Moreover, the FIFO-type nmenory 59 is a nenory in

whi ch received data 15 are accuBul ated. In this case,

hi gh-priority data accunulated in the FIFOtype

menory 57 is supervisory information (Real tine use)

S i fault. On

RELsBsd AR sl Ry L i e e
FI[BEO30y pe nﬂm@by'E&HEEGﬁHHMnﬂdMHgiEﬂhdﬂﬁdﬁfﬁﬂlkﬂtomatlc
(Non-real tinme use) such as a past operating record.
6888 eKbr eover, the high-priority data accunul ated in

the FIIpQet %%%rn%%rt)écly dvd itdigp addad &y vl@llngoe fOIn1ained
exanpl e, (layer 4). On the other hand, the |ow 25
pWiLBHi mfeatealcgcd;@mm@t ed.i n filge M Fl@t%lrfélamm yilbgistrating

i's n tted b | far exal (layer_ 4
TRePEPLPe TENE @ Hainae T S e A g & POUE contact
canbmllhgr fupetGan det ehr Rextidiethighnagsl eandid ewnesSrated.

of priority based on a transm ssion protocol that is

us8g faihhingpet rciiér 1n93 udsfevdie MTIRRAC Iy ity the
t@@igg %@hmt%e%mtt%% %tgheﬁ;@l%t ngftﬁgﬂﬁc%%t]f affemartd o +24
contrdll'ef 56 may providé a fie ror 1dentifying

pK¥DOEr Etlyectﬁfcnlc examglee, Am @bd@tcat forfarferlaJTdLngjeitsertrri ngnprove

t he hi ess, a d LLowness, of orlt d on 13 £ th
oPPBF| EYRERFS: bt PO CRLEE: G AR Gy of the
(Egﬁbmgﬁmba@bu@!@kdln@hEU@&hH%ﬂﬂﬂ&mNBﬂNﬁﬂé(bodaﬁﬂﬂ‘ﬁﬁea of
The poor contact avoiding function will be explained 5

wthf petemahée ceupilgr Gnqreg'lse@ ias cordiagfr insistance of the
I LN a At |t

proyPaf s SouBlE RS Redraded Rkl ey 9f
atramamiesconpkegniad . acomvahedothﬁhehmmdt|hupans€nhﬁe oxide

[ udes the m croprocessor 66, the rela
Sgﬁlkeh 1§9depiE oV RguePEnEB S GO EAST ér?c‘?léty

automatic coupler is decreased by applying a +24 VDC

the

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 microprocesscr (MPU) 66.
Moreover, applying the +24 VDC voltage to the automatic
coupler is performed until a signal ocutput from an adjacent
converter is received and is then terminated after the
signal output from the adjacent converter is received.
However, a voltage applied to the automatic coupler is not
limited to +24 V. Because it would be good if 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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10 VDC el ectric source. An object of fritting is to

i nprove poor contact by an oxide filmon a contact
area of the automatic coupler. The oxide filmon the
contact area of the automaticjigoupler increases a
contact resistance of the automatic coupler and thus
degrades the quality of 15 transm ssion signal. On the

0 and, hecaus he  aoxi d fil.mis destroyed and
tﬁgsé&ﬂtact(?8§§§t§ﬁ%§c§ﬁnﬁh§un 'SPt i ¢ coupier is

decr eagpnd Byecapphyiri@ca i624 wWDC HeOld:@ge itred Reith reference
automatic _coupler, the degradation of the quality of

t FanEaBssPon $PgndRudan deé Sicidngy dBnqtd ahils Xealesed by the
appYk gikgguﬁéé YRC vl tc%%%etr‘%etrh%éam thOURAls, the

is performed by exciting the relay 68 and turning on
t henvewtech369chy teeecantitel oeh tfaelmi dnopreedssor The WDT

( 66. . Moreover, applying the +24 VDC vol tage taq .,
R Lo haebe e Oy e PR AT b me i e S0 Giration of
Qﬁhﬁuhiﬁigﬂkéﬁeggbﬁc%@t ZQOQOQ%Q&bQ%,i$ﬁk§§&ﬂ%§¢jﬁﬁﬁ‘circuit

is then termnated after the signal output fromthe
atijaeenputentbet BPT| §7r desievadne sHehearethea miginoggecessor 66

. . | . i ted
2836 aoghBE-2H' AR LOSUBLY pheloh, dudiet e
veliyage)i soad vohtage lbygwhhehbl/pea sexirdd afy 138 afoe tdemndkt the

automati c coupl er can be destroyed.in %ﬂpredetennined
apPFREAERBNNEEHEL K] £9; $hgnPyPRESeddary o (S8 &i9- 3) -

auBLEHREY., ¥9Ehagﬁehntﬁ%06ﬁ@%ﬁ%eowiE%em@dﬂvéyﬁ%ﬂﬁ3ﬂ'¥%
automatic coupler. 14 [0031l] (Fault Detecting
Fahuokoa) ., ThhepWegeht! Pubipuiten twel IFANETewglogiaded oniadt ivate

EF! GUE%Ry " PRE=TBt 67 ncTtdeliar R the gnybh & dficiuded

| pnother c¥prestetrhg15haanuekker -3bng¢an ndel el litt Sle®Wting
fault by itself. The WDOT 67 includes a tinmer circuit

ahEnFbAPRors the operation of the microprocessor 66.

F?@O§%?nple(Tf@ﬁQmﬁggiEhﬂEBtﬁi%%%EE Monitoring Function)

The present function will be explained with reference
to Fig. 7. Fig. 7 i1s 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
circult 53. For example, the microprocesscr 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
microprocesscr 66 is transmitted to the network contrecller
(CPU/CNC) 22 through the serial line such as RS232C. 1In
addition, monitoring information collected by the network
controller 22 can be displayed on an indicator or the like
of the operaticn control board 28 (see Fig. 2) via the in-

car network (CN},
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times out, the WDT 67 determ nes that the

m croprocessor 66 does not operate and outputs a
control signal (FAULT 10 signal) for controlling the
bypass relay 33 to connect theisinter-car network to
the bypass line 34 (see Fig. 3). Moreover, even when
the output of the converter 31 is ~abnormal, the VDT

IO, LT AL S L S B o

t he comyer pees@hthd@mnatseld wiant m&&ﬁmﬁecﬂmﬁa{ iNgference
function. [0032] (Transm ssion-path State Mnjitoring

FGRcEiEn) 8 tRe pReséft: f it &n 14 13 Qﬁﬁﬁﬁﬁﬂzﬁ%ﬁ%FWﬁ%qﬁng a
fSEﬁh%E%§ont% ah%lg o?’%x aafﬁfﬁdﬂéﬁﬂﬁgaﬂfbﬂwgﬁghéiand

ow of a pac itoring the state of
tr:an§nrgssa<bnopatlnflosmaltlllomstqfattém (malﬂhaybltma@rd-l agfiagmn 9 is
correspondi n In Fi

t . .
P PEABoRES S0 b8 Tt it Feth Shatks InAEmaYgRs S 0 the

f&@thb@lHBLﬁoa@aa_&mutstte:ra/tre%peunvemgcl reuUi tried, ad i a
packet that flows into the HDLC transm tter/receiver

291aprem £ 139strat iagampldet se ningr Airsesss it 66 gymection

0 e ng the state of an increnented
g@?aglaﬁu%bggg% BEQ¥QQ%ERC of an HDLC franme. A

nwﬂDBéﬂlng rEsuhntcly onheode Gudpmatass Redeiyrnition Function-
Eansn1 ted to th et.wor k %Ptr [ler (CPUCNC) 22
t AFGBGATERETLEN & A& C&hth Nedlerso32C,  1n 30

addi ti @R, 1H€ﬂ'ttl‘fr1|cﬁgl'o&f %b@%'tg%nc@ﬂ oGt & Redhte node in a
network controller 22 can be displayed on an

| AANoacsicarmeHe Euk@ma@ﬂCtﬁ@qggﬂyﬁqqmqﬂﬂﬂqﬁkﬂnkﬂkﬁkjbe
2%6é§?§? ng%% re%e&h% AT wor (%thtlon, the

Connacti 85 REGE RutSmiti% ecognltlo
Fudehtaf) ciheopr eseah fauuj@tclecm Wolde Hes eeplfidied Wit fa state
reference to Fig. 8 to Fig. 10. Fig. 8 _is a diagram
|WhﬁgFrBF?nﬁeﬁlcéénﬁéétF@ﬁnéﬁgﬁﬁlécfﬁﬁﬁ@XQPQQﬁ|ﬂ?d a power

coaneat-hen shat ﬁaﬁ\@‘iyf’ %‘H”B‘nﬂ‘i&%t 5@, tlgnf or mat i on of

the railway trfain.
[0035} First, the connectlon 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 twoe B-Cars are connhected 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-l device in the second car group are
connected to the sub network. FEach 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 of the second car group respectively have "2020" and
"2021".
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a diagramillustrating car status information set in
the connection node illustrated in Fig. 8. Fig. 10 is
a diagramillustrating a determ ning process of a
connection node in a nmain netywrk. 10 [0034]

(Connecti on-node Automatic Recognition Function-
Identification of Adjacent Node) An identification

0 iion of,_ an adjacent .node in _a connecti on-mnod
ORBE3EITT Phall, AR A S o0 Y S R ane an 10

r abepenceft echivgrt®r l(headdidafdsr,t e onverter ID number™)
identification of an adjacent node is perforned in a
sPit ETRABLEtHRE @o¢ deSedd NGorettdd (R teHRan cthistcent

apd;dePOWRL | kUl Red Rk RYIRING1 1Y Ofidle ;@lfres the car

[0035] First, the connection state and confi guration
i nhebrat rod ebniveeteai [MRayumbeim faon |ast ratretkiters within

Fig. 8 20 will .be explained.. ILn Fig. 8, first car
oFB5pSERRr FREQTRE AT JSEaRS SE1THE ST wo T SF R iar
apenBreal e rakdcagpgeenrd teRl iR tiMy rded-Palfl -ddr based on
conS|st|n%pof two cars of A-Car and B-Car are

céafactedlprtadc a8ngesiced befamev s -n il dHS-hd it vipta
B- t . )
ac%gé.c?éﬁeg’?gg% %@tﬁv%gﬁ’(?%'%n‘%%ﬁrlerzéﬂéqéﬁdﬁﬁodgg%s each ID

I'n the st car group an
deumberi.n the secopdecabegrase areecoaizrkciaach taf thee network

Maei n. ne rk reover, a de- 2 vice in the first
PGB hEn a8 TNGANE] haodr e o Y AR Tyt okl can be
ar8coganReat edatorhie 19b anet Worsk « FREr e faid eyt
has a car 30 nunber. For exanple, A-Car and B-Car of

t fenppesedcap agvodgviespect Mpgiepvigave bergi@e gmforded data

"1011Y apd. A- Car - r oaf .t eG car, grQu .

8 pener DeroRR, SR M o 2 s R TG P, O3 it
node Hevieeogxihadgehad ¢ahenuaberrard ani"Domuwreerpresent
of converter (hereinafter, "a converter |ID nunber"

L " (1} ) " "
b§2Er ARsRPPRPRGSENEOr eE8RYFRE VELGRAl < et wden Nafescentct "B
Car (2021)" of "Married Pair 2".

F0037] (Connection-mode Automatic Recognition Function-
Setting cof Car Status Information)

A setting operation of car status information in a
connection-mode automatic recognition function will be
explained with reference tc Fig. 9. After the connection
state and configuration 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 of 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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converters. Each network controller (CNC) acquires the
car 5 nunber and converter | D nunmber from four
converters within the sane car via an RS232C
interface. The network controllfer recogni zes the
connection state of car based on data collected as
descri bed above. In Fig. 8, data «collected by the

n IIer r

it ractiic ool et e el ST SR
CQDUBGUIer 82- Figave ,nearD3tandid B fiofnartniedn arhat tis
can _be recognized that the I1D3 and | D4 converters are

noP foeBakderedetd tas) tevilded Miredveril igetaided-  For

r @%9&19@@ data co9f bfeh(?c e £ WU I B3l haven—car
"2021, 2] 4" as D3, 5 can be recogni zed that "the

coAvaPY &r dops” nett blaefepra@s@mjaq%rt |rs>dﬁ3nhTéctteettrRa)ir side)
" converter D4" of _"Nod " of, "B- Ca (202 0
"kﬁrrle %afrcfr gﬁ@@?f]af %%%% i'on-houe ﬁuﬁoca gt the

Readgnift cam . Fumeiricorre rSetitn Ngicefe-Car o3t atm&:ar (2021) ", it
I nformation) 20 A setting operation of car status

i FEBr REt F6F°PR1&edc Shtdc BoRrheFedutGiftR | dntra-Pair side)
r %ogabt b%} t;%%' QR W R8£3R aidiRd e@emf@éﬁrﬁpe of

ter the connection state and
cﬁnheguaatnumbemf@ﬂﬂ@fl@mdo@ntmdjmmdnmayxxkaJWIntﬂnr

gn|25 % net k controller ( 8 Calny
£ 816/ PSS mF&‘Fn&ﬁ%’ﬁ’ coé’P Ctaet 9nt0e
ea@hv@@@@r 103) bifs "ewe RQGE nRIERar 1&11d1'car nun‘oer (2)
In an adjacent node in car group (lIntra-Pair side)

(490888 nunBiEpnpBrtesmvEcder Aubomatier Ressgilissr Bmction-
Dgee%% a%QOS éflgoﬁﬂg%%h%%)ﬂ%ggﬁde bet ween car

groups FAcers Pair-si nunber (b) Converter
I D nunﬁede@ammlnamhem @@etat&o@)of?a (@nrnenfdrorataate in a

(gggéi} Qﬁﬂékﬁ%h” tgec%%%églggﬁ 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 network {(main network) is
illustrated.

[0040] The determination of the connection mode is
performed according to the following steps.

{l) 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 of the connection mode generated at Step
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[0038] In Fig. 9, car status information that is
information related to (1) to (4) is illustrated. For
exanple, it can be recogni zed that "Node-1" of "A-Car
5 (1010)" does not have an adjagent node (Inter-Pair
side) Dbetween the car groups and thus is a node

| ocated at the end of car. Mreover, in "Node-2" of

"i-gg %22 1)", it can be recognized that an adjacent
d %F tfa-Pair side) in the car group is connected

t @3}t Rexeonveet eetlhbBZk @bntid1ithe @NC)Nweth20Ation
and an adj acent node (Inter Pai r - S|de) bet ween the car

gRBUPBYI SNeERnBEIEE "o anthd CadoMPBRR" [aglechito (e rear of
CapeN¥RORE g%%'aca[sQQP’%eGQ%%%&tﬂe%ﬂ ?ﬂ%orr@&%tﬂf using the

Recogni tion Function- termnation o nnecti on
MIOE) pibtAcdét enmthat bas ieperfattihen hefl da ceom g tiuon

mpde in a, detailed functiqn of a onne t|on de

AP OREPRE L OPoCOBHAEFN 8N CEo8N 2 (Lo Stk HEP v th
reherenes tar Etgtu%olnEBrﬁbﬁlo%oasaﬂ*ﬂﬂﬁﬂﬂﬂﬂé&lto all the
process of a connection node in a first inter-car

neeEPK K ( ﬁﬁnﬁrﬁéﬁmsk) CN§) 200 [thestimdead.caoudworde In
def Lm0 “8 H%r% %9'8%6%6%% 'I‘PF' HeS maR¥ L8 inter-
accordin Fomnn step First, a main
statlnat@arnalareamkcbgndeédrﬁsme@ and the node

nunber of the main station are set 25

d
nggggai?n Fgggé§5nﬁﬁelpwﬁ€ﬁrﬁ§§és are connected to a

mai n (RuRY, n@b"‘@ﬁ&re‘s’s isetphef ehabhe thRal adArdladmyene)
the node of the snallest node number anong t he nodes

c‘@mhécbedexplatxhedn&mh( selfpresgortk iFSgdetldr indediias 12.
stati rk contraol

LheThath Loari 9n295° Rt drinea anositp T oBRIRI sl 12

caddséatsus;yisﬁémr et tBe BYilwskyRg raidDRopiindeeltioN system

this time, car status information of a station at the

r 8EEPERARTsFAethS REBEANTOSTREOLBRNTOf Fadfrdife 1S 2 diagram
gl gRELKCaAT kBRpEANBECH QBARAS I8N LEE HAhaRP 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
controller (CNC).

[00421] As illustrated in Fig. 11, information required
for IP address is a car number (Car Number), a node number
(Node 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 "CNCi" and "0011" is set for
"CNC2". 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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18 1 (Step 2). (3) Next, the network controller (CNC
of the station having "node nunber" and "car nunber”
added to the rear of the frane broadcasts

predeterm ned information by usgng the 5 UDP pr ot ocol
on the basis of the held car status information
simlarly to Step 2 (Step 3 and Step 4). (4) Each car

S inforoation is transmtt tq all e __nhetwor .
cOAPESRI or o Thche Bl e triEa ol Rasde ol o 15
WY anahhk t€eaneebiromonedes dm e arai (1 g 'sup iyl bt "A-
car networks are recogni zed é[Step 5). [0041] (G ant

ofarp (AddPessyiRextNodep laddr dds t46ts G She NRESWRIPET

C : ) w M~ b (&) _| | i b rs : :
parbpagich nolicl R SRt e YRR e i
i Ebustr ahangtae exarph@mdfrawfl PCNE1dddrieSR-Oast ef@d20) " is

the,railway-train comunicatjon system, according to

{ he " pP SNt hEnEaPFER O e AT A 5t S A P and
apigxanpheoef +feCarMMNiigRlroRr Patfthased ordhehiselreason,
IP address is illustrated on the configuration diagram
cdPr adgsraisngoro triagsmg t ARG [thes rrgded amnimef dgta from

t w20 -addr esse f.qr, WNQde-, h 8rn2) e I g
RENET o AP e e 10h ) (N%%C) .%‘\%04 At (A via
i NNBHg-1¥1pecnhesmdtri anldredg rad ilflarstrRtaddries Fic. al2.

car _nunber (Car Nunber), a node nunber Node Nu r),
SRBORATT D ndrbSH eI Darie o aty SIRfoE Hiitte GRTroL 1z of cthe
| pEOR RLLER 1hheohRuAYIReN oS -3 deMd fd CALIRN NHR&Ich car,
for identifying the network controller (CNC). For ‘
erappkdetemmified. I1P1adH0@E6" iss sedt flogr & eNCrtegridiy point

"0011" is set for " rreqver,, t he._nade, nu g

B8 EHerhoRBEn CBFNGRT SORSEPIIEE FaEhEHE o dh S e
devhaectEar texampl entiet 3@ rFin@twhbkk." 0'A idesSated or

"Node- 1" and "1" is set for "Node- 2". According to

t REMPRBSEAT LeREANNBRt PeAITOR8EGh bvhéigimg the IP address.

For this reason, for example, if a general-purpose terminal
is 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 is connected to
an external network connected to the inter-car network.
Moreover, because system construction is performed based on
a standard specification, 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 signai
conversion between the HDLC signal and the Ethernet
(registered trademark) signal are connected to the

switching hub that 1s connected to the network controllers.
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address systemas illustrated in Fig. 11 is enpl oyed,
anot her | P address system can be enpl oyed. 19 [0043]
It is now considered that predeterm ned data is
transmtted from"CNC " of "B-€ar (1011)" to "CNC" of
"A- Car (2020)" via "Node-1". In this case,

node- nunber information of "CNC" of "A-Car (2020)"

L@N%?%%%%%QA; %rg%fgi%gﬂﬁgggpﬂ%mﬁgﬁ% q%ﬁgﬁ%ﬂggfoﬁﬁpath having
conreetigalmege liikhoomt N desrerdd GndGndefigintdy?)of data

of the main inter-car network. For this reason, |IP

a8dpBsSBipSH o £AENE LAY HIYEDr edet er mi ned data from
[1] @E I@ [1] Of [1] r 0 [1] [1] [1] f [1] - Ea l[. I( [1]
vi a il(6)]" I\bdg}%ogéijo#e% IIIISlqal estsr“ngsn icﬁ ustnrlat esoc%rh
Fegpat2atus[ 6@44rdimat Hics tienmeresdant eaddvdisgtamr khas a dual-

controller of the rail -train co ni cati.on ) )
DY F &I BB R G Cdadt e e %2 ety Hirh PN ication
adgpasstus 88k hakea aCNRRAN RGNFUIdiratiinee Igaah a
network controll er and each node device 15 connected

t 6efHedpAtesYE&E™et wor k. A desired conmunication can

b Rforme 1.ng.the.l P : this r

fipegx nplegcp¥r§§3 ng%bﬁpghF%%%%ﬁﬁgfﬁﬁﬁéafd%@?Qﬁﬁ%ﬁﬁbugh the
I nselweg-tmbdna coamant cparionofapder atwist dliang hileIofsystem
each node device, the._ inserted term.nal can

cORERT EALeNEGY RN NGt Fér L@MH A TarRP T W TA gD

tBabakatGeNREGt 8dvkOa an nlelRdls iRRlr Mo e Qinerdrd 4 0
the inter-car network. Myreover, because system
ctasupdentonyisseper f dnmsd ilsasedeon the srmiedalayice also has a

speghiLoathen 3 dishl av. 2 qoni tor, and o on peidd.ry
an~exi sting géneral-purpose protocal’” and "a genera
puhpesehappkiaatrikorotitole eGomsis taulde]l Bigstehor e,

cost for system construction and system mai nt enance
caf0p8! redi@e&he[@GAQFaK§t&@é@ﬂQﬁﬂ?Wﬂ%ﬁﬁﬁlQﬂxﬁﬂRﬁQﬁfus of

t enbhB babhwarmpbGEABAEOMIMA ¢3LAL i RNY AU MG he
present enbodi nent,

Ethernet {(registered 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 toc be
larger or smaller than 2.5 Mbps.

[0049] Moreover, in the railway-train communication
apparatus of the present embodiment, a fritting circuit is
used as a poor contact avoiding unit of the automatic
coupler. However, the fritting circuit is unnecessary when
constituting a communication 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.



30 the first and second converters that perform nutual
si gnal conversion between the HDLC signal and the

Et hernet (registered trademark) signal are connected
to the switching hub that is gonnected to the network
controllers. 20 Therefore, the adaptability to the
transm ssion path having |ow signal quality can be

S r.tai of data transm ssion can be
iE@?ggggiﬂ?oé%gfﬁiﬁbﬁ&ﬁgﬁ the railway-train
coonBnicati a8 YeappdbaldabaceQr diHg 0 e, aresant

enbodi nent has a dual - system network controller, the

r SPTRED LR AT GRREFEERS G Cofisidrattss thsy RRRASTH invention
sk ag fLgurat i u y

047, Retor gl ne 18 e or ot dbodiia S HRing, applicd
t he a1©raabmmaﬁibnapat@ommwdmgawamw3ﬂgnﬂknquﬁﬂmﬁyzin a
dual 5 s i nter-car, the railway-train
O EatFain SERAPREE LAy RAPE ST s\ ngl o
configuration without a redundant system In this
case, the node device also has a single

configuration. In this way, it is not necessary 15

that the network controller has a dual system [0048]
In the railway-train communi cati on apparatus of the
present enbodi nent, the transm ssion speed of the

Et hernet (registered trademark) signal 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
comuni cation transm ssion path w thout
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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

coupl er has excellent resistapge to fritting and

sufficient transm ssion quality can be al so secured

by using an HDLG signal of the changed speed. 21

| NDUSTRI AL APPLI CABI LI TY [OO?EAI descri bed above,

the railway-train comuni cati on apparatus accordi ng

t a.t he Apresamta vi-tvaNiln Qomruh iusafidn aford YENEhHN performs
that is capable of being applied 5 to a transm ssion )
p&FﬁnﬁgviSﬁgiOPowrﬂC&%ﬂesq@aﬂp iGRAT S t AT |ahafyl 1 i transmission
CQEMAN C &l oA ngY $HeBu gt arCLNIR Lo A & ddBY -8 fructed

comruni cation apparatus that perfornms transm ssion
phetessas cafr st rdnsimirEtilng va tiaist andarssressirgh tsampralssion

fl.owi ng t.hrough i nter-car. network constructed 5 .
bstindd EIRHEE IR A R e i detea in
t eaBBMHESEBR cSirgnalt Hel QWing iy augh Abrmntidda et dparatus

constructed in each of the cars, the railway-train
CcERMBALEAIEGN apparatus conprising: a node device

i ncludiing 40 it ;$igng; gonverter and a second
signal converter that performa nutual signa

conver si on bettween stikaafli rohvieraremass] en siagnad sirthal
t he secon ansm ssion signal, and a_layer 2 swt

d h
AP PARGEA “hetHeEnPERECFTY & MUtgadi GainadomARTieds iy Petueen

thReseceRd $irgRahiGaRwer kehnkhal antoMMRCdNRG I e fddstission
signal converter and the second signal converter; and

astonpad.cendrol ler that is connected to the |ayer 2

a layer 2 switch 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 controller that is connected to the layer 2
switch.
2. The railway-train communication apparatus according to
claim 1, wherein the second transmission signal is
encapsulated in the first transmission signal and is
transmitted to the inter~car network.
3. The railway-train communication apparatus according to
claim 1, wherein a transmission speed of the first
transmission signal is slower than that of the second
transmission signal.
4, The railway-train communication apparatus according to
claim 3, wherein the node device further includes at least
two kinds of buffer memories for compensating a difference
in the transmission speed between the first transmission
signal and the second transmission signal.

5. The railway-train communication apparatus according to



10

15

20

25

30

switch. 20 2. The railway-train conmunication
apparatus according to claiml1, wherein the second
transm ssion signal is encapsulated in the first
transm ssion signal and is transmtted to the
inter-car network. 3. The railway-train conmunication
apparatus according to 25 claim1l, wherein a

transm ssi on speed of t first transm ssion_signal . .
IR TRy Ra O Tnd Nebodiy MUTInGTH S G Memories s
saghalgh-4rithe thaidued hiind 60 MHIRCAEH O APRSF Bd Sty data
according to claim3, wherein the node device further

i A8l agesral Ategs ERE RS lafhddeoftwsufiiardsrenb et eor
coEReRsall na a qiclieanGe dyn dhited/ MEHB A AL TRESH 1ow-

between the first  transm’'ssi on 'signa e secon
t pansmisy oRtsl gmalaccumulllaeadai | way-train
aﬁnnunh%ation %pparatus according to 23 claim4, ,
er ei (16né& 30 YEHE R0 kiGRITEH Ul AR eds jaccqrding to

hi-gB4iRr hor it euff er menory in which high-priority

data is accunul ated and other of the two kinds of

buf f er caginefi &se $ignladwapnive tter ufrfardashe ysdgprnd
V"Qb?l@r'o??e% RELQT lmto¥llcli:%tr% 125 A% urg“g actheed'fi6rd'sth:e ansmission
rariway-trai n communication apparatus according to

ckagnal, wherein each of the signal converters

i ncludes a second contragller that nmonitors a flow of

the firSF SPERERT SSNEAOLLE TsitdmMSmidify & MOy result of
CORLr @k k-8t LLARSHILS i3 nMNighani Y esuld; Qf¢ 53}&1{dh1r615ér via

transm ssion signal to thefirst controller via
| aher 12yewi €ckhwiZchThe rail way-trai n conmuni cati on

?QparagHs acc r%iggrto %% chJgékzmmerein wﬂgp a%@rdin o
east a 'paftol'?¥h& Eafs TR HE “a T wdy Y & W oare g
coupiRdeyi @anareaut opBh &tCQWRlser saRthr®d of the cars in the
railway train are coupled via an automatic coupler and a
transmission path forming the inter-car network between the
part of the cars is constructed by using an electric
contact of the automatic coupler,

each of the signal converters includes a DC voltage
applying circuit that applies a predetermined DC voltage,
and

the second controller controls the DC voltage applying
circuit to apply the predetermined DC voltage to the
electric contact of the automatic coupler.
8. The railway-train communication apparatus according to
claim 7, wherein an applying period of the predetermined DC
voltage is determined based on the monitoring result of the
first transmission signal.
9. The railway-train communication apparatus according to
claim 6, wherein

the node device further includes

a first switch arranged between one of a first
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transm ssion path formng the inter-car network
between the part of the cars is constructed by using
an electric contact of the automatic coupler, 20 each
of the signal converters incluges a DC voltage
applying circuit that applies a predeterm ned DC

vol tage, and the second controller controls the DC

vol t age.applyin circuit. .tq.apply the predeterm.ned
reroBRfgetes BRers it ta  mhn AR T Sultnins and @
cedpkptiod. tERainaill Wway thiedifil MBI reAl | vhappaF At us
according to claim?7, wherein an applying period of

t he predet eﬁmsﬁéé’nﬁcs“\}&ﬁha@éfliaélg&é{)éiéﬁﬁw psePor second

tE?aﬂgﬁﬁggﬁbﬁgg%%%uEbn%&ﬂﬁﬁ%iﬁg'Eﬂetfﬁggynégﬁ(Hétwork and a
signal. 30 9. The railway-train conmuni cation
appanatassaccortermjnad ofl dihm 6eosmet eiigrtdle godeerter,

devi ce further . include first swtch arranged

bet ween one SoFNATF FERTER RSt e Fhies of the
censbit Ur-bAgmiBe oAt Satealhnde tWeire i 11 L@l of the
termnal of the first signal converter, a second

sHiiLER &iPAA4eEOPTFERESK one of a second transm ssion
pat h consti tuti he_ . r- t
Y %bﬂgth %w1?%$hé%¥é%%%?€$%ha ql%tﬁ%r of the

transm ssion termnal o e sec converter,
asthond swehshiasiangedthettnelern otcheptdfort herrfinslt of the
transm ssi,on @ath and a transm ssion term nal of the

f PPEPNE; §RaradoRPBMEELEETa fourth switch arranged

bet ween ot hgr @t stheyph@sSeqeRd thixdNHIrSHAE RHN A of the
a reception termnal "of the second signal converter,

afirpst tbppaméshiine rhsh eodnaédies onise cdndhef senend
f{gggs&gggingEiﬁﬁ path and the one of the second
R path, ‘and

transmssio
a second bypass line that connects the cther of

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

each of the signal converters includes a fault
detecting unit that detects a fault of the second
controller, and

the fault detecting unit controls, when it is
determined that the second controller is out of order, to
switching the first switch and the second switch to the
first bypass line and switching the third switch and the
fourth switch to the second bypass line.
10. The railway-train communication apparatus according to
claim 1, wherein the first switch to the fourth switch are
normally-on type relays.
11. The railway-train communication apparatus according to
claim 1, wherein the layer 2 switch is a switching hub.
12. The railway-train communication apparatus according to
claim 1, wherein

the first transmission signal is an HDLC signal, and
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15 a second bypass line that connects the other of

the first transm ssion path and the other of the

second transm ssion path, each of the signa

converters includes a fault dggecting unit that

detects a fault of the second 20 controller, and the

fault detecting unit controls, when it is determ ned

t hat t%geseco%ddp%Q%%%ILer.is Qut oﬁ_aggeniIﬁq% rnet

swi t chitR§ ©heFCr S 3ERTHSES 1T SR e dohd v T 19

t heegfistet cly passiehians)ard gsmilt.ching the third swtch

and the 25 fourth switch to the second bypass |ine. .

163 - ThéPrairPia et &ind 1o GAuREGadn Ap iR iRt us according to
ag¢Qhifi Ag,t Qnetlediym 1, wherein the first switch to the
fourth smﬁtcﬁ are normally-on type relays. 11. The

rai | wag- transmdesiom cgteieoh ofp frdreatilisheauedr df meg st e130d
claiml erein the layer 2 switchis a swtching
hEE?g%§?r¥EeSF§P9&aﬁ§tﬁﬁiwqgﬁﬁnﬁﬂ ation apparat us

accor dang rkhe smé lsalinl spaker &M te Hllsts iigraisn$ st o Mops .
signal is an HDLC signal, and 25 the second _

t tAnsniT88i &8 13Wgalt ried na s oRryEsett Jore girnagiadgls according to

t Ladepmrk)  §i . 13. The railway-train conmmunication
appgratgé ggggggkng to claim12, wherein 5 a

transntesi andepeediakest be Etfper ret tlreegicslcerdedrice and two
trademark) signal is 10 Mops, and a transmn ssiaon speed X

of *tfik E@?}érgg&ﬁéls PL 2YBeVEs the £1rffe QAN RRly % Rrovided,
CQRRUNi cation apparatus according to claim1, wherein

10 two node devices of type of the node device and two

first coatpdl tbesneflet Peaickst He fdomgedmat el tdree two first

pESX%QS?lergngnd other of the two node devices is connected
to the two first contreollers to construct a redundant dual
system.

15. The railway-train communication apparatus according to
claim 1, wherein each of the signal converters is assigned
with at least a car number and a signal converter ID number
as information for recognizing a connection configuration
of the railway train.

16. The railway-train communication apparatus according to
claim 1, wherein each of the signal converters is assigned
with information indicating an end of the railway train as
information for recognizing a connection configuration of
the railway train.

17. The rallway-train communication apparatus according to
claim 15, wherein a predetermined IP address is set for a
connecting point between the first controller and the node
device.

18. The railway-train communication apparatus according to
claim 17, wherein the IP address is set based on the car

number, an identification number of the node device, and an
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one of the node devices is connected to the two first
controllers and other of the two node devices is
connected 15 to the two first controllers to
construct a redundant dual sysgem 15. The

rail way-train communi cati on apparatus according to
claim1, wherein each of the signal converters is

as wi.t.h at ast r nber and a na
OB s Ry & e R o or R BESER 21 ng
a connection conflguratlon of the railway train. 16.
The railway-train conmuni cati on apparatus according to
claim1, wherein each of the signal converters is
assigned wth information indicating an end of the
railway train as 25 information for recognizing a
connection configuration of the railway train. 17.
The railway-train comuni cati on apparatus according to
claim15, wherein a predetermned |IP address is set
for a connecting point between the first controller
and the node 30 device. 18. The railway-train
comuni cati on apparatus according to claim 17,
wherein the I P address is set based on the car

nunber, an identification nunber of the node device,
and an 26 identification nunber of the first
controller. 5 10 15 20 25 30



