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TECHNI CAL FI ELD The present invention relates to a conmmunication
system configured froma comruni cati on network which connects data
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The present invention reiates to a communication sjstem'
configuréd from a-communicétion network which connects data
generating sources and §até receivers tg,data processing
centers charged with the centralized control of these various
devices when the data generating sources or data receivers are

arranged in a straight line or a loop.

BACKGROUND ART

Typical éxamples of communication systems cdmprising data
generating sources arranged in a. straight lihe or a loop,
these data generating sources being connected vié transmission
paths to data processing centers that centrally control these
devices are railroad management systems, road management
systems, sewerage manageﬁent systemg, airport management
systems, river management systems and subway management
systems;

In a railroad management system, a control center exists
within an administrative territory, monitoring cameras and
train detection sensors aré positioned along the railwéy
within the administrative territory, and infOrmatioﬁ from
these cameras and sensors is collected at the control center.
Signal devices and other means of communicating control

information to trains are also positioned along the railway.




systens. In.a railroad managenent system a control center exists
within an admnistrative territory, nonitoring cameras and train detection
sensors are positioned along the railway wthin the adm nistrative
territory, and information from these caneras and sensors is collected at
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collected at the control center, where various® judgenents are nade using
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question, and then based on the results of these judgenents, the operation
of the fidmi€ie i 8dMPALEELheEvandeRiritoriaiin\QueBiFE MM RIRGEBERSq are

i npl enented using signal devices and such. As can be gl eaned from
thi s exaiptite ofesults| 66athesenggdgenentyst ahe Wpdrdtdiion tomectas
communi cation system information has been coll ected via comrunication

| i nes tomadmstisgecdatroddedr andngtbenr ced lvayt managemesit peraaydwres
are implemented using signal devices and such.

As can be gleaned from this example of a railroad
management system, with this type of communication system,
information has been collected via communication lines
connecting data generating sources to the control center on a
one-to-one basis, and control of sigﬁal device displays has
been implemented via communication lines running from the
control center on a one-to-ene basis. _However, developments
aimed at practicalizing asynchronous transfer mode (ATM)
switching systems have made rapid progress recently, and by
applying this ATM technology to communication systems such as
the one described above, it has become possible fo construct
flexible systems thet make the most of the advantages offered
by ATM.

Fig. 13 outlihes the system configuration achieved by
applying ATM technology to the various management systems
described above, and more particularly, what happens when a
fault occurs. This system is configured with a plurality of
distributed switching components (92), which are connected to
a center switching component (91) via transmission lines (93).
If a fault (95) similar to the one indicated by the.X in the

figure were to occur in this system today, switching



onert 0-one basis, and control of signal device displays has been

I npl emented via conmunication lines running fromthe control center on a
one-to-one basis. However, devel opnents ained at practicalizing
asynchronous transfer node (ATM:- sw tching systens have nmade rapid
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and nore p en a fault occurs. This systemis

confi guiRA Mt Arnditatdd Vi@ thdl éig?ﬁﬁyt@f' £Mé t @btBedcorranents (92),
whi ch are connected to a center swi tching conmponent (91) via transm ssion

lines (93). THisa f0uls gSS8ibiei for 4osyseemneithdihat abobp-ciided in the
figure were to occur in this systemtoday, swtching
2 . configuration to use loopback to maintain communications when
" a fault occurs, but when this communication sysfem was applied
to an actual railroad management system, the below-described
problems arose. A railroad management system could be
configured as shown in Fig. (14), comprising switching
components (92-1 -~ 92-5) distributed along both sides of the
railway (rail 106), a control center-based'center.switching
component (91) that'controls each of'the switching components
"(92-1 - 92-5), this center switchinglcomponent (91) being
connected to each of the switching components.(92—1”92-5) via
1oop-shaped-transmi$sion paths (93). Each of.the switching
components (92-1 - 92-5) ié then equipped with input/output
ports (94), with local communidation terminals equivalént to
the above-déscribed'monitoring cameras, train detection
sensors and/or signal devices being supported via these
input/output ports (94).

However, with fhis cohfiguration,-when an earthquake or
some other disaster strikes and severs the railway, faults do
not.occur only in one place as ihdicated by the fault (95)
shown in Fig. 13, but generally involve faults wﬁerein the
above-described loop is simultaneously cut in two locations

opposite one another as with the fault (101) indicated in Fig.

(14). When a situation of this sort occurs, switching
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conponents (92-2 and 92-3) adjacent to the fault point (95) would each
execut e | oopback, thereby making it possible for the systemto

aut ononously recover communi cation functions via the route indicated in
the figure by the dotted line. Thus, it is possible for a systemwth

e figure by the dotted Ii: | Si bl yste
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conponeihp] hénthiag €adt nebpbaekh deakcrideaabobe)dbaeneaieehing 92-1 -
92-5), this center switching conponent (91) being connected to each of the

sw t chi aompongnssn( 92¢42ahideO2}-5)- on the othep- sidpedwhiehser®si on pat hs
(93). Each of the switching conponents (92-1 - 92-5) is then equipped with
i nput / ccoppietedyt sut9okf hyt thieobaleaksminnitbet transeissiahs padhisval ent to
t he above-descri bed nonitoring caneras, train detection sensors and/or

si gnal 023} cearecungbdeppor regoves compunicagionofupgtiposts (94).

However, with this configuration, when an earthquake or sone other

di saster strIRgteadqofcpositipping swifching comggnents (92) in a

loop along both incoming and outgoing railway lines (100), one
possible method for configuring a system that overcomes this
problem would be to construct loop-shaped networks for each

| railway line so that earthquake-caused faults would be limited
to a single location. However, when loop-shaped networks have
been constructed along'railways, in some areas these loops
have extended for several hundred kilometers, and have limited
the response'capabilities of conventibnal systems with only a
single center switching component (91), fesulting in a network
that d4did not really possess_tﬁe flexibiiity needed by al
railroad management system. . _

Thus, with the conventional system described above,
communicatioh fuﬁctions could be recovered autonomously by
looping back to the center switching component from the
switching componehts adjacent to. the point where a fault
occurred, but the fact that the basic configuration called for-
a plurality of distributed switching components to Be
controlled by a single center switching component ﬁas a
problem in that the pattern of the generated fault often

resulted in one of the loopback transmission paths to the
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not occur only in.one place as indicated by the fault (95) shown in Fig.
13, but generally involve faults wherein the above-described loop is

sinmul taneously cut in two |ocations opposite one another as with the fault
(101) indicated in Fig. (14). Wen a situation of this sort occurs,

SW t chi . . onponents (92-1,
92-2 an 595;) s‘(':’(j)'ﬁﬁlé%f‘ dd °t°8‘Pt°ﬁ‘§ nécerﬁeelrng sjvﬁﬁ%.t h?%gd%%?ﬁ)]gk?]%%t&fgﬁ?’ Vi a
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connuni%% ?gﬁgf%ng?%gésbﬁf% F%blenenlﬁ%b e g%%%%%?ﬁgéggribed above, bgt

SW t chi 88mmERILE8EBHS Fudetdonad 92-5) on the other side, which are
completely cut off by the breaks in the transm ssion paths (93), are

unabl e to reFG¥€he2)MEdhceR NIty HHE idES .of the 1dwpsck Ofr®RsShis80bAI
swi t ching conponents (92) in a |oop along both incom ng and out goi ng

rai | wvaypathesléafihg toe theosentexr ratitrhing cengorpnt notld sysarnbéhat
overcones this problemwould be to construct | oop-shaped networks for each
rai | wvaydéaht withhio eacerdadite degresl Hnutedesigningethe ayout of

"the switching components, such as constructing a loop-shaped
railway network, but the current practice of having only ohe
center switching compohent limits the capabilities.of a loop-
shaped network that extends for several hundred kilometers,
and this is a problem for railroad and other management
systems in that the network lacks the flexibility to deai with
changes. '

An object of the preseﬁt invention is to provide a
éommunication system that is capable of doing away with the
above-described problems, ensuring autonomous recovery of
‘communication functions ﬁheﬁ faults occur, and enabling the
construcfion of a highly flexible network with regard to

various management and control requirements.

DISCLOSURE OF THE INVENTION

The.present inﬁention comprises a plurality of node
dévices distributed in a plurality of locations, one or a
plurality of local communication terminals donnected to each
of the node devices, a plurality of center devices thaf
control the node devices and local communication terminals,
and facing communication path means that serially connect the

node devices with the center devices, characterized in that



to'a singl e | ocation. However, when | oop-shaped networks have been
constructed along railways, in sone areas these |oops have extended for
several hundred kiloneters, and have limted the response capabilities of
conventional systens with only a single center sw tching conponent (91),
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the basic c iguration called for a plurality of distributed swtching

CONPONELE B14 o Pedat@NEr6h! €He DoRmEhAgheioANpathsiebals, Nnextaamnent was a
problemin that the pattern of the generated fault often resulted in one

of the sompharck davaseremi theppebaivedt bells of data addressed to

4 center swi tching conponent being | ost as descri bed above,
local communication terminals connected to the node devices
and output this data to the'pertinent local cqmmunication
terminals, and transmit to the center devices via the
communication path means cells of data from the local
communication terminals connected to the node devices.

Ideally, the preseht invention is characterized iﬁ that
fhe communication path means connects.the node devices with
the center devices linearly, and at least two of the plurality
of center devices are positioned aé either end of the
pertinent linear communicafion path méansf

Further, the communication path means connects the node
devices and center devices in a loop.

Furtper, the center devices are interconnected via local
communication means, and COﬁprise the means for t:ansmitting
and receiving system cdnfiguration control iﬁformation via the
communication path means and local communication means, and
for changing the scope of control of the node devices and
locallcommunication terminals.

Further, the center devides ére interconnected via local
communication means, and, when a fault occurs in a segment of
the communication paths meéns, comprise the means for

transmitting and receiving fault point information and system

configuration control information via the local communication

6



dealing a fatal blow to the autononous recovery of communication

functi ons. Further, concerning the | oss of the |l-oopback transm ssion
paths leading to the center switching conponent, this can be dealt with to
a certain degree by redesigning the layout of the swtching conponents,

;g;gt ﬁgneecons”%w& c+8RBF8IAPEY nbBL iasgweﬁét BHL LhEpTH! k8"

‘having onl y one —cen SMAt nponent
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klloneters and this is a problemfor railroad and ot her nmanagenent

syst eniHd) ddipérdlcofchnbtkeragkatbbedbleuebi ity to deal with changes.:
An object of the present invention is to provide a conmunication system

that is capahetlérgothg pregentt invbatiehoye- dharachbedipedbliamthadnsuri ng
aut ononmous recovery of comuni-cation functions when faults occur, and
enabl i ng: tdomprbsesrmeansnfot debeghlingf tbei bbeunzencekofi ahfeeddr dnx o
vari ous nmanagenent and control requirenents.

Dl SCLOsURedgierTtitof \VE&ITECGhnunicatins pa&bemeahﬁ_veﬁor'oﬁnﬁenppmegtd-ng
plurality of node devices distributed in a plurality of |ocatiaons, one or
a plurcsnter olevbees vdanlacedt commupigpiirs @eﬁﬁéctéart grepsmitting

and receiving fault point informatlon and system configuration
control information via the local communication means, and for
transferring node devices that are unable to communicate with
a certain center device due to the fault to the control of
another center device. =

| Further, the denter devipes are interconnected via local
communication means, and, when a fault occurs in a segmént of
the communiqation paths means, comprise the means for
transmitting and receiving fault point information and system
qonfiguration control information via communication path means
or local commuhication means thaf were rerouted around the
fault, and for transferring node devices that are unable to

" communicate with a certain center device due to the fault to
the control of another center device.

.Further, the present invention is characterized in that
it compriées means for detecting the occurrence.of a fault in
a segment of the communication path means, for interconnecting
center devices via iocal communication means, for transmitting
and receiving fault point information and system configuration
control information via the communication path means or local

communication means that were rerouted around the fault, and



of .the node devices, a plurality of center devices that control the node
devi ces and |l ocal communication termnals, and facing comrunication path
means that serially connect the node devices with the center devi ces,
characterized in that ' 5 t he
center VI es Jansm cel ni catlgnﬂ erm nal s

under tRelr “EORYY rr&s"%d‘?‘%% g%%‘ﬁ%%%i %lg?{: ﬂr%a’t“ﬂawe n © SRE™MPRECALEe

devi ces eigVv égg? S8 r t t t :
extract w&‘i‘: evg: at aeéfélgtn% he rggéel%n% gﬁlﬁﬁgn?&éf?a{:gd %sgggg?gi | ocal
connunlggtbggﬁﬁgyndgﬂ@éfxﬁgvgégd to the node devices and output this data
to the pertinent |ocal communication termnals, and transmt to the center

devi ces via mtwsaéémﬂaaévMSsﬁe&gyO_Ehélaiacéwaht 8¢ tneal
conmuni cation termnals connected to the node devi ces. | deal ly, the

present fanlenbazed orchEdult ateXYPs ¢ontdibhingt péreDnenti Aédeodepats neans
connects the node devices with the center devices I|nearJy and at | east
two of ﬂhéopm@tﬂqnysent from the node devices.

Further, the node devices comprise means for defecting
faults from the interruption of cell transmissions from center
devices or upstream node devices, and is further characterized
in that, when detects a. fault, a node device transmits to
center devices or downstream node devices via specified
virtual channels fault cells'containing information peculiar
to itself. |

Further, the.node devices comprise means for constantly
transmitting to downstream node devices at fixed intervals
fault mbnitoring cells containing informatioﬂ peculiar to

- themselves and for detecting faults from the interruption of
cell transmissions from upstream node devices, and is further
characterized in thaf; whén detects a fault, it transmits to
center devices or downstream.node devices via specified
virtual channels fault éells containing information peculiar
to itself.

Further, the node devices constantly transmit to the
center devices at fixed intervals fault monitoring cells

| containing information peculiar to themselves, and is further
characterized in that the center devices specify the location-
of faults from the interruption of transmissions of the fau;t

monitoring cells from the node devices.



of " center devices are positioned at either end of the pertinent |inear

comuni cation path nmeans. Further, the communication path neans
connects the node devices and center devices in a | oop. Furt her,
the center devices are interconnected via |ocal comuni cati on neans, and

conprise the neans for trangmttin and_receivi Sysl configuration
control infdrHeERreh vFReRede é ﬁﬁgﬁPCaFFSﬁeﬁaFﬁvﬁgg sagﬁg]localg

comuni cation, neans. an r_c oLnd s S e of the node
devi ce?%éi?%ﬁg?ncgﬁﬁhn?%g ?oggge?gngﬁélt}gg vid A%“:urtttrfw c?{ the center
deV|cegﬂﬂﬁghiéﬁgfconnected via | ocal communi cati on neans, and, when a
fault occurs in a segnent of t he communi cati on pat hs neans, conprise the

means for  ¢R@ESNEhLi pPedBft! EAGENILIBN dehbriged d HIrFELi®) Pdneget em
configuration control Tnformation via the | ocal comunication
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communicate with a certain center device due to the fault to
of center devices interconnected via communication paths that
utilize ATM technology, and is configured to enable the
realization of distributed ATM switch functions. By using
this configuration, when, for example, the communication path
'between a certain center device and a node device under its
control is cut, it is possible to ensure the autonomous
recovery of communication functions by transferring this node
device to the control of a center device other than the
original center device described above.

Further, because the above-described configuration,
wherein a plurality of distributed node devices are controlied
by a plurality of center devices,'is equipped with functions
that enable the configuration control data, which stipulates
the node devices to be managed by each center device, to be

- suitably altered apart from the occurrence of the faults, this
configuraﬁion can be applied to systems that require control
which_spéns a plurality of center devices, and can easily deal
with éhanges to the scope of that control, making it possible,
for example, to construct an extremely flexible-neiwork for a

railroad management system.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a simplified block diagram of a communication



t he control of anather center device. Further, the present invention
Is characterized in'that it conprises neans for detecting the occurrence.
of a fault in a segnment of the conmunication path nmeans, for

i nterconnecting center devices via |local comunication neans, for

transm tti and receiving fauJt point ipformatjon and system
configuﬁ¥#¥§? EéiﬂF%ﬁeF%f%h?m*#%ﬁgv?@b?ééb?ﬁ$d?fcghﬁuﬂF% ®P6n neans, and
f or trggﬁ;qhﬁkgg node devi ces that are unable to communicate with a
certain Lt er Uevice due to the fault to the control of another center

devi ce. the CEN LeESt L pt : g |
cgmrﬁﬁi cati onF %';né;?aea%%&sMen :é?lgﬁ'/? occﬁélg dl,ﬁ %r’g‘g‘gﬁg%sg#' '? ﬁe%ﬁg
COMMUNI GRfd QU R lFrdMAES - 115 Fg1 SE; the neans for transmtting and

receiving fault point information and system configuration control

i nformation Wiy c@MlEhLEts Obhd adédn BfatDons 062 tRE FeBe£IbrOBnALaNS t hat
were rerouted around the fault, and tor transferring node devices that are

unabl e tisolerow Gompenents of ctiie ahode cdeeiceeshawndie Fbgthe;fault to
the control of another center device, Further, the present invention
i s char act er iEdah i4 depicts tthengenfigunebions oof dbhecnmukgiphexercandence
of a fault in- a segnent of the communication path nmeans, for

i nt er coffF@NSMHgEter components of the node device shown in Fig. 2;

Fig. 5 is a simplified block diagram of a center device
in the system diagrammed in Fig. 1;

Fig. 6 is a simplified block diagram of 5 communication
system related to the second embodiment of the present |
invention; | |

Figs. 7(a) to 7(e) provide examples of management tables
for each of the center devices in the system_shown in Fig. 1:

Fig. 8 shows an enlarged example of a management table
presented in Figs; 7(a) to 7(e); |

Fig. 9 is a simplified block diagram of a communication
system related to the third embodiment of fhe present
invention;

Fig. 10 depicts an autonomous communication functions
recovery operation when a faulf occurs in the loop
communication path segment of the system shown in Fig. 9;

Fig. 11 depicts an autonomous communication functions
recovery operation when a fault occurs in the linear
communication path segment of the system shown in Fig. 9;

Fig. 12 graphically illustrates the flow of data when the

node devices in a system related to the present invention are
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center devices via |local conmmunication neans, for transmtting and
receiving fault point information and system configuration control
i nformati on via the conmunication path nmeans or |ocal conmunication nmeans
t hat were rerouted around the fault, and 7
for transferrin ge devr es _that aricuggb e tg communi cate wth a
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certain céﬁ%ép: 2 %ﬁ%’ ¥PT n=erauk PRePR6RBFf ol  of another center
device,  pgyriper tie, 9] £F108VEESI RELE AN B LOGBRYERLEEALEC
s C tion

fault based on T au cel alrnrn per nent node device

sent f”ﬂﬁdﬂﬁh{§5%} V%f@%em of thfgrkgﬁé ggg node devices conprise neans

for detecting omthe interruption of cell transm ssions from .
center -devi qeﬁgorwp%sfé\emeoas ﬂfﬂxﬁ%?até&dekﬁm%&'ét BeracBshdehtibsasd in
t hat, when detects a ult, a node device transmis to center devices or

domnstrenmmmun&nakwbﬁesyytemsapplieedtovartaanrﬁadnmahagémuht egbkem.-
containing information peculiar to itself.

BEST.MODE FOR CARRYING OUT THE. INVENTION

The following is a detailed explanation of the first
émbodiment of the present inventioﬁ using the atteched
figures. Fig. 1 is a simplified block'diagram of_a
communication system related to the first embodiment of the
present invention. This communication system comprises three
(3) center devices (11-1;_11-2, 11-3) and six (6) node devices
(12-1, 12-2, 12-3, 12-4, 12-5, 12-6) connected linearly via
facing communicatien paths (13). Further, the three (3)
center devices (11-1, 11-2, 11-3) are interconnected via a
wide area network (16).

The node devices (12) receive signals sent from upstream
via the communication paths (13) and transmit them downstream,
simultaneously exchanging signals with local communication
terminals (15) wvia input/output ports (14). The center
devices (11) perform required operational control by
collecting via the.communication paths (13) various data from
the local communication terminals (15) connected to each of
the node devices (12), and_transmitfing required control
infermation sequentially via the plurality of node devices
(12) to each targeted local communication terminal (15)

utilizing the communication paths (13).
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Fur,t her, the node .devices conprise neans for constantly transmtting to
downst ream node devices at fixed intervals fault nonitoring cells
containing informati on peculiar to thenselves and for detecting faults
fromthe interruption of <cell transm ssions fron1upstrean1node devi ces,

?(Ed LZPIET achn SRFEFEHERRC TR, %%%%ea“@%ﬂgdg%l B AL g iR S
Fur t hor EYgeih G CoFARki By M1 b IBRRALCRRY beltleen il Miltan o< o

Fixed i feyials (f‘i‘}urﬁ'ﬁ étQétBSeﬁekié) gﬂﬁt ib&h&gdo%&'ﬂ@dﬂ peculiar to

t hensel ves, and Is aracterized 1n that the center devices

speci fy ﬁémnmrélprs)%véﬁutné EbfituhiBaition baRhison 19f) Wl ssions of
the fault nonitoring cells fromthe node devices.

8 data, andirides,théenoddeddeicess(129ndistidbutesd albng athaini cation
path neans are achieved via ATMswitch functions.
communication paths (13) to relay and switch the cells of data
between the center devices (11) and the loéal communication
terminals (15) connected to these node devices (12).

Here is an explanation of the configurations of the
individual devices comprising this system. Fig. 2 shows the
configuration of the node devices (12) in this system. The
communication paths (13) in the present invention are dual
systems comprising a communication system and a loopback
system, and the node devices (12) possess recéivers_(Zl) and
transmitfers (24) that support both Qf_these systems, and are
equipped with isolators (22) and multiplexers (23) located
betweeh these receivers (21) and transmitters (24).

The receiver (21) terminates STS-3C or STM-1 multiplexed
modules, and removes the cells carried by the module payloads.
.Changeover switches (210, 240) that distinguish betweeh
communication system and loopback system signals and bypass
the loopback system are'built into the input side of the
isolator (22) and outpgt side of the muitiplexer (23). These
connect loopback signals directly to the transmitter (24)
without paséing through the isolator (22) and multiplexer
(23). o |

Cells are sent via the communication system from the

center devices (11)'to local communication terminals (15)
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Thus, the present invention conprises a plurality of node devices that
support data generating sources and a plurality of center devices

i nterconnected via comuni cation paths that wutilize ATMtechnology, and is
configured to enable the realization of distributed ATM switch functions.
By using this configuration, when, for exanple, the comunication path

bet weencennectein toednhputfdevtpatapdresnddd ddovi @dumdwmng tthesencebls; s

cut, it is possible to ensure the autononous recovery of communication

funct i otbose ceddsf eddregsedi $ondhe neds dewies Hd Dokt AUFTIORATRY
-device other than the origi nal enter eV|ce descri_bed above.

Fur t her trpagfezEedhbyafbe F°Ee Qs ilarcal \Grmm QF%PB*HPallty of

di stributed, noge i.ces ar ont rol | I

s cqui FERLARLA (H0; Ve hRamadt ey iﬁ% £ gt s Pt chotigh, o

mhlch sk 8# etes t he node -devi ces to be nanaged by each center deV|ce to
sui £§ 9 altered apart fromthe occurrence of the faults, this

conflgurat|0ﬂe%ighg§&ep@ér¥$ y%ﬁpm%tqﬁg(ﬁﬁ¥¥ﬁ§féﬁéyﬂ (23) ¥bkch spans a

plurality of cen évi ces can easi wi th changes to the scope
of that ggfiex%‘bwg%lﬂ IEﬁél'ltks o xpc! %ronf C?Lrocedﬁ.a”&&ﬂnudib&@.{ﬁﬁ rt€imdfals

extrenewy net wor rai |l road nanagenent system
(15) without overlapplng, following which they are carried in

the bayloads of STS-3C or STM-1 multiplexed modules and sent
out via the transmitter (2) to the next node device (12). 1In
other words, when cells being sent to center devices (11) from
local communication terminals (15) are added to the
cemmunication system ih the multiplekxer (23), controls ensure
that these cells are not added to the loopback system.

For example, let us assume that center device 11-2 in
Fig. 1 controls node devices'12-4.and 12-5. Control
informafion from center device 11-2.is sent out over the
communicetion paths (13) to npde device 12-4. The
communication path (13) in this direction is equivalent to the
above-described communication system, and the opposite-
direction communication path (13) corresponds to the loopback
system. Information being sent to center device 11-2 from |
local communication terminals (15) connected to node device
12-4 is transmitted to node device 12-5 over the communication
system s cdmmﬁnication path (13).

If center device 11-2 also controls node device 12-6,
then this information would be sent on to node device 12-6 via

node device 12-5, but in actuality, center device 11-2 s
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BRI"'EF DESCRI PTI ON, OF THE DRAW NGS Fig. 1 is a sinplified block

di agram of a communi cati on 9
systemrelated to the first enbodi ment of the present invention;

Fig. 2 depicts the configuration of a node device in the system diagrammed
in Fig. 1; Fig. 3 depicts the configurations of the receiver and

| sol at opoReFBINEALY @ktehdsnade nddd Gevdloaml2-5,Fisp that to sdrnd).the

depicts the configurations of the nultiplexer and transmtter conponents
of the fnflersatioa soowenteridgvize 11-2, Fioge Hevice Ji2ni ideREPIMD X
di agram of a center ‘device in the systemdiagrammed in Fig. 1; Fi g.
6 is a ipapbhatke@pematiion &grﬂhmi@%mi%ﬁwgwarerﬁ%% &f0o the
S e i RS kher. rapic S B A2 |,
the Sysiggbgggwqgf;ggﬁ}s:Eommunication path (13). When center device
11-2 also controls node devices 12-2 and 12-3 to its left, the
communication path (13) running from right to left is the
communication system, the communication path (13) running from
left to right is the loopback system, and operations.are
carried out in the same way.
If the communication paths (13) between node devicés 12~
2 and 12-3 are cut due to a fault, in order for node device
12-3 to send information to center device 11-2 from the local
communication tefminals (15) connected to the node device (12~
- 3)., dommﬁnication functions are recovered by changing over to
the changeover switch (240) and performipg a loopback -
operation. Further, because center devicé 11-1 will assume
control of node device 12-2, node device 12-1, which up until
now had been carrying out loopback operations by changing over
to the changeover switch (240), feverts back to a status
wherein it only uses the ordinary communication syétem, and
node device 12-2 operates the changeover switches (210 and
240).
In addition to the above—described receiver (21),
isolator (22), multiplexer (23) and transmitter (24), node
device (12) components also include a CPU (26), which-dontrols

all the compbnents in the node device (12), a clock (27), a

power source (28) and a fault/alarm indication element (25).
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Fig. 8 shows an enlarged exanple of a managenent table presented in Figs.
7(a) to 7(e); Fig. 9 is a sinplified block diagram of a communi cation
systemrelated to the third enbodi ment of the present invention;

Fig. 10 depicts an autononous comuni cation functions recovery operation
when a fault occurs in the loop communication path segment of the system
shown iwhé&hga fault occhirg ahll dhe ORU 26U ideteohs hemintemupbion
functions recovery operation when a fault occurs in the |inear :
conmuni cfit bgnpidsh frogreps toeanhe idy stanaeshdhe iglauky (2¥) to rumjgn 12
graphically illustrates the flow of data when the node devices in a system
rel at edit®s owa pnds&mensmids: deyngtream via the multiplexer (23) a 1 :

bl ock Pl aRPBFeArEBay enERbH Slaghiathithen eipiten riadispbonn ™
Fig. 14eféxg¥1ingei2gq .i | S('atnr. Q:th%.% Xa%rH)elnes ,Ofbya 1.f’so rYge rgéé)é.'éﬁlpeculiar to
this particular node device (12) in the VPI/VCI to be |
utilized, such as this node device s (12) identifying data, it
becomes possible for the center devices (11) receiving this
data to infer the location of the fault.

Fig. 3 shows the configurations of the receiver (21) énd
isolator (22) in a nodeldevice (12). The receiver (21) has'
dual optical-e;ectrical cdnverters (O/E) (211) and Serial-
parallel converters (S/P) (212) bpilt into the communication
system and 1oopback system, which are connected to a
changeover switch (210) that bypasses loopback system signals.

Optical signals'carried over an opfical fiber, which is
the concrete realization means of the communication paths
(13), enter the receiver s (21) optical-electrical converter
(211), where they ére converted to electrical signais,
following which, they are converted to parallel signals by the
serial-parallel converter (212). In the changeover switch
(210), the communication system signals among these'parallel
signals are sent to the RX (213), ahd the loopback system
signals are transmitted directly to the changeover switch (240
.in Fig. 4) in the transmitter (24) without being input to the
cell fil;ering elemént-(221) of the isolator (22).

STS-3C or STM-1 signals are terminated in the RX (213),

and the cells carried in the payload ame removed. Cells

15



cormuni cation systemapplied to a railroad managenent system

BEST MODE FOR CARRYI NG OUT THE | NVENTI ON _ The following is a detailed
expl anation of the first enbodinent of the present invention using the
attached figures. Fig. 1 is a sinplified block diagran1of a conmuni cation

LIS LR B I i M W
S
R X A e S W

cent er E’i?%%%eéeiié é;?ﬁ};gs% d13:o3)th%r ‘%xddét HerARREqlIed) iR @e%ﬂ&xaéﬁé

net wor k € no evi ces receive signals sent from

upst r eapam¥i@at NEnACEBKWR &Rl iten v h%dall?»)ccimﬂadirc'aﬁrad t¥nseYss{ 159m
S|nultaneously exchangi ng signals with |Iocal conmmunication termnals (15)

Via i npyihoehaubelddr basEbds (P22 caie T d22rs Olibimertlos nbever ed
operational control by collecting via the comunication paths (13) various
dat a fr@asctibeblopibcessyuieddls aentoared nal thel Yeamivearted(2Db) eBEh of the
node devices (12), and transnmtting required control information

sequent {21By ere aELSOpIsem:I idry peraided deyithes multiplexer (23). In

addition, the isolator (22) is also equlpped with an
~arbitration element (224), which carries out signa;
arbitration processing between the TX (223) in this isolator.
(22) and the RX (213) in the receiver (21). |
Fig. 4 shows thé configurations of the multiplexers (23)
and transmitters (24) in the node devices (12). The
transmitter (24) is equipped with dual parallel-serial
Iconverters (P/S) (242) and electrical-optical converters (E/O)
(243) built into the coﬁmunication systeﬁ and loopback systen,
;espectively, and thesé are connected to a changeover switch
(240) that changes over the signals from each of these
systems. In addition, as one of the signal generators
targeted by the chahgeover switch (240), the transmitter (24)
is also equipped with é TX (241) for sending information
received from the local communication termihals (15).
The multiplexer (23) is comprised of a switching element

(231) and an RX (213). The switching element (231) controls
'the flow of celis input from the receiver s (21) RX (213), the
local communication terminals.(IS)-and the fault/alarm
indicatidn element (25) using an arbitration circuit (2311)

located at the entrance to the bus, and prevents the cells
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(12) to, each targeted Iocaf comuni cation termnal (15) wutilizing the
comuni cation paths (13). In particular, this systemis
prem sed on an ATM switched systemthat transmits all signals sent between
the center devices (11), node devices (12) and | ocal conmuni cation
termnals (15) over the comrunication paths (13) as cells of data, and:
uses t héromdeodaddiddey @©2)thd Sus thyt erivdlngndnstrucidionsiasttewipteins (13)
to relay and switch the cells of data between the center devices (11) and

t he | ocidhputneedilsatshould deriouipnl 18) thehhus.cd o GHE @xprplecvihes
(12). Here is an expl anation of the configurations of the individua
gew cesSwirphilsionglement (A3 faftuzes i s Hy P itk S0 HET@he node.
evices (12) in this system The conmunication paths (13) in the_present

i nvent i BHtaPENGFa SYSEARS Ran T st?q'ld‘%?-]c"&ﬁﬂmi%’é’thr iig ﬁfé‘f'%?a‘h‘ﬂf er-

| oopback system d -the node devices (12) possess receiyers (21) and

transmi F¥BFs °("22?F1E'a‘nh£°‘§ '&Y%t%'%t?ef’ésfms tsef%'fa%eﬁmy%?"é &%ﬁ%ﬁ?ﬁ'&d

W | SRR ArkeCaRn ] Bhd | A 1)1 A b ROIURRR: 10955 T eceivers

(21) an ansm t
detects this as an abnormality, instructs the clock to run on
its own, outputs a fault alarm signal and notifies the center
device (11) of the fact that an abnormality occurred and the
point where the abnormality'took place.

The output;from thé above-describéed switching eleﬁént
(231) is sent to the transmitter (24). At the transmitter
(24), cells are loaded into the payload éegments of STS-3C or
STM-1 frames by the TX (241), following which they are
converted to serial signals by the parallel-serial converter
(242), and these serial signals are then converted to optical
signals by the electrical-optical converter (243) and
transmitted over the optical fiber..

Next, Fig. 5 is a simplified-blqck diagram of a center
device (11) in this system, this center device being comprised
of an ATM switch (SW) (111) and a network cohtrol device
(112). In this example,'an ITV monitor ((50)) and a computer
((60)) are connected to the center device s (11) ATM switéh
(111), but these are not essential. Cells sent via node-
devices (12) from 1ocai communication terminals (15) are sent
to the ITV monitof ((50)) and computer ((60)) by way of the

_ATM switch. Signals sent from the fault/alarm indication

element (25) of a node_device (12) are'sent to the network

17



The receiver (21) terminates STS-3C or STM1 nultiplexed nodules, and
renoves the cells carried by the nodul e payl oads. Changeover sw tches
(210, 240) that distinguish between conmmunication system and | oopback
system signals and bypass the |oopback systemare built into the input
side of the isolator (22).and output side of the multiplexer (23). These
connect cbAepbacl@eviigiznl (113 ¥, eciHard prduedsiansnid tearfisy owt ttmut passi ng
through the isolator (22) and nultiplexer (23). Cells are sent via
the condutiecat ithe pesiramdf drhe Hauldent er devices (11) to loca

communi cation termnals (15) '

12 '
connected t o Thdgutsymitqaut qunstrygted Jusingl cenfier drwica (k1) those cells
addressed to the node device (12) in question are transferred by the

i sol at oFoERZE siag IRenSianratdanmitiah aF these fascrilgd \AROTRa P8

?ﬁ\él ﬁa ?ipé{&é:?@éqg. % ucton&?urrgfcaéiggé)ga'ths (13 &an ieI eusecglig sent on to
.railroad and other types of management systemé. If this
system is.applied to a railroad management system, for
‘instance, monitoring cameras or signal devices can be set up
as local communication terminals (15) at every railroad
crossing, and in addition to using the ITV monitor (50)
installed iﬁ the ‘center device (11) to m§nitor the required
image data obtained frqm the above-described monitoring
camera, the computer (60) installed in the éenter device (11)
can be utilized as needed to furnish the monitoring camera
with directional instructions and zoom signals to maintain
this'monitoring camera in the best possible monitoring
position, and/or operational control becomes possible, via
which railroad crossing accidents can be discerned from the
display of the ITV monitor and the proper'control signal sent
out to the signal devices, controlling those signals so that
the train can be stopped prior to its reaching the site of the
accident.

In_particular, this system is employed with
configurations wherein a plurality of center devices (1l1l) are
loéated within the network, and the three (3) center devices
(11-1; 11-2, 11-3) depicted in Fig. 1 control six (6) node
devices (12-1, 12-2, 12-3, 12-4, 12-5, 12-6) and one or a

plurality of local communication terminals (15) connected to
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mxed in with cells output fromlocal comrunication termnals (15) wthout
-overl apping, followi ng which they are carried in the payloads of STS-3C or
STM1 multiplexed nodul es and sent out via the transmtter (2) to the next
node device (12). In other words, when cells being sent to center devices
(11) from local communication termnals (15) are added to the
comuni thei dnpeggoatput poetsul(tlid) ofrthedd® vaminus|rodansdeeicesat t hese

cells are not added to the | oopback system For exanple, let us
assume (ha&d.center device 11-2 in Fig. 1 controls node devices 12-4 and
12-5. Control information fromcenter device 11-2 is sent out over the

comuni cat i oWifht FegRTY top therd and iqarTiird) byTRach HRAFRE ASBACBat h (13)
in thi ' i yal ent t h b, d d
syst om (hhde  hE opperieablsl e, taye R Lo SRTEARE HH19) SEEPFBEponds 1 o
the Ioopbagk,yngys %glpeml rgo%rf'l?\.{%il?ﬁ{ ”gtr?af‘di% 0GR &ﬁ\."&f 1}1]122 from
e

| ocal comiunicatiron te o node V|ce

transmitiade &%aoge?%ewﬁe) B R ddAL AT £ i ot ion

conmmuni cati on vice 11-2 al so controls node

devi ce d€afus bReRnkhicommund'dB i piitdl (83 Ferdo Othd®, np&@ &8xipeel2- 6

via node device 12-5, but in actuality, center device 11-2 s
node device 12-1 is controlled by center device 11-1, node

devices 12-2, 12-3, 12-4 and 12-5 are controlled by center
device 11-2, and node device 12-6 is controlled by center
device 11-3.

Converself, there may be times, depending on what is
being managed, when it would be better to use a plurality of"
center devices (11) to control a single node device (12). For
example, because the above—described railroad management
system places top priority on.safety, when an accident occurs
at a certain location, measures must be taken so that trains
traveling in that direction can be stopped well in advance of
that accident site, in which case,.it is better to control a
single node device (12) with a plurality of eenter devices
(11).

- Now, assume that the system depicted in Fig. 1 ie being
applied to a railroad management system, and considen.the
operational control of trains traveling from left to right as
we look at the figure. If we assume here that the local
communication terminal (15) connected to node device 12-5 is a
monitoring camera installed at a railroad crossing, when an

accident occurs at this crossing, center device 11-2, which
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13 - control only extends to node device 12-5, so that to send the
i nformat'ion to center device 11-2, node device 12-5 performs a- | oopback
operation by changi ng over to changeover switch 240 and relaying the
information to center device 11-2 via the | oopback system s communi cation
path (13). Wen center device 11-2 also controls node devices 12-2 and

12-3 tOééﬁziﬁgfsdié@ioﬁo§2%?ifﬁiEOBrBQEQn 13&03%9?%Q9E§%0g?@gggiqﬁ)dfﬁt

is the nicatlon sys e conmuni cafi on pa ( nning from

left t | ' t ' ' (S
e QﬂHﬂH“mdﬂiééf&é&?ﬁQﬁé#aS¥é_SEhuﬁPQ Qﬂﬁgﬁ%?g?éaé eim%@%é?%@ ut 1n

t he sanme way. [ e conmuni cat'i on pat bel ween evi ces

12- 2 and 12:;3 tHis Cé&séyeifowé f3dlihe tRa®r dRe ia&amoésmﬂlﬁh!i@%t_i%?’ to
send information to center device 11-2 fromthe |l ocal conmmuni cation

t er m nalterniinal o)t eonhectdd - hodrodevdeei¢é212-13) iscamsignadt i on
functions are recovered by changing over to the changeover sw tch (240)
and per fdaviigr) alt oopbbd kbe cprefierahleFift hentepedeuicecddrdr, abdiake 11-1
will assune control of node device 12-2, node device -12-1, which up until
controls this signal device, is able to monitor the image data
generated by.the moniforing camera so as to rapidly grasp the =
situation Surrounding'the accident further down the tracks.
With regard to requirements of this sort, this system
makes it possible for center device 11-1 to control the:
monitoring camera remotely by éenabling the exclusive control
measures described below to be carried oﬁt at center device
11-1, which has jurisdiction over the signél device, and at
center device 11-2, which has jurisdiction over the monitoring
camera. This allows center device 11-1 to alsofrapidly obtain
information on a remote site, that is, on the frain accident -
further down the tracks, and thereafter, keeping in mind both
the accident information obtained as described above and the
train schedule, to be able to smoothly and safely implement
train operations by controlling the sighal device connected fo.
node device 12-1. The control information and image
information data discussed here is transmitted over the
communication paths (13) as cells, and the above-described
control measﬁres are implemented by the node devices (12),
which relay and switch these cells of data betwéen the local
.communication terminals (15) connected to the node devices

themselves and the center devices (11).

Also, to realize the kind of exclusive control describéd
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now had been carrying out | oopback operations by changing over to the
changeover switch (240), reverts back to a status wherein it only uses the
ordi nary comuni cation system and node device 12-2 operates the
changeover switches (210 and 240). In addition to the

above-descri bed receiver (21), isolator (22), nultiplexer (23) and

iy on o SRBVs| Byt e ot s SAITENS 1 LD céP‘?%*z’?gt%ﬁp Beet ), a
bower g %ﬁ%@d%%éa&&éd AEdR | L Q| 88y EEEFB011§2%0na this

When a fault occurs and the CPU (26) detects t he |nterruption

Of Si gnardiftreBitis L 3B r fdrmadli Sefa  fife (C@funfdationr patA8 (B9 .own and
transmts downstreamvia the nultiplexer (23) a cell containing a fault

al ar m f Famthlea ,f attdr & afaalthdhaleés ot hhpossibleSto dbmmuhlicateapr@s, by

usi ng codes peculiar to this particular node device (12) in-the VPI/VCl to

be . uti theedommuullcstidn patite (db&)pec@m(ldﬁ:)ca'lttbm:’sfgi‘egmdaMaimd
via local communicatlon means other than such communication
means as the wide area network (16) or leased llne
communication paths (13) between the center devices (11) in
question. In this case, control of the monitoring camera and
the acquisition of image data described above is carried out
over this local communication means.

Further, this system makes if possib;e to increase the
number of installed local communication‘terminals (15)
connected fo the node devices (12), and to increase the number
of installed node_devices (12) controlled by the center
devices (11) as well. The installat;on of additional
equipment can be pioblematic for center device (1l1l) processing
capabilities, but this is dealt with.by exchanging system
configuration and other control information via the
communication patﬁs (13) between the center devices (11) or
the wide area network (16) or other local communication means,
and altering thé configuration control inforﬁation of the node
devices (12) controlled by each of the center devices‘(il).
Thus, the present invention possesses functions that

enable the node devices (12) contrclled by each of the-center.
devices (11) to be changed arbitrarily, and, in addition to
mandatbry changes in response to faults, for example, these

changes also take into consideration the load distribution and
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beconmes possible for the center devices (11) receiving this data to infer

the location of the fault. Fig. 3 shows the configurations of the
receiver (21) and isolator (22) in a node device (12). The receiver (21)
has dual optical-electrical converters (O E) (211) and serial- paralle

converters (S/P) (212) built into the communication system and | oopback

Systom el 2T ROURESLEY L8 foo ClERER'SLyRULLO[L {100t hEL Rypasses

Ioopback s em signa S|gna s car oVer—an—opti cal

fiber, aéf@n&oﬂﬁ%téliéa' £l EPExIBPEScRANGES EATEHE Bﬁhb%% pat hs
(13), enter tthe receiver s (21) optical-electrical Converter (211), where

t hey a“%fﬂﬁbﬂétdébiQEQ!@Eﬁ?lﬁﬁétséﬂeﬁ|éenté?'bévieé Migheohltewis.e
converted to parallel signals by the serial-parallel converter (212). In

t he changeoveHerai ishan(@tplanabLonosButheatreasofyshgntwog(a))somehe t hese
paral l el .signals are sent to the RX (213), and the | oopback system
si gnal s plneraXtp ot teentier edevices (hk)cheenteredesiceshllza0andnlfi-g. 4).
in.the transmtter (24) without being input to the «cell filtering el enent
(221) of3.ere posibioned)at eithesTend™Er tiFMineagnaysteme termnated in
the RX (213),, and the cells carried in the payload are renoved. Cells
15 con iguration shown in Fig. 1. Now, assume, for instance,
that an earthgquake or some other natural disaster has caused
. damage to the facing communication paths (13) between hode
devices 12-2 and 12-3. "' In this case, node device 12-2, which
up until now had come under the control of center device 11-
2, has been éhysically cut off froﬁ.center device 11-2.
With this system configurétion, the damage will clearly’
cut the communication paths (13) on the éenter device 11-2
side of node device 12-2, but since the communication paths
(13) on the center device 11-1 side of this severed location
has not been damaged, node device 12-1 and center device 1l1-
l, located on the left-hénd side of the figure as you_look at
it, are capablé of communication. If, at this point, center
device 11-1 was not posifioned'at the left end of the 1inéar
network, node devices 12-1 and 12-2 would be completely cut
off and isolated, but as a result of this systems
configuration, in which center device 11-1 is positioned at
the left end of the linear network,.by héving center device
11-1 take over control of node devipe 12-2, communication can
be maintained even in the face of the damage.

Fig. 6 shows a simplified configuration of a

communication system related to the second embodiment of the
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removed in the RX (213) are sent to the isolator (22). The cells enter the
cell fil'tering elénent (221) first, where those cells addressed to the
node device (12) in question are renoved, and sent on to the | ocal

communi cation termnals (15) via .the cell buffers (222) and TX (223).
During the above-. described process, cells renoved in the receiver s (21)

The |\ coPreNehe SR atliod!! DS bily!PallE MHotePLEKE cORPlqubBeaBl 1 O
whi ch cgy rff%%soqr@. %\ggt @fbtﬁ%a%%§eear m'm Pf WE §§h€h;§ £§é3> in

this isolator t he RX In the receive

shows t@%d%éﬁ'd&ﬁfﬁé@”ﬁ_@f AR AL | BLCXEES (2@) aﬁédcéﬁﬁééﬂéatihsa(24) in
t he node devices (12) transmtter (24) Is equipped with d :

paral | ellodyy iy theorosnmeiscdPidn padRs BBG el ectrical -optical converters
(E/0) (243) built into the comunication system and | oopback system

respecti vel'y Byanssirgsehbs elaqn-mhapddtooaned:ﬁ:ﬂgﬁouenfsgurahiob%&hibhat
changes over the signals fromeach of these

system offers the following advantage not found.in the system

shown ih Fig. 1 with its linear connéction configuration.

That is, with the system depicted in Fig. 1, for example,

communication between center devices 11-1 and 11-2, which

conhect node devices 12-1, 12-2 and 12-3, are carried out via

the communication paths 13, but as a result of the connection

configuration being liﬁeér, naturally, there is oniy one

communication path (13) between theselcenter devices (11-1,
11-2). Therefore, if a fault should render it impossible to
communidate via this communication éafh 13, communication
between center devices 11-1 and 11-2 would have to be carried
out via a wide area network (16) or.some other local
communication means. |

By comparison, when the connection configuration is loop-

Shaped as with the systeﬁ shown ih Fig. 6, the communication
paths (13) between center devices 11-1 and 11-2 can take two
(2) routes, one that passes through node devices 12-1, 12-2
and 12-3, and another that runs through node devices 12-4, 12-
5, 12-6, center device 11-3, and node devices 12-7, 12-8, 12-
9 and 12-10. Therefore, even if a fault should occur
somewhere along the cémmunication paths (13) through node

devices 12-1, 12-2 and 12-3, communication could be rerouted

around the fault without'necessarily having to go through a
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systens. In addition, as one of the signal generators targeted by the
chdangeover switch (240), the transmtter (24) 1is also equipped with a TX
(241) -for sending information received fromthe |ocal communication _ '
termnals (15). The nul tiplexer (23) is conprised of a sw tching

el ement (231) and an RX (213). The switching element (231) controls the
fl ow of widel axespuietfwark t (kb )y amei same sothdy R¥céll18pmmuhdcaltdom

comuni cation termnals (15) and the fault/alarm indication elenment (25)
usi ng ameansi.t thetorisi nold tthe anmunibcation gpathe EhBlatbett ga by bus,
and prevents the cells ' ' : 16 from
col | i di H@YoR¥% IFerer e as it idhstructions as to which input cells should
be output to_the bus. In this exanple, the switching elenent (231)

features -a bl$ GRARCRITRRAYcIHHER thRtPERRRRTSIRYERELORN be
oo Lep S RGO B & hcrod YBRe el b Eep IR RBIE MR, e,
(25)  debatrait Ns fhALaP Y ThidYaihfiSs" #5 Sablfcs! REknLR LW ON
center devices (11) control tables that manage syétem.
cénfiguration and other control information. These control
tables can be created within the center devices's (11) network
control devices (112) (See Fig. 5), for example. Examples of-
these control tables are shown in Figs. 7(a) to.7(e). The
control tables indicated in the figures are examples of
' contfol tables used Within the center devices (11) in the
system configﬁration illustrated inéFig. 1, more specifically,
Fig. 7 (a) cbrresponds"to the control table in center device
11-1, Fig. 7(b) corresponds to the'control table in center
device 11-2, and Fig. 7(c) correspbnds fo the contrdl table in
center device 11-3.
In view of node device (12) layout and communication path
(13) connections, fhis control table cogtains a "Néde Device
Name* that correspond to a "Table No.", and to the right of
this "Node Device Name" is entered the "Control Center Device"
that cbptrols the node device (12) indicated by the pertineht
node device name.. The respective center devices (11-1, 11-2,
11-3) control the various node devices (12~1 - 12-6) on the
basis of ‘this information.
In the pre&iously—described switch over of control when a

fault occurred between node devices 12-2 and 12-3 in the
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its-own, outputs a fault alarmsignal and notifies the center device (11)
of the flact that an abnornmality occurred and the point where the
abnormality took place. . The out put fromthe above-described sw tching
element (231) is sent to the transmtter (24). At the transmtter (24),
cells are |l oaded into the payl oad segnents of STS-3C or STM1 frames by

the T (fdien!abboutag vhi eloiney BefrocoBueiLed 19-3°5hal 13ianaks by the

paral | el -"serial converter ese serral signals are t'hen

convert edbd®r Phbd CBELoW! gaatécbasdt hﬁeebeéhﬁeﬁheoekl 82l aG2RVehnt @hd 243) and
transmtted over the optical Next, Fig. 5is a sinplified

block(ﬁ¢nmmum£&aa1@ﬁnpsthsdeysqebéi&éennnbaeSdeysbegl12h25a@@mma;3kwlce'
bei ng conprised of an ATMswitch (SW (111) and a network control device

(112). land RetenempluslyachényedotheocohtéNrs afidthedenpespectip@d)) are
connected to the center device s (11) ATMswitch (111), but these are not
essentleﬁontxﬁlstébhesvta qguﬁesneodcég FQQ)P$95E1Cgearoé@nnﬁhﬁmml3§1

term nal s (15) are sent he I|.TV nonitor g and conputer ((60)) by
way of e the\PRFTeh. ta@ﬂ@ﬁaPBdéﬁﬁg PYOHPPﬁE £ GPSPﬁIéF& sher@atiton

elenent éf g q;(g)nodg 9?e5 é Lc%iveig?t Lg ggg e Hgscerned from

these figures, by this updating, the "Control Center Device"
field correspoﬂding to "Node Device 12-2" for both center
devices 11-1 and 11-2 was changed from center device 11-2 to
center device 11-1, resuiting in contents that support the
switch over of control of node device 12-2 from center device -
11-2 to center device 11-1. o _ :

The detection of the location of a fault by the center
devices (11-1, 11-2) described previously can be achieved
-using a method by which cells addressed so:as'to refurn to
node devices 12-1, 12-2 and 12-3, respectively, are output
from either center device il-l or center device 11-2, fixed
timeé are prescribed for each of the node devices (12-1, 12-2
and 12-3), and center device 11-1 or center device 11-2
detects whether or not these cells returned after the above-
mentioned fixed intervals.

Also, the control tables shown in Fig. 7 are examples of
when the Control Center Device and Node Device Name are
entered for each respective center device (11), and more
particularly, for center devices 11-1, 11-2 and 11-3. In °
these exampleé, when a fault occufs, the center devices (11)

can update the control tables without exchanging control table
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control device (112), where processing is carried out to detect the point
of ‘the fault. " This system constructed using center devices (11)
conpri sing configurations such as those descri bed above, node devices (12)
and comruni cation paths (13) can be used in railroad and other types of
managenent systens. If this systemis applied to a railroad nmanagenent

SYSt o dhforddelacLoOPhACE AR BIREES. B6,IbARC 0511 257 TABCHRCEC, UP

as | ocal” "comuni i on rm na every rai crossing, and in

addi t i 0n £ Qe APy {:Jé'fk%fw QBBH:0{:hé59%stéﬁlsE%?gﬂyfﬁgig@ogﬁ{} ar i ﬁegige (11)

to nonitor t e require | rage data obtail ne ve-descri

moni toriNg LANBEE cofuR08BEIRG (E8) 1b8§§.abbﬁﬂuhﬂc&@?oﬁeﬁéﬁhsd%\ﬁbﬁe astl)
can be utilized as needed to furnish the nonitoring canera W t

directi @halidesdreat h@bwoaRd(Z69M signals to maintain this nnnltorlng
camera in the best possible nonitoring position, and/or-operational
control becor@y eospabisonyiwhenhcohtrall ofad ceotaingnadei dentisecdd2je
di scerned fromthe display of the ITV nonitor and the proper control
si gnal dsienttransferred to a different center device (11) for the
.purpose of lessening the increased IOad put on centef devices
(11) in line with the previously-described installation of
additional node devices (12), control tables must.be.updated.
by exchanging control table information between center devices
(11) via a fault-free communication path (13) or local
communication means such as a wide area network (16).
Further, as explained earlier in reference to Fig. 1,
with regard to controlling monitoring'caméras in a railroad
' management system,:when control_muét span center device 11-2,
the control table for center devide 11-1 in Fig. 7 (See (a) in
this figure) requires information up to node device 12-5, to
which this control extends. Also, in this case, a plurality
of "Control Center Devices" cé;led 11-1 and 11-2 are entered
in the "Control Center Device" field correspondihg_to each
"Node Device Name" 12-5 in control tables in Figs. 7(a) and
7(b). When a.plufalify of "Control Center Devices" are
entered in a "Control Center Device" field of a control table
like this, these plurélity of "Control Center Devices" must
cérry out arbitration in controlling the node device (12) in
question.
Furfher, when a plurality of local communication

terminals (15) are connected to a node device (12), this
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out to the signal devices, controlling those signals so that the train can
be ‘st opped prior to its reaching the site of the accident. I n
particular, this systemis enployed with configurations wherein a
plurality of center devices (11) are |located within the network, and the
three (3) center devices (11-1, 11-2, 11-3) depicted in Fig. 1 control six

(6) nOdt§¥s@%\(’1 Qx;%zﬁé 1 éonéi?%@raéfoé c&gﬁ ol l%% 1e12ifd & ﬁg BHS Shotn

pl ural i conmu tion term na connect e

18 in F V\Fhea RS il G LT { B 14ﬁoe£1tesﬁﬁuﬂfeaeyann@eeméﬁ&uces .
(12). h regard to the load carried by-each center device (11), it

I s -desi Nahleg"t had¥ \adl aaddd® €SNtHE| coRttoBCEQBLS. . WAshthBCegEmplE
configuration, that is, the layout of the center devi ces (11) and node

devi cesgfiven ﬂnufﬂgua&xinﬂinatss stwo u62 df 1dbel coommantaathonpat hs (13),

so that, for exanple, node-device 12-1 is controlled by center device

11-1, n&eégminals named 15-8 and 15-9 are connected to node device 12-
4, and these local communication ferminals (15;8, 15-9) are
each controlled separately by center devices 11-2 and 11-3.

Further, when each center device (11) maintains a control
table that only lists the node devices (12) that the center
device itself controlé, when changing the scope of control
amdng these center devices (11), the center devices (11) must
communicate with one another via fault-free communication
paths (13) or a local communication means such.as a wide area
network (16). 1In bther words, it is this communication fhat
makes it possible to change.the above-mentioned scope of 
control by exchanging control table information and executing
updating processing such as making additions and deletions to
the control tables.
Next, a different embodiment of the present'ihvention is
discussed. Fig. 9 is a simple block diagram of a
communicafion system related to the third embodiment of the
présent invention, comprising a combination of the 1ipear
- system configuration-showh in Fig. 1 and the loop system

configuration shown iﬁ Fig. 6. In this same-figure, for the
sake of simplicity, the node devices (12) under the control of
each of the center devices (11-1, 11-2, 11-3, 11-4) are
dividéd into areas A, B, C,.and D indicated in the figure by

dotted lines. The center devices (11-1, 11-2, 11-3, 11-4)
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devices 12-2, 12-3, 12-4 and 12-5 are controlled by center device 11-2,
and node device 12-6 is controlled by center device 11-3.

Conversely, there nay be tines, depending on what is being nmanaged, when
it would be better to use a plurality of center devices (11) to control a
singl e node device (12). For exanple, because the above-described railroad

managengplsi aey thNvRIACRS dHedy X7 IBY @n ﬁ%&i%o%%ﬁf&ﬁgeﬂbd ceurs -

at a certain |location, neasures nust be taken so t rains “traveling in
that di gesiiices (a2 ParH®IRAGHUE o idadt\GCthdde dieds ACa&hdEBheSibBall N
which case, it is better'to control a single node device (12) wth a

pl ur al i commundeattdiordetsmmeinal(sl )15) connddnbed ass Utheesdahoddedeyitesn.
depicted in Fig. 1.is being applied to a railroad managenent system and
consi der t he Nexgied#t iamh&xpl@natulonnfof rtheopexatiompf rohisesystemri ght as
we | ook at the figure. If we assune here that the local conmunication

t er ni naFor: Sragpdisc ragariing daks, | transmissions withinrthe anserd.,
installed at a railroad crossing, when an accident occurs at this
crossiné?ﬁﬂﬁmﬁﬁiQﬁaHQ§§#EP@Lb hg, local communication terminals (159

under the control of center device il-l is transmitted as
cells of dafa to the node devices (12) that support these
local communication terminals (15). 'This transmitted data
goes by way of these node devicés (12), and is transmitted
again via the communication paths (13).t6 center device 11-1,
the control center device for these node devices.

Conversely, center device 11-1 processes the data sent -
via the respective node devices (12)_fxom the various local
communication termihals (15} under its“confrol, and affér
processing additional data from eachuof.the center devices
(11) in the other areas, data obtained via the communication
paths (13), or the wide area network or other local
communication means to which the center devices (11) are
ihterconneéted, center device 11-1 transmits to the
éommunication paths (13) cells of data that need to be sent to
each of the local communication terminals (15).

The cells of data sent from center device 11l-1 are
received by each of the node devices (12) under'its
jurisdiction. From among the cells of data received, each node
device (12) extracts only those cells of data addressed to
local communication terminals (15) connected to the associated

node device (12), and_sends this data to the local
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has* jurisdiction over this crossing, controls the operation of this

nmoni tori'ng canera to acquire the necessary i nage dat a. In this case,
if we assume that the |ocal communication termnal (15) connected to node
device 12-1 is a signal device, it would be preferable if center device
11-1, which controls this signal device, is able to nonitor the inmage data

gener at el iiga E00h! S0LATNGEPI8)Seoaintan’ 301 dbYaBhASEoEH Al on

surroundi ng the accident furt own the tracks. egard to

requi reremds1eé thes166al, cbiinEns¥ateth FBkAgnhlsPP35)brackev16gNtdlesdeVvi ce
11-1 to control the nonitoring canera renotely ky enabling the exclusive

contr ol dafemsto esatiegcoubedobebspohdihg operatdons stcheabedigpliagdngll- 1
whi ch has jurisdiction over the signal device, and at center device 11-2,
whi ch hathe uwreéceivedodataer the nonitoring canmera. This allows center
device 11-1 to-also rapidly obtain information on a renote site, that is,
on the train dtePdendt centerndevieen(ifhd seadRsdagadtondpealter, keeping in
m nd both the accident information obtained as descri-bed above and the

train scRHfRicetiee hBreinalsnbdPil gorngcsadety PRfrefenices (12)

outside the area, it first transmits the data to a center
.device in the other area either wvia the cémmunicatioh paths
(13), or via a wide area network (16) or other local
communication means to which the center devices (11} are
interconnected, then, under the control of the pertinent
~center device (11), the data'is_sent to the local
'communiéation terminal (15) to which it_is addressed. Also,’
in-sending data to a local'communiéation terminal (15) in
another area, in addition to executing this data transfer
under the control of the centér'device (1;) in the other area,
for instance, it is alsd possible, after the two center
devices (11) have cbmpleted arbitration, to transmit the data
directly to the pertinent local communication terminal (15) in
the other area. | '

Further, with the system configuration shown in Fig. 9,
it is also possible to carry out control that extends across
areas, as typified by the control of the monitoring camera in
the railroad management system shown in Fig. 1. However, with
this system, because the communication pafhs (13) form a loop
configuration as shown in Fig.'g, when executing contrdl
measures that extend across areas as described above, there is

the risk that data addressed to a local communication terminal
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trdin operations by controlling the signal device connected to node device
12-'1. The control ‘information and i mage information data di scussed here is
transmtted over the conmmunication paths (13) as cells, and the

above-descri bed control neasures are inplenented by the node devices (12),
which relay and switch these cells of data between the | ocal conmunication

termnalys fl@o@w%@%éﬁn&ﬂfcﬁﬂshdﬁakﬁe sh@ﬁflasatfﬂaet g center

devi ces (1 | 50, to realize t of excl usive control

descri bedrcle around on the loop. ThereféPe, with thisbsystlftween center
devices 11-1 and 11-2, arbitration nust be carried out between these

center denfideuration ,ar@hcﬁthl Sentébi deeléan(ls)prusor seorei 6ohkeol
comuni cation paths (13). Further, when a fault nakes it inpossible to
communi dafermadriorn hiox orinenéntiirenlpaepheoffsyurednnehworki oandamast
mai ntai ned via local conmuni cation neans other than such conmuni cati on
means abetﬁguﬁnnﬁﬁuwiﬁhmﬁwmﬁtiQnﬁ)tbﬂtldaséﬁaYiﬁéthcbnﬂﬂﬁegaﬁrwndpﬁﬁhs

(13) between the center devices (11) in
such as that described above each time such data is generated.

Next is an explanation of operations-when a fault occurs
in this system. Fig. 10 illustrates the autonomous recovery
of communication functions of the communication system shown .
in Fig. 9 when a fault occurs in the loop;shaped commudication
paths (13). As shown in the figure, when the communication
paths (13) aré'cut between node devices 12-; and 12-2
generating fault point 61, node device 12-2, which originally
belonged to the area A (See Fig. 9), is cut off and isolated
from the normal communication paths (13) with center device
11-1 in the area A by the fault. When this happens, center
device 11-1, using the method descfibed below, detects the
fault point 61, determines that node device 12-2 is isolated,
autonomously recoVere communication functions by exchanging
fault point information and control information with center
device 11-2 of the original area B (See Fig. 9) via either the
communication paths (13) that go by way of center device 11-3
in the area C, or a wide area network (16) or other local |
communication means connecting area A's center device 11-1
with area B's center device 11-2, and transfers cohtrel of the
isolated node device 12-2 to center device 11-2 in the area B.

. Also, 1f at that time center device-11-2 within the area

B is holding control information related to node devices 12-1
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HRET A

question. In this case, control of the nonitoring canera and the
acqui sition of image data described above is carried out over. this |ocal
comuni cati on neans. Further, this system makes it possible to
i ncrease the nunber of installed |local conmunication termnals (15)
connected to the node devices (12), and to increase the nunber of
i nstal | eadndde2derlithdan (1B axwma rb|vwhichwere cemectedielinesrlylyidh vel | .
The installation of additional qbspnent can be problematic for center

T

devi ce grep ﬁr@c@gmﬁgr dewias 15k1hs, this eenter dewice (11n2)ywakbangi ng

system conf| ation and other control information via the copmunication .
paths (¥Bp. B& @n Ay c‘@ﬁe!a’r"%\ﬁrt%sf"(‘l]ﬁ Rping h%n‘éﬁ”t’:féaﬁ-}@ﬁr n&h@dr £5¢16)
or other | ocal connunlcatlonzgeans nd altering fhe ¢ nfl Léon contro
" nf or maPFERASMAYS, TSRy ST %m% n8 cHE PIPRLLLENt or

gﬁ;bf:sp&%ﬁﬁu&étﬁ% |ces%%T%Qﬁ%3%§%§n qg%ﬁ%)dﬁﬁyﬁ céﬁ%ngt g&ﬁbggatllj_

to be ¢ gt AHEL ! ar, [ .gﬁgg €Sl N
responsgﬁt@o ?’aul ts11 fcﬂéﬁé%(ra?r‘rp%e?‘;ét%%g% éd’%ges al so %étfﬁﬁgg as
consi deghbk@ inh&Figad gl siHd MBdOaéwfbes (12) in the newly-formed - 21

areas A' and B' are controlled by the respective center
devices 11-1 and 11-2.

Next, Fig. 11 illustrates the autonomous recovery of
~communication functions of_the communication system shown in
Fig. 9 when a fault occurs in the liﬁearlyrconfigured
communication éath 13. * As shown in the figure, when the
communication path (13) is cut betweeﬁ node devices 12-10 and
12-11 generating fault innt 71, node device 12-11, which
origina;ly belonged to the area C (See Fig. 9), is cut off and
isolated from thé normal éommunication péth (13) wifh center
device 11-3 in the area C by the fau;t. When this happens,
center device 11-3 within the area C, using tﬁe method
described below, detects the fault point (71), ahd determines
thaf node device 12-11 is isolated. After that, this center
device (11-3) autonomously recovers communication functions by
transferring control of node device 12-11 fo center device 11-
4 within the area D. In this case, because center device 11-
3 could not communicate via the communication paths (13) due
to the fault point (71), it communicated with center device
11-4 using local communication means such as a wide area

network (16).
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control conveni ence of the center devices (11), achieving configurations
thdat allow for flexible changes in the nunber of node devices (12) that
each center device (11). controls. Here is an explanation of the
reason why two (2) of the plurality of center devices (11), center devices
11-1 and 11- 3, are positioned at either end of the linear system

confi gurati orFwdidver, nidithid caesy wssnnentar dewsicackl -4 tihthin the

eart hquake or sonme ot her natural disaster has caused ‘danage to the facing
comuni @sdP g hrXdd)g kenkeel nriformptier srabated tpd mode deviaes case,
node device 12-2, which wup until now had cone under the control of center
devi ce 12-10 anthdlipkh within g axra F1 Whinh e rcerReeted - 2.

Wth this systemconfiguration, the damage wi|| clearly cut the

conmuni dASAFIAIHER 13583 £ i eertrEdqetre ol 11=3), s#lé’ﬁ JFeRBRE devi ce

si de’ of SR AR ST LU ehR b e D eOminRter Soat debPhecenterang
center @R tr-3 by 1Ak A ddi%e | P14 - O SLAP SonbliesShEpER as you
, pabl'é of “commruni cation. ,~at thrs point, "center
means, and, as described above, is able to autonomously
recover communication functions by changing control data and
other configuration information, that is, the control tables.
After recovering communication funétions, as shown in Fig. 11,
the node devices (12) in the newly-formed areas C' and D' are
controlled by the respective center devices 11-3 and 11-4.
Next, fault detection and comﬁﬁnication functions
recovery operations are explained in more detail. Also, for
the sake of simplicity; as shown in Fig. 12,.this explanation
is based on a system configuration in which the node devices
(12-1, 12-2, 12—3, 12-4, 12-5) that exist between center
devices 1l1-1 and 11-2 are connected by bus-type communication
paths (13). As methods for detecting faults in this case,
first, there is_a method by which the node devices (12) detect
the interrﬁption of cell transmissions from qenter devices
(11) or upstream node devices. In other words, when the
communication paths (13) are cut, because cells ‘are not
transmitted, to say nothing of the signals themselves, it is
possible to recognize an occurrence of a fault by detecting
such a state. Further, when the communication paths (13) are

normal, and the switching functions of an upstream node device

(12) malfunction, since only the transmission of empty cells
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device 11-1 was not positioned at the left end of the linear network, node
devices '12-1 and 12-2 woul d be conpletely cut off and isolated, but as a
result of this systens configuration, in which center device 11-1 is
positioned at  the left end of the linear network, by having center device
11-1 take over control of node device 12-2, communication can be

mai nt ai ded savsetaimedheitate alsbhpodatble. to recogndzebashehve a sinplified
configuration of a comunication systemrelated to-the second enbodi nent
of the occurrence of a fault by the fagg that ceIISpQQQQNtthnneempmy The

onl'y point. where this configuration differs fromthat of the system shown
in Fig. clks tdtnehearEdveer devices (11) and node deV|ces (12) are
connected in a |opop by the conmuni, cat i on Rath 13. using this

| oop- shaped cthrtY®oR BBREi JAPGLELA, SKAME esy§P§nF8Pfé?§)t 8 PofRSR ng

22;?22?%P\rcg%ffggf $% Eiéys&?nhogggors the %rans%&gglokss%a%%grof

either the cells or the empty cells, recognizes when cell

' transmission étops or when.cells other than empty cells dé not
arrive, and this CPU (26) notifies the network control device
(112) at the center device (11) (See Fig. 5) that it has
detected a fault.

- Also, as another method, node devices (12) can constantly
transmit fault monitoring cells containing information
peculiar to themselves to downstream node devices at fixed
intervals, enabling downstream node devices (12) to detect a
fault by the fact that thé transmission of the fault
monitoring cells from an upstream node device (12) has
stopped. Then, a node device (12), upon detecting a fault,
transmits fault cells containing information peculiar to

 itself via specific virtual channels to center devices (11) or

downstream node devices (12).

To give a more specific example, when a fault occurs and
an interruption in the fault monitoring cells from upstream is
detected by the fault/alarm indication element (25) in a node
device (12) (See Fig. 2), the CPU (26) causes the cldék (27)
to run on its own, and éends a fault alarm signal in the form
of a cell (fault cell) from the fault/alarm indication element
(25) downstream via the multiplexer (23). |

When the upstream clock is interrupted by the seve:ing of
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That is, wth the systemdepicted in Fig. 1, for exanple, comrunication
bet ween' center devices 11-1 and 11-2, which connect node devices 12-1,
12-2 and 12-3, are carried out via the communication paths 13, but as a
result of the connection configuration being |inear, naturally, there is
only one communication path (13) between these center devices (11-1,

11-2). ¥Fher ebmamaniichtd dmpatshqud) retkierthis; npodai @deeices CdRnumakst e
via this conmunication path 13, communication between center devices 11-1
and 11- 2hedrl dniteraatlo dlecks miund orouthedim owni cendrtransmisr kKhel6) or sone
.other local communication neans. By conparison, when the connection
confi guabpiendescrdded ﬁﬁnﬂﬁuFQ%iﬁmtrWh?ﬁe%y%%%h?sﬂ%ﬂhrﬁn £lgces, the

commu t th 13) bet |
oo dap i e i g A odd 2Tl B [
anot her run thro de d '
113, “afhodes ”°'1°f*’%vdﬁ§f°&% 2 LSimetice 7Ea8, pEERES, TV ?ea
au S

node §§g i%%gpfa' andgfgég conndﬁ?c tl %ﬁf%%ﬁ?g?ﬁ%@?gé%u eghngggnnd

tzge_ Fault %Eh%hé%.@arﬁéﬁéf@e’i@ &nf@sibh OUOPhérefore, various

types of fault cells arrive in a transient fashion at the
network control devices (112) in the center devices (11) (See
Fig. 5). .However, after a fixed interval, the network control
device (112) begins to receive stabilized fault cells. The
reason for -this, if we fake as an example one of tﬁe node
devices (12) midway between the fault point énd the center
éevice (11), is that once signals from upstream are
interfupted,'this.nqde device starts transmitting fault cells,
but after a time, the node device (12) upstream of this node
device (12) is carrying out tﬁe same operation and the fault
cells from that node device begin to arrive. At that ﬁoint,
.the node device (12) in question ceases transmitting fault
cells, and commences just relaying the fault cells from
upstream. In this way, once things settle down to a steady
state, only the node device (12) adjacent to the fault point
is transmitting fault cells.

Even if the system shown in Fig.. (12) is changed to a
system wherein thé node devices (12-2, 12-3) adjacent to the
border between the areas A and B, which are divided by a |
dotted line, carry out 106pback, and the communication path

(13) is a lobp configuration, by reading the
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wi de area network (16) or sone other |ocal comunication 'neans, that is,
via the comunication paths (13) that go by way of center device 11-3.
As descri bed above, with the present invention, the center devices (11)
control the node devices (12), and this <control is achieved by maintaining
I n advance within the center devices (11) control tables that manage
syst em upshfegu/dowostaramotinetheoabovie expdemation. ahese control” tables
can be created within the center devices's (11) network -control devices
(112) (seetregm/dpwnsiireansagoagsidenyhes £3pw pfedataodny dhe Agam, are
shown in Figs. 7(a) to 7%;;. The _ control tables indicated in the figures
are exahpPefaBtt ggferdiorapetbods&han vtlhizre &hbRt sboyerdeseyibedin the
system gonfjiguration.illustrated in Fig. .1, re eci%LcaI Fig. 7 (a)
correspgﬁﬂ ktﬁoFﬁgogéﬁgrgﬁiinggniﬁebg%Fgr dg§i88§ g t }sFéfﬁ%ﬁtn -
corr eSp&&gécwohhﬁae%ﬂ%r O:ift agio% i AstERER" ige%h%e dﬁé%mi%%% E&rfat Hed
corresponds to the control fa e in cgntér evi ce - 3. n-view of
node deybfifuhichtidnopathad (18THRGRENCRnBABcond node device (12-

4) and the third node device (1245) from the left in the area

B was thé location of a fault, the two node devices (12-3, 12-

4) on the left side of the original area B are transferred to

the control of center device 11-1 within the area A.

In this case, the method by which the node devices (12)

targeted for change transmit data becomes a problem. With a

system configuration that uses a bus-type communication path.

(13) like that shown in Fig. 12, the flow of data within the

node devices (12) in the areas A and B are completely

different, as is indicated at the bottom of the figure. That

is, for node devices. (12) within the area A, data input frdm

the input/output ports (14) flows in the direction of center

device 11-1, and for ndde devices (12) within the.area B, this

same data flows in the direction of center device 11-2. In

brief, the cOnfigurations of the node devices within the areas

A and B differ. With this point in mind,. when a fault occurs,

communication functions must be recovered by changing the flow

of the above-mentioned data, that is, by'changing the

configurations of the node devices, or by using the node

devices (12-4, 12-5) ‘adjacent to the fault point in the

loopback mode. Also, when the communication path (13) is

.configured in a loop, communication functions can be recovered
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(13) connections, this control table contains a "Node Device Nanme" that
cofrespond to a "Table No.", and to the right of this "Node Device Nane"
is entered the "Control Center Device" that controls the node device (12)

i ndi cated by the pertinent - node device nane. The respective center
devices (11-1, 11-2, 11-3) control the various node devices (12-1 - 12-6)
on the bpasaking tthies fiaufldr petindn the loopbadkh@admdui ousl y- descri bed switch
over of control when a fault occurred between node devices 12-2 and 12-3
in the Also, as another method of Betecting faplfispsmaddpitheed in Fig.
1, center eV|c$s 11-1 _and 11-2, as ' described bel ow, detected the

occurreﬂ?@e fey F&gl {129 ﬂ?é‘smnﬁ?&qwtpé’t%§h& FEWISYIGRR devi ces
12-2 d.th t.h [
comrf)‘??%iﬁl 8t £aned ﬁé%ﬁ&ﬁ&litsoyfﬂ@% B AR S IR P R CREARE. cont ro
tabl oo yRagkady el BRESISANGE ARSIV | Rnd i hileon! i

respect1Vve i 'scerne ese Tigures, i's updati ng,
the Cbpii9|cgﬁn53%opgﬂéaify the location of a fault by the

interruption in the transmission of the fault monitoring cells
from upstream hode devices (12). In addition, it goes without
- saying that the present invention, to the extent that it does
not deviate from-the above-described aims, can be used in a
variety of configurations and applications.

As pointed out above, because the present invention
connects a plurality of node devices supporting data
generating sources to a plurality of center devices via
communication paths that use ATM technology, and is configured
as if it has distributed ATM switching technology, even when
the communication path between a certain center device and the.
node devices under it control is cut, by transferrlng control
of these node devices to a center device other than the |
original center device; the reliable-and stable autonomous
recovery of communication functions can be achieved when a
fault occurs due to a disaster or accident.

Further, with the above-described configuration in which
thé distributed control of a plurality of node devices is
performed by a plurality~of centef devices, because functions
have been added which enable configuration control information
which stipulates the node devices to be controlled by the

various center devices to be conveniently changed separate
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field corresponding to "Node Device 12-2" for both center devices 11-1 and
11-2 was changed fromcenter device 11-2 to center device 11-1, resulting
in contents that support the sw tch over of control of node device 12-2
fromcenter device 11-2 to center device 11-1. The detection of the
| ocation of a fault by the center devices (11-1, 11-2) descri bed

previ ousirpmCc heb®cmivmamse ofSithe farl teod tiyishcohfiguiratidedr easeteso as
to return to node devices 12-1, 12-2 and 12-3, respectively, are output
from ei eppliedntter skstiams equiringreentdeli that ispansi aepluriesddsyaras
prescri bed for each of the node devices (12-1, 12-2 and 12-3), and center
devi ce ¢entegr desriaas.dand &he scoprteftthaheCaatrol gan bresasddiy s
returned_after the above- nentioned fixed jntervals. - Al'so, the

cont r ol ChapEES s RN ReSFibAey L £¥rBRIR: thRcRORALTEGHIPR et er
Devi ce and Node Devi ce me are .entered for each respective center device
(11) AR ErbRe Ly R T e tor e ey eh Hovtha cass 18T ral 1208, Snd'®)|
t hese ex% kﬁ§%¥%£en a fault occurs. the center devices (11) can update

t

the conP MASESTRENS FEREHY control tabl e
25

INDUSTRIAL APPLICABILITY

Under the present invention, since aufonomous recovery of
communication functions can be reliably and stébly achieved by
transferring control of a node device that exists on a cut fo
communication path to a center device other than its original
center device, the present invention can be applied to én
oyeral; communication system which requires the gathering of
operational status information spanning a plurality of center
devices, and the ability to respond to the operational states
on the basis df the information gathered, and more
particularly, is well suited to railroad management systems
which must monitor the operations of frains, and which must

take reliable steps to stop trains to ensure safety.
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I nf-or her center devi ces (11), for instance, if we are
t al'ki n( Wut the system configuration shown in Fig. 1, wthout
* ¢

“commumni ”w“ﬂrulmmn)commni cation means such as a w de area network
(16). g i#lbn, when control of a certain node device (12) is
transferred to a difféerent center device (11) for the purpose of |essening
the increased | oad put on center deveggdms(11l) in.line with the .
previ ousl y-described installation ofT additi onal node devices (12), control
tabl es nust he updatcsshmuricatdcdrangystgen,ordonprisinig: i nf or mati on bet ween
center devices (11) via a fault-free comunication path (13) or |ocal
comuni cat i o pdaralsitigh ofs revde dieaiass rditstribyties] .in a plevalbey, ofs
explained earlier in reference to Fig. 1, wth regard to controlling

moni t or legadd@msts in a railroad nmanagenent. system when control nust span
center device 11-2, the control table for center device 11-1 in Fig. 7
(See (a) in oN§ X iHulAralddy ek logak mammmnigatiomcrrminats 12-5, to
which this control extends. Also, in this case, a plurality of "Control

Center BRPRESIed; 319 &pohy of gald node devigasicd

a plurality of center devices that control séid node
devices and said local communication terminals; and

facing communication path means that serially connect
said node devices and said'center.devices,

characterized in that said center devices transmit to
said communication path means cells of data directed to said
local communication terminals targeted for control, said node
devices receivé said cells of data from said communication
path means, extréct from the received data in question cells
of data addressed to local communication terminals connected
to own node device, and 6utput the extracted c?lls of da?a to
the pertinent local communicétion tefminals;“gi;o transmit via
said communication path means to said centef devices cells of'
data from said local communication terminals_connected to own

node device.

2. The communication system described in Claim 1, which
'is characterized in that the communication path means connects
said node devices and said center devices linearly, aﬁd at
-least two (2) of the plurality of said center devices are
located at either end of the pertinent linear communication

path means.
—_—
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in thE*—€BﬁPFQL~CEﬂLﬁ__Q§ViCe" field corresponding to each "Node Device.
control tables in Figs. 7(a) and 7(b). Wwen a plurality of

-5 in
" Cont ri@,’ ”Mémmnmu are entered in a "Control Center Device" field
of ac e this, these plurality of "Control Center Devices"

must carry out "arBittation in controlling the node device (12) in

questi on. Further, when a plurality of |ocal comrunication termnals
(15) are connected to a node device (12), this
26 Sy St eMmhies eommedita Lo idyatan et it el ideatdel onghsdwWn

in Fig. 8, to which the item "Local Communication Term nal Nanes" has been
added t dst bharactvealizegblin that thee )comdunicticon ipath gunedhs nchmméets two
(2) local comunication termnals named 15-8 and 15-9 are connected to
node degadd nRde devimes sk saichlcardrendesnidas dreran keos. (15-8, 15-9)
are each controlled separately by center devices 11-2 and 11-3.

Further, when each center device (11) nmaintains a control

4. The communication system described in Claim 2 or
Claim 3} which is characterized in_that the center devices.are
interconnected via local communication means, and fransmit and
receive system configuration and other control information via
said communication path means or said local communication
means, and comprise means for changing the scope of control

over said node devices and said local communication terminals.

5. <~ The communication system described in Claim 2, which
is characterized in that the center devices aie intgrconnedted
via local communication means, and when a fault occuré at a
segment of éaid communication path means, comprise the means
for transmitting and receiving fault point information and
system configuration ana other control information via said
local communication means, and for transferring node-devices
rendered incapable of communicating with a certain center
device as a result of said fault to the control of another

center device.

6. The communication system described in Claim 2, which
is characterized in that it comprises means for detecting the
occurrence of a fault in a segment of the communication path
means, for interconnecting center devices via local

-\'
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-
table that only lists the node devices (12) that the cénter device itself
COhtrO!ﬂMMﬂ"‘"rmm the scope of control anobng these center devices
(11), tH X Hs (11) .must comuni cate with one another via
fault-free commfini atfon paths (13) or a | ocal communication means such as
a wde area network (16). In other words, it is this conmunication that
mekes i goRfbAiBation it iy ahQuesiBrtiesthd CAECe DYLin§ORALRL DY
exchangi ng control table information and executing updating processing
such aspsifitngnFdiiniatdeon aid dstLidnw configureticmtdnd dthéeScontrol Next,
a different enbodi nent of the present invention is discussed. Fig. 9 is a
si npl e bhfokmdtdignawial said dounal conmomisgestizon meaned andt iext hird

enbodi nent of the present invention, conprising a conbination of the
linear trgoséercdmd geds idevigesvrenderes incapehle ¢Hopomyundeating

configuration shown in Fig. 6. Inthis sane‘%%ﬁure for_the _sake of -
si npl i cViyh eheerded y&H CEYLGmAST 3 et rf $A1d cBeWlsf tPhsheent er
devi ces

o oot b Ao, SRR B LIl S0 D
11-3, 11-4) _ _ 27 . :
7. The communication system described.in Claim 3, which
is characterized in that the center devices are interconnected
vié local communication means, and, when a fault occurs in é
segment of said cbmmunicatién path means, comprise the means
for transﬁitting and receiving.fault point information and
system cohfiguration and other control information via said -
communication paths means which have been re:outed_around the
. fault or said@ local communication means, and for transferrihg
~node devices rendered incapable of communicating with a
certain center devicé.as a result of.said fault to the control

of another center device. |

8. The.communication system described in Claim 3; which
is characterized in that it comprises means for detecting the
occurrence of a fault in a segment of the communication path
means, for interconnecting center devices via local
communication means, for transmitting and receiving fault
point informatién and system configuration and other control
information via a said communication path means which have
been rerouted around the fault or said local communication
means, and for transferring node devices rendered incapable of
—
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inside the various areas A, B, C, D control the various node devices (12)

thét-ﬂ" f these areas, and the local communication term nals
(15), lﬁﬂﬂ"lﬂMﬁﬁrF"ﬂse node devi ces. Next is an explanation of the
oper at*i ofi of thi's system For exanple, regarding data transm ssions wthin
the area A, information obtained by the |local communication terninals (15)

under t eemmanicatinolg edtiera dagtein lednter (davitde tdedh afesaEt| 6fokadd@ a to
t he node devices (12) that support these |ocal conmunication termnals
(15). Tifesltr duosthet edbroatal afp endbhewm\caritdihedeviwele devices (12), and is
transmtted again via the conmunication paths (13) to center device 11-1,
the control center device for these node devices. Conversel y, center
device 11-1 processes the data sent via the respective node devices (12)

fromthe varifous [THealcommphantdan Gyyeemidraeribesy imderaims Bontrol, and
after ocessi addi ti onal .data from each of the center device 11) in
the oth r&PEZ’s%qdé‘?"&cé’ot’a? mﬁ%tq#@%%rﬁp‘?‘t%’fiw ‘b%‘?ﬁ%?(é%)’,icﬁ the
‘é“e\‘jiec‘g;%?af%‘%tf‘g?g ¥ orl $'sa i TN € Hd ”c?:?f‘psé%@iﬁ“@h% habag center

device information-carrying fault cells sent from said node

devices.

10. The communication system described in Claim 9, which
is characferized in that the node devices comprisé means for
detecting faults from the interruption of cell transmissions '
from senter devises or upstream node devices;-and, when a
fault is detected, transmit to center devices or downstream
node devices via a dedicated virtual shannel fault cells that

contain information peculiar to the node devices themselves.

~11. The communication system deScribed in Claim 9, which
is characterized in that the node devices comprise means for
constantly transmitting to downstream node devices at fixed
intervals fault monitoring cells that contain information
peculiar to the node devices themselves, and for detecting
faults from the interruption of said fault monitoring cell
'transmissions from upstream node devices, and, when a fault is
detected, transmit to center devices or downstream node
.devices via a dedicated virtual channel fault cells that

contain information peculiar to the node devices themselves.

— 1
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I nterconnected, center device 11-1 transmts to the conmunication paths
(13”"1”” hat need to be sent to each of the |ocal conmunication
ter "ﬂmmmﬂl The cells of data sent fromcenter device 11-1 are
recefved By #ach of the node devices (12) under its jurisdiction. From

anong the cells of data received, each node device (12) extracts only
those cel |'s pf, datie adcnese6atoon! g98temodesoribédonint €laimsl § ( 15)
connected to the associated node device (12), and sends this data to the

| ocal through 8, which is characterizé@8 in that thennodecdewvdgeser ni na
(15) to which it is addressed. This enables the |ocal comunication

t er m natengtantlpctransyithteccenten d§V¢a¢$ya§ufi§9ﬂré§§GﬁHP4§ éﬂﬁkﬁlons
such as displaying the received data. Al so, a center c
sends(nnuitqrimga¢elb§nﬁhﬂtcﬁ?PﬁﬁiPeiﬁfﬁ§W§t695)PSSHﬁééFe3°t5 V|ces
(12) outside the area, it first transnits ata to gfcen er deV|ce in

t he otH@?V%ﬁ%%.Eh?%§?1V?§rtﬂ%dcﬁﬁﬁﬂnFEQFﬁﬁnéﬁgﬁﬁgs spec |
location of said fault from the interruption of said fault

. monitoring cell transmissions from said node devices.

13. The communication system described in Claims 1
through 12, which is characterized in that the node devices,

center devices and communication path means are achieved using

ATM switch functions.

_
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(23), or via a wde area network (16) or other local conmmunication nmeans
to whi¢ch the center devices (11) are interconnected, then, under the
control of the pertinent center device (11), the data is sent to the |ocal
comuni cation termnal (15) to which it is addressed. Also,' in sending
data to a local comunication termnal (15) in another area, in addition
to executing this data transfer ungreA®r control of the center device
(11) in the other area, for. instance, it is also possible, after the two
center devigesofmidhibateonogpstend capabliedbiforeltiablyaretdvertinglatts
directly to the pertinent |ocal conmunication term.nal (15) in the other
area. commumicabton fuhbtibesspat dinscown givem isofasfidvedours,g.argd it is
al so possible to carry out control that extends across areas, as typified
by t he whiith otanf behusedniteocongtenedr & ihighlye flgxibded natvaEdfrent system
shown in Fig. 1. However, wth this system because the communj cat i on
paths (Tlsis foemnunieaioposyesemicoFoREIgNFRE 5P Bhet & RIRIER RF ng
control neasures that _extend across areas as descri bed above, there is

the ri Sode8eVieasaldrds SHRPEFtiNg, data geneTaddng FURSRS 47e

29
connected via communication paths (13) that use ATM technology

to a plurality of center devices (11), just as if it possessed
distributed ATM switch functions. When the communication
-paths (13) between two (2) node devices (12~2 and 12-3) are
cut, the center deviée (11-2) detects the fault point, and
autonomously recovers communication functions by transferring
the node device (12-2) originally under its control to the
control of tﬁe cénter device (11-1); When this happens, the
center device 11-2) cannot cgmmﬁnicafe via the communication
paths (13) dﬁe to the fault, and must use a local |
comﬁunication means such as a wide area network (16) to

communicate with the center device (11-1).

43



(15) not on the communication path (13) will continue to circle around on
the I oop. Therefore, with this system configuration, each center device
(11) nust store control information for the entire | oop-configured
network, and nust be equipped with functions that do away with unnecessary
dat a such as that described above each time such data is gener at ed.

Next is an explanation of operations-when a fault occurs in this system
Fig. 10 illustrates the autononous recovery of conmmunication functions of
t he communi cation systemshown in Fig. 9 when a fault occurs in-the

| oop- shaped conmmuni cati on paths (13). As gho i gure, when the
communi cation paths (13) are cut between yodel devdeges 32-1 and 12-2
generating fault point 61, node device 12-v3, ic igijnal ly belonged to
the area A (See Fig. 9), is cut off and isol atjd W m tlthe nor nal '
communi cation paths (13) with center device 1 area A by the
fault. When this happens, center device 11-1, t he nethod described
bel ow, detects the fault point 61, determ ne e device 12-2 is

i sol ated, autononously recovers conmuni catipn flu 1% S_by-exchangi ng
fault point information and control infor Wi E C . '
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device 11-2 of the original area B (See Fig. 9) 'via either the
comuni'cati on paths (13) that go by way of center device 11-3 in the area
C, or a wide area network (16) or other |ocal conmunication nmeans
connecting area A's center device 11-1 wth area B's center device 11-2,
and transfers control of the isolated node device 12-2 to center device
11-2 in the area B. Also, if at that time center device 11-2 within
the area B is holding control information related to node devices 12-1

30 and 12-2 within the area A whicl&were connected linearly with

area A's center device 11-1, this center deyce (11-2) within the area B
only receives the fault point information, t is, ¥ gutononous recovery of
comuni cation functions is possible wthouts@oth cexéer devices (11-1,

11-2) conmunicating with one another. Aft&%r ecovﬁgng conmuni cati on
functions, as show|in Fig. 10, the node d ces ( in the new y-forned
areas A and B are~controlled by the respe@ive ce8 ér devices 11-1 and
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Next, Fig. 11 illustrates the autononous recovery of conmunication
functions of the comunication systemshown in Fig. 9 when a fault occurs
in the linearly-configured comunication path 13. As shown in the figure,
when the comunication path (13) is cut between node devices 12-10 and
12-11 generating fault point 71, node device 12-11, which originally

bel onged to the area C (See Fig. 9), is cut off and isolated fromthe
normal conmuni cation path (13) with center device 11-3 in the area C by
the fault. When this happens, center device 11-3 within the area C, using
the nethod described below, detects the fault point (71), and determ nes
that node device 12-11 is isolated. After that, this center device (11-3)
aut ononmousl y recovers comunication functions by transferring control of
node device 12-11 to center device 11- 4 within the area D.-In this case,

A

because center device 11- 3 {coul dgnot communicate via the communication
paths (13). due to thgaul@)poi nt)(71), it comunicated with center device
11-4 using | ocal gammunilcatl gn neabs such as a wide area network (16).
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Further, in this case, when center device 11-4 within the area Dis
hol di ng control information related to node devices 12-10 and 12-11 within
the area C, which were connected Ilinearly with area C s center device
(11-3), this center device (11-4) within the area D communicates as-is .
with center device 11-3 within the area C via the |ocal conmunication
nmeans, and, as descri bed above, is able to autononously recover

conmmruni cation functions by changing control data and other configuration -
information, that is, the control tables. After recovering co ni cation

functions, as shown in Fig. 11, the jnode devices (12) in.the newM y-Zorned
areas C and D are controlled the respective center vi ces|1 = and
11-4. - Next, fault detectiormmyand communi cation functirgns rec@BiaeLy
operati-ons are explained in nore il. JAAlsa __far _fhe s3g f $i ¥city,
as shown in Fig. 12, this explanation&i§ based on:a systemg nfilg Iag'__on
I n.which the node devices (12-1, 12-%5 12-3, 12-4, [12-5) |t atle i§§z
bet ween center devices 11-1 and 11-2 ar¢ donnected y_b_u’s-w e |_°§
comuni cation paths (13). As net hods &o det ecTing Faulty i=h |t hijs <ale,
first, there is.a metheg by which thel ofi fdevs t &et Fla
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T

the interruption of cell transm ssions fromcenter devices (11) or
upstream node devices. In other words, when the comunication paths (13)
are cut, because cells are not transmtted, to say nothing of the signals
thenselves, it is possible to recognize an occurrence of a fault by
detecting such a state. Further, when the communication paths (13) are
normal, and the switching functions of an upstream node device (12)

mal function, since only the transm ssion of enpty cells

32 _ is sustained, it is also possible to recognize as the
occurrence of a fault by the fact that cells other than enpty cells do not
arrive. To give a nore specific exanple; the CPU (26) in a node
device (12) (See Fig. 2) nonitors the transm ssion status of either the
cells or the enpty cells, recognizes when cell transm ssion stops or when
cells other than enpty cells do not arrive, and this CPU (26) notifies the
network control device (112) at the center device (11) (See Fig. 5) that
it has _ ’ . ' :

FIG.5
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detected a fault.. Al so, as anot her nethod, node devices (12) can
constantly transmt fault nonitoring cells containing informtion
peculiar to thensel ves to downstream node devices at fixed intervals,
enabl i ng downstream node devices (12) to detect a fault by the fact that
the transm ssion of the fault nonitoring cells froman upstream node
device (12) has stopped. Then, a node device (12), upon detecting a fault,
transmts fault cells containing infermation peculiar to itself via
specific virtual channels to center devices (11) or downstream node
devices (12). To give a nore specific exanple, when a fault occurs
and an interruption in the fault nonitoring cells fromupstreamis
detected by the fmult/alarmindication element (25) in a node device (12)
(See Fig. 2), thee CPU (26) causes the clock (27) to run on its own, and
sends a fault ale«gmsignal in the form of a cell (féﬂlt cell) fromthe
fault/al armindi I on element<° (25) downstreamvia tke multipl exer (23).
When t he upstrea glock S inQQLLEpted by the severiqb of
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t he communi cation.paths (13) like this, node devices (12) make their

i nternal clocks run on their own, and transmt the above-described fault
cells. Wien a fault occurs, since signals are interrupted to all node
devices (12) downstream of that |ocation, these node devices 12 conmence
‘the above- described fault cell transm ssion operations practically al

at the same tine, generating confusion. Therefore, various types of fault

cells arrive in a transientf Lasnon_a K rce‘ (112)
in the center devices (11) |( SABLENG. Sb%%ger, PfCENTEHTD fterval,

the network control devi ce YAT E aX S dra) @Gewe.-s-t-ab-t-l_l_z.e-a_r_a.uut cells.
The rea t ak® as an| exar@€ one )f the 1etle de\ices
(12) md } f aytt pUl t—aptire—centet trevtce (idr\, +q t hat
once signals from :ﬁst eamlare Tinterfjlpted22his npde devit? startls

transmtting fault cells, [Dut Ter i I’TE}' The nofie deviCe. (I2) Jpstream
of this node device (12) its_cartvyi nglbut {183 sane peratﬂc}n and the fault
cells fromthat node device_beqin to arrive. At -that point, the node

device (12) in question cea s?gEi_g%ml NODE DeViICE el | TONTROLOMYNCes

just relaying the fault celll UpstreBAMED (1| SCRHTERDEVIGR|ngs

settle down to a steady o 12-1 114
IR 12-2 11-2
FIG.7(b) [ = | =
: 3 12-4 _ 11-2
4 12:5 11-2
5 12-6 11-3

) TABLENO. || NOREAME "= | CENTER DEVicE
FIG7(c) — | =
1 12-5 - 1-2
2 124 11-2

- | TABLENO. || NORTRIE'® | cENTER DEvicE
0 12-1 | 111
FlG-7(d) 1 12-2 111
2 12-3 11-2

TABLE No. || NOBTRRYICE | CENTER DEVICE
0 121 - 11
| 1 122 11-1
FIG.7(e) [ = | s
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4 125 11-2
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state, only the node device (12) adjacent to the fault point is
transmtting fault cells. ‘Even if the systemshown in Fig. (12) is
changed to a system wherein the node devices (12-2, 12-3) adjacent to the
border between the areas A and B, which are divided by a dotted |ine,
carry out |oopback, and the communication path (13) is a |oop
configuration, by reading the - 34
upstreani downstreamin the above expl anati on as upstream downstream

al ongside the flow of data in the |loop, the fault detection nethod that
utilizes the above-described fault nonitoring cells can be used. By using
this fault detection nethod, if, for instance, it was determ ned that the
conmuni cati on paths-(13) between the second node device (12- 4) and the
third node device (12-5) fromthe left in the area B was the |ocation of a
fault, the two node devices (12-3, 12- 4) on the left side of the original
area B are transferred to .the control of center device 11-1 within the
area A '

FIG.8
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In this case, the nethod by which the node devices (12) targeted for
change transnit data becomes a problem Wth a system configuration that
uses a bus-type conmunication path (13) like that shown in Fig. 12, the
flow of data within the node devices (12) in the areas A and B are
conpletely different, as is indicated at the bottomof the figure. That
I's, for node devices (12) within the area- A, data input from the
|nput/out put ports (14) flows in the direction aof-€enter~-. device 11-1, and
for node devices (12) within the area B, this” sane data f1 Ows. |nﬁthe
direction of center device 11-2. In br| ef, t he conflguratlons of ;be node

devices within the areas A and B differ.,” W®h this point. Ewhen a
fault occurs, comunication functions nfist l:ﬁ recovered by c ng' \ the
flow of the above-nentioned data, that/is, t% changT NG conf rations.
of the node devices, or by using the nodea devi c ' 5) agzcent to

the fault point in the | oopback node., | A0S0, i
(13) is configured in a |oop, conmuni 'caﬁqn ueft'
35 : N
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by makikng the fault point the |oopback point. Al so, as anot her nethod
of detecting faults, all the node devices (12) constantly transmt to the
center devices (11) at fixed intervals fault nonitoring cells that contain
i nformati on peculiar to thenselves, and the center devices (11) can also
specify the location of a fault by the interruption in the transm ssion of
the fault nonitoring cells fromupstream node devices (12). In addition,
it goes without saying that the present invention, to the extent that it
does not deviate fromthe above-described ainms, can be used in avariety
of configurations and applications. As poi nted out above,- begguse t he
present invention connects a plurality of @pde devices supporti g<§ata
generating sources to a pluragdity of center gevices via comu 'c oon
paths that use ATM technol ogy, and is confi@lired as.if it ha E but ed
ATM swi t chi ng technol ogy, even when the comtrunicati on h b=twe
certain center device,and ithe node devi ¢@s u(r;d/eﬂi S CU®S by
transferring control &f {hese node deviass t ent er Eﬁw Qﬂheztpan
the original center Vi ce, the reliable—md-sfabl ¢ auf sregdvery -
of communi cati on funct,.Lons can b@, achi eje @hen ar— A \
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fault occurs due to a disaster or accident. Further, with the
above-descri bed configuration in which the distributed control of a
plurality of node devices is perforned by a plurality of center devices,
because functions have been added which enabl e configuration control
i.nformati on which stipulates the node devices to be controlled by the
various center devices to be conveniently changed separate

36 fromthe occurrence of the faults, this configuration can be
applied to systenms requiring control that spans a plurality of cesiger
devi ces, and the scope of that control can be easily changed, naﬂﬂ

possi bl.e, for exanple, the consttuction of gextrenely flexible net ks
even in the case of railroad“nd other sucl€ managenent syste
| NDUSTRI AL APPLI CABILITY / Under the prasent i nyere# '

aut ononmous. recovery of cofmunication fuggthns can|be ﬂﬁgiab
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t

' control of a node device that exists on a cut off
communi cation path to a center device other than its origi nal
. -device, the present

i nvention can be applied to an
system whi ch requires the gathering of operational
spanning a plurality of center
operational states

particul arly,

cent er
overal |l conmuni cation
status information
devi ces,

and the ability to respond to the
on the basi's of the information gathered, and nore

is well suited to railroad-managenent systens which nust
nmoni tor the operations of trains, and which nust take reliable steps to
stop trains to ensure safety.
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1.+« Arconmunication syst in which a plurality of node devices each
accommodating one or a plurality of local comrunication termnals, and a
plurality of center devices that control said node devices and said |oca
communi cation termnals are connected in series in such a manner that each
center device is disposed with at | east one node device by facing
comuni cati on path nmeans, wherein each center device conprises:
managenent i nformation hol ding neans for holding managenent information in -
whi ch a corresponding relation between each of the node devices that are
| ocated to an adjacent center device and a center device that manages each
of these node devices is registered; control managenent neans for -
control ling and managi ng each of the node devices and each of center |ocal
conmuni cation term nals that the center device manages; and
managenent. i nf.ormati on updati ng neans for changing the corresponding
rel ati on between each. of the node devices and the managi ng center device
to update the managenent i nfor mpt+ en - -and-wheret N
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by iraﬁénitting and receiving the managenent information between each of
the center devices through the communication path neans, the systemis
able to change at any tinme the nunber of node devices and | ocal

conmuni cation termnals to be controlled and nanaged by each of the center
devi ces. . ' 38 2. The

communi cation systemdescribed in Claiml1l, wherein the center device
conpri ses: - fault point specifying neans for specifying a fault point
based on.specific informati on received fromthe communication path neans;
and re-setting neans, if thefault point is within the extent wunder
control of its own center device, for re-setting node devices as own
control targets that are within the extent to the fault point and, if the
fault point is out of the extent wunder control of its own center device,
for re-setting the node devices ) ' ' ' at are-within the
extent to the fault point, and F.ti '
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t he :axtent of. t he control nanagenent of each center ﬁtE\r?LA ;\.(?h@pgqaﬁ,lEeET
N

at-any tine in accordance—wth a- specified result of

3. The conmuni cati on system describ (iumﬁSHEﬁﬁain1§3 wher ei n,
in the tion, differeht Nk 1AL EES... &0 P2 -
correspg [mmmm“lu'm nt originat pr2 .e.c_ " .%Goediﬁ.v.lmq;agghd--or e node
device isX conttol'led and managed by at U przﬁgaLgnpqgmﬁée&.

4. The conmmuni cati on systen1describe$ BrPEya

t he man
corresp
conmuni
comuni
manageq

agemRRisgi nformation, different jcBnfbfTadbyic
ondence as nmanagenent originatqr for a _ g
cat i onilt-er mAngbamuntcathon aseeitam g e L L6%
catign term nals accommbdat ed i'moOnNe node device are
vicssurach: gcepmmedatingcie @y a plurality of local

communication terminals, and a plurality of center devices

1,%J§edg,.abnpa?gpdvxherei nin

that control said node devices and said local communication
terminals are connected in series in such a manner that each
center device is disposed with at least one node device by
facing communication path means, wherein

each center device comprises:

management information holding means for holding
management information in which a corresponding relation
between each of the node devices that are located to an
adjacent center device and a center device that manages each
of these node devices is registered;

control management means for controlling and managing
each of the node devices and each of center iocal
communication terminals that thé center device manages: and

management-information_updating means for changing the
corresponding relation between each of the node devices and
the managing center device to update the management
information, and wherein

by transmitting and receiving the management information
between each of the center devices through the communication
path means, the system is able to change at any time the

number of node devices and local communication terminals to be

controlled and managed by each of the center devices.
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5. The communication system described in Claim1, wherein the

cenmuni cat i nnects said node devi cesBﬁPL%EMENEﬁSHEET
devi ces Illm*l,mﬂmrmﬂm”mnast two (2) of the plurality of said center

devi ces are*l oatkd "t Seither end of the |linear comunication path neans.
6. The conmuni cation systemdescribed in Claim1l, wherein the

comunicati on jpat h a | hCeS.an I d, cent er
devices| in a F@op.Tﬁ% ggmﬁeggggeiﬁéq%gﬁﬁ%ﬂﬁgﬁgﬁﬁﬁggyégeﬁ%ég@c%fbed in Caim

5 or WO eicgnggg GePIEL dsMbEEsesy € interconnected via |ocal

communifcati on nmeans, and transmt and receive the control information via
said | ocal corpaulie Poiak EPaBEfying meads forll¥pecdEyingcat Eaulsypbent
described in Claim?2, wherein the communication path neans connects said
node dewbasesl and speicd fdeninformatieons récwmivwdd fromd the tempunigation of
the plurality of said center devices are |ocated at either end of the

| i near p@athmimeanssnapdt h neans. 9. The conmuni cation system
describpd in Caim?2, wherein the comunjcation path anns onnects said
node re-setting means, if the fault point is within the extent

under control of its own center device, for re-setting ncde
devices as own control targets that are within the extent to
the fault point and, if the fault point is out of the extent
under control of its own center device, for re-setting the
node devices as own control targets that are within the extent
to the fault point, and wherein

the extent of the control management of each center
device is changeable at any time in accordance with a

specified result of the fault point.

3. The communication system described in Claim 1 or
Claim 2, wherein, in the management information, different
center devices are made correspondence as management
originator for one_node device, and one node device is

controlled and managed by a plurality of center devices.

4. The communication system described in Claim 1 or
Claim 2, wherein in the management information, different
center devices are made correspondence as management
originator for a plurality of local communication terminals

accommodated in one node device, and the local communication

terminals accommodated in one node device are controlled and
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deviEEE_EEﬁTfiiWT“Eéﬁrer—devices in a loop. 10. The conmmini-cafiros
syst emﬂ ' i m 8, R{—P f‘u"‘ m é%“ak‘.“.t:T‘
wher ei nlﬁ"u H ces are interconnected via |local conmunication

nmeans, andCtransn1 receive the control information and the fault
poi nt information via sai d Iocal connunication means when the fault point
S speC|f|e :aﬂﬁég% atl stem described in daim9,
wher ei ny tTRPAE8E &Y R ‘g?‘éig?ﬁ ‘a local conmmunication

neans, and when a fault point |s speC|f|ed, transmt and receive the
controll{information and the fault point information via said |ocal

comuni fati on IEansry cbmmilidtadnC eFEYE CadsAriyed innedasim a,whi ch no
fault hpas occurred.

wherein the communication path means connects said node

devices and said center devices linearly, and at least two (2)
of the plurality of said center devices are located at either

end of the linear communication path means.

6. The communication system described in Claim 1,
wherein the communication path means connects sald node

devices and said center devices in a loop.

7. The communication system described in Claim 5 or
Claim 6, wherein the center devices are interconnected via
local communication means, and transmit and receive the

control information via said local communication means

8. The communication system described in Claim 2,
wherein the communication path means connects said node
devices and said center devices linearly, and at least two (2)
of the plurality of said center devices are located at eithgr

end of the linear communication path means.

9. The communication system described in Claim 2,
wherein the communication path means connects sald node

devices and said center devices in a loop.

10. The communication system described in Claim 8,
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carryi t he node device fromwhich the fault cells are
trans *13. The communi cation system described in Claim1l2,
wherein the node deV|ces conprise means for detectlng faults fromthe
|nterrupt|on of €$%itransn155|ons fromcegnter ggitrean1node

dev!ces SenRsE d§VLﬁgfeﬁf3d1"Y?Eﬁﬁﬁﬁ?(%ﬁw Y au P cells to center
devi ces jQL, mqmmt SRS dgeaC%é Hid @ Sedli FlEde ithel donthRaane! -

14. The communi cat | on syst em descri Bed 1 n Claim12, wherein the node
devi ces |COMY AP 484 Nend %&%&h&nbbinttiﬁﬂéﬂétim via daddsileeam nods
devi ces {fat fixed intervals fault nonitoring cells that contain

I nf or mat|i compatitation mesdnse whate thievEaalt! petne| ie gpemmidiked. det ecting
faults fromthe interruption of said fault nonitoring call transm ssions
from

12. “The communi cati on systen1described in Claim2, : \n faud -t
speci fm[m mim(um I‘IB as the specific infornat %ﬁf%ﬁf@e{*‘l‘s ‘§QEET
n on

11. The communication system described in Claim 9,
wherein the centar devices are interconnected via local
communication means, and when a fault point is specified,
transmit and receive the control information and the fault
point information via said local communication means or a
detoured communication path means in which no fault has

occurred.

12. The communication system described in Claim 2,
wherein the fault point specifying means monitors, as the
specific information, fault cells carrying the information on

the node device from which the fault cells are transmitted.

13. The communication system described in Claim 12,
wherein the node devices comprise means for detecting faults
from the interruption of cell transmissions from center
devices or upstream node devices, and, when a fault is
detected, transmit the fault cells to center devices oz

downstream node devices via a dedicated virtual channel.

14. The communication system described in Claim 12,

wherein the node devices comprise means for constantly

transmitting to downstream node devices at fixed intervals
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upst ream node devi ces, and, when a fault is detected REPIAG ... Lhe f\aﬁEET
cells to”'m‘ downst ream node devices via a dedicated virtual
channel lmlummmm,mcommm cation systemdescribed in Caim 2,

wherei n tfle hode devisces constantly transnmt to center devices at fixed
intervals fault nonitoring cells that contain information peculiar to the

node dev £t NESRALYAhg ISR ae! BuhiaBl e SARRION TactBaRs BN 1O S

the fau|t nonitoring ceq sent romthen evi ces an fires the

| ocati oh ¢He ficdel deriided rﬁn&ﬂdavle@t,e_&ﬁaptbﬁru@éeéﬁ f i 1t s EticmORhad cel |
transm gsi ons. 16. The communi cation system described in Claim1,
wher ei n| tiretermiepticon ces  scich tfaulde mons sorimyg ceell Ntx=aisndissijopnish freans ar e
achi evefl using ATM swi tching functions.

upstream node devices, and, when a fault is detected, transmit

the fault cells to centexr devices or downstream node devices

via a dedicated virtual channel.

15. The communication system described in Claim 2,
wherein the node devices constantly transmit to cénter devices-
at fixed intervals fault monitoring cells that contain
information peculiar tc the node devices themselves, and said
fault point specifying means monitors the fault monitoring
cells sent from the node devices and specifies the location of
said fault from the interruption of said fault moﬁitoring cell

transmissions.

16. The communication system described in Clainm 1,
wherein the node devices, center devices and communication

path means are achieved using ATM switching functions.
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