DESCRI PTI ON COVMUNI CATI ON SYSTEM'TECHNICAL FI ELD The present invention
rel ates to a communication system constituted by a data processing center,
data generating sources and data receiving devices and communi cation
network |inking these, in the case where the data geherating sources of

data receiving swvsemssioare arranged in |inear fashion. BACKGRG«iDPHdi2sshe .

present invention relates to a comunication- device enployed in a
comuni cati on system whereby a data :
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processing center and data generating source are linked, in the case where
data generating sources are arranged linearly; typical exanples of such a
conmmuni cation systemin which data generating sources are arranged |inearly
i nclude a road nmanagenent system railway managenent system sewer
managenent systwoosasms i el d managenent system river nmanageneptT/SHsHLss Or
underground railway managenment system In a road nanagenent system a
managenent center is provided within the managenent  zone and video caneras
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caoll ected at the managenment center. Al so, electro-optic di spl ay panels
are di sposed along the roads. Infornmation concerning accidents. and/or
congestion from adjacent nanagenent zones is collected at the nanagenent
center 'and eval uation of various types is perfornmed using these itens of .
I nformati on angyg &36i@f Or mati on of the managenent zone in questIPPEOINS 2 -
result, various kinds of guidance including €ongestion infornation etc. are
di spl ayed on el ectro-optic notice boards, thereby performng traffic
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managenent. Taking the exanple of such a road managenent system
conventionally, information was coll ected by connecting an information
generating source and the center by a one-to- one comrunication |ine, and
gui dance was .di spl ayed on the el ectro-optic notice board. Such a nethod
suffered fromtwosshs em of | ack of flexibility ow ng to thePCDIHOI2SR).
For exanple, if it was desired to add a new canera in a road managenent
zone, construction work had to be undertaken to lay the conmunication |ine

to the managenentzeanMIEL TFShe opiPRi&Pese the addition was made. The
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same problemarose if it was desired to nove a canera. Roads constitute
infrastructure that is used for a |long period. New and superior nonitoring
devi ces nmake their appearance fromtine to tine. Thus, there is the problem
t hat construction work for |aying comunication |ines arose every tine a
new type of dewvoee/s@as® i ntroduced. Al though nonitoring is perPCrinRsGorss .
machi nes insofar as it can be, nonitoring by human bei ngs having the five 2
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senses may still be necessary. This is the case when slight changes of
sbund or changes in the atnosphere etc. are to be nonitored. These nmay
necessitate patrolling by human beings. In such cases, the nonitoring staff
have to perfarmnonitoring by patrol-ling by carrying portable term nals. .
The noni tori ng wigdkksiaeed to comunicate with the center by thersroporssbl e
termnals fromtine to tine. Wth the conventional method, preparatory wor k
was necessary to arrange connectors at various |ocations along the road,
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varlous types, ranging fromlarge anmounts of |nfornat|on for mhlch

réal -time characteristics were required such as video or small quantities
of information that did not require real tine characteristics, such as
monitoring data. It is desirable for these to be integrated and sent by a
nunber of cabl emobénepessi ble. A further problemw th the conve@TdRIHN12SS
met hod was that conmuni cati on becane inpossible if there was sone fault in
t he conmuni cation device or comunication |line. Thus, the convénti onal
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tenporary data sources. It also | acked the capability of being able to

freely adapt to transm ssion data of various types such as | TV i nage data,
conputer data, or audio data etc. and to send these various types of data
in integrated manner. Furthernore, while self-recovery would be .
desirabl e i n t hwoosssise of occurrence of a fault, such a functrcEurscenss be
expected with the conventional systemin which data generating sources and
the center are connected by cable. Furthernore, fromthe point of view of
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infrastructure, there are many problens wth t he conventi onal systemin
that the communication system must be flexibly adapted to alterations over
a long period. An object of the present invention is to realize a

comuni cation system wherein the above problens can be sol ved, which has
consi der abl e f| wod%36i®®y, which can cope with data of vari ous RCAy»P96/01245 Ch
can al so cope with faults, and which can flexibly cope with future
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distributed fashion in a plurality of |ocations; one or a plurality of

| 6cal conmunication termnals connected to each of the node devices;
conmmruni cati on channel nmeans for connecting the plurality of node devices in
series; and a center device to which a starting end and a term nal end of

t he communi cat i woshbensnel nmeans are connected; in which the c®aT/ER6HIRES ce-
sends data for each local comunication termnal to the conmunication neans
and each of the node devices receives the data and extracts, fromthis
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node device in question, and thereby outputs this data to the | ocal

conmuni cation termnal in question. The present invention is also
characterized by conprising: a plurality of node devices arranged in a
distributed fashion in a plurality of locations; one or a plurality of

| ocal communi ceig9gBeiser M nal s connected to each of the node dewIPpeswizss )
conmuni cati on channel neans for connecting the plurality of node devices in
series; and a center device to which a staring end and a term nal end of
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center device sends cell-fornmed data for each | ocal conmunication term nal
t0 the communi cation neans and each of the node devices receives the
cell-fornmed data, and extracts, fromthe received cell-fornmed data,
cell-forned data for a local communi-cation terminal connected to the node
device in quest mowesans thereby outputs this cell- forned dat ®ctrapdshess ocal
comuni cation termnal in question. Further, each node device may conpri se
mul tipl exi ng transm ssion neans whereby data fromthe |ocal connunication

term nal connect e;d,{cggtmggyg OEYBCEI Hx02ash | (F PRI pLEXSE BV Bhpdat a

fromthe communi cation
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channel neans downstream and sent to the communi cati on channel neans and
the center device may collect data from each | ocal communication termn nal
by receiving data sent to the comruni cati on channel ..fromthe multi plexing
transm ssion. means. Al so, the center device and each node device 5

conprise a trarwowésess and a receiver, and performcell transPeramsspizss he.

communi cati on channel neans through the

e, EEB3V—BEOREGIE. BEEFOTHMMESHCIZVWC L TEES
BIBL., 7oy 72858, BEAXCHCHEOX T v EBRES 208
EOR-BEBSTTIHCESL. b L LRI SEEESIRNIIECORER
BEEILETSE51235, Chitk b, FEEEMCEVI S v FHERIES 2 OB

. BESZIFRVEEVENSETE S,

EESE F ORI T BB .
ZORRI, F—IOREFEX/-RTF-IZEEEVERRCEEIhABS

D, F-IABEY ¥ EF-IREBRBIUT-IREEELeh S 2358

HTCERENhIBEVYATFARBWWTERATHS.
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transmtter and the receiver. Further, alteration of |ogical identifier of
the cells is not perforned at the node devices. Al so the node devices
conprise switch el ement nmeans wherein cells fromthe | ocal communication
termnal and.cells fromthe upstream center device or node device are m xed.
wi t hout overl apwongssagsel are sent to the downstream center devPCHIRISONSSIe -
devices. Cell tfansmi ssion fromthe node devices to the conmunication
termnal is effected by means of a logical identifier that is permanently

al located to the node device and the gomgunigatggornggtermnal and is effected

by copyi ng

1. BB OEFCHBEESh B D /) — FEE L.

ﬁE/—F%Eo%hehkﬁﬁéhaléfdﬁﬁOn—x»ﬁfﬁia\

MRS/ — FERZEAICERT 5E8EBTFRE, |,

HEEERTFROBES SCREFERShI Y YRR L

ZBHEL. o

MRt S BBIRNES v — W VEERKCHT 57— EMEEEB TR
REL. HIEs/ - FEBCRAET -7 2RBLTET - 0Fr o/ —F
LECERSh - VERRKRENT ST -y 2T S &tk b, B0
= ANERREKET - EHDT B L ERBMET EBEY T A,

2. BHROEFHIHREELhIEHD/ — FER L,

#E/ — FEBorhZhitEfixhs 1 -RERo o — A NVEERK L.

iR o/ — FEBZENCERT 5E8ERTR L.

HEEEREROREL JUREIERShI Yy yEEE

ZRML.

mﬁt/QEEMt»ménPﬁE&n—ﬁwﬁﬁﬁikﬁfbr—9%ﬂ%
BEBFRICEEL. MRS/ — FEBETRNEEMLERET - E28ELT
FeNtdhizF-yobhr b/ — FEEZERIM -9 -V BEEK I
TRENMEEhAEF-7E3MHTREICE D, Bo—hNVBERRICTEE VL
EhicF—5 3 HPTE L 2BBLETEBELRT A,

3. BROERCHBRBEShI3ERD /- FERELE.

S0/ - FEBL2EFICERL > 5 THRiICAAROT — ¥ Di%E%E
115 BERTFRE,

ﬁEﬁF%?&w%ﬁ$i0$ﬁﬁ§ﬁéhéﬁ/9%%&

ZRHEL.

ity Y EBRIHSHEED / — FEBO O E &b ThhicndT 51k
Ehi-F— ¥ 2HEEEERTFRENLTERL.

M AERERRME et MEEhieF - ERARWEEL. .

_14-

) O 0



the cells at the node device. Wen a node device detects a fault by the
cessation -of transm ssion of cells fromthe upstream center device or node
device, it transmts a fault cell bearing its own identifying information
by a specified virtual comrunication channel to the downstream center

devi ce or node wovéssaeo Al ternatively, a node device may consteiirdesrss
with fixed tinme interval a fault nonitoring cell carrying its own
identifying information to the downstream center device or node device and,

o oring Sef | 1 HiEAny CrRifRAENIREAY CHBRIS S 2V kxE LN
By yEBRONEEMEEShi-F— ¥ 2NERERFEREN L THFRIZS
BT 5oL EBBMETHEEY XT 4.
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t he upstream center device or node device, may send fault |ocation

I hformation to the center device. 6 ,...The communication channel means may
be duplicated by provision of two i'ndependent circuits so as to recover the
communi'cati on function on occurrence of a fault by-loopback upstream and
downst ream of tvp@odisadet | ocation. The function of an ATM swi (RITPS6/01RSS
constituted by the node devices, the communication channel means and the
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center device. Wth such a configuration according to the present
I nvention, the data generating sources and the center are |inked by

swi tches of distributed arrangenent type,
swi tch-constituting sections is achi eved by the ATM techni que.

and connecti on between the

By this

means, an i nf orwdbéssieconmruni cati on system can be real i zed t hBETAPR6013¥5cat -

flexibility and can cope with new i nformati on as devel opnents take pl ace
over tinme. It is also fully capable of coping with occurrence of faults.

descri bed above, in the present invention, a communication systemis

realized by distributed arrangenent
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of switch-constituting sections of an ATMswitch. Due to this, the

foll owi ng advantage are obtained. Firstly, the switch-constituting sections
may be dispersed at |ong distances of several km over a w de range.
Consequently,. the wiring fromthe termnals to the switches can be short.

Si nce i nfor nat iwosesidange bet ween switch- constituting sectiPCEIPP&EOI2S5
effected by an internal format, formatting between the switch-constituting
sections is unnecessary: this sinplifies construction and neans that 7
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| ess conponents need be used and so is econonmic. Also, since the VPI/VCl is
not replaced when the cells pass through the switch-constituting sections,
this also sinplifies construction and nmeans that | ess conponents need be
used and so is econom c. \Wen cells.are handed over froma swtch-
constituting Sqedéemd1d0 a termnal, this is done by copyi ng troasessdizss So.
the cells can subsequently flow on the transm ssion channel enabling

mul ticasting and broadcasting to be easily inplenented. )
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When the data generating sources are arranged on a line, data collection
can be achieved economcally. Several tens of term nals can be accommobdat ed
sinply -by laying one or two optical fibers. A high-reliability systemis
achi eved, wherein fault self-recovery is possible and wherein faults can be
sel f- det ect ed.wbuwesdrey nore, since the ATMtechnique is used, pesmodbiks ity
with ATM exchanges is high, and this can therefore be used as the |line
concentrator system of an ATM exchange. Al so, multi-nedia information such
as video, audio and data can be collected in integrated manner.
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BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a block diagramillustrating
the layout of a single-layer systemaccording to an enbodi nent of the
present invention; Fig. 2 is a view showing the |ayout of a road 8

nmoni toring system enpl oyi ng the enbodi ment shown in Fig. 1; Fig. 3is a
bl ock di agram efogssMbt ch-constituting section in the enbodi REREOPSHHAR | n
Fig. 1; )
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Fig. 4 is a block diagramof a receiving section and separating section of
a switch-constituting section showmn in Fig. 3; Fig. 5 is a block diagram of
a mul tiplexing section and transmtting section of the switch-constituting
section shown in Fig. 3; Fig. 6 is.a block diagramof a center swtch- .
constituting Sggbédeiael N the enbodi ment shown in Fig. 1; Fig.PCTAPSERI2H ock
di agram showi ng the | ayout of a double system accordi ng to anot her

enbodi ment of the present invention; Fig. 8 is a diagram of |oop-back on
occurrence of a
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fault in the enbodinent of Fig. 7; Fig. 9 is a block diagramof a

sw tch-constituting section in the enbodi nent shown in Fig. 7; Fig. 10 is a
bl ock di agram of a receiving section and separating section of the
switch-constituting section shown in Fig. 7; Fig. 11 is a block diagramof .
a mul tipl exi ng weetsee and transmtting section of the sw tchPCRAPENIZEN | Ng
section shown in Fig. 7; Fig. 12 is a block diagramof a center swtch-
constituting section in the enbodi nent shown in Fig. 7; and Fig. 13 is a.
vi ew showi ng an exanple of a cell
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identifier algorithm 9 BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON A
communi cati on system constituted by ATM switches arranged in distributed
fashi on according to the present invention is described in detail bel ow
with reference to the drawings. Fig.- 1 is a block diagram show ng the

| ayout of a sinGioseBeer system constituting the basic systenpercessizEg
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to the present invention. In this Figure, 1 is a center switch-constituting
section that perforns overall managenent of switching. 2 are
switch-constituting sections arranged in dispersed fashion whereby signals
sent from upstream fl ow downstreamthrough a transm ssion channel 3 and
that perform exydwngae of information with termnals through PeEarYseasput -
ports 4. Mitual® communi cati on between switch-constituting sections 2 i$
intra-switch comunication, so exchange of data is perforned using the
internal format. Center switch- constituting section 1 corresponds to the
center device in the clains, switch-constituting sections 2 correspond to
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node devices in the clains, and transm ssion channel 3 corresponds to
conmuni cation channel neans in the clains. As will be described |ater,
functioning as in a single ATMswitch is realized by center
switch-constituting section 1, switch-constituting sections 2 and .
transm ssi on cNée86143. Repl acenent of VPI/VCl is not perfor meIPIs/os2sst ch-
constituting sections 2. Since the nutual distance between
switch-constituting sections 2 may be as nuch as a few km 10 °
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for mutual comunication between sw tch-constituting sections 2, serial
transm ssion using an optical transceiver is perfornmed. In this way,
transm ssion channel 3 fromcenter switch-constituting section 1 is
connecfed tao the first switch-const.ituting section 2 and transm ssion
channel 3 goi ngv@sgséipom the first switch-constituting secti GCIZPIG0I25S
connected to the next switch-constituting section 2. In this way, after
passi ng successively through the switch- constituting sections 2, '
transm ssion channel 3 finally returns to center switch-constituting
section 1, thus constituting a loop. In addition, signal channels to
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conveyed, through center .switch-constituting section 1, to an ITV nonitor.5
connected to center switch-constituting section 1. Wien a canera direction
i nstruction signal and/or zoomsignal etc. are input by nmeans of an input
devi ce, not shown, attached to ITV nonitor 5, these signals are conveyed to
| TV camera 7 from|-TV nonitor 5 bypEgo®IPTION Shown. Likew se, in the
case of the neasurenent data of an anennneter 8, this is put on -
transm ssi on channel 3 by

COMMUNICATION SYSTEM

TECHNICAL FIELD

The present invention relates to a communication
system constituted by a data prbcessing center, data
generating sources and data receiving devices and
communication network linking these, in fhe case where the
data generating sources or data receiving devices are

arranged in linear fashion.

BACKGROUND ART

The present invention relates to a communicatioh—
device employed in a communication system whereby a data
processing center and défa generating source are linked, in
the case where data generating sources are_afranged
linearly; - typical examples of such a communication system
in which data generating sources are arranged linearly
include a road maﬁagement system, railway manageméht
system, sewer management system; airfield management
system, river management system, or underground railway
management system.

In a road management system, a management center is )
provided within the management zone and video cameras |
and/or vehicle sensors etc. are disposed along the roads in
the management zone, the information from these being

collected at the management center. Also, electro-optic.



h e
sw tch-constituting section 2 and is thence conveyed through center
swi tch-constituting section 1 to a conputer 6 connected to center -
switch-constituting section 1-and, after being processed by conputer 6, is
conveyed by a route identical to that of the instruction signal to ITV
canera 7, tdisplayepanelspare dasposeloaldngwbheerbhadswi ndnEpemation
di spl ayed. Thus, with such a road nonitoring system transm ssion of video
obt ai ned bycdricernimgaadcidenhteqandy/by pengestidnafitomt addagenitci pat ed t hat
in the future also nultinedia transm ssion will increase even nore; the
si gni fi cancranggementdaonag if polilegtedhat the management center and

—.evaluation of various types is performed using these items
of information and the information of the ﬁanagement zone
in question; as a result, various Kkinds of guidance
including congestion information etc. are displayed'on
electro-optic notice boards, thereby performing traffic
management. | |

".Taking the example of such a road management system,
conventionally, information was collected by connecting an
‘information generating source and the center by alone—to-
one communication line, and guidance was displayed on the
electro-optic notice board. |

Such a method suffered from the problem of lack of
flexibility owing to the following.

| For éxample, if it wes desired to add a new camera
in a road management zone, construction work had to be
undertaken to lay the communicafion line to the management
center from the point where the addition was made. The
same problem arose if it was desired to move a camera.

Roads constitute infrastructure that is used for a
long period. New and superior monitoring devices make
their appearance from time to time. Thus, thére is the
problem that construction work for laying communication
lines arose every time a new fyﬁe of device was introduced.

Although monitoring is performed by machines insofar

as it can be, monitoring by human beings having the five



function according to the present invention into a road nonitoring system
i5 therefore great. Fig. 3 shows an exanple of the detailed |ayout of a
switch-constituting section 2 of the basic systemshown in Fig. 1. In
receiving section 21, nultiplexing nodules such as OC-3 or STM1 are

term nated @éﬁb@§|ﬂ1§y09ﬁﬂ3¥eﬁebueéé§saﬁylOaﬂhﬂé isethaedohse whenextracted.

Separating section 22 hands over cells addressed to this

swi t ch- conssligiht nchamgés onf 2sdond oerahaagesnmn thewatmbspbemer est. ceIIs

sent to nmultiplexing section 23 12
are to be monitored. These may necessitate patrolling by
human beings. In such cases, the monitdring staff have to
perform monltoring by patrolling by carrying portable
terminals. The monitoring staff need to communicate with
the center by their portable terminals frog time to time.
With the conventional method, preparatory'ﬁork.waS'
necessary to arrange COnnectofs at various locations along
the road; these connectors being linked to the center by
communication lines. 'Thislwas'not particularly practicai.

This information that it was desired to send was of
various types, ranging from large amounts of information
for which real-time characteristics were required such as
video or small quéntities of information that did not
require real time characteristiqs, such as monitoring data.
It is desirable for these to be integrated and sent by a
number of .cables if possible.

A further problem with the conventional method was
that communication became 1mpossib1é if there was some
fault in the communication device or communication line.

. Thus, the conventional system suffered from
inflexibility in regard to alterations such as addition-or.
movement of data generating sources or installation of
temporary data sourcés. It also lacked the capability of
being able to freely adapt to transmission data of various
types such as ITV image data, computer data, or audio data

etc. and to send these various types of data in integrated
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qre-n1xed Wi t hout overlapping cells output fromthe termnal and are then
conveyed by the payload of a nultiplexing nodule such-as OC-3 or ST-1 via
transm ssion section 24 and are then sent to the next-stage swtch-
constituting section 2. As the constituent elenments of swtch-constituting
section 2, mapaidr.l r Fireramory, auiliesellf - reemventy npwlst theon 22,
~mul tiplexing section 23, and transni ssion section 24 described above, there
are a CPU deisiirdbliehdin the event of occurrence of a fault, such a

function cannot be expected with the conventional system in

which data generating sources and the center are connected

by cable. Furthermore, from the point of view of

infrastructure, there are many problems with the

conventional system in that the communicétion-system must

be flexibly adapted to alterations over a long period.

An object of the present invention is to realize a

communicatiqn system wherein the above problems can -be

solved, which has considerable flexibility, which can cope

with data of various types, which can aléo cope with

faults, and which can flexibly cope with future

improvements in equipment.

DISCLOSﬂRE_OF THE INVENTION

The present invention is characterized by
comprising: a plurality of node devices arranged in a
distributed fashion in a plurality of lOcationé; one or a
plurality of local communication téfminals connected to
each of the node devices; communication channel means for
connecting the plurality of node devices in series; and a
center device to which a étarting end and a terminal end of
the communication channel means are connected; in which the
center device sends data for each local communication
terminal to the communication means and each of the node
devices receives the data and extracts, from this data,

data for a local communication'terminal connected to the



perforns the processing at various |ocations of switch- constituting part
2, clock section 27, power source section 28 and fault alarmnotification
section 25. Wen CPU section 26 detects that a fault has occurred so that
the signal fromupstream has been interrupted, by free running of clock
section 27 ndde péwiddein aphéstidey nad othéraby foutputd athviwodatactbi on
section 25 into the formof cells which are then transmtted -downstream
t hr ough nulthenllogal) cowtunic®Bion ntetminabhsin gqueseiorsw t ch-constituting
section 1 that has received this can infer the location of the fault by ,
ei ther putting infBhespreaenpeinventiont hifsatgptcharenterigednyysection in
comprising: a plurality of node devices arranged in a
distributed fashion in a plurality of locations; one or a
plurality of local communication terminals connected to
each of the node devices; communication channel means for
connecting the plurality of node'devices in series; and a
center device to which a staring end and a terminal end of
the communication channel means are connected; in which the
center device sends cell-formed data for each local
communication terminal to the communication means and each
of the node devices receives the cell-formed data, and
extracts, from the received cell-formed data, cel;-formed
data for a local communication terminal connected to the
node device in question, and thereby outputs this cell-
formed data to the local communication terminal in
question. .

Further, each node device may comprise multiplexing
transmission means whereby data from the local
communication terminal connected to the node device in
gquestion are multiplexed with data from the communication
channel means downstream and sent to the communication
channel meané and the center device méy_colléct data from
each local communication terminal by receiving data sent to
the communication channel from the multiplexing

transmission means.

Also, the éenter device and each node device



t he célls or by enpl oying a code specific to this switch- constituting

section in the VPI/VCI that is used. Fig. 4 shows the | ayout of receiving

section 21 and separating section 22 of the basic system An optical signal

on an optical fibre is input to opto-electric conversion section (O E) 211

of receivi ncosprisena?tranhamittetr asdcanrvecétderp andeperformakedilgnal ,

which is then 13 converted to a parallel signal by serial/parallel
transfer with the communication channel means through the
transmitter and the receivér.

Further, alteration of logical identifief of the
cells is not performed at the node devices.

Also the node devices comprise switch element meéns
wherein cells from the local communication terminél and
cells from the upstream center device or node device are
mixed without overlapping and are éent to the downstream
center device or hode devices.

Cell transmission from the node devices to the
communication terminal is effected by means of a logical
identifier that is'permanently ailocéted to the.node device
and the communication terminal and is effected by copying
the cells at the node device.

| When a node device detects a fault by-the cessation
-of transmission of cells from the upstream center device or
node device, it transmits a fault cell bearing its own
identifying information by a specified virtual
communicatibn channel to the downstfeam center device of
node device.

Alternatively, a node device may cbnstantly send
with fixed time interval a fault monitoring cell carrying
its own identifying information to the downstream center
device or node device and,.on detecting a fault by the
cessation of transmission of the fault monitoring cell from

the upstream center device or node device, may send fault

location information to the center device.
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conversion section (S/P) 212. The OC-3 or STM1 signal is then term nated
dt RX section 213 and incomng cells transmtted by the payload are
extracted. The cells extracted by RX section 213 are sent to separating
section 22 of the basic system The cells first of all enter cell filtering

section 221 where ¢akl goftahieadibal chlgney melneomalyl bl iduhlIREtded by i N
question are extracted and sent to the termnal. An exanple algorithmused

for this puspostsiensbafwawonindgpetdentnckrguita, soehks toheeeorweyPithend VC

are both 0 and cells wherein VPI is 1 or nore while VCl has an identifier

of 0 - 31 acemmupicgtilohofusptionl opuoposesence, ofesafisslt by loopback
upstream and downstream of the fault location.

The function of an ATM switch may ﬂe constituted by
' the node devices, the communication channel means and the
center device.

With such a configuration according to the present
invention, the data generating sources and the center are
linked by switches of distributed arrangement-fype, and
connection between the switch-constituting sections is
aéhieved by the ATM technigque. By this means, an.
information communication system can be realized that haé
great flexibility and ¢an dope with new information as
developments take place over time. If is also fully capable
of coping with occurrénce of faults.

As described above, in the present invention, a
communication system is realized 5y distributed arrangement
of switch-constituting sections of an ATM switch. Due to
this, the following advantage are obtained.

Firstly, the switch-constituting sections may be
dispersed at long distances of several km over a wide
range. Consequently, the wiring frbm the terminals to the
switches can be short.

Since information exchange between switch-
constituting.sections is effected by an internal format,
formatting between the switch-constituting sections is

unnecessary: this simplifies construction and means that

7
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the identifier has already been reserved, identifiers which may be enpl oyed
-fror user data transmission in respect of the ATMterm nal may have VCl of
32 or nore, VPI 1 or nore, usually 1 - 255. O these, the VPIs are

al l ocated to respective switch-constituting sections 2 and VCls of 32 or
nore are elass/ esbnipondries | need | be aatedramd de@ris nedenemsioei ated with
respective switch-constituting sections 2. Were there are two terninals
associated with auﬁbFQBhSlBQGStheuVPhQV@ECi$OﬂOQ repltaceduyhén the

di stingui shed by whether the VC is odd or even. Al so, specified bits of
VCl or VPl aehlsh@asm|Byrengh Hhe syirchnfansbkiuting @s%feoréﬁhethhand

cells extracted in RX section 213
also simplifies construction and means that less components

| need be used and so is economic.

Whenlcelis ére handed over from a switch-
donétituting section to a terminal, this is done by copying
the cells, so the cells can subsequently flow on the
transmission channel.enabling multicasting and broadcasting
to be easily impleméntéd.

‘When the data generating sources are arranged on a
line, data collection can be achieved economically.

Several tens of terminals can be agcommodated simply
by laying one or two optical fibers. .

A high—reliability system is achieved, wherein fault
self-recovery is possible and whefein faults can be self-
detécted.

Furthermore, since the ATM technlque is used,
compatlbllity with ATM exchanges is high, and this can
therefore be used as the line concentrator system of an ATM
exchange. Also, multi-media information such as video,

audio and data can be collected in integrated manner.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram illustrating the. layout of
a single-layer system according to an embodiment of the
present invention:

Fig. 2 is a view showing the layout of a road
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of receiving section 21 are al so sent to nul tipl exi ng section 23 in
parallel with separating section 22. Fig. 5 shows the | ayout of
mul ti pl exi ng section 23 14 and transm ssion section 24 of the basic
system Cells fromseparating section 22, the termnal and fault al arm
noti fi cati amorsktdrbmg 28yatemi epploybingwihe hesbediménteshown 2B1Figar ilous
types of construction could be adopted for switch el enent section 231 such
as a comon bufferFigpe3oils a block diagram of a switch-constituting
section in the embodiment shown in Fig. 1;

Fig. 4 is a block diagram of a receiving secfion and
separating section of a switch—constitutiné section shown
in Fig. 3;

Fig. 5 is a block diégram of a ﬁultiplexing section
and transmitting section of the sWitch—constituting section
shown in Fig. 3;

Fig. 6 is a block diagram of a center switch-
constituting section in the embodiment shown in Fig. 1;

| Fig. 7 is a block diagram showing the layout of a
‘double system accdfding to.another embodiment of the
. present invention;

Fig. 8 is a diagram of loop-back on occurrence of a
fault in the embodiment of Fig. 7;

Fig. 9 is a block diagram of a switch~constituting
section in the embodiment shown in Fig. 7;

.Fig. 10 is a block éiagram of a receiving section
and separating section of the éwitch—constituting section
shown in Fig. 7; |

Fig. 11 is a block diagramlof'a multiplexing section
and transmitting section of the switch-constituting section
shown.in Fig. 7; |

Fig. 12 is a block. diagram of a center switch-
constituting section in the embodiment shown in Fig. 7; and

Fig. 13 is a view showing an example of a cell

identifier algorithm.



cell routing type. Here, however, the explanation will be given in terns of
a bus-type switch, as illustrated. A nediation circuit 2311 at the bus
entrance performs cell traffic control and designates fromwhich inputs
cells may be output on to the bus, thereby preventing collisions of cells
on the bus. Fault alarmnotification section 25 detects abnormality when
the signal fromupstreamis interrupted and notifies center

swi tch-constituting BEST MOOE (FOR IGARRWING lGUT FHRANVENIION has occurred
and the location of the abnormality by free running of the clock and output
of a fault al arm sAgoahmunication system constituted by ATM switches

arranged in distributed fashion according to the present
invention is described in detail below wifh reference to
the drawings. |

" Fig. 1 is a block diagram showing the layout of a
single¥1éyer system constituting the basic system according
to. the preseht invention. In this Figure, 1 is a center
switch~-constituting section that perfofms:overall
management of switching. 2 are switch-constituting
sections arranged in dispersed fashion whereby signals sent
from upstream flow downstream through a transmission
channel 3 and thét perform exchange of information with
terminals through input/output ports 4. Mutual
communication between switch-constituting sections 2 is
intra-switch communication, so exchange of data is
performed .using the internal format. Center switch-
constituting section 1 corresponds to the center device in
the claims, switch-constituting sections 2 correspond to
node devices in the claims, and transmission channel 3
corresponds to communication channel means in the claims.
As will be described later, funétioning as in a single ATM |
switch is realized by center switch-constituting section-l,
-switch-constituting sectionslz and transmission channel 3.

Replacement of VPI/VCI is not performed in switch-

constituting sections 2. Since the mutual distance between

switch-constituting sections 2 may be as much as a few km,

10



The output of switch-constituting section 231 is sent to transmtting
section 24 of the basic system Transm ssion section 24 first of all puts
the cells into the payload of an OC-3 or STM1 frane in TX section 241;
paral |l el /serial conversion section (P/S) 242 then effects conversion to a
seri al -si gnebr miitadli sommanicabient bdtwgenl switohepobhnsali tatingr si on

section (E/0) 243 into an optical signal, which is sent to an optical

cabl e. Fi g.sécthoms 2heseényalit toédnamissien waihghancopsicadti ng section 1

of the basic system Center switch-constituting section 1 is constituted 15
transceiver is performed. :

In this way, transmission channel 3 from center
switch-constituting section 1 is connécted.to the first
switch-constituting section 2 and transmission channel 3
‘'going out from the first switcﬁ-constituting-section 2 is.
connected to the next switch-constituting section 2. 1In
this way, after passing successively through the switch-
constithting-sections 2, transmission channel 3 finally
returns to center switchfcoﬁstituting section 1, thus
copstitﬁting a loop. In addition, signal channels to
terminals are provided from switch-constituting sections 2,
separately from transmission channel 3.

In order to explain the actual operation of this
system, an example will be described in which an operation
of monitoring a point on a motorway is performed by ITV and

~ an operation of measuring wind speed by an anemometer and
displaying this wind speed on an electro-optical notice |
board are performed. |

Fig. 2 shows a road monitoring system in which this
example is put into effect.

Video from ITV camera 7 is put on transmission
channel 3 by a switch-constituting section 2 and is
conveyed, through center switch-constituting section 1, to
an ITV monitor 5 connected to center switch-constituting
section 1. When a camera'direction instruction signal

and/or zoom signal etc. are input by means of an-input

11



in.this exanple by an ATM switch 11 and network managenent device 12. In
Fig. 6, ITV nonitor 5 and conputer 6 are connected to ATMswitch 11 but
these are not essential. Cells sent froma term nal through a
switch-constituting section 2 are sent to I TV nonitor 5 and/or conputer 6

via ATM swideinidd, ndensRodnll dteadhadstanetvineniterl s, athesensighatat i on
section 25 is sent to network managenent device 12, processing for, for
exanpl e, deimsticsriveyed htol DTRt caflesd 7herémulTvimonttéor BeBy a path,
B not shown.
Likewise, in the case of the measurement data of an
- anemometer 8, this is put on transmission:channel 3 by
switch-constituting section 2 and is thence conveyed
through center switch-constituting section 1 to a computer
6 connected to center switch-constituting section 1 and,
after being prOCessed by computer 6, is conveyed by a route
identical to that of the instruction signal to ITV camera
7, to an electro-optic nofice board, where the wind speed
is displayed.

Thus, with such a road monitoring system,
transmission of video'obtained by ITV camera 7 is
frequently performed and it is anticiﬁafed that in the
future also multimedia transmission will increase even
more; the significance of introducing an ATM switch
function according to the present invention into a road
monitoring system is therefore great.

Fig. 3 shows an example of the detailed 1ayout_of a
switch-constituting section 2 of the basic system shown in -
Fig. 1.

In receiving section 21, multiplexing modules sﬁch
as OC-3 or STM-1 are terminated and cells conveyed by the
payload of the modules are extracted; Separating section
22 hands over cells addrgssed to this switch-constituting
section 2 to a terminal, not shown.

In contrast, cells sent to multiplexing section 23

12



A.description of the details of the fault |ocation search operation of the
basi c-systemw || now be given, including what has al ready been described.
When fault alarmnotification section 25 detects that a fault has occurred
in a switch-constituting section 2, causing the signal fromupstreamto be
I nt err upt edarée tmgredswatheutt okbalappiggatelidgnsutpat £oroinheh&or m of cells
by allowi ng free running of clock section 27, fromfault alarmnotification
section 25 térwimalnahdi prexthgnseohveped3by Thheepaglbadeofhar carry

i nformation specific to this switch-constituting section in their payl oad
or a code spettibtexinghinoduhet suchoast PEuBi ay SBcli vhai srapgmdgsdonn

section 24 and are then sent to the'next—stage switch-
- constituting section 2. :

As the constituent elements of switch-constituting
section 2, apart from receiving section 21, separating
section 22, multiplexing section 23, and transmission
section 24 described above, there are a CPU unit 26 that
performs the processing at various locations of switch-
conétituting part 2, clock section 27, power source section
28 and fault alarm notification section 25.

When CPﬁ section 26 detects that a fault has
occurred so that the signal from upstream has been
interrupted, by free running of clock section 27, it puts
the fault information from fault alarm notification section
25 into the form éf cells which are then transmitted
‘downstream through multiplexing section 23. In this case,
center switch-constituting section 1 that has received this
can infer the location of the fault by either putting
-information specific to this switch-constituting section in
the cells or by employing a code specific to this switch-
constituting section in the VPI/VCI that is used.

| Fig. 4 shows the layout of receiving section 21 and
separating section 22 of the basic system. An optical |
signal on an optical fibre is input to opto-electric
conversion section (0O/E) 211 of receiving secfion 21, where

it is converfed to an electrical signal, which is then

13



t he VPI/VCI that is used. A fault alarmsignal fromfault alarm
notification section 25 is sent to network managenent device 12 mhere
_processing such as detection of the location of the fault is perforned.
When a fault occurs, all the signals of switch- constituting sections 2
downst r eamdynvditted Otdta oparaElent @ignml coy seriakfparallebmmrence the
operation described 16 above practically sinultaneously and confusion
wll be conversion section (S/P) 212. The 0C-3 or STM-1 signal is
then terminated at RX section 213 and-incoming cells |
transmitted by the payload are extracted.

The cells extracted by RX section 213 are sent to
separating section 22 of the basic system. The cells first

. of all enter cell filtering section 221 where cells
destined for the switch-constituting section 2 in question
are extracted and sent to the terminal. An example
algorithm used for this purpose is shown in Fig. 13.

In Fig. 13, cells wherein VPI and VCI are both O and
cells wherein VPI is 1 or more while VCI has an identifier
of 0~ 31 are employed for special purposes, Or, hecause
the identifier has already been reserved, identifiers which
may be employed for user data transmission in respect of
the ATM terminal may have VCI of 32 or more, VPI 1 or more,

: usually 1 - 255. Of these, the VPIs are allocated to
respective switch-constituting sections 2 and VCIs of 32 or
'more are employed ‘for the identification of terminals
associated with respective switch-constituting sections 2.
Where there are two terminals associated with a switch-
constituting section 2 these may be distinguished by
whether the VCI is odd or even. Also, specified bits of
VCI or VPI may be employed as bits for multicasting.

On the other hand, cells extracted in RX section 213
of receiving section 21 are also sent to multiplexing

section 23 in parallel with separating section 22.

Fig. 5 shows the layout of multiplexing section 23

14



generated. Consequently, transitionally, various fault alarmsignals arrive
at network managenent device 12. However, after a fixed tinme has | apsed,
subsequently, a stable fault alarmsignal will be received. The reason for
this is that, taking for exanple a switch-constituting section 2 at sone

i nt er nedi atend drdnsml sdioy sédtivn [ 2atof i tisé Basiensestendi nQedlsaul t
alarmsignal by free running of its clock on interruption of the signal
from upst r amm Heparating tsectiome22astlze apseuinal med t faud i atarm
constituting section 2 upstreamof itself is of course performng the sane
oper at i on, notkfigationsegtior odd Rre ainputl te nswitehl elementhsection

Consequent I2y, the swtch- _ .
31. Various types of construction could be adopted for

switch element section 231 such as a commoh buffer type or
cell routing type. Here, however, the explanation will be
given in terms of a busFtype switch, as illustrated. A
mediation circuit 2311 at the bus entrance performs cell
traffic control and designates from which inputs cells may
be output on to the bus, thereby preventing.collisions of
cells on the bus.

Fault alarm notification section 25 detects
abnormality when the signal from upstream is interrupted
and notifies center switch-constitﬁting section 1 of the
fact that an abnormality has occurred and the location of
the abnormality by free rﬁnning of the clock and output of'
a fault alarm signal.

| The output of switch-constituting section 231 is

- sent to transmitting séction 24 of the basic system.
Transmission section 24 first of all puts the cells into
the payload of an 0C-3 or STM-l frame in TX section 241;
parallel/serial conversion section (P/S) 242 then effects
conversion to a serial signal, which is then gbnverted by
electro-optical conversion section (E/0) 243 into an
o§t1c31 signal, which is sent to an optical cable.

Fig. 6 shows the layout of a center switch-
constituting section 1 of the basic system.

Center switch-constituting section 1 is constituted

15
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constituting section 2 in question will discontinue the sending of a fault
alarmsignal fromitself by stopping free running of - its clock and w |
nerely performrelaying of the fault alarm signal fromupstream Wen in
this way the system has settled down to a steady condition, only the

swi t ch-consipt ehigJdes8fibLE8NbY aflj APMNEwi Beh! 22ahh@Metwbek! hankbemeat
performng free running of its clock and transm ssion of the fault alarm

signal . NexdevicgouRle sHsFegL Bhi Tvi foAaltexpBnahanceypuearob bre basic
systemw || be described. Fig. 7 shows an exanple of the construction of
such a douldensgsted tdhaTHMI skrktehcklf bom theskagodt ndtagssenagfiathe basic
Cells sent from a terhinal through'a switch-constituting
section 2 are sent to ITV monitor 5 and/o£ computer 6 via
ATM switch 11. When a fault.alarm signal from fault alarm
notification section 25 is sent to network management
device 12, processing fgr, for example, detection of the
1ocation of thé fault is performed.

A description of the details of the fault location
search operation of the basic system will now be given,
including what has already been described. When fault
alafm.notification section 25 defects that a fault has
occurred in a switcﬁ-constituting section 2, causing the
sigpal from upstream to be interrupted, it sends a fault
alarm signal downstream in the form of cells by allowing
free running of clock section 27, from fault alarm
notification section 25 through multiplexing section 23.
These cells either carry information specific to this
switch-constituting section in theif payload or a qodé
specific to this switch-constituting section is employed in
the VPI/VCI that is-used. A fault alarm signal from fault
alérm notification séction 25 is sent to network management
device 12 where processing such as detection of the
location of the fault is performed. |

When a fault occurs, all the signals of switch-
constituting sections 2 downstream of that location are

interrupted, so they will commence the opefation described

16
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systemof Fig. 1 lies in that the transm ssion path is duplicated. Thanks
to this duplication, if a fault occurs, as shown in Fig. 8, |oop-back of
the signal is perfornmed 17 upstream and downstream of the | ocation of
occurrence of the fault, so that function recovery can be perfornmed

automat i cal dNovéi Pradt$8a1iyt Semh2¥aHECRELR 8MEL 66n@8SHNT WilNObaECt i on 2
in this system Since its layout is sinilar to

generated. Consequently, transitionally,_various fault .
alarm signals arrive aﬁ network maﬁagemént device 12.
However, after a fixed time has lapsed, subsequently, a
stable fault alarm signal will be received; The reason for
this is that, taking for example a switch-constituting
section 2 at some intermediate point, although it will at
first commence sending a fault alarm signal by free running
of its clock on interruption of the signal from upstream,
after a certain time has elapsed, since fhe switch-

~constituting section 2 upstream of itself is of course
performing the same operation, there will be an incoming
fault alarm signal from this. Consequently, the switch-
constituting section 2 in question will discontinue the
sending of a fault alarm signal from itself by stopping
free running of its clock and will merely perform relaying
of the fault alarm signal from upstream. When in this way
the system has settled down to a steady condition, onlynthe
switch-constituting section 2 adjacent the location of
fault will be performing.free runniﬁg of its clock and
transmission of the fault élarm signal. -

Next, a double system, which is an expansion system
of the basic system will be described. Fig. 7 shows an
example of the construction of such a double sysfem.

The difference from the layout diagram of the basic
system of Fig. 1 lies in that the transmission path is
duplicated. Thanks to this duplication, if a fault occurs,

as shown in Fig. 8, loop-back of the signal is performed
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that of the basic system only sections where there is a difference wli

descri bed. Transm ssion path 3 is duplicated to provide two systens,

nanel y,

t he conmuni cation system and | oopback system si gnal

a communi cation system and a | oopback system As shown in Fig. 9,
are distingui shed on

be

the input sypstpéameandatontisteehinoss2ehandotheiont Bt ogtderehcallds pl exi ng
section 23, and changeover sw tches 210, 240 for bypassing the | oopback
syst em si gntheafaul¢spsot ithalty fanotidadrecowergi eangbeepeirforiigdand
transm ssi on section 24.. The | oopback systemsignal is thereby directly
connect ed tautbmagydcaddyswi tch 24 wi t hout going through.

Fig. 9 shows the layout of a switch-constituting
section 2 in this system. Since its layodt is similar to
that 6f the basic system, only sections where there is a
difference will be described.

| Transmission path 3 is duplicated to provide two
systems,'namely, a communication system and a loopback
system. As shown in Fig. 9, the communication system and
loopback system signal are distinguished on the input side
of separating section 22 and the output side of
multiplexing section 23, and changeover sw1tches 210 240
for bypassing the loopback system signal are respectively
provided in receiving section 21 and transmission section
24. The loopback system signal is thereby directly
connected to changeover switch 24 without going thrdugh'
separating'sectioﬁ 22 and multiplexing section 23. - ‘Cells
from center switch-constituting section 1 destined for the
terﬁinél are sent through the commuﬁication system and
dropped at the terminal. .Likewise control is effected such
that cells sent to cénter'switch-constituting section 1
from a termlnal are added to the communication system in
multiplexlng section 23 also, but are not added to the
loopback system. In this way, under normal conditions,
only the communication system is employed for
communication; the loopback sysfem.operates, but does not

perform transfer of outgoing or incoming data with a
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separating section 22 and nultiplexing section 23. Cells fromcenter

swi tch-constituting section 1 destined for the term nal are sent through

t he conmuni cati on system and dropped at the termnal. Likew se control is
effected such that cells sent to center switch-constituting section 1 from

a term nal termisgdded drily R EBIIE Blicw tHeduwyh it rgd tegneiarmgtiseet i on 23
al so, but are not added to the | oopback system In this way, under nornal
condi ti ons itodlsy furestcioming gatoperlyystem i s enpl oyed for conmuni cati on;
t he | oopback system operates, but does not performtransfer of outgoing or
i ncom ng data withif 8 this condition abnormality is detected, this
is communicated to the user and on-line repair is effected
without adverse effect to the user. T

If a fault occurs, loopback, as will be described,
is performed so that functioning is recovered; however,
even under these circumstances, exchange of data with the
terminal is still performed by the communication system
and{ as shown in Fig. 8, the loopback systemlmerely relays
the.signal from the fault location to the opposite side.

In the case of a switch-constitufing-section 2 in
which loopback is not perforﬁed, cells received from the
éommﬁnication system are sent to the communication system
and cells received from the loopback system may_be sent to
the lcocopback system.

Also, in the case 6f_a switch-constituting section 2
in which loopback is performed, délls received from the
communication system may be sent to the loopback system and
the cells received from.the loopback system may be sent to
thelcommunication system. Also, fault alarm notification
section 25 is unnecessary.

.'Fig. 10 shows the iaYout of receiving section 21 and
separating section 22 of the expanded system. These
sections are similar in construction to receiving section
21 and separating section 22 of the basic system of Fig. 4,
so only points of différence will be described.

Opto~electric conversion section 211 and
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termnal; only test cells flow through it to confirmthat it is functioning
properly. If in this condition abnormality is detected, this is

comuni cated to the user and on-line repair is effected without adverse
effect to the user. If a fault occurs, |oopback, as will be described, is

perfornmed sgpfidl/patelioli BEnvErsL6RVEes€tioh0RETeof LE¥e8ivDAgr skbeien

circunstances, exchange of ‘data with the termnal is still performed by the

comrmuni cat 12N syetduplicated by respective provision in the ‘
commuﬁication system and locopback sysfem. A changeover
switch 210 is provided that bypasses the loopback system
signal, on the input side of separating seétion 22. The
signal of the loopback system is not input to cell
filtering section 221 but is directly sent to changeover
switch 240 (see Fig. 11) of transmission section 24 (see
Fig. 11). Pafts other than these are the same in
constrﬁction as receiving section 21 and separating section
22 of the basic system shown in Fig. 4.

Fig. 11 shoﬁs the layout of multiplexing section 23
and transmiésion section 24 of the expahded system. This
section is similar in construction to the_multiplexihg
section 23 and traﬂsmission section 24 of the basic system,
56 only points of difference will be described.

Parallel/serial conversion section 242 and electro-
optic conversion section 243 of transmission sectiqn 24 are
duplicated by respective provision in the communication
system and loopback system. A changeover sﬁitch 240 is.
provided that bypasses the loopback system signal, on the
output éide of TX section 241 of transmission section 24.

Fig. 12 shows the layout of center switch-
constituting section 1 of the expanded system. Only parts
which dre different from centet switch-constituting section
1l of the basic system shown in Fig. 6 will be particularly
described. |

The number of ports of ATM switch 11 has to be

20



and, as shown in Fig. 8, the | oopback systemnerely relays the signal from
the fault location to the opposite side. In the case of a :
switch-constituting section 2 in which | oopback is not perforned, cells
received fromthe comunication systemare sent to the comunicati on system

and cells resehye€dthafnbEhehboBRBREKsF¥EEAT MRY 883 $€D6Nn! 0ihNEcbpsRRCkK
system Also, in the case of a switch-constituting section 2 in which

| oopback i soperaoitR(, acelhetionciveflebegsaitet60tpiiscati 6813¥sbEMmetay be
sent to the | oopback systemand the cells received fromthe | oopback system
may be sentloopbaek csystemcthatnhayet beenAreturhed| toahTMnswatichi dat iton

the communication system on the other side.

Next, fault recovery operation of éhe expanded
system will be described following Fig. 8.

As described above, the expanded system has a
communication system and a loopback system. Cells for
fault detection purposes aré periodically allowed to flow
in these two systems in order.to ensure a virtual
communication channel for fault detection purposes. If it
becomes impossible to receive theSe_cells, fhis is
evaluated as a féult, and operatiop to shift to loopback
operation for recovery of function is commenced.

When a fault is defected, test cells are sent from
‘center switch-constituting section.1l to the right-going
transmission channel of the communication system; these are
then looped back at changeover switch 240 (see Fig. 9) of
switch-constituting section 2 adjacent center switch-
constituting section 1;_so that the-test cells return to
center switch-constituting section 1 by the left-going
transmission channel of the loopback system. When the tést
cells return, this switch-constituting section 2 is
evaluated to be normal. Test cells are then once more sent
from centér,switch-constituting secfion 1 to the right-
going transmission channel of Fpe communication system.
These pass through switch-consti;ﬁting section 2 that was

previouély evaluated to be normal and are looped back at
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section 25 is unnecessary. Fig. 10 shows the |ayout of receiving section 21
and separating section 22 of the expanded system These sections are
simlar in construction to receiving section 21 and separating section 22
of the basic systemof Fig. 4, so only points of difference will be

described. &RAAGELOELT kwiELRVELHI PBe8CfifoNg3lbrakHe 18witcher i al /paral lel

conversion section 212 of receiving section
constituting section 2 which is one further on i.e. which
is adjacent the switch—consfituting section 2 which has now
been'evaiuated to be normal. If these test cells return,
the switch-constituting section 2 is evalﬁated to be
normal. This operation is repeated so long as the adjacent
switch—constituting.sections 2 are normal, until a point of
abnormality is reached; when the point of abnormality is
reached, the looping back of the last normal section is
maintained and the operatioﬁ is terminated.

Next, an identical operation is performed in.respect
of the left-going transmission channel and this operation
is stopped, holding the loopiﬁg back of the-last normal
section; thus after the cells in fhé loopback sysfem have
returned to ATM switch 11 of center switch—constituting
section 1 they are transferred to the communication systeﬁ
on the other side; thus function recovery isblating the
faulty section is achieved.

As ‘described above, the transmission channel 3 from
center switch-constituting section i is connected to the
'first switch~constituting section 2 and the transmission
channel 3 from the first switch-constituting section 2 is
connected to the next switch-constitutlng section 2. In
this way the transmission channel 3 passes successively
through switch-constituting sections 2 until it finally
returns to center switch-constituting section i thus
constituting a loop. In addition signal channels to the

terminals, separate from transmission channel 3, are
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21 are duplicated by respective provision in the comunication system and
I'oopback system A changeover switch 210 is provided that bypasses the

| oopback system signal, on the input side of separating section 22. The
signal of the | oopback systemis not input to cell filtering section 221

but is dirgaidos GEd! £48m CERDEERVESnSWL t6tird OsdS€forid 2. lidaRémi £308A1 SSi on
section 24 (see Fig. 11). Parts other than these are the same in

construct i Ghatind EC®iway dbé edlip Dicaded nds SENFH et going eand oDe £€-gdbihge basic
system shown in Fig. 4. Fig. 11 shows the layout of nultiplexing section 23
and transm ssi on seelisnfPdmothéheermpnalicdreymired whthout
overlapping with the cells from transmission channel 3 in
switch element section 231 Qithin switch—c;nstituting
section 2 and are output onto the right-going transmission
channel or left-going transmission channel.

Mutual transmission between switch-constituting
sections 2 is effected by serial transmission using
transceivers but there is no need for connection between
the terminals etc., being internal to the distributed-
arrangement type switch, so.the data format can be an
internal format which need not conform to any standard, so
circuitry which would be needed for conversion can be
dispensed with, enabling costs to be lowered.

Furthermore, since ATM techhology is employed, fine
virtual communication channels for fault management can be
set up. Specifically, communication for periodic monitoring
is performed by setting up fine virtual communication
channels for fault management from center switch-
constituting section 1 on the right-going and left-going
transmission channel 3. If a fault occurs, the occurrence
of the drob—out fault can be detected with communication
for monitoring purposes.performed on either or both of the

~ right-going and left-going channel. Loopback communication
with center switch—constituting sectioh 1 expands outwards
on both the right-going and left-going channels, so the

location of fault occurrence can be inferred as being
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section is simlar in construction to the nultiplexing section 23 and
transm ssi on section 24 of the basic system so only points of difference
wi Il be described. Parallel/serial conversion section 242 and el ectro-
optic conversion section 243 of transm ssion section 24 are duplicated by

respective gqi¥ide Othé méﬂﬁn@@r@?aﬁéié@rbﬁy@s@maasbé@ﬁpback system A
changeover switch 240 is provided that bypasses the | oopback system signal

on the out pommikitc®ELidX, SEEt ioNtRdie Phré ransetessaty Se6tmade2d4n Fig. 12
shows the | ayout of center switch- constituting section 1 of the expanded
system Onlingpectioni £or afsulit fdetectién opurposes swet ca-wbdet rangeng
section Also, in the case.where only a single transmission
channel 3 is employed, it is arranged for:switch-
constituting sections downstream of a fault location to
detect a fault by the non-arrival of.signals,-and, in
response to this, to generate free running of their own
clocks and to communicate with downstfeam by a fault signal
Carrying the number of their own individual switch-
constituting-section 2 on the fault path, discontinuing
their own fanlt signal if a fault signal arrives from
upstream. By this means, the location of the fault can be

specified in that only the fault signal of the switch-

constituting section'Z'adjacent the fault location is left.

INDUSTRIAL APPLICABILITY

The present invention is useful in éommunication
systems consfituted by a data processing center, data
generating sources and data feceiﬁing devices and a
communication network linking these when the data
generating sources and data receiving devices are. arranged

linearly.
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1.of the basic systemshown in Fig. 6 will be particularly described. The
nunber of ports of ATMswitch 11 has to be 20 doubl e that of the basic
system In addition, in |oopback operation, a function is necessary to-
transfer cells of the | oopback systemthat have been returned to ATM swi tch
11 to the comunication system on theuamms:si de. Next, fault recovery
operation of the expanded
1. A communication system comprising:
a plurality of node devices arranged in distributed
fashion in a plurality of locations;
one or a plurality of local communication terminals
connected to each of the node devices;
communication channel means for COnnectihg the
plurality of node devices in series; and
a center device to which a starting end and a
terminal end of the communication channel means are
connected, characterized in that
the center device sends data for each local
communication terminal to the communication channel means
and each of the node devices receives the data and
extracts, from this data, data for a local communication
terminal connected to the node device in question, and

thereby outputs the data to the local communication

terminal in question.

2. A communication system comprising:'

a plurality of node devicesLérranged in distributed
fashion in é plurality of locations:;

one or a plurality of local communication terminals
connected to each of the node devices;

-.communication channe; means for donﬁecting the
plurality of node devices in series; and

a center device to which a starting end and a

terminal end of the communication channel means are

25
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systemw || be déscribed following Fig. 8. As described above, the expanded
system has a comuni cation system and a |-oopback system Cells for fault
det ection purposes are periodically allowed to flow in these two systens in
order to ensure a virtual communication channel for fault detection

purposes. |dohheEEEQEENRFREEERLEA! Onr @RgVE these cells, this is
eval uated as a fault, and operation to shift to | oopback operation for

recovery of functle_hel getdelt devdce\\bends taullt- formeat dated foredactel I's are

sent fromcenter switch-constituting section 1 to the right-going

transm ssi chocdbnsohmahitheionnupninbilotosyhbeobmhinseagion channel
means and each of the node devices receives fhe cell-formed
data and extracts, from the received cell-formed data,
cell-formed data for a local communication terminal
.connected'to the node device in question, and thereby

outputs the cell-formed data to the local communication

terminal in quéstion.

3. A communication sjstem comprising:

a plurality of node devices arranged in distributed
fashion in a plurality of iocations;

communication channel means for connecting the
plurality of node devices in series and for performing
sending of data in one direction from upstream to
downstream; and

a center device to which a starting end and a
terminal end of the communication ghannel meaﬁs are
connected, characterized in that

the center device sends cell-formed data for at
least one of the plurality of_node devices through'the
éommunication channel means; |

the communication channel means sends the cell-
formed data in one direction; and

the plurality of node devices receive data addressed
"to their own device.through the communication channel means

and send the céll—formed data addressed to the center
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t hen | ooped back at changeover switch 240 (see Fig. 9) of
switch-constituting section 2 adjacent center switch- constituting section
1, sothat the test cells return to center switch-constituting section 1 by
the | eft-going transm ssion channel of the | oopback system Wen the test

cells retUﬁﬂymiééSiﬁwbﬁéhdfﬂ@ééiéﬂtfﬁEbéﬁﬁtéﬁ@ 86&&uﬁ&@%t§6ﬁdcﬁ9nﬁéln0rmm-
Test cells are then once nore sent fromcenter switch-constituting section

1 to the riggddns goi ng transm ssi on channel of the comunication system
These pass through switch-constituting section 2 that was previously
eval uated to be normal and are | ooped back at 21 :

4. The communication system according to claim 2 or
claim 3, wheréin, the node device detects é fault by the
cessation of transmission of cells frbm an upstream center
device or a node'deviée, and tranémits a_fault cell bearing
its own identifying information by a specified virtual
communication channel to a downstream center device or a

node device.

5. The communication system according to claim-z;or
claim 3, wherein the node device constantly sends with a
fixed time interval a fault monitoring cell carrying its
own-identifying information to a downstream center device
or a node device, detects a fault by the cessation of
transmission of the fault monitoring:céll_from an upstream
center device or a node device, and sends fault location

information to the center device.

6. The communication system according to claim 2 or
claim 3, wherein the communication channel means is
~duplicated by provision of two independent circuits so as
"to recover the communication function on occurrence of a
fault by loopbaqk upstream and downstream of a fault

location.

7. The communication system according to claim 2 or

27
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changeover switch 240 (see Fig. 9) of the switch- constituting section 2
which is one further on i.e. which is adjacent the switch-constituting
section 2 which has now been evaluated to be normal. If these test cells
return, the switch-constituting section 2 is evaluated to be normal. This
operation igldbned} edhéfelAng fGntbLondpaCent ABMI wDtEeRNSS] Eohbgtated ons
2 are-normal, until a point of abnormality is reached; when the point of
~abnor mal i t yby stheanbdd, devtcesppthg bamkunicaébiohashannehuineanst and i s

the center device.
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mai nt ai ned and the operation is termnated. Next, an identical operation is
performed in respect of the |eft-going transm ssion channel and this
operation is stopped, holding the | ooping back of the |ast normal section;
thus after the cells in the | oopback system have returned to ATM switch 11
of center sw tch-constituting sectlonaﬂswmmgrare transferred to the

comuni cation systemon the other side; thus function recovery isolating
the faulty section is achieved. As descri bed above, the transni ssion
channel 3 fromcenter switch-constituting section 1 is connected to the
first swtch- constAnunlnﬁgrmettlponcgmmnaisa§ipnaﬁmt§gu énp which a

switch constituting section (2) housing a data generating
source is connected fo a center switch coéstituting.section-
(1) through a communication chahnel (3) using an ATM
technology as if the function of an ATM switch of
distributed arrangement typé was realized. This
infbrmatiqn communication system flexibly handles new kinds
of information pfoVided with the progress of times, énd,

even when a fault occurs, properly copes with the fault.
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channel 3 fromthe first switch-constituting section 2 is connected to the
next switch-constituting section 2. In this way the transm ssion channel 3
passes successively through switch-constituting sections 2 until it finally
returns to center switch-constituting section 1 thus constituting a | oop.

I n addi tion signal channels to the term nals, separate fromtransmssion
channel 3, are 22 provided fromsw tch-constituting sections 2.
Transm ssi on
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channel 3 may be duplicated as right-going and left-going. Cells fromthe
termnal are m xed w thout overlapping with the cells fromtransm ssion
channel 3 in switch el enent section 231 within switch-constituting section
2 and are output onto the right-going transm ssion channel or |eft-going
transm ssi on channel. Mitual transm ssion between swtch-constituting
sections 2 is effected by serial transm ssion using transceivers but there
is no need for connection between the termnals etc., being internal to the
di stributed- arrangenment type switch, so the data format can be an internal

format- whi ch need not conformto any standard, so On
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circuitry which would be needed for conversion can be dispensed wth,
enabling costs to be | owered. Furthernore, since ATMtechnol ogy is

enpl oyed, fine virtual communication channels for fault managenent can be
set up. Specifically, comunication for periodic nonitoring is perforned by
setting up fine virtual comrunication channels for fault managenent from
center switch- constituting section 1 on the right-going and | eft-going
transm ssion channel 3. If a fault occurs, the oc&rrence of the drop-out

- fault can be detected with conmunication for noni i ng purposes perforned
on either or both of the right-going and left- 90|g§§channel. Loopback
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with center switch-constituting section 1 expands outwards on both the

ri ght-goi ng and | eft-going channels, so the location of fault occurrence
can be inferred as being 23 out si de the nmaxi num expansi on of the

| oopback conmunication. It is therefore unnecessary to nade an inspection
for fault detection purposes over a wide range. Also, in the case where
only a single transm ssion.channel- 3 is enployed, it is arranged for '
switch- : '
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constituting sections downstreamof a fault location to detect a.fault by
the non-arrival of signals, and, in response to this, to generate free
running of their own clocks and to conmmuni cate with downstream by a fault
signal carrying the nunber of their own individual switch- constituting
section 2 on the fault path, discontinuing their own fault signal if a
fault signal arrives fromupstream By this neans, the | ocation of the
fault can be specified in that only the fault signal of the swtch-
constituting section 2 adjacent the fault location is left. |NDUSTRI AL

APPLI CABI LI TY The present gyention i s useful in cornunication
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systens constituted by a data processing center, data generating sources
and data receiving devices and a conmuni cation network |inking these when
the data generating sources and data receiving devices are arranged
linearly. 24 CLAI MS: 1. A commruni cation system conprising: a
plurality of node devices arranged in distributed: .
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fashion in a plurality of locations; one or a plurality of |ocal

comuni cation term nals connected to each of the node devi ces;

comuni cati on channel means for connecting the plurality of node devices in
series; and a center device to which a starting end and a term nal end of

t he communi cati on channel neans are connected, characterized in that the
center device sends data for each |ocal comunication terminal to the
communi cati on channel means and each of the node devices receives the data
and extracts, fromthis data, data for a | ocal comrunication
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A

and thereby outputs the
2

one or a plurality of

I n question.

| ocati ons;

a plurality of node devices arranged in
communi cation term nal s connected to each of the node devi ces;

connected to the node device in question,
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devi ce sends cell -forned

to the conmmuni cati on channe

characterized in that the center

connect ed,
each | oca
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terminal in question. 3. A communi cation system conprising: a plurality
of node devices arranged in distributed fashion in a plurality of

| ocati ons; conmuni cati on channel neans for connecting the plurality of node
devices in series and for perform ng sending of data in one direction from
upstream to downstream and a center device to which a starting end and a
term nal end of the communication channel neans are connected,
characterized in that the center device sends cell-formed data for at
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formed dat a

LDl

neans and send the

device in one direction

means sends the cell -

26

and the plurality of node devices receive data addressed

t he communi cati on channel

| edst one of the plurality of node devices through the conmunication
nmeans;

to their own device through the communi cati on channel

in one direction;
cell-formed data addressed to the center
t hrough the communi cation channel

channel,
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neans. 4. The conmmuni cati on system according to claim2 or claim3,
wherein, the node device detects a fault by the cessation of transni ssion
of cells froman upstream center device or a node device, and transmts a
fault cell bearing its own identifying information by a specified virtual
communi cati on channel to a downstream center device or a node device. 5.
The conmuni cati on system according to claim2 or claim3, wherein the node
device constantly sends with a fixed tinme interval a fault nonitoring cel
carrying its own identifying information to a downstream center device
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1 ... center switch constituting section
2 ... switch constituting section
3 ... transmission channel
4 ... input-output port

An information communication system in which 2 switch constituting section (2) housing a data generating
source is connected o a center switch constituting section (1) through a communication channel (3) using an ATM
technology as if the function of an ATM switch of distributed amrangement type was realized. This information
communication system flexibly handles new kinds of information produced with the progress of times and, even when

‘a fault occurs, properly copes with the fault.
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