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i nvention relates to a data cgmyuniicati on systemwhich is suitable for
|nplenent|ng a cabl e tel evision Io aly area network (referred to in the 10
follomwng as; a CATV—LAN systenjr fé such applications as on-demand video,
tel e shopplng \nDn{tor canetra sys , etc. In partlcular t he i nvention
rel ates to a system whi ch achi eves efficient transm ssion of data in such
-applp{éblons whil e enabllng t he overall system and in 15 particular the
noders; to be S|nple in design:and inexpensive to manufacture. Description
of the Prior Art Pri‘or art :types of data transfer nmethods for large- scale
appl i cati ons |nclude vmiﬂﬁﬂﬂ&dﬂﬁt PHE SIHENTION 0 et hods, wher eby encoded

O Fon £ ea ol et WAt TE: M AR AR MR, o

such as a cabII<,=R \fi%@rﬁf’éﬁ%ﬁc%& HrlABNa N system |n whi ch the

nodes of the sy em-are
5 _ BAQKEBQQH_ OF THE INVENTION
| Field of the Inventzon
The present invention relates to a data communlcatlon

system which is ‘suitable for implementing a cable
television local area network (referred to in the

10 following as a CATV-LAN systenm), for such applications as
" on-demand video, tele-shopping, monitor eehera systems,
eﬁe. In particular, the invention relates to a eystem
which achieves efficient transm&ssion of data in such
applications while enabling the overall system, and in

15 particular the modems, to be simple in design and
inexpensive to manufacture.

Description of the Prior Art
Prior art types of data transfer methods for large-

scale applications_inciude wide-band transmission

20 methods, whereby encoded data are modulated by a carrier,
using a method such as FSK or PSK modulation, and the
modulated data are transferred to a transmission medium
such as a cable. A descriptien of such a data transfer
system, in which the nodes of the system are
interconnected by a bus type of network, is given in

25 "Integrated Data and Video Broadband LAN System” by



I nterconnected by a bus type of network, is given in 25 "Integrated Data
and Vi deo Broadband LAN Systeni by - 2 - Hrata et al, as a technical
réport IN88-4 No. 12, 1988, of the El ectronic Data Comuni cation Institute
(Japam), An exanple of such a CATV-LAN, as shown in Fig. 3, is made up of
-tern?nal apparatuses 11 to 13 for transmtting 5 and receiving data,
nmodens 21 to 23 (connected to respective ones of the term nal apparatuses
11 thlS) for executing nodul ati on armd2denodul ati on of the data, a

transmi ssion path 3 which is connected between the nodens, and a head end
apparatus 4 which |s positioned at 10 one end of the transnission path 3.

(ranstors dat a AFOM KF Radetd 31 tesioidhy EERdky ZRRTLIINES B2 ke
downstream tr a@&m&@ @ AlBni2 Makahcbhalakentibherdatacheek (bagan) .
An example of such a CATV~LAN, as shown in Fig. 3, is
madé up of te;minal_appératuses 11'to 13 for tiansmitting

5 énd receiving data, modens 21 to 23 (connected to
respective ones of.the terminal apparatuses 11 to 13) for
executing mcdulétion'and demcdulation of the data, a
f:anémission path 3 which is éon@ected between the
modems, and a head end apparétus 4 which is positioned at

10 :'qhe end of the transmission path:3. |

The transmission path 3 consists of an upstream
| transmission path glﬂwhidh transfers data from the modems
_21_t§ 23 to a head end.appafatus 4, and a downstream
_transmissioﬁ path.32 which transfers.the déta back from

15 the head end apparatus 4 to each of the modems 21 to 23.
The function of the head end apparatus'4 is to'tranémit
back, to all of the modems 21 to 23 via the downéﬁreaﬁ
transmission path 32, data which have been transmitted
from any one of these modems via the -upstream .

20 transmission path 31. In principle, it is possible to
implement the downstream transmission path and upstfeam
transmission'path by a single cable, if the head end
apparatus 4 remodulates the data (received from the

cable, sent along the upstream direction) at different

25 values of modulation frequency before transferring the



15 the head end apparatus 4 to each of the nodens 21 to 23. The function
of the head end apparatus 4 is to transmt back, to all of the nodens 21 to
23 via the downstreamtransm ssion path 32, data which have been
transpmitted fromany one of these nodens via the upstream 20 transm ssi on
pat%,Sf; In principle, it is possible to inplenent the downstream

transnm ssion path and upstream transm ssion path by a single cable, if the
head end apparatus 4 renodul ates the dat a~(received fromthe cable, sent

al ong the upstreamdirection) at different 25 val ues of nodul ation
frequency before transferring the - 3 - resultant nodul ated data to the

cable, to be sepishfihe HQ&Q%{&%”%Q&& e&?éiﬂpe calld ef&?tﬁé'eééff of iﬁoﬁfmae’
t he upstreamtransm SS1 on pa an owns reamtransrﬁ SSI1 on pa% can e
i npl enent ed by d@ﬁﬁ@?i‘é%ﬁ &98PLECior.  Alteridd Brdy i ASutHe Pethe

transmtted by any of the’
upstream transmission path and downstream transmission

. path can be implemented by respective cables.

5 Data which are to be transmitted by any of the
terminal apparatuses 11 to 13 are transferred through the
corresponding one of thé modems 21 to 23 onto the
upstream transmission path 31,.ana after being sént back
.onto the doﬁn;tream_transmission path 32 by the head end

10  apparatus 4, are :gcei?ed from the downstream
transmission p;th'32,by the-modem.of,the destination
'tefminal_ﬁpparatﬁs; While data are béing transmitted

_ continuouSly'by a épecific modem via the upstream
. transmission bath 31, if data transmission is'commenced-
‘15 by any other.modem, then signal conflict will arise on .
the upétream transmission path 31, To avoid that '
éituation, when a modem is to transmit dafa; it is first
confirméd by that modem that no data-are'curréntly being
transferred over the do#nstréam transmission path 32. If
20 a modem f£inds that data coﬁflict occurs while it is
transmitting, then the modem halts its transmission, and
éubsequently retransmits the data.

As shown in Fig. 1, each modem consists of an

input/output interface 81 between the modem and the

25 corresponding terminal apparatus), a transmitting buffer



term nal apparatuses 11 to 13 are transferred through the correspondi ng one
of the nodens 21 to 23 onto the upstreamtransm ssion path 31, and after
bei ng sent back onto the downstreamtransm ssion path 32 by the head end 10
apparatys 4, are received fromthe downstreamtransm ssion path 32 by the
mode® of the destination terminal apparatus. Wile data are being
transmtted continuously by a specifi@ modem'via the upstream transm ssion
path 31% if data transm ssion is commenced 15 by any other nodem then
sign& conflict will arise on the upstreamtransm ssion path 31. To avoid
that situation, when a nodemis to transmt data, it is first confirnmed by

that nodem t hat BAJVRARN TAWPOZEF & b thgAdfe dagat F’ﬁﬁgf%‘?? &P &fer the downstream
e tr anem [t FRPAEHE PR o toR L Tire PrareRt i S 5B R ont 1
retransmts thepdalfatfish HY20We! Bafd Gnibn 826NeHVHEMCARNITEA0T an
| nput/out put- i nterface 81 between the nodem and the 25 correspondi ng
term nal appar atgénersl Iy &Ys Frefuagepuicdalation) and then transmits
5 the resultant signal at a specific transmission level,
via the upstreanm transmiséion path 31. The modem further
includes a receiving circﬁit 84 which receives modulated
data from the downstrean transmission path 32 and
demodulates the datg, a recelving buffer 85 which
10  temporarily holds received data, and a transmission
* control circuit 86 which gontrols the timings of data
transmissions., ) ’
fig. 2 shows the configuration of the transmission
~control circuit 86. As shown, this is made up of a CSMA
15  control qircuit 87 which executes control whereby
transmiésion is only started after it has been confirmed
that data are not_curréntly being transmitted via the -
downstrean transmission path 32, while transmission data
are being held in the transmitting buffer 82. The
20  transmission control circuit 86 further includes a beat
detection circuit 88 which detects, based on the level of the
signal that is received by the receiving circuit 84,
whether the received signal contains a heterodyne
‘beat component. If the presence of such a beat

25 component is detected in the received signal, then this



-4- 82 which tenporarily holds data that are to be transmtted, and a
transmtting circuit 83 which executes nodul ati on of the data which are to
‘be transmtted (generally by frequency nodul ation) and then transmts 5
the resultant signal at a specific transm ssion |evel, via the upstream
transe ssion path 31. The nodem further includes a receiving circuit 84
wh¥ch receives nodul ated data from the_ dpownstreamtransm ssion path 32 and
denmodul ates the data, a receiving buffer 85 which 10 tenporarily holds
recei ved data, and a transmi ssion control circuit 86 which controls the
timngs of data transmissions. Fig. 2 shows the configuration of the
transm ssion corts diaken ;s tigfcAsimhanat diuts s dmigdentaly & 15
control circuit 87 which executes control whereby:-transm ssion is only
started after itURRSHEPd Nt itweedPr more modems, i.e. that data

conflict is occurring. A receiving buffer clearing
circuit 90 erases the data which are currently being held
5 in the receiving buffer 85 if such a conflict condition
is detected. A transmitting control circuit 88 executes
control?whergpy data are retransmitted after a fixed time
intervalhhas elapsed,.following détection of a data
- conflict. _ | |
0 - . . The operatioh_qf such a CATV~LAN, when data are
B ﬁ:ansmitted from.thé terminal apbaratus 11 to terminal-
- apparatus 12, is as follows. fifstly, the tgrﬁinal
: apparaﬁus.ll outputs the data to'thé inpuf/output
_ intgtface 8i of the modem 21. _ihe ipput/output interface
5 '81.temporafily stores.the data within the transmitting
: buffe% 82. The CSMA control circuit 87 of the .
transmission control circuit 86, when data have been set
 into the transmitﬁing bﬁffer 82, éhécks.whether any data
are curréntly being transferred via the downstréam -

20 transmission path 32. . If it is'fbund that data are being'
transferred, then transmission of the data via the
transmitting circuit 83 to the upstream transmission path
31 is inhibited, until is is detected that:the transfer
of data via the downstream transmission péth 32 has

25 ended. However if the CSMA control circuit 87 finds that



that data are not currently being transmtted via the downstream

transm ssion path 32, while transm ssion data are being held in the
transmtting buffer 82. The 20 transm ssion control circuit 86 further

i ncl udes a beat detection circuit 89 which detects, based on the |evel of
the_sidgnal that is received by the receiving circuit 84, whether the

rrecei ved signal contains a heterodyne beat conponent. If the presence of
such a _beat 25 conponent is detected™i & The recei ved signal, then this

-5- 4s taken as indicating that data are currently being transnitted by two
or nore nodens, i.e. that data conflict is occurring. A receiving buffer

ol earing ci roul ha9Q graseae! By daLRIYNEENNG" ExCULEERLLY bebngpleld 5 i

the receiving bu 85 if s a co I ct “condition I's detected. A
transmtting cogbimsteeaalitaBBngxesbhepatANL )l tHERT €PANEALASEBE of

retransmtted after a fixed tine _
data via the transmitting circuit 83 to the upstream
transmission path 31 is immediately started.

5 If no data conflict occurs, i.e. if no otherlmodem
attempts to transmit data at the same time, ﬁheﬁ the
transmitted daia'are retu;ned by the head end apparatus
4, along ﬁhg downstream transmission path 32, to each of
the modems. If a modem detects that its own terminal

10 . _apparatué is the destination for the data which are being
transferred via the downstream trénsmission path 32, then'
the received déta are set intoﬁthe receiving buffexr 85 of
that nodem, and after all of the data havé been receiﬁed,
the data held in the rgceiving buffer 85 are tranéfgrred

15 through thé input]output intérface 81'£o the
coffesponding terminal apparatus (i.e. in.this-examplé,
to the terminal apparatus 12). |

If while data are being t;ansmitted continuously by
the modem 21, some other modem begins;to transmit data .

20 (i.e. unaware that data are curréntly being transmitted
'by thé modem 21, since these data have not yet reached
that othef modem after having been sent back along the
downstream transmission path 32), then data conflict will
occur.

25 For example, assuming that the modem 22'attempts to



i nterval has e

e B

| apsed, follow ng detection of a data conflict. 10

The.operation of such a CATV-LAN, when data are transmtted fromthe
termnal apparatus 11 to termnal apparatus 12, is as follows. Firstly,

ternlnal-appar
of .t h€ nodem 2
the data withi
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transferred vi
that data are
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87 finds that

. 10

atus. 11 outputs the data to the |nput/output interface 81

t he

1. The input/output interface 15 81 tenporarily stores
n the transmtting buffer 82. The CSMA control circuit 87 of

on control circuit 86, -wfferr data have been set into the
uffer 82, checks whether any data  are currently bei ng
a the domnstrean120 ) t r.ansni.ssi gn
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has not yet reached the modem 22, modem 22 will assumed
that the transmission path is vacant, and so will
éohmence transmission. In that case, when the leading
part of the data transmitted by the modem 22 reaéhes the
location of the modem 21 (i.e. after being sent back

along the downstreanm transmissioh path 32), the data

.which are being transmitted by the modem 21 will conflict

'w1th the leading part of the data which are transmltted

15

by the modem 22. _ . -
In each modem, if the beat detection circuit 89

judges (based on the difference between the normal -

~ received signal hhd the signal which is received

.when there is data conflict) that conflict is

occurring, and if the destination of the data is the

- terminal apparatus which corresponds to that modem, then

20

25

the beat detection circuit 89 causes the receiving buffer
clearihg circuit 90 to command the reéeiving buffer 85 to
delete the data which have been stored therein up to that
peoint.

If at that time the modem itself is in thé process
of transmitting data when the conflict occurs, then the

transmitting control circuit 88 of the modem is caused



- 6 - data are not currently being transferred via the downstream

transm ssion path 32, then transm ssion of data via the transmtting
circuit 83 to the upstreamtransm ssion path 31 is imediately started. 5
If no"data conflict occurs, i.e. if no other nodemattenpts to transmt
dat a®at the sane tine, then the transnitted data are returned by the head
end apparatus 4, along t he downstream transni ssion path 32, to each of the
m)dems =|f a nobdem detects that itsoen-terninal 10 apparatus is the
destfnation for the data which are being transferred via the downstream

t d d t th
bu for 86 of Pﬁayt S TR o AP SR T, LT £30 oD ROR e PRARRIARRE t he
data held in s er%ace%%gl{?grt@ Ae tr%plsftﬁrér %Q'egént te@cra‘ﬂ{tﬂ.fl: t he

I nput / out put corresponding term nal apparatus (i.e. in

this exanpl e, g Qfﬁﬂﬁ‘a&otﬁpll?f &neS mbdlems! R1Mahlae 28atkRr@r e being.
transmtted continuously by
transmitting data when a conflict occurred, then each of
5 these will subseéuently retranémit their respective data,
from thé beginning of the data. It is important to note
here that if the modems 21 and 22 were both to begin
retransmitting data after an identical time interval had
elapsed,.then of course a data conflict would again

10 _occur. For that reason, respective randomly determined-
values are assigned to that time interval which elapses
before retransmission begins, for the various modems. It
thereby becomes possible to execuﬁe retransmission

© without the océurrencé of conflict.

15 ' However when such a priof art type of CATV-LAN is
used to implement a CATV~LAN system, it is necessary to
provide .a dedicated circuit for beat detection within each
of the modens, in order to detect the occurrence of data
conflict. This has the disadvantage of increasing the

20 system cost. .

| Moreover, when conflict occurs between two signals
which are transmitted over the transmission path by
respectiﬁe modems, if it is ensured that there is a

specific difference in transmission signal levels between

25 the two signals, then it becomes possible to correctly



t he nodem 21, some other nodem begins to transmt data 20 (i.e. unaware
that data are currently being transmtted by the nodem 21, since these data
- have not yet reached that other nodem after having been sent back al ong the
downstream transm ssion path 32), then data conflict will occur. 25

For exanple, assumi ng that the nodem 22 attenpts to -7- begin data
Stransmission immediately after the nodem 21 has conmenced transm ssi on,
thep while the | eading part of the-dafa which are being transmtted by the
mydei 21 has not yet reached the nodem 22, nodem 22 will assuned 5 that

the transm ssipanBRLE thevagghha @Hﬂcﬁ%éﬂ‘é'i:h&?h@&ﬂéﬁy&%ﬁgé% sion. In that

case, when the leading part of the data transmtted nodem 22 reaches
the | ocation ofahbmisedem 2évél. e. Thit els beéfgroeat tbask thengapbre
downstream transm ssion path 32), the data
effect. However, with a prior art type of CATV~LAN, the
transmission levels of the signals transmitted from
5 respective nodes are made identical, in order to enable
confliét'to be detected by the beat detection circuit
within each modem, based upon received'signal levels.
For that reasoﬁ,_it.has not been possible to utilize the
capture effect. | |
10. ' If i; were attempted to directly use the cépture
' effeqﬁ, by simplfﬁassigning respectively different values
-of transmission lével.to thg various moéems, thgn the |
ﬁbdgms ﬁhich transmit at a high signal leyél would always
receive priority, so that there would be an imbalance
15 between'thé respective ratés'at.which opportﬁnities
providéd for transmission, between the varioué modens. .
Furthermore with a prior art CATV-LAN, when signal
conflict occurs, then signal retransmission occurs after
_a randomly determined time interval, so that it is not
20 possible to immediately send any signai which is urgent.
In addition, it becomes impossible to guarantee the
actual interval which will elapse between the time ét
which a signal is sent from a terminal apparatus to the

corresponding modem and the time at which the signal is

25 transmitted.



10 which are being transmtted by the nodem 21 wll conflict wth the

| eading part of the data which are transmtted by the nodem 22. |In each
nodem if the beat detection circuit 89 judges (based on.the difference
between the normal 15 received signal and the signal which is received
wher there is data conflict) that conflict is occurring, and if the
destipation of the data is the term nal apparatus which corresponds to that
modem “then the beat detection circuito 8 causes the receiving buffer 20
clearing circuit 90 to conmand the receiving buffer 85 to delete the data
whi ch have been stored therein up to that point. If at that tinme the nodem
itself is in the process of transmtting data when the conflict occurs,
then the 25 transmnittSUMMARNQD|THE r f the nodemis caused - 8

It is an objective of the present invention to
overcome the above problems of the prior art by
providing a CATV-LAN whereby the capture effect can be

5 effeétivaly-utilized to achieve an increased level of °
signal transmission efficiency; and moreover whereby
'imbalance betweén respective opportunities for signal
transmiééion by the various modems-is prevented, gnd
further whereby retransﬁission of signals can be ”
‘10 'efféctively performed after the qcéu;rence of signal
.conflict. N | _ | _.
A CATV-LAN according to the present invention
' compfiéesua plurality of modemé for transmitting messages
‘to an upétream.transmissioﬁ path and for receiving
15 messages.ffom é downstream transmission path,_terminal
apparaﬁdses for supplying messages to.and for receiving
messages from the modems, and a head end apparatué'fo:
transmitting to the downstream transmission path messages
which have been transmitted over the upstream
20 transmission path. Each of the modems comprises
transmitted/received data combarison means which
compares received data with transmitted data, while the
modem is itself transmitting data. Each modem also

includes retransmission means for retransmission means a

25 message after a predetermined time interval has elapsed,



(by the beat detection circuit 89) to execute operations for retransmtting
the data. In the present exanple, assunming that both of the nodens 21 and
22 were transmtting data when a conflict occurred, then each of 5 these
wi | |- subsequently retransmt their respective data, fromthe begi nning of
the data. It is inportant to note here that if the nodens 21 and 22 were
-both to begin retransmtting data after an identical tine interval had

el apsed, then of course a data conf+ixx +wul d again 10 occur. For that
reason, respective randomy determ ned values are assigned to that tine

i nterval which el apses before retransm ssion begins, for the various '
nodens. |t thereby, becones gossible to execute retransm ssjon wthout the

occurrence of%"ReMfitcis detected agi R FRrsulh&f dheh cemmatseR tE3be of
CATV- LAN i ' : TV LAN s, ' ' ; id
'S Lg?eg {“?a#%rxgiggg F%%%C%nd tate etcfiga J&%ostrﬁgzcﬁ%dsggn%%&g. provi de

a dedi cated ciTcul ion W I n eac I n order

to detect themoeopsdenCluPEnsal trlAdd Gleceilihd@oritho 1dinkdhR WRdén Of
i ncreasing the 20 systemcost. .
functions, when the each modem is not itself transmitting
5 a message énd when the length of received data does not
.attain a message length which is specified in a received
message, to.disﬁard the received data.
| Furthermore, the-modem includes carrier tranémitting-
means for t:ansmitting a carrier to the_upétreaﬁ
10 - transmission path,:as.a tfaﬁsmitted data carrier. The’
| carrier transmitting means functions, when the
transmitéed/receiﬁed data comp;?ison means de;gcts that
théireéeived data and:tfanémitted:aata.do ndt coihcide,
to ihtefrupt the ﬁransmittihg of the carrier after having
15  transmitted the carrier during a fixed time interval. -
Moreover, when_it is deteétéd by the
.tranémitted/reqeived data comparison means that the
received data and transmitﬁed data do not céincide; the
carrier transmitting means continues-transmitting of the
20 carrier during the fixed time interval only if the
detection of non-coincidence occurs at a point in time
when transmitting of all of the data of the message has
been complefed. |

Furthermore, the retransmission means of respective

25 ones of the modems can be configured to hold data



Moreover, when conflict occurs between two signals which are transmtted
over the transm ssion path by respective nodens, if it is ensured that
there is a specific difference in transm ssion signal |evels between 25
the two-signals, then it becones possible to correctly transmt the
signal which has the higher value of transmission level. That is referred
to as the capture effect. However, with a prior art type of CATV-LAN, the
trangm 3sion levels of the signals trggsatted from5 respecti ve nodes
are made identical, in order to enable conflict to be detected by the beat
detection circuit within each nodem based upon received signal |evels. For
that reason, it has not been possible to utilize the capture effect. 10

If it were attsgyaEdiadimy despadtivedy didfexentr yadescrf Hhesi nply
assigning respectively different values of transm ssion |evel to the
vari ous nodemprededennined time interval which elapses before
'rétransmission is started.
In addition, the retransmission means can be
5 configured to fﬁnction such that each time a message
transmissioﬁ is performed, the retransmission interval
specified for the modém is exchanged for the
retransmission interval that has been specified
fof ahother:ﬁodemQ'- . |
10 ' . Fufthermofé,‘the modems can be configuréd to éxécﬁte
transmissidn of messages using :éspectively different
'predeterﬁiﬂed-tranémissién levels.
- Moreover each of the modeﬁs can be configured suéh
_ that,.upon completion of a message transmission, the
15 modem inhibits transmission of a succeeding message until
the modem detects that an idle condition of the
transmission path has continued for a predetérmined time
interval. | |
The predeterminéd interval during which the idle
20 condition must continue to be detected is preferably made
equal to a slot'tiﬁe interval, where a slot time interval
is maximum interval which will eiapse between the time at
which data are transmitted and the time which the data

are received. More specifically, the slot time interval

25 1s the the interval which elapses between the point at



nodens which transmt at a high signal |evel would always receive priority,
so.that there would be an inbal ance 15 bet ween the respective rates at
whi ch ogpportunities provided for transm ssion, between the various nodens.
Furthermore with a prior art CATV-LAN, when signal conflict occurs, then
signal retransm ssion occurs after a randomy determined time interval, so
that it is not 20 possible to imedi ately send any signal which is
urgenf. “In addition, it becones inpossi$le to guarantee the actual interval
which will el apse between the tine at which a signal is sent froma

term nal apparatus to the correspondi ng nodem and the tine at which the
signal is 25 transmtted." - 10 - SUMVARY OF THE | NVENTI ON * It is
an obj ective ovhigh gasacheginventbentransnitedeby Hehebavdenrdbiehsisf t he

pri or arf by 16cated farthest from the head end apparatus, along the
transmission path, until the pointlat which the leading
part of the transmitted data is received by that moden

5 from the transmission path.

Moreover, gaéh of the.modems can comprise priority
detection means-for detecting a degree.qf priority which
.is specified within'the next message that is to be |
."transmitted bj the modem. In ﬁh&t'case,'the modem varies
'.fio_'.the duration of the time inter§a1 for which the.idle
.'conditign'must bé'detectéd as continuing, in aqéordance.
with the priopiﬁy degree that is detected by the priority
'_ dgtegtion means. . |
. The p&iority degree can take one of a plﬁralitf of

15 stepwise~varying values, aﬁd the time intervai.for_which
the idle condition mustlcontinue.to be detected is set as
an integral number of slot time intervals, in accordance
with the priority degree which is detected for the next
message that ié to be transmitted.

20 Moreover, each of the modems éah comprise priority
altering means, for altering a priority degree that has
been detected by the priority detection means, with the
priority altering means changes the priority degree in
accordance with the amount of data which constitutes the

25 next message that is to be transmitted by the modem.



provi di ng a CATV-LAN whereby -the capture effect can be 5 effectively
utilized to achieve an increased | evel of signal transm ssion efficiency,
and noreover whereby inbal ance between respective opportunities for signal
“transm ssion by the various nodens is prevented, and further whereby
retrgnsm ssion of signals can be 10 effectively perforned after the
.octurrence of signal conflict. A CATV-LAN according to the present
~invention conprises a plurality of nodéds Tor transnmitting nessages to an
upstream transmni ssion path and for receiving 15 messages from a

dofwst ream transmi ssi on path, terninal apparatuses for supplying nessages

o and for I ecei vi Ny iiessaes, [P DIDG JRGR e 2 Wha 1gad senldh RIS or

transmtti ng to t he wn'stTeam transmi Ssi on sages ve Deen

transm tted. oveleddit APRIEARE hearld wr%ﬂmwabﬁaan Edgh tdfe the nodens
conpri-ses transmtted/received data conparison neans mhlch conpar es

recei ved data\Mﬁdhsmiﬁsﬂﬁﬂtkﬁhekﬁuhf\Maépadﬂﬂydnm&@magasltself transmitting
data. Each nodem al so
Such a modem can further comprise priority detection

5 .means for detecting the degree of priority which is
specified within a message, with the transmission level
_adjustment means altering the transmission ie#el at which
a message is transmitted, and with the range of Variation
of that alteration being determined in accordance with

10 _ the degree of priority that is detected for’ that message._

Furthermore, each of the modems can further comprise-

' time-guaranteed message holding means for storing a time-
guaranteed message, and a guarantee 1nterva1 timer.' When
a time—guaranteed message is received by a modem from the’

15 corresponding terminal apparatus, the guarantee interyal
timer begins a timing operation. If no message is
_currently being transmitted by that modem, then lt
immediately attempts to transmit the time-guaranteed
message. If a normal message is currently being .

20 transmitted by that modem, then when the guarantee time
interval has elapsed, transmission of that message is -~
interruoted, and the modem immediately attempts to
transmit the time-guaranteed message.

In such a modem, the guarantee interval timer can

25 alter the value of the guarantee time interval which is



I ncl udes retransm ssion neans for retransm ssion neans a 25 nmessage after
a predetermned tine interval has el apsed, when it is detected as a
result of the conparison that the transmtted data and received data to not
coi ncide> The nodem further includes receiving control neans which

functi ons, when the each nodemis not itself transmitting 5 a nessage and
when t he Iength of received data does not attain a nessage |length which is
speci sied in a received nessage, to diggard the received data. Furthernore,
the nodemincludes carrier transmtting neans for transmtting a carrier to
the upstream 10 transm ssion path, as a transmtted data carrier. The
carrier transmtting neans functions, when the transmtted/received data
conpari son neansaseredt thehebyi hknre@@ommvaimch tguaranteedrequesatdo
not coincide, to interrupt the transmtting of the, carrier after having 15
transmtted thElEﬁthéthﬁﬁlﬁ@eﬁif+%@dW%Fh&P|Fﬁ%ﬁ§&ﬂe"guaranteed

message.
Moreover, respective oroups of modems can be
5 defined, each group consisting of modems which have
respectively di;ferent vaiues of .transmission level,. with
each of the modems comprising group identificauion
reglstering means for reglsterlng a group number to which
-the modem belongs, and a group - identifier counter for
'in obtalning a count value which 1ndlcates the number of a
| group whose members currently have the rxght to transmlt
.'messages. When the group number counted by the group
_1dent1f1er'counter c01ncides with the number which'is
" held in the'group identifier registering means of a
15 modem, messege transmission can be executed by uhat
modemn. | ' .

Each modem can also comprise parh distanoe.
comparator meens for comparimg the return path distance
between the modem and the heed end apparatus and the

20 downStream transmission path occupancy distahce (i.e. the
length of a section of the downstream transmission path
which is currently oocupied by data which heve'just been
transmitted by the modem). When the. path distance
comparator means detects that the downstream transmission

25 path occupancy distance is smaller than the return path



Moreover, when it is detected by the transmtted/recei ved data conparison
means that the received data and transmtted data do not coincide, the
carrier, transmtting neans continues transmtting of the 20 carrier during
the fixed time interval only if the detection of non-coincidence occurs at
a.point in tinme when transmtting of all of the data of the nmessage has
been conpl eted. Furthernore, the retransnission neans of .respective 25
ones of 'the nodens can be configured fé)hold dat a - 12 - specifying
respectively different values of the predeterm ned tinme interval which

el apses before retransm ssion is started. In addition, the retransm ssion
means can be 5 configured to function such that each tine a nessage
transm ssi on iénggﬁtogﬁgdmoabﬁ E&hrbagin ssramsnigeion of a nevw

message.
Moreover, a modem can comprise synchronizing signal
receiving means for receiving a synchronizing signal
5 which transmitted by the head end apparatus onto the
downstream transm1s51on path, multiplexed with the
modulated data from the modens, and can supply the
synchronizing signal to a video 51gna1 transmitting - .
circuit which transmits to the upstream transmissxon path
iot lmoduiated data expressmng a video signal from a monitor
video camera.. ) _ ‘ '
| Each modem can further include operation sequence
registering means for registering an operation sequence,_
‘with the operation sequence being executed under the
15° control of the synchronizing signal rece1v1ng means.

Each of the modems can also comprise a ‘video
receiving circuit for receiving video_data, obtained as
multiplexed oata from the downstream transnission path.

. Also, each of the modems can comprise-preamble |
20 - transmitting means for transmitting only the carrier
during a fixed ﬁime inéerval, immedafely prior to
transmitting the data of a message in conjunction with
the carrier, and preamble receiving means for
initializing a receiving status when the carrier is

25 received.



specified for the nodemis exchanged for the retransm ssion interval that

has been Speéecified for another nodem 10 Furt hernore, the nodens
can be.configured to execute transm ssion of nessages using respectively
differem predeterm ned transm ssion |evels. - Mreover each of the nodens

can be configured such that, upon conpletion of a nessage transm ssion, the
15 nodeminhibits transm ssion of a succeedi ng nessage until the nodem
detecsds ‘that an idle condition of the transmission path has continued for a
predetermned time interval. The pre étermned interval during which the
idle 20 condition nust continue to be detected is preferably nmade equal to
a slot time interval, mhere a slot time interval * S HHXIWUHIE§%§rva
which will elapse 2, £ VairTRuat suhiceliodat uhdeh FP&n?F‘n prey t he
time which the dat ‘ﬁﬁe recelved Mor e speC|f|caIIy,H%he %t Ehgp i nt erval
pove,

25 is the the 'Ea‘%!ﬁ/%aféu Jr ehapses systtegen ash&e5oP
following advantages are obtained.

Firstly, while a modem is in the process of

5 tracsmitting a meesage, the modem compares the

transmission data with the received data.’ If these do
not match, then 1t is judged that data conflict has
occurred,. in whlch case the modem halts the transmission.
_Subsequently, the modenm retransmlts the message. Howevet
-10 ~ even if’ data conflict occurs, if the data of a messaqe
are belng correctly transmxtted because of the capture
effect, then'transmlssion of the_message is continued.
' If the actually received ﬁumber of data in a message
which is belng received by a modem is less than the
15 number of data whlch are specified for that message (1 e.
specified within the message itself) then the modem
judges that conflict has occurred and that transmission
of the message has been interrupted. - In that-case, the
receﬁing_modem_diecards the part of the message whicﬁ it
20 has temporariiy stored. However in that case too, if the
data of a message are being correctly received because of
the captufe effect, then the receiving procese is
‘continued for the entirity of the message.
If only the final datum of the received message has

25 been made indefinite, because of occurrence of conflict,



- 13 - which data begin to be transmtted by the nodem which is | ocated
farthest fromthe head end apparatus, along the transm ssion path, until
t.he point at which the leading part of the transmtted data is received by
that nodem5 fromthe transm ssion path. Mreover, each of the nodens can
conprise priority detection neans for detecting a degree of priority which
i's specified within the next message that is to be transnmtted by the
modem | n that case, the nbdem varies- 118 -the duration of the time
interval for which the idle condition nust be detected as continuing, in
accordance with the priority degree that is detected by the priority

det ecti on neans. The pr|o rity degree can take one of a pIuralltngf 15
st epwi se- varyi fg*&M Y (Rofen faEmeh usg t\kﬁi @RoMee MeRheE drRli t i on

Imrjlf';r\c/glntsl n?ﬁ t'ouccgq dﬁz{tmconflslcstethaass oacQ:ulrr:}rte%gr aI [lT:?r ju fg:!.?’:lgo on trBe
basis of the received message length. In that case, when
"the modem which transmits that message detects that
5 conflict has occurred, that modem continues to transmit
| the-carrie: alone for a certain time interval, after
trehsmission of the message has beem completed. The -
rece1v1ng modem is thereby notifled that conflict has
'occurred. - ' L
'10'1 : Furthermore, by ensurlng each ‘modem can only begin
-.retransmission of a message after a speclfic tlme -
'ilnterval has elapsed'follow;ng termlnatlon of
_tfensmiseieh as a-reeu1t of detecting data conflict, and
by eetabiishing respectively different values for that
15 time intefvel,;between the Qarieus'modems, it is ensured
that eohflict will not again occur when retrahsmissioh of
a message is executed. If these retransmission time
interVals mere to be made fixed. for each modem, then an
: 1mba1ance would arise in the respective rates at which
20 the various modems .are permitted to execute message
transm1551ons. However that problem is overcome by
interchanging these time intervals between respective
modems, each time that a message transmission is
executed. |

25 In addition, the capture effect is utilized, by



with the priority degree which is detected for the next nessage that is to
be transmtted. 20 Mor eover, each of the nodens can conprise
priority altering neans, for altering a priority degree that has been
detectzed"by the priority detection nmeans, with the priority altering neans
changes the priority degree in accordance with the amount of data which
constitutes the 25 next message that is to be transmtted by the nodem

- 14 < Al'so, each of the nodenms can _cqgprise transmi ssion |evel adjustnent
means for random y changing the transmssion | evels of respective nessages.
Such a nodem can further conprise priority detection 5 means for
detecting the degree of priority which is specified within a nessage, with

\t,\ﬂe transm ssi %ig‘ﬂ’ﬂ i i dBiRfe 1 gﬁ@l&ﬁ'ﬂeﬁﬁ R¢ahBiksddnNeveds Itevel at
ich a nessage IS transnltted and with the range of variation
the various modems. The modems are configured such that
each time a modem transmits a nessage, the modem inhibits
itself from transmitting any.succeeging message until it

5 has dete;ﬁed that an idle cqndition'has confinued for a
duration which.is at least equal to a slot time interval.
As @efined hereinabove, the term "slot time interva;"
signlfles the maximum time. required for a modem to

:recelve data after it has transmitted that data. The
10 "idle condition" is a condit;on in which no carrier is
| presenf on.the transmissioa patp. In that way; it
'becemes possible to pfebent the cOncent;aiion of
transmission opportunitieslin those modems-which have the
'highest values of transm1551on level.

15 . Furthermore by changing the value of the tlme
interval durlng which the idle condition must contlnue to
be detected, in accordance with a priority whlch is

‘assigned to a message that is to be transmltted by a
" modem, it becomes possxble to transmit messages in order
éo of their prloxlty. '

Also, by randomly changing the transmission levels
of the various modems, the respective numbers of
trahsﬁission opportunities become balanced, among the
modem. Furthermore by using a high transmission level

25 for a message which has a high priority, messages can be



of that alteration being determ ned in accordance with 10 t he degree of
priority that is detected for that nessage. Furthernore , each of the
modens can further conprise tine-guaranteed nessage hol ding nmeans for
storing a tine- guaranteed nessage, and a guarantee interval tinmer. \Wen a
ti me- guar anteed nmessage is received by a nodemfromthe 15 correspondi ng
term nal apparatus, the guarantee interval tinmer begins a timng operation.
| f no_nmessage is currently being transghtied by that nmodem then it _
i mMmedi ately attenpts to transmt the tinme-guaranteed nessage. |f a norna
nmessage is currently being 20 transmtted by that nodem then when the
guarantee tine interval has el apsed, transm ssion of that nessage is
interrupted, aggansmiraréd@monmaegrdbeiyyabasipts to transnit the

ti me-guaranteed nessage. In such a nbdem the guarantee |nterval timer can
25 alter the val uFuatchersoFeaiantbe €pAe PRt BRISRIGH £AT|¥hich it is

necessary to guarantee the maximum amount of delay which
will occur before the message is transmitted (after being
5 issued by a terminal apparatusj, such messages are
transmitted first with normal messages being transmitted__
thereafter. It a tlme-guaranteed message is issued by a
termlnal apparatus to the correspondlng modem while
transmlssion of a normal message by that modem is Stlll
.10 | 1n progress, and if sendlng of that normal modem is not
completed within the_tlme interval which is guaranteed as .
the transmission delay, then transmission of the normal
-message is 1nterrupted, and transmission of the time-
-guaranteed message is executed, to. thereby satlsfy the
15 .guaranteed transmlssion delay requxrement.

Also, by dividing the modems into groups, with the
modems within a group havzng respectlvely different
values of transmission level, and sequenially assigning
to the groups the rlght to transmit messages, it ecan be

20 ‘ensured that the the ‘capture effect is effectively
~utlllzed, and the overall transmission efficiency is
increased.

Furthermore by providing each modem with a path
comparison means, for comparing the return path length

25  between the modem and the head end apparatus with the



measured thereby, in accordance with a guarantee request tinme which is
specified within the tine-guaranteed nessage. Moreover, respective groups
of nodens can be 5 defined, each group consisting of nodens which have
respectiwvely different values of ‘transm ssion level, with each of the
nodens conprising group identification registering nmeans for registering a
group runber to which the nodem bel ongs, and a group identifier counter for
10 pbttaining a count val ue which indicates the nunber of a group whose
menbers currently have the right to transmt nessages. Wen the group
nunber counted by the group identifier counter coincides with the nunber
which is held in the group identifier registering neans of a 15 nodem
message transriengon efirtlhe peat kel dawnstnstemtreaemifsdean aathl so
conprise path di stapce conparator neans_for conparing.the return path

di stance bet wdditt he® nBHRRRRY t2RFURIRA &Yl daksartdiats have hsemo - -
downstream transii 53l feddly AL RENMN I Fienlds PoddlBie to
transmit a message while the upstream transmission path
5 is in the idle condition even if the downstream
transmission path has not yet reached the idle condition.
:'Furthermofé, by ar:;néing that the head end
apparatus t:ansmits a synthonizing signal-to each of the
‘modems, via the_transmission path,- and pfo?iding'a'
_.10".synéhropizing-sigpai fgceiQing circuit in each of the

modems, it becomes possible to mutually synchronize the

-~

operations of the various modems.
In that pase,_by_providing mdaems with a video
: signél rec;iving éircuit and video-signa; transmitting
15 _:circuit, a monitor-camera system can be'confiéured in
_whiqh the video sigﬁals transmitted by the modems are -
mutuallyisynchrénized, so that switching between the
respéctive.video signals can be performed without
'produding disorder in the resultant.display-picfures.
20 " Also, if the carrier alone is transmitted during a
fixed time interval prior to transmitting a ﬁessage, i.e.
a preamble_interval, then when data conflict occurs
between two messages, and only one of the messages is
successfully transmitted due to the capture effect, the

25 exact point at which that message begins can be



| ength of a section of the downstream transm ssion path which is currently
occupi ed by data which have just been transmtted by the noden). Wen the
pat h di stance conparator neans detects that the downstream transm ssion 25
path oecupancy distance is smaller than the return path - 16 - length,

t he modem can begin transm ssion of a new nessage. Moreover, a nodem can
conprise .synchroni zing signal receiving neans for receiving a synchronizing
signal *5 which transmitted by the ?egd end apparatus onto the downstream
transm ssion path, nultiplexed wi Th2he nodul ated data from the nodens, and
can supply the synchronizing signal to a video signal transmtting circuit
which transmts to the upstreamtransm ssion path 10 . nodul ated data

expressing a Véu%%éilg@éffﬂﬁn FHEN the meisdagec dsereceived by
another modem.
BRIEF DESCRIPTION OF IHE DRAWINGS
Fig 1 is a circuit block diagram of an egample of a
5 modem in ajprior art type of apparatus which can'be
utilized as a CATV-LAN;
"Fié. 2 is a circuit block diagram of a receiving
control clrcult in the example of Fig. i;
Flg. 3 illustrates the baslc general conflguratlon
10 'of a CATV-LAN; o
| | qu. 4 is a circuit block dlagram of a modem used in
. a first embodlment of a CATV~LAN according to the present
1nventiea, _
.Eig. 5 shows the configuration'of a message, in.the
15 first embodiment; |
Fig. 6 illustrates a first pattern of data conflict
between ﬁessages, for the first embodiment;. .
Figs. 7A, 7B illustrate the occurrence of conflict
on the transmission path; ' : |
20 . Figs. 8, 9 and 10 are flow diagrams of operations
executed by the first embodiment;
figs. 113, 113,\110 illustrate a secondpattern of
data conflict between messages, for the first embodiment;
Fig. 12 illustrates a third pattern of data conflict

25 between messages, for the first embodiment;



Each nmodem can further include operation sequence registering neans for

regi stering an operation sequence, with the operation sequence being
execut ed under the 15 control of the synchronizing signal receiving nmeans
Each of. the nodens can al so conprise a video receiving circuit for
recefving video data, obtained as nultiplexed data fromthe downstream
transm ssion path. Also, each of the nodens can conpri se preanmble 20
transn1¢t|ng nmeans for transmtting ongy the carrier during a fixed tine

intefval, imedately prior to transmtting the data of a nessage in
conjunctlon_mdth the carrier, and preanble receiving nmeans for initializing
a receiving status when the carrier is 25 received. - 17 - Due to the

various. functions mﬁigaoc&hhbeleowllnﬁkratQ%ﬁﬂm¢nhhﬁnQﬁ mrevidinystem as

set out above, the
__notification of conflict between messages, with the first

.embodiment; _
| Fig. 14 illustrates a pattern of data conflict =~
5 . between messages; for'desoribing a second embodiment of
the invention; |
' . Figs. 15, 16, 17 are flow diagrams of operations
-executed by the second embodiment, '
C | Figs. is8a, 183, 18C show examples of tables for use
-+ 10 'fin determining retransmission time intervals for _'
_respective modems, used in the'second embodiment;'”
: .Fig. 19 is a flow diagram of operations executed by
.the second ‘embodiment when the tables of" Figs. 18A to 18c'
are utilized, |
15 | Fig. 20‘showS'an example of "a message transmission
sequence, for the second embodiment; ‘
'Figf 21 shows an example of a message transmission
-sequenoe,'for a thira embodiment.of_the invention;
i _ Figs..22 and 23 are flow diagrams of operations
20 executed?byithe third embodinent; ' '
| Fig. 24 is a circuit block diagram of a modem used
in the third embodiment of a CATV-LAN according to the
present invention;
Fig. 25 shows the configuration of a message, for

25 the third embodiment;



foll owi ng advantages are obtained. Firstly, while a nodemis in the process
of 5 transmtting a nessage, the nodem conpares the transm ssion data
wrth the received data. |If these do not match, then it is judged that data
confltct has occurred, in which case the nodemhalts the transm ssion
Subsequently, the nodemretransnits the message.. However 10 even if
data conflict occurs, if the data of a nessage are being correctly
transmtted because of the capture effeéts then transm ssion of the nessage
is continued. If the actually received nunber of data in a nmessage which is
being received by a nodemis |less than the 15 nunber of data which are

specified for that nessage (i.e. specified within the nessage itself) then
t he modem j udges t h&E9€onREirc7hateotiayrdrarams nef PPERHFSRFon of the

tho part of {hE~REUSEgeltnien Fois8 ShBERIRABL ari 1y stored.  However in
that case too, if thesdabg 9f 3 RRSSAYE BIGcRCAIMGESL' SF1A mb&ERT UELa
because of the capturg e??ect, tﬁgn tﬂg recei ving process is
in a fourth embodiment of a CATV-LAN according to the
5 present invention; -
Fig. 29 shows an example of a message transmission
sequeﬁce, for the fourth embodiment} '
Fig. 30 is a flow diagram of operations executed by
' the_fourth_émbodimeqt; | -
10 - Fig. 31 is a circuit block diagram of a modem used
| in a fifth embodiment of a CATV-LAN acdording'to-the -
' -present invention; J |
- T.iFigs; 32A,'323:sho§ an example of a ﬁéssége
'ntransmissiop sequence, for the'fifth-embodiment;
15° :. Fig..33 is a flow diagfam of opérations executed by |
‘the fifth embodiment; | o
.fng 34 is a circuit block diagram of a mﬁdém used
inté sixth embodiment of a CATV-LAN accofdiné to thé.
‘present invention; ' ;
20 ‘ ‘Figs. 35A, 35B respectively show a table used in a
| ﬁodem of the sixth embodiment,and an example of a message
transmission sequence;
Fig. 36 is a flow diagram of operations executed by
the sixth embodiment;

25 Fig. 37 is a circuit block diagram of a modem used



continued for the entirity of the nessage. If only the final datum of the
recei ved nessage has 25 been nade indefinite, because of occurrence of
conflict, - 18 - then the receiving nodem cannot use the above nethod to

j udge  that conflict has occurred, i.e. by judging on the basis of the
recei ved nmessage length. In that case, when the. nbdem which transnits that
message- detects that 5 conflict has occurred, that nodem continues to
transgit the carrier alone for a certaixs t-i ne interval, after transni ssion
of the message has been conpl eted. The receiving nodemis thereby notified
that conflict has occurred. 10 Furt hernore, by ensuring each nodem

can only begin retransm ssion of a nessage after a specific tine interval
has el apsed fcﬂﬂnmﬂlﬁptenﬁhrﬁmeﬁimﬁnﬁ:pﬁngnﬂégvbﬁﬁ§sa§cP€§&P6 &P &&eecting

data conflict, and
present invention;

_ Fig. 38 shows an example of a message transmission
‘sequence, for the seventh enbodiment;

5 - Figs. 39, 40, 41 are flow diagrams of operatlons
executed by the .seventh embodiment, .

.Fig. 42 is a circuit block dlagram of a modem used

 in an eighth embodiment of a CATV-LAN according to the |
ipresent’invehtioh; - ) '

10 Z'_ - PFig. 43 shows an ‘exanple of a message transm1551on

| sequence, for the eighth embodlment,

-Fig. . 44 is a circuit block dlagram of a modem used
in the eighth embodiment of a CATV-LAN accordlnq to the
:present inventlon,_ '

15 Flg. 45 1s a circuit block diagram of a modem used
in a ninth embodiment of a CATV-LAN according to the -
present inventlon,

Fig. 46 shows-an example of a message transmission
sequence, for the ninth embodiment; -

20 Fig., 47 is a flow diagram of operations executed by
the ninth embodiment;

Fig. 48 shows the overall configuration of a tenth
embodiment of a CATV-LAN according to the éresent
invention;

25 Fig. 49 is a circuit block diagram of a modem used



by establishing respectively different values for that 15 time interval,
bet ween the various nodens, it is ensured that conflict will not again
occur when retransm ssion of a nmessage is executed. |If these retransm ssion
tinme intervals were to be nade fixed, for each nodem then an inbal ance
woudld arise in the respective rates at which 20 t he vari ous nodens are
pérmtted to execute nessage transm ssions. However that problemis
overcome by interchanging these tine 28 erval s between respective nodens,
each-tine that a message transmission is executed. 25 I n addition,

t e capture effect is utilized, by - 19 - assigning respectively

cont | gured sudl (i R Erbonenf 4R RUARTRAT ack el Tt
inhibits itselhJdeB tihRen®ilbhi;Ng any succeedi ng message until it
' Figs. 50, 51 are flow diagrams of operations
executed by the tenth embodiment;
5 Figs. 52A, 52B are transm;ssioh_timing diagrams of
synchronous-@essages, in the tenth embodimént}
Fig. 53 is a circuit block diagram of a modem used
~in an elgvehth embbaiment of a CATV-LAN agcordiné to the
prgééht invéniién; and - : | . '

10'~._ L Fig. 54 illustratés a pattern of d#ta'conflict
betweén.megsages,zfor the éleventﬁ.embodiment;
| DESCRIPTION OF PREFERRED EMBODIMENTS -

fA'firét embbdiment of a CATV-LAN according to the
p;ésgnt-ihventién'will be described in the following,
.15 .which will be assgméd to have an overall config#rat%on
. that is identical_to:the prior art'cdnfiguration shown in
FPig. 3. As stated ébove, fhe transmission path 3 may
consist of respective sepérate cables whichlfﬁnctidn as
_thg upétream_transmission-ﬁath.31'and-ddwnstfeaﬁ .

-20 transmission path 32, or (if fhe head-end‘apparatﬁé'4
remodulates tne'data which it receives,. using different
modulation frequencies from those of the modems) it is
possible to implement both the upstream transmission path
31 and downstream transmission path 32 in a single cable.

25 Furthermore, although it will be assumed in the



5 has detected that an idle condition has continued for a duration which
Is at least equal to a slot tine interval. As defined herei nabove, the term
“slot time interval" signifies the maximumtine required for a nodemto
receive data after it has transmtted that data. The 10 "idle condition"
Is .a condition in which no carrier is present on the transm ssion path. In
that way, it becones possible to prevent the concentration of transm ssion
opportunities in those nodens which kag®e the highest values of transm ssion
| evel . 15 Furt hernore by changing the value of the tine interval
during which the idle condition nust continue to be detected, in accordance

% modem 11 betBiReu3BYsPBRETIBCLPAnGH PORGSLRSRES | FABEREB0 SZbRTtheir
Toders, Vi he T oBSabe! DECRARbERS (BT ot runenr PR FedThebiafY Tafe phpsficuE® | O
bal anced, amongehlgreRdedh EMEEREREY' By P¥e tSd r_‘xgiﬁ‘eé‘ixﬂftﬁré‘”ﬁ%ﬁsi on |evel
frequency carrier, before being transferred to the
5° transmission-path 3,-and are subsequently down-converted
when_receivgd from the trénsmission path 3, the invention
is equally appiidable @q a CATV-IAN in which the
‘modulated data are directly supplied to the tranémiséion
path 3;}.Ihus, the fgnctién of the.ca;rier for frequgncy
10 -. up4cpnvér§i§n is, in itself, not rélevant'tq.the
invention. _In relation to the_invéhfion, tbé carrier
functions aé aipilot signai, ﬁhich'is sent-by a modem to
thé t:ansmission path t§gethér'§i£h a.signél yHic£
expresses data that-aré'being transmitted by ﬁhat modemn.
15 As will be made clear in the‘follbwing, varibﬁs
operations of a modem can be controlled in accprdance"
- with whether or not the pilot'signai is being received
from the transmission path by the modem. _ .
Hence, if‘the iﬁvention is applied.to a CATV—LAﬁ'in
20 which ffééuehcy up-conversion and down-conversion are not
performed by the modems, then it is necessary to prdvide
in each mbdem a ﬁilot signal generating-circuit; ana a
signal cohbining circuit for combining the pilot signal

with the modulated (for example, FSK modulated) data that

25 are being transmitted. However if freﬁuency up-



25 for a nessage which has a high priority, nessages can be - 20 -
transmtted on a priority basis. Furthernore in the case of nessages for
which it is necessary to guarantee the naxi rum anount of delay which wll
occur* pefore the nessage is transmtted (after being 5 i ssued by a
term nal apparatus), such nessages are transmtted first, with nornmal
messages being transmtted thereafter. |If a time-guaranteed nessage is

i ssued.by a terminal apparatus to tshe2g&ofrespondi ng nodem whil e
trarfsm ssi on of a normal nessage by that nodemis still 10 I'n progress,
and if sending of that nornmal nodemis not conpleted within the tine
interval which is guaranteed_as the transm ssion delay, then transm ssion
of the nornalCeNvVersionard LOYR-SIRERTIAR Rramerionrad & &2 the tine-

guarant eod MESSESE b2 EXECHEthn | Sas ISTERY ARSI Mackpdpiar ant eed
embodiments, then a carrier signal generating circuit
‘serves the fﬁnction 6f the aforementioned pilot signal

5 generating'ciréuit, and a mixer circuit used for
frequency up-conversion-serves the fun&tion of the
aforementioned Sigﬁal-combining-cirguit. |

'it will also be assumed that data are conveyed as
asyndhféﬁou# data packéts which will be feferred to

10 :'herein as messages, with-each message consisting ofﬁat
least three data units, each data unit formed of a

o épebific number of bits. Each such data unit will be
-refefred to as a datum, and can fof.example'consist.of an |
: intégral number of-bytés,

15 - With the first embodiment of the invention, eaéh of
the ﬁodéms.21 to 23 has the cbnfigurgtion_shéwn in tﬁe'
circuit:block diagram of Fig. 4. As shown in Fig. 4,
such a modem includes a transmitting buffer S1 whiéh _
iemporarily holds a message which has -been sent frﬁm'the

20 corresponding terminal apparatus 11,'and a transmitting
control circuit 52 which checks whether any carrier is
currently being transmittea over the downstream
transmission path 32. If no carrier is present on the
downstream transmission path 32, the transmission control

25 circuit 52.sequentially transfers the data of the message



Al so, by dividing the nodens into groups, with the nodens within a group
havi ng respectively different values of transm ssion |evel, and sequenially
assigning to the groups the right to transmt nessages, it can be 20
ensured that the the capture effect is effectively utilized, and the
overalt transmi ssion efficiency is increased. Furthernore by provi di ng each
modém with a path conparison neans, for conparing the return path length 25
bet ween the nodem and the head end appark& us with the - 21 - length of
the part of the downstreamtransm ssion path that is currently occupied by
data that have been transmtted by that nodem it becones possible to

condi T1 on_even [ aPhd o RIS P L8017 o 5h thas HBPSETSned | he
idie COndition'circult $3. The modem further includes a carrier
generating circuit 54 which generates a carrier, for
frequency up-conversion of modulated data, a transmitting
5 circuit 53 for modulating, preferably by frequency shift

keying (FSK) modulation,.the data:which are transferred
by the transm{esion control cireuit 52, nmixing a

_ resultant modulated data signal with the carrier that is.
produced from the carrier generatlng clrcult 54,'and

10 . transferring the resultant SLgnal onto’ the upstream
transmlssion path 31. _Whlle a.message 1s_be1ng
_transmitted by.the:modem, a_transmitted data counter
circﬁitisﬁ"ceuhts'the number -of data'which have been .
transmitted.. A_repeiting circuit 58 is coﬁpled to
15  receive data signals from the dewnstream'tranemissiOn
| path 32 and performs frequency down-conversien.and |
demodulation of -the received data signals, to.recover the
originally transmitted data of a'meseage. A received
data counter circuit 59 counts the number of data which
20 - have been received, and a transmitted/received.data

cemparator eircuit 60 determines whether there is a match
between the received data and the corresponding
transmitted data, while that modem is itself transmitting
a message. A retransmission control circuit 61 judges

25 that a data conflict is occurring, when a mismatch



Furthernore, by arranging that the head end apparatus transmts a

synchroni zing signal to each of the nodens, via the transm ssion path, and
providing a 10 synchroni zing signal receiving circuit in each of the
nodens, it beconmes possible to nutually synchronize the operations of the
vari-ous nodens. In that case, by providing nodens with a video signa
receiving circuit and video signal transmtting 15 circuit, a nonitor
canmera,system can be configured in whi 3o the video signals transmtted by

t he snodens are nutually synchroni zed, so that sw tching between the
respective video signals can be perforned wi t hout producing disorder in the

resul tant displ | crures. if the carrier, alone is
transmtted dur‘F?@‘%a %‘P’?(e’tﬁtff‘?%‘q rﬁiér% %Qﬁmit‘i?acdr/&'r?ﬁﬂit‘ﬁdngia%%ssage

mossageb, and GHTPTREH TTRRHHS el el fompenyh AP & (% due to
the capture effgel ol N6 ARy S oPUHcftle W,C%a%&%ﬁ%%@%lwﬁ £an be
halt transmission of the message and to retransmit the
5 data after a.certain time interval has eiapsed. Tﬁe

modem further includes a transmitting buffer cleariﬁg
circuit 56 for'cleariﬁg the.cqntents'of the transmission
buffer 51 when comparison operatiohs have been completed

"for all of the transmitted data.-.A carrier detectiop

flO' :circuit 57 detects,the presehce of a earrier on the '
_downstreaﬁ transmission'path 32 and notifies the
_transm1551on control circuit 5% and a receiVing control
circuit 63 of that carrier presence. The receiving
control c1rcu1t 63 controls the transfer of received data
_15" to the receiving buffer 64, and may designated (in
accordance with c1rcumstances) that the contents of the
" receiving buffer 64 are to be cleared or are to be
transferred to the terminal 12, The‘receiving buffer 64,
temporarily holds data which ﬁave beeh transferreq bf the
20 .reeeiving control'circuit'sa, before transferring the

data to the terminal 11 when all of the data of a message
have been received. A receiving buffer clearihg ciréuit
62 acts to clearing the contents of the receiving buffer
64 when necessary.

25 It should be made clear that the word "carrier" as



- 22 - accurately defined, when the nessage is received by anot her nodem
BRI EF DESCRI PTION OF THE DRAWNGS Fig 1 is a circuit block diagram of an
exanple of a b nodemin a prior art type of apparatus which can be
utilized as a CATV-LAN, Fig. 2 is a circuit block diagramof a receiving
controf circuit in the exanple of Fig. 1; Fig. 3 illustrates the basic
genera)] configuration 10 of a CATV-LAN, Fig. 4 is a circuit block

di agram of a nodemused in a first enbodi nent of a CATV-LAN according to

t he sprésent invention; Fig. 5 shows the configuration of a nmessage, in the

15 first enbodinment; Fig. 6 illustratesia-first pattern of data conflict
bet ween nessages, for the first enbodi nent;

used herein is applied only to a high-frequency carrier

which is combined with a modulated data signal in a

mixer, for frequency up-conversion of the modulated data

it 1 "
szgnal prior to transmission, and that the word “carrier

5 is never used herein in relation to dlrect modulahion of |
data (such as FSK modulatzon) As stated above, such a
carrier also performs the function of a PllOt signal,
which is an essential function in a CATV-LAN according to

_the’ present lnvention. '
'10-: - As shown in Flg. 5, each message whlch is

| transferred between “two terminal apparatuses cons;sts of
a flrst datum (1 - 1) which expresses the destinatlon of
.the message, a second datum (1 - 2) which expresses the
total length of the message (i.e. the.total number:of

15 data_constituting the.message) and data (1 ;:3) to (1 -
n) which express the actual message_contents which are to

';be transferred. o
The transmitted data counter circuit 55 and the'
received data counter circuit 59 of the modem 21

20 sequentially count the data (L - 1), (1 - 2) (1 - 3),
etc. of the message. While the modem 21 is transmitting
data onto the upstream transmission path 3i, the
transmitted/received data comparator circuit 60
successively compares the first datum (1 - 1) of the

25 transmitted data (i.e. a datum which has already been



Figs. 7A, 7B illustrate the occurrence of conflict on the transm ssion
pat h; 20 Figs. 8 9 and 10 are flow diagrans of operations executed
-by the first enbodinment; Figs. 11A, 11B, 11C illustrate a secondpattern:of
data conflict between nessages, for the first enbodinent; Fig. 12
illustrates a third pattern of data conflict 25 bet ween nessages, for the
‘first enmbodi nent; - 23 - Figs. 13A 13B illustrate.a nethod of providing
notification of conflict between ness&@es, with the first enbodi nent; Fig.
14 ;ilTustrates a pattern of data conflict 5 bet ween nessages, for

descri bing a second enbodi nent of the invention; Figs. 15, 16, 17 are fl ow

di agrans of operations execut by .th i :
g F%:ransmitteci(, z:mde c}.s %bta%.nse C(%rnl:%me %d'trzr'%rx]ltsinitting buffer

for the purpose of comparison) with the first datum of
_the received data , the second datum (1 - 2) of the
tranémitted data with the second datum of the received
5 data, and so on. If the receiving dircuit 58 of mo&em 21
receives data while modem 21 is not itself transmitting
" data, énd the éerminal apparatus 11 is specified as the
destinaﬁion of the messagé the receiving ééﬁtrol circuit
63 trénsfets the received data to the receiving buffer 64
10 - If the carrier (as detected by_the carrier de;ection
 circuit 57)'céases to be-recgived from'the'dqwnstream
trénsmissidn_path 32 béforé th; éomplete.message;has been-
rééeived (i.e. before the'ngmbér offdata spécified as the
nessage lengﬁh,.by the second.aatum of"ﬁhé'@essage; have
15 beeh_recéived),'thén'this is judged by the receiving
control'circuit 63 as'indicating that data cénflict hés
océurred. In that case, ‘the réceiving-control circuit
63 comahés the receiving buffer clearing circuit 62 to
cleai the contenté_of the receiving buffef 64.

'20 | If the first datum of the received message does not
specify terminal apparatus 11 as the destination for the
message,. then the receiving control circuif 63 causes the
message data to be discarded.

The operation of this CATV-LAN will be described by

25 utilizing examples of message transfer from the terminal



Figs. 18A, 18B, 18C show exanples of tables for use 10 i n determ ning
retransmssion tinme intervals for respective nodens, used in the second
enbodi nent ;
enbodi pent when the tables of Figs. 18A to 18C are utilized; 15

20 sshows an exanpl e of a nessage transm ssion sequence, for t he second
enbodi nent ;
for afthird enbodi nent of the inventd &3 -Figs. 22 and 23 are flow diagr
of Gperations 20 executed by the third enbodinent; Fig. 24 is a circuit
bl ock di agram of a nodem used in the third enbodi ment of a CATV- LAN
according to the present I nventi on; %a 25 h t he _configuration of

message,

for RPPAYALYSHYY HiFhe rﬁ?ﬂ?“

10

15

20

25

1 appa us 13.

"With this first embodiment of the invention, it is
assumed that all of the modems transmit data at the same
transmission level, and that the length of time for which
a message 1s transmitted is sufflclently long by

comparlson w1th the time which elapses from the poxnt at

‘which data confllct'is detected and the point at which

transmission of a message is halted in response'to

detection of. that data conflict.. The time requlred ‘for

’ data to be transmltted from the modem which is located

farthest from the head end apparatus and to return to

-

that modem will-berreferred.to as the slot time interval.

The terminal apparatus 11 first stores the message

- which is to be transmitted; within the transmitting

buffer 51 of the modem 21. It will be assumed that thls
message 1s message 2 whlch is shown 1n Fig. 6A. When a

message has thus been set into the-transmlttlng buffer

51, the transmitting control circuit 52 checks whether

the carrier detection circuit 57 detects the presence of
a carrier on the downstream transmission_path 32. If at
that time no carrier is being detected, then transmission
of the message is immediately started. Otherwise,
message transmission is delayed until the carrier is no
longer detected, then message.transmission is started.

It can thus be understood that transmission of a message

Fig. 19 is a flow diagram of operations executed by the second

Fi g.

Fig. 21 shows an exanple of a nessage transm ssion sequence,

ans

a



- 24 - Figs. 26, 27 are flow diagrans of operations executed by the third
enbodi nent; Fig. 28 is a circuit block diagram of a nodemused in a fourth
enbodi nent of a CATV-LAN according to the 5 present invention; Fig. 29
shows. an exanpl e of a nmessage transm ssion sequence, for-the fourth
enbedihent; Fig. 30 is a flow diagram of operations executed by the fourth
enbodi nent; 10 Fig. 31 is a circuit block diagramof a nodem used
in a4fifth enbodi mrent of a CATV-LAN acserding to the present invention;
Figs. 32A, 32B show an exanple of a nessage transm ssion sequence, for the
fifth enbodi ment; 15 Fi g. 33 is a rom1diagran1of operations executed by
the fifth enbodlnent Flg rCU|t glock dla ram of a, nodem used in

a sixth embodi ABnfTEFtEICRD yLﬂﬂdﬁEc Pﬁlﬁ@n LtieR EF S ehre¥ /st PBn;

carrler-belng transmitted on the downstream transmission
path 32. |
When transmission of the message is to begin, the
5 transmitting control circuit 52 first commands the
" carrier generating circuit 54 to begin generating the
carrier. 1In responsef the carrier generatihg.circuit 54
begins to.supply the carrier to the transmittihg circuit
53; The transmissioh.control circuit 52 then reads out
-10 -.from the transmlttlng buffer 51 the flrst datum (2 - 1)
of the message 2, and transfers that datum to the
transmlttlng circult 53. At the same tlme, the )
transmltted data counter circult 55 is set to a count of -
1. The transmitting circuit 53 modulates the first datum
15 -(2 - 1), mixes the resultant modulated data SLgnal with,
the carrier, and transfers the resultant s;gnal to the '
upstream transm1551on path 31.
When transmission of that rirst datum has been -
_ ' completed, the transmitting circuit 53 ihcrements the
20 . transmitted data counter circuit 55 to a count of 2.
Each time the count in the transmitted data counter
circuit 55 is updated, the transmitting control circuit
52 reads out from the transmitting buffer 51 the datum
which has the serial number that is equal to the count

25  value. In this case, when the count in the transmitted



20 Figs. 35A, 35B respectively show a table used in a nodem of the
si xth enbodi nent, and an exanple of a nessage transm ssion sequence; Fig. 36
i's a flow diagram of operations executed by the sixth enbodiment; 25

Fig. 37 is a circuit block diagramof a nodem used - 25 - in a seventh
enmbedi ment of a CATV-LAN according to the present invention; Fig. 38 shows
an exanpl e of a nessage transm ssion sequence, for the seventh enbodi nent;
5 <. Figs. 39, 40, 41 are flow diagsans of operations executed by the
seventh enbodi ment; Fig. 42 is a circuit block diagramof a nodemused in
an ei ghth enbodi nrent of a CATV-LAN according to the present invention; 10

Fig. 43 shows an exanple of a neisage transm ssion
data counter circuit 55 1s 2, the second datum of the

- message, 1i..e datum (2 - 2) is read out from the
transmitting buffer 51 and transferred to the
5 'trensmitting circuit 53.

5 At that time, since the datum (2 - 2) expresses the
message 1ength, the transmlttlng control circuit 52
registers (wlthin an internal register, not shown in the
draw1ng) the value which is expressed by the datum (2 -
2), as the message length.' Tnls will be assumed to be |

. 10 't.30., If each datum is a single byte, for examole; the

| .message length would be 30 bytes in that case. o .

: ‘The first datum of the actual contents of the
_message is then transmltted, and the operations of
| incrementing the count value and transmitting the

15 corfesponding datum are the:eafter repetitively perforned
until the entire message has beenjtransmitted,.i.e. until
the number of data which have been transmitted becomes
.equal to the message length (30). '

If data are transmitted from any'other modem whiie

20 | the tfansmission by the modem 21 is in progress, then the
data signal from that.other modem (i.e. combined with the
carrief) will be returned from the head end apparatus,
transferred along the downstream~transmission path 32,
and thereby distributed to each of the modems. 1In that

25 case, i.e. if a message begins to be transmitted by some



sequence, for the eighth enbodinment; Fig. 44 is a circuit block diagram of
a nodemused in the eighth enbodi nent of a CATV-LAN according to the
present invention; 15 Fig. 45 is a circuit block diagram of a nodem
used.in a ninth enbodi mrent of a CATV-LAN according to the present

I nventi on;

Fig. 46 shows an exanple of a nmessage transm ssion sequence,

for

the ninth enbodi nent; - 20 Fig. 47 is a flow diagram of operations
execut ed by the ninth enbodi ment; Fig: 38 -shows the overall configuration

of a tenth enbodi nent of a CATV-LAN according to the present invention;

Fig. 49 is a circuit block diagramof a nodem used - 26 - in the tent
enbodi nent of a TV- LAN accordin%:to t he

- 10

15

20

25

other modem before the complete data of the message 2
have been distributed to all of the modems, then this
will result in data conflict. The time intérval which
elapses from the start of transmitting a message until
that message h&s been distributed to all of the modems is

a fixed value, which depends upon thé length of the

-transmission path. If another modem should begin to

transmit data within that time interval, i.e. before the

. message 2 has bégn distributed to all of the modems,.then

data conflict'will occur. With a.system of the type

" which is being described, whereby each modem ipdividualiy

checks thé'transmiésion path to determine whether data
are éurfentiy Seing-transmitted'over that path, such
confliété aré,ing?#table. | u

It will bé assumed that, as shown in Fig. 6B and
Fig. 72, immediately after the modem 21 has started ﬁo
transmit the message 2,'the modém 22 begins to traﬁsmifl

the data of message 3,. by the same process as deécribed

above. The result is illustrated.in4Fig. 7B..

-iﬁmediatély after the modem 21 has started to
transmit the nessage 2, the signal carrying that message
has nét yet reached the.modem 22, and so the modem 22
judges that the transmission path is available, and
begins to transmit data. As a result, the data of

message 2, transmitted by modem 21 and the data of

25
h



present invention; Figs. 50, 51 are flow diagrans of operations executed by
the tenth enbodi nent; 5 Figs. 52A, 52B are transmi ssion timng

di agranms of synchronous nessages, in the tenth enbodinent; Fig. 53 is a
circuit block diagramof a nodemused in an el eventh enbodi nent of a

CATV- 'AN according to the present invention; and 10 Fig. 54
I'llustrates a pattern of data conflict between nessages, for the el eventh
enbodi nent. DESCRI PTI ON OF PREFERRED -ENMBOBI MENTS A first enbodi ment of a
CATY- LAN according to the present invention will be described in the
foll ow ng, 15 which will be assunmed to have an overall configuration

that is identical to the prior art co uratiaon sho in Fi

stated above, tHRS$3%Msti STHF br?%riﬁhgﬂ%dcﬁ%%% Vﬂe llq‘\fa:'séiﬁrate
cabl es whi ch fuqctlon as Ihe,ﬂystrean1transn133|on path 31 and downstream
20 transni sst or-%(if the head end apparatus 4 renodul ates the

data “h'Ch It recewqﬁg fE%JELéHJf§¥§H§1 which is actually transmitted

"is as shown in Flg. 6C. The conflict condition continues
5 from the time-at-which the leading datum of message 3
(transmltted by modem 22) reaches the pOSltion of modem
21, until the time at which the modem 21 halts the
transmlssion of message-21 after judglng that conflict
has occurred. - The s1gna1 data whlch result from confllct
10 - between two messages are 1ndef1n1te,'as 1nd1cated in the
'.drawings.

The head end apparatus 4 has thus, in effect,
transmltted onto the downstream transmzss1on path 32 the
message 23 whlch is shown in Fig. 6C, 'and that message 23

15 is thus received by each.of the modems.‘ | '

" When data'conflict occurs, each-noden.enecutes the
foilowing actionst Firstly, after message 2 begins to he
transmitted, the carrier detection circuit 57 of the |

' modem begins to detect the carrier (which begins to be-
20 transmitted slightly before transmission of the modulated
data actually starts). The receiving circuit 58 then
receives the initial datum (2 - 1) of the nessage 23, and
sets the received data counter circuit 59 to a count of
1. If the modem receiving the data is the same modem

25 which is transmitting the message, then the



nodul ati on frequencies fromthose of the nodens) it is possible to

| npl emrent both the upstreamtransm ssion path 31 and downstream -
transm ssion path 32 in a single cable. 25 Furthernore, although it
will be assunmed in the -27- follow ng description of enbodi nents that
data, after being nodul ated (e.g. using FSK nodul ation) are then up-
.converted in frequency by being m xed with a high- frequency carrier,

before being transferred to the 5 tr-88smi ssion path 3, and are
subsequent |y down-converted when received fromthe transm ssion path 3, the’
i nvention is equally applicable to a CATV-LAN in which the nodul ated data

are directly swahismttlt%dt/%gteri%a”haisoeoﬂss?ﬁé?fgggfcuweeau glkRgeof the

carrier for frequency -conversion Is, not ‘relevant to the
invention. | nnogledf HAdgle® WhRthe¥eBbheNicthesCacehprihyNCt tANENAS a pil ot
signal, which is sent by a nmodemto
example, the modem 21 is in the process of transmitting
data, so that the transmifted/receivéd_data compara;or
5 circuit 60 of that modem executes conflict judgemenﬁ
operations. |
_'Thus, whén-tﬁe'transmitted/received data éomparatof
- circuit 60 receives the first dafum (2 -.1) of-messgge'23'
from the regeiving cirégit 58, it then réads out'from the
10 .7 transmitting buffer 51 the datum having a serial number
o thch’is'exprés;ed by.thé count value in the féceived
'défa.counte;.circuit 59. 15 this example, the first
datum (2 - 1) will be read out from the transmitting
bﬁffer 51; That dafum, and the datum which ﬁas been
15 , received'from the.dovhstream transmiséion_path 32, are-
then cpmparéd. If no transmission errors have-océurfgd,
.'these will be identical. The abéve 6perations_are |
' thereafter successively repeated until all of the ‘data
(i.e. cofreéponding to the specified message length) h;ve
20 been received, or until it is found that the received
data dé not match the transmitted data.
| In this example; conflict occﬁrs when the fourth
datum (2 - 4) is transmitted by the modem 21.

Specifically, at the time when the modem 21 subsequently

25 should be receiving that fourth datum (as indicated by



the transm ssion path together with a signal which expresses data that are
being transmitted by that nodem 15 As will be made clear in the
-followi ng, various operations of a nodem can be controlled in accordance
wi th whether or not the pilot signal is being received fromthe

transm ssion path by the nodem Hence, if the invention is applied to a
‘CATV-LAN in 20 whi ch frequency up-conversion and down-conversion are not
performed by the nodens, then it is net®ssary to provide in each nodem a
pi Lot signal generating circuit, and a signal conbining circuit for

combi ning the pilot signal with the nodulated (for exanple FSK nDduIated)

data that 25 b d
Conver 81 on_ and Ay FRERhER LD by T AT TERR B B PRI 1 HE A om
as in the foll oy ng AESE"LDE %L SIPAM IR fum L AISAN I, S g@altrgg,pgr ating

circuit
is a mismatch between the transmitted datum (2 - 4) which

is beimg read out from the transmitting buffer 51 and the
5 Iactually reeeived datum (3 - 1). Tﬁe retramsmission
control circuit 61 of the modem 21 then commands the
retransmissign.controlicircuit-51 to begin operations for
message :etransmissiqn. | _
The retransmission control circuit 61 also then
10 - commands the transmlttlng control circuit 52 to
.1mmed1ately termlnate the message transm1551on. It 1s
assumed. in Flg. GC that when fhe data expresszng confllct
are recelved( the modem 21 has already started to
transmit the datum (2 - 5), so that transmission'of ﬁhe
15 message.z'is.terminated immediately after the datum (2 -
- 5) has been transmitted. The ;etransmission control _'
circuit 61 thenfdetermimes the time interval which will
elapse before message retramsmission begins. In this
embedimentl'this time interval (referfed to as the
20 retransmission time interval) is selected randomly within
a fixed range of valﬁes. When' that retransmission time
inteérval has elapsed, the retransmission control circuit
61 commands the transmitting control circuit 52 to begin
to retransmit the message 2. If at that time there is no

25 carrier present on the downstream transmission path 32,



serves the function of the aforenentioned pilot signal 5 generating
circuit, and a mxer circuit used for frequency up-conversion serves the
.function of the aforenentioned signal conbining circuit. It will also be
assuned that data are conveyed as asynchronous data packets which will be
referred to 10 herein as nessages, with each nessage consisting of at

-l east three data units, each data unit forned of a specific nunber of bits.
Each, such data unit will be referredt4 as a datum and can for exanple
conS|st of an integral nunber of bytes. 15 Wth the first enbodi nment
of "the invention, each of the nodens 21 to 23 has the configuration shown

0 e ool bl ook SghaTse s L thodiov iy SN NEh draidiligednen
19, 200 S 4004, fhrr 8 CHBRMABLE ot o 1L e
currently being traﬁﬁé’ﬁé&@mOﬂﬁreiéﬁhﬁgswsiﬂfiﬁﬂtddﬁﬁmméﬁljﬁudﬁﬁﬁnBZ If no
carrier is present on the
operations. However the modem 22 detects conflict when
.5 that modem receives the datum (2 - 1) of the message 2,
and. finds that this does not match the datum (3 - 1) of .
message.3'which it has previously transmitted,'and which
it should receive .at that time. As a result,
._transmiSSion of the message 3 is. halted immediately after
- 10 .:the datum (3 - 6) has been transmitted. .
After conflict has occurred, the modems 21 and- 22
each - begin operations for retransm1551on of the
'respective messages 2 and 3. However of course if both
‘ of these modems were to begin retransmis51on at the same
15 _ time, then conflict would again occur._ For that reason,
with this embodiment, the time intervals which elapse
between the point at_which transmission is halted because
‘of data conflict and the point at which retransmission'
.begins are randomized, between:the various ﬁodems,:so
20 that there is only a low probability that both of the
modens 21, 22 will each begin retransmission at the same
time.
| It will be assumed that the modem 21 is the first to

begin retransmission, and that the modem 22 does not

25 attempt to begin retransmission until a sufficient time



downstream transm ssion path 32, the transm ssion control 25 circuit 52
sequentially transfers the data of the nessage - 29 - fromthe
transmtting buffer 51 to the transmtting circuit 53. The nodem furt her
includes a carrier generating circuit 54 which generates a carrier, for
frequehcy up-conversion of nodul ated data, a transmtting 5 circuit 53
for .nodul ati ng, preferably by frequency shift keying (FSK) nodul ation, the
data which are transferred by the trandf ssion control circuit 52, mxing a
reswl tant nodul ated data signal with the carrier that is produced fromthe
carrier generating circuit 54, and 10 transferring the resultant signal

h h be
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coupled to _ _
modem 21 begins retransmission of message 2, no conflict

condition will occur, so that for all of the data from
5 the transmitting buffer 51 of'the modem 21 (i.e. the .data
cohstitatihg the comﬁiete message length) there is no.
mlsmatch detected between ‘the recelved data and the data
read out from the transmlttlng buffer 51
_ . If correct data matchlng has occurred for all of'the
a10 : transmltted data, then the transmltted/received data .
"comparator 01rcuit 60 commands the transmlttlng buffer
_clearlng c1rcu1t 56 to clear the nessage from the
transmltting buffer 51. The received message is then
transferred ‘from the rece1v1ng buffer €4 to the termlnal
15 apparatus 11. |
Thereafter, when a new. message is’ wrltten into the
transmisslon buffer 51, the operations described above
. are repeated,‘tq_transmit that message. o _
| | It will now be assumed that the modem 23 receivesj
20 the message 23 shown in Fig. 6C, i.e. the message which
has resulted from confllct between the messages 2 and 3
| shown in Figs. 6A, 6B, It will further be assumed that
the datum (2 - 1) of the message 23 specifies that the
modem 23 1is the destination of the message; Firstly, it

25 can be assumed that the received data counter circuit 59



15 receive data signals fromthe downstreamtransm ssion path 32 and
perfornms frequency down-conversion and denodul ati on of. the received data
signals, to recover the originally transmtted data of a nessage. A
received data counter circuit 59 counts the nunber of data which 20 have
been: received, and a transmtted/received data conparator circuit 60
determ nes whether there is a match between the received data and the
corresponding transmtted data, while 4hat nodemis itself transmitting a
nmessage. A retransm ssion control circuit 61 judges 25 that a data
conflict is occurring, when a m smatch - 30 - condition is found by the
transmtted/received data conparator circuiit 60, sends comrand signals to

the transnittifRf RARN Fetizb At Byitiaddaige bt i r e tdehal t
ransm st on Qled i E9 92080 49 SR Hdent 15 BecelVeld T TurfbERIE 21T
datum (2 - 1) of message 23, the count value in the
received data counter circuit 59 of that modem is set to
5 1. At that time; the receiving gontrdl:circuit 63 of
that modeﬁ:judges that the déstinatioﬁ which is specified
in that _d_étum (2 - 1) is the modem 23 itself, whereupon
lthe-datum (2-- 1) is'sét into the receiving bﬁffeﬁ 64._
;iﬁe receiving: circuit 58 then receives the datum (2
10 .~ 2) of message 23, ﬁhepeupon the ;eceivgd data éounter'
‘ecircuit 5§ is incrementé@iby'l, to the value 2. The
'receiVipé control circuit 63 tp;n detects the fact thgtl
lthg messagehlengfh.which is specified-iﬁ datum'(z -~ 2)is
30.'_fhe Abovg.opefétiohé are thenfspcéessively_repéatéd-
15 unti;'the_entire message has been received,-i.e.“ﬁntil"
the count value of the'recéivéd data-équnﬁer;circuiﬁ 59
becomes identical to the message leﬁgﬁh. |
.HoweQer if as in this case it is found that the. -
carriex is no iongef being transmitted on the downstreaﬁ
20 transmissioh path 32 before the data of the enfire |
. message length have been received, then the receiving
control éircuit-63 judges that conflict has occurred in
the received data. In the case of the message 23, the
lenéth of the meésage (i.e.  8) is shorter than the

25 message length (30) that is specified in the datum (2 -



nmodem further includes a transmtting buffer clearing circuit 56 for
clearing the contents of the transm ssion buffer 51 when conparison
operations have been conpleted for all of the transmtted data. A carrier
detecti,on 10 circuit 57 detects the presence of a carrier on the '
dowrstream transm ssion path 32 and notifies the transm ssion contro
circuit 52 and a receiving control circuit 63 of that carrier presence. The
recei vi-ng control circuit 63 controtss3dhe transfer of received data 15 to
t he feceiving buffer 64, and may designated (in accordance with

ci rcunstances) that the contéents of the receiving buffer 64 are to be
cleared or are to be transferred to the termnal 11. The receiving buffer

64, tenporaridlys he® debaat bt whs cirdgad Rikdihe maceising qapted Airceuit

receiving congrol circui%}BB- before transferring the data to the term nal

11 when al | df® tRAGaTH oA RS REHAE been received. A receiving
buf for 64 ahen neciasarSoebBis chey P QBRI S i Mo i 1 Sor d
‘carrier”® as the receiving buffer clearing circuit 62 that the
.5 conténfs of the receiving buffer 64 are to be cleared.
Subéeéuently, fhg'modem 23 receivég the message 2 when
that is retransmitted by-thé modem 21. The déstination_
of this ﬁeSsége is égaih the modém'zi! and so the modem
éB,repéats-fhg oﬁerations described ébove, _In:this case,
iO. 'nb'éonflict océurs,'so that the recgivéd meésage length.
and Ehe'séecified message lengfh are ideptical. |
MWhen'all-ofitﬁé.éata.of th; message 2 havé-thus been
feceived, the receiving conﬁrql circgit'éa of the moden
23 desi&nﬁteé to the receiving puffer 64 that the
15 received message which is being held in the Eeceiving'
.:5uffer'64;'i.é. the message 2, can be transfefred'ﬁo the
terminal appﬁratﬁs'13. o
Althoughlthese are represented as respeqtive
circuits.in the drawings, for éimplicity of.dg#cription,
-20 in-a_pracﬁiﬁal_apparétus the. functions of the
transmitting control ciréuit 52, the receiving.contfol
circuii 63 apd the.transmitted/received data comparator
60 are preferably implemented'by a suitably programed
computer-of microprocessor. The operation'sequence

25 performed by the transmitting control circuit 55 to



- 31 - used hereinis applied only to a high-frequency carrier which is
conbined with a nodul ated data signal in a mxer, for frequency i,
up-conversion of the nodul ated data signal prior to transm ssion, and that -
the word "carrier" 5 I's never used herein in relation to direct

nodul ati on of data (such as FSK nodul ation). As stated above, such a
carrier also perforns the function of a pilot signal, which is an essenti al
funct-ion in a CATV-LAN according tq QQe_present i.nvention. 10 As
shown in Fig. 5, each nessage which i's transferred between two term na
apparatuses consists of a first datum (1 - 1) which expresses the
destination of the nessage, a second datum (1 2) which expresses the total

length of thermesstge a measader ilsoshbwAutRethefl £16w dahgraanstki Wiy ,ng the
nmessage) and data (1 - 3) to (1 - n) which express the actual nessage -
contents whi 8h afhe peration sequence performed by the .
transmittgd/received data comparator 60 in conjunction
with the tfansmitﬁing control circuit S2 and'recei§ing
5 c&ntrol circuit 63, for detecting data conflict in a
received message and for iﬁplementing the reiransmiséion
.ééefations if neﬁessgry,'are shown in the flow diagram 6f
Figf 9;;iThe.operation éequence:performgd b& fhe'
feceiving.éontrol circui; é3hwhén.a'me§sage iS'redeived',
100  without pccurrencé_of data cénflicﬁ is shown in ;hé‘fléw
| .diﬁg:;ﬁ'of Eié._;d.- i ' ._
f'iAsiillustrated in figs; 11a,1lb,1ic;.it is possible .
 tha;-Bn1y~£hé final'ﬁatum of'a~tfan$mitted message is
_rendered inéefinite';s_a result of data: conflict. in 
' _15 ~ such a case, the modems which receive such a ﬁéssage
.cannot_judge that conflict has occurred. It will be -
assunmed fhat the modem 21 transﬁifs the mesSage 4 shown
in Pig..11A, which consists of the daﬁa (4 - 1) to (4 -
5),-wﬁile the modem 22 tfansmits the message § shown in
20 Fig. 11B, consisting of the data (4 - 3), (4 -~ 4),.(5 -
.3) to (5 - 30). In this case, the first two data (4 -
3), (4 ~ 4) of the message-s are identical to the third
and fourth data of the message 4. It will.also be

assumed that the respective destinations of the messages

25 4 and 5 are the same, i.e. the modem 23.



be transferred. The transmtted data counter circuit 55 and the received
data counter circuit 59 of the nbdem 21 20 sequentially count the data (1
- 1), (1-2) (1- 3), etc. of the nmessage. Wiile the nodem 21 is
transmtting data onto the upstreamtransm ssion path 31, the
transimtted/ recei ved data conparator circuit 60 successively conpares the
~fifst datum (1 - 1) of the 25 transnitted data (i.e. a datum which has

al ready been -32 - transmtted, ahdq:§'obta|ned fromthe transmtting
buffer for the purpose of conparlson) with the first datum of the received
data , the second datun1(1 - 2) of the transnitted data with the second
datum of the recei e g ci,rcuit 58 of
nodem 21 receives ﬁ vﬁ1 %k%& 4{1% i s n co{'sg'(lifli:t (régné%q tPelif-w Fta, and
the ‘termnal .wrﬁsé%gje’]s £ SReY, f 't‘?x@na%hbh%ctual time at which the

-modem 21 detects that data conflict has occurred will be

" the cime'at-which that modem begins to receives data
5 '-whichghave been made indefinite'as a'result of the
conflict. At that point, the modem 21 1nterrupts _
transmltting the data of the message. As a result, in
. effect, the.message 45 shown in Fig. 11C is transferred'
cntoithe dcwnstream transmission path 32.1.When tﬁe
.10_1_dest1nation modem 23 receives that message, then since
' -the number- of data (5) constltutlng the message 45 is
.-,didentical to the message length that is specifled in the
second datum (4 - 2) of that message,.the modem 23 cannot
_-.detect that data confllct has occurred.

15 - In Fig. 11C it is assumed that the modem 22, after
.detecting'deta conflict, terminates transmitcing the
message 5 after having transmitted the datum (8 - 3).
However as shown in Fig} 12, it is possible that the
transmission of message 5 would be terﬁinated after the

20  datum-(5 - 4) has been transmitted. In that case, the
resultant.message thch ds_received bf the modem 23 is
the message 46. However in that case too, the modem 23
cannot detect that data conflict has occurred, That is

: cecause the conflict. judgement operation does not use the

25 fact that the received message length is greater than the



destination of the nessage the receiving control circuit 63 transfers the
received data to the receiving buffer 64 10 If the carrier (as detected
by the carrier detection * circuit 57) ceases to be received fromthe
downstream transm ssi on path 32 before the conplete nessage has been
received (i.e. before the nunber of data specified as the nessage | ength,
by the second datum of the nessage, have 15 been received), then this is
j udged by the receiving control cireud® 63 as indicating that data conflict

has_ oé¢curred. |In that case, the receiving control circuit 63 comands the
receiving buffer clearing circuit 62 to clear the contents of the receiving
buffer 64. 20 I.f the first ﬂ@ of the recei ved nessage does not

speci fy terwiRﬁs%%ﬂim%ﬁﬂﬂ$h1fnﬁ§if the: MEASRER t A8 ﬁe?é&é@ fofen t he

(E0ELY! 00 SO a%%%%iggzgsr‘éﬁgégfc gta Lo, e dscarded, e
nmessage transfer fheRaefe: beFe?drred version of the first embodiment
of the invention will now be described, whereby even in
5 the case .of the occurrence of such a type of data
conflict, the destlnatlon modem can be notified of the
confllct occurrence. Thls is accompllshed as follows.
's_When the transmitting control circuit 52 of the
'transmltting modem detects that confllct has occurred At
10 ..controls the carrier generatlng c1rcu1t 54 such that
| after transmltting of the message has been termlnated
;the carrier alone contlnues to be transmitted durlng a
-predetermlned_time 1nterval.' Each of the modems is '
configured_to_detectua.condition whereby, at theiehd of a

15 received ﬁessage, the carrier alone contihues.to-be
.received during the aforementioned.predetermined time |
1nterva1 and when that condition’ ls detected, to judge
that data confllct has occurred for the received ‘message.
.The destination modem can thereby determine that data -

20 . conflict has occurred.- The operation will be descrihed
referring first to Fig. 13A, assuming that conflict has
occurred as illustrated in Fig. 12.

With this method, the transmitting control circuit
52 of the transmitting modem (i.e. the modem which is

25 transmitting a message) controls the carrier generating



- 33 - apparatus 11 to the term nal apparatus 13. Wth this first

enbodi nent of the invention, it is assumed that all of the nodens transmt
,data at the sane transm ssion level, and that the length of tine for which
S a nmessage is transnmitted is sufficiently long by conparison with the
time which el apses fromthe point at which data conflict is detected and
~thé point at which transm ssion of a nessage is halted in response to
detection of that data conflict.. The4li#re required for 10 data to be
transmtted fromthe modem which is |ocated farthest fromthe head end
apparatus and to return to that modemwill be referred to as the slot time

interval. The term nal f { h
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transmtting SQPEﬁQt gbrﬁHstségc99§f&flywﬁgm§ieted the operations of
sequentlally comparing each recelved datum with each
5 .'transmltted datum. In the present example, when the
modem 21 receives a datum for which.conflict has
occurred,fi e.'the fifth datum of the.messaée.46, then
the transmltted/received data comparator c1rcu1t 60 of
: that modem detects a mlsmatch between the recelved and
i 1d.r.transm1tted data, and- so judges that conflict has’
| '“occurred, and-commands the retransm1551on_control circuit
Grito ekecute'retransmission'operations; .As the first.
part of the retransmisslon operations, the retransmlssion”
'control 01rcu1t 61 commands the transmlttlng control
15' circuit 52 to halt transmlttlng of the message.. In
response, the- transmlttlng control clrcult 52 1mmed1ate1y.
thalts transmlttlng of the data of the message (unless, as
_1n “the present example,_the data of the nessage. have
already been completely transmitted) and controls the
.20 .carrier generating circuit 54 such as_to'continue
.transmitting of ‘the carrier until the aforementioned
predetermined time interval has elapsed.
It is essential that this predetermined time
interval must be longer than the slot time interval. The

25 reason for that is as follows. We shall assume that the



the carrier detection circuit 57 detects the presence of 20 a carrier on
the downstreamtransm ssion path 32. If at that tinme no carrier is being
detected, then transm ssion of the nessage is inmediately started.

O herwi se, nmessage transm ssion is delayed until the carrier is no | onger
detect éd, then nessage transmission is started. 25 It can thus be

under stood that transm ssion of a nessage - 34 - is started only under
the copdition that there is no carri-erggeing transnmtted on the downstream
tranmsm ssion path 32. Wien transm ssion of the nmessage is to begin, the 5
transmtting control circuit 52 first commands the carrier generating
circuit 54 to begin generating the carrier, In respaonse, the carrier

generating ci retARSBEtHENG modem sifpdiie medem iyigh a8 dipcated SARthest
circuit 53. The {l asl 88LQ s i r atds ained® Enal® Rat 2 Sort i ct |
occurs for the final datum qf the message thph.that
modeﬁ.transmits.- In that case, after the modem has
5 transmitted the final datum of the message, the modenm
will'tﬁereafter tfan;mit the carrier_aléne, to the
trénsmission path. After a slot.time-interval has
.elaésed, the modem will receive the final datum of the
- message which it_transﬁittéd. If data conflict.did not-
10 - occuf, the'mddem would then terminatefﬁransﬁission of.ﬁhg
carrié#: .In that case, the message has been traﬁémitted
'{cb:fect;y,:bututhe carrier has‘Eontinued to.be
1frapsmitted;f6r one slot time_interv#;. However if data
conflict did bccﬁrifor the finél dafum_of tﬁe.meséagé;
15 thelmodem will detect that the receivéd.datumzdoes not
| matéh the final datum of the transmitted hessége; apd'so
wiil'judge Ehat conflict has occuf#ed. Ih fhat case, the
moden continues to transmit thg carrier alone, for a
specific time interval. As a fesult,-éach of the other
20 modéms will receive a message which is followed by an
interval in which the carrier alone is received, with
that intervai being longer than one slot time interval.
Each modem thereby can judge that data conflict has

occurred in the received message. However if the carrier

25 alone is received, at the end of a message, dufing an



10 fromthe transmtting buffer 51 the first datum (2 - 1) of the nessage
2, and transfers that datumto the transmtting circuit 53. At the sane
time, the transmitted data counter circuit 55 is set to a count of 1. The
transmitting circuit 53 nodul ates the first datum 15 (2 - 1), mxes the
resyl tant nodul ated data signal with. the carrier, and transfers the
resultant signal to the upstreamtransm ssion path 31. When transm ssi on of
that first datum has been conpl eted, -t 48 transmitting circuit 53 increnents
t he =20 transmtted data counter circuit 55 to a count of 2. Each time the
count in the transmtted data counter circuit 55 is updated, the

Lpansm 400, Cane gl ol G 82 headaogut LRI heclLanaral g bytter o1
value.. In thi %h%%s%adwmdtegnewi‘i'imjudeet Qﬁatr 8&%5[‘ I:Bﬁ:d;lict' ngé not
occurred. _
For that reason, in the present-example, the modem
5 22 continues to transmit the carrier for a time interval.
which is greater than the slot time interval, after _
judglng that conflict has occurred. Ae_a restlt,'the.-
modem 2?-cont;nues-to receive the carrier for.a time.d
_ | interval Which is longer than'the7elot time; after
| .10 «'recelving the datum (5 -~ 4) of message 46. In. that“case,
| _the recelving control circuit 63 of the modem 23 judges
- that confllct has occurred in the received data, and
commands.the rece1v1ng puffer clearlng circuit.sz to
"lc1ear.the message 46 from the receiving bqtfer 64. ”

'i§ - The operation sequence performed by the transmitting.
- cohtrol circuit 55 to transmit a message, with'the '
preferred vers1on of the flrst embodlment of the'

zlnventlon descrlbed above, is shown in the flow dlagram
'of Flg.'ls..‘The operations performed. by the receiving
20 control circuit 63 with the preferred version of the .
'first embodiﬁent, and the transmitted/received data
comparator 60 in conjunction with the transmitting
control circuit 52 and receiving control circuit 63, for
detecting data conflict ih a received message and for

25 implementing the retransmission operations 1if necessary,



data counter circuit 55 is 2, the second datum of the nessage, i..e datum
(2 - 2) is read out fromthe transmtting buffer 51 and transferred to the
transmitting circuit 53. 5 At that tine, since the datum (2 - 2)
expresses the nessage length, the transmtting control circuit 52 registers
(wighi'n an internal register, not shown in the drawing) the value which is
expressed by the datum (2 - 2), as the nessage |length. This will be
assuned to be 10 30. If each datenmd®s-a single byte, for exanple, the
nmessage | ength would be 30 bytes in that case. The first datum of the
actual contents of the nessage is then transmtted, and the operations of

I ncrenmenting the count value and trapnsmtting the 15 correspondi ng datum
are ther eaf t 3¢ cPRPYVR| ¥B| YRR F 1Y BPGAM 0% F1Ent}%e nessage has been
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other nodem Wabhe€ré? citbEiL! 554N PR}L bdlisdd P R red Sed b 00F €SS,
transmiﬁfed for a fixed time interval after halting data
5 . transmission, whenever conflict is dgfected. However it
would be equally poséible to arrange, as illustrated in
Fig. 13B th?t tﬁe_cafriéf is transmitted for the fixed .
:'timg interval afﬁer'halting data transmissi&n, ohly_un&er
 the céndition that da#a.éohflict has been detected but
..1Q ,ali of the data.of the message héve-élreaéy_been
‘transmitted. :That serves to-prevénﬁ unnecessary
‘transmission pf-ﬁhe carrier. T
| ' In the aﬁpve,'it has been assuméd.that.tﬁé
'retransmission'control cifcuit 61 in each of the modems -
15 uses'é rahdomly determined vaiue for ﬁhg time intérval
. which must elapse before retransmission of a-message..-
‘begins after data conflict is detected. ;3owevér:it‘would
‘be ééually possible ‘to assign.té each of the modems a
specific unique.value for that time interval. Such a
20 method would also reduce the possibility of conflict
| again oécurring afﬁer retransmission is initiated.
The operation sequence performed by the receiving
control circuit 63 in conjunction with the

transmitfed/received data comparator 60, in that case, is

25 gshown in the flow diagram of Fig. 17.



data signal fromthat other nodem (i.e. conbined with the carrier) will be
returned fromthe head end apparatus, transferred al ong the downstream
_transm ssion path 32, and thereby distributed to each of the nodenms. In
that 25 case, i.e. if a nessage begins to be transmtted by sone - 36
- ot’her nobdem before the conplete data of the nessage 2 have been
.distributed to all of the nodens, then_this will result in data conflict.
The tlne i nterval which el apses fron1tﬁ Start of transmitting a nmessage
until. t hat nmessage has been distributed to all of the nodens is a
fiXed value whi ch depends upon the length of the transm ssion path. I|f

anot her modem shoul qkll%%nattwetlyanﬁrrtabﬂatafwchal eomaghawﬂeihn&@ﬁ\éa' . e.
before the nessage 2 has been distributed to all of the nodens .

data.conflict wshl, asBubr 19t ban bgstesred li.heehgmemmbéﬁh | Fokei ng
descri bed, whereby each nodem i ndi vi dual Iy
example, the tables of Figs. 18A, 18B or 18C could be
. respectively stored in the modenms 21, 22, 23 described
5 above. Each time ahy modem éxecutes a message
transmission, the next entry in the corresponding table
is selectgd.by'éach of the.modems as the rétransmiésion
_ time interval which will be app;ied~by that modem to the
nexi_message which. it ﬁransmits. Thus, for eacﬁ_modem,
10 the previously used retransmission time interval (i.e.
which ﬁust elapse before retransmission of a meésage
}Eégins,,after data conflict has been-detgcted) is-
éxchanged fpr'ﬁhe time interval that was. last used by
some other modem. In that way, the respective value of
15 retransmission interval can be equalized, between the
various ﬁodems. | h
The operation in that case is as follows. It will
be assumed for example that the table of Fig. 18A is |
assigned to the modem 21, the table of Fig. '18B is |
20. assigned to the modem 22, and the table of Fig. 18C is
assigned to the modem 23.
It is important to note that the tables specify
respectively different values of retransmission interxval,

for the same number of transmissions. This ensures that

25 respectively different values of retransmission interval



checks the transm ssion path to determ ne whether data are currently being
~transmtted over that path, such conflicts are inevitable. 15 It
.wi || be assuned that, as shown in Fig. 6B and Fig. 7A, inmediately after
the nodem 21 has started to * transmt the nessage 2, the nodem 22
begins to transmt the data of nessage 3, by the sanme process as descri bed
-abbve. The result is illustrated in Fig. 7B.. 20 | medi ately after
t he nodem 21 has started to transm t=t&® -nmessage 2, .the signal carrying
that message has not yet reached the nodem 22, and so the nodem 22 judges
that the transm ssion path is available, and begins to transmt data. As a

result e AP d o d BB SRS o R IR SOl L7
7B. retransmission after data conflict has occurred, thereby
ensuring that data conflict will not occur as a result of
retransm1551on of messages.
5 Thus, the size. of each’ table (i.e. number of table
entries) is determined by the total number of modenms .
*Whlch are connected to the transm1551on path.. Also, the
'retransm1551on time 1s preferably selected in unlts of
lot tlme 1ntervals._ _
10 - . Taklng the example of messages 2 and 3, for Whlch
data conflict occurs as descrlbed above, then assumlng
- thatnthe retransmie51on 1ntervals assigned,to the modens
-are obtained from the first entries in tanlesga.and'Sb;
the modem 21 wili.begin retransmission after a time_ |
15 :interval of cne.slot time intervai has elapeed;-as .
fdetermined by tne table of Fié. 18A while the modem 22
'wiil begin_retransmission after a time inte;val-of two
slot time“intertals nas elansed,'as determined_by the
table of Fig. 18B.. ' |
20 .After retransmission has been completed, the -
retransmission_control circuit 61 of each modem causes
the transmitting contrcl circuit 52 to halt transmission
of the carrier. Thue, after the messages 2 and 3 have
both been retransmitted, transmission of the catrier onto

25 the transmission level 3 by the modem 21 and modem 22



The resultant signal which is actually transmtted is as showm in Fig. 6C
The conflict condition continues 5 fromthe tine at which the | eading
dat um of nessage 3 (transmitted by nodem 22) reaches the position of nodem
21, until the tinme at which the nodem 21 halts the transm ssion of nessage
21 after judging that conflict has occurred. The signal data which result
fromconflict 10 between two nessages are indefinite, as indicated in the
drawi-ngs. * The head end apparatus 4-te&s +hus, in effect, transmtted onto
t he, ddwnstream transm ssion path 32 the nessage 23 which is shown in Fig.
6C, and that nmessage 23 15 I's thus received by each of the nodens. * \Wen
data conflict ocecurs, each_ nodem executes the follow ng actions. Firstly,

af ter message Wibbgh¥et 8neds rhrini theEr ik ime c Rt ivHF Hf+t P2 57
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starts). The regelylnOofi £y dowis b aGRIteS 4t igitd 2 datum (2 - 1)
of the nessage , and S T
When this condition of zero presence of a carrier is’
5 detected, the carrier detection circuit 57 of each modem
* ‘commands the retransmission contfol circuit_sl'to.update
the retfansmission'time interval, i.e. to select the next
: entry'in the.cofresponding one of the tables. This
-updsﬁing operation is-pérfofmed'simuitanesnsly-by-all'of"
10 . tne'modems,-since aii.pf the modems can detect the
cessaéion-of.cérrief on the transmission path.

E With the above sxampie; tns retransmission:interval'
which is determined fS;Ithe modem 21 will thus be cnanged'
to.2 sloﬁ nime intervals, while.that of'fne nodem 22 will

15 Dbe chgnged to 3 slot time intervals, and that of the .
. modem 23 will be changed to 1 slot time interval. .
| . When ths maximum-"number of t:ansmissions"fin.the- ’
tables (i.s. in'this example, j transmissions) is :
excésded; fhen “gingle transnission" entry of each of the
20  tables is returned to.
It can thus be understood that as a result of the
above operations, the occurrence of data conflict when
. messages are retransmitted can be avoided, since the

values of retransmission time interval that are assigned

25 to the modems are always different. Further, since these



sets the received data counter circuit 59 to a count of 1. If the nodem
receiving the data is the same nodem 25 which is transmtting the
.nessage, then the transmtted/received data conparator circuit 60 of

t hat, nodem judges whether conflict is occurring. In this exanple, the nodem
21 is in the process of transmitting data, so that the transmitted/received
-data conparator 5 circuit 60 of that nobdem executes conflict judgenent
operations. Thus, when the transm tt & recei ved data conparator circuit 60
receives the first datum (2 - 1) of nessage 23 fromthe receiving circuit
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datum whi ch hagePefdal for each of the modems.
The éperation sequence performed by the transmitting
5 control ciréuit 52 in c&njunction with the
transmitted/received data comparator 60, for this version
of the first embodiment, is shown in the flow diagram of
Fig. 19. | - _
.It should be noted that, instead of detecting the
10 cdﬁdiﬁion where there is no'carrie; presences on ﬁhe
.'transmission path, as-a-condition for ubdating each .of
~ - the tableé,-it wouldzbe'eéuallynpossible to exécute that
. updating each time théﬁ a data éonfiict is detected; |
It can be underséood fhat'with each of the versions
15 of ‘the first embodiméﬂt described above; déta confiicﬁ .
can be detected witﬁdut using special deqiéated beat
detection circuits in the modens.
- A- second embodiment of the'inventian will be
described, in which respectively different traﬁsmissién
20 levels are establiéhed for the Qarious‘modems.
| With the first embodiment described above, the
transmission levels of the modems are substantia;ly
mutually identical. If the transmission levels of the

transmitting circuit 53 of the various modems were to be

25 éubstantially different, then the aforementioned capture



15 received fromthe downstream transm ssion path 32, are then conpared.

If no transm ssion errors have occurred, these will be identical. The above
operations are thereafter successively repeated until all of the data (i.e
corresponding to the specified nessage | ength) have 20 been received, or

qnt%l‘it Is found that the received data do not match the transmtted data.
In this exanple, conflict occurs when the fourth datum (2 - 4) is
transmtted by the nodem 21. Specif+c@8ly, at the tine when the nodem 21

subsequently 25 shoul d be receiving that fourth datum (as indicated by
- 39 - the count value of the received data counter 59), it is found that
the received datumis indefinite, i.e. there is a msnmatch between the

transmitted dRFERFE2VOULSY GRERR- | STHAY nbF eFlt HEMRIRLRS A%Ri tti ng
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modem having the highest transmission level will be.
transferred normaliy, while the data transmitted by the

5 other modems at the low transmission level would-be
effectively erased by the data which are transmltted at
 the hlgh transmiss;on level. |

This will be descrlbed referrlng to an exanple 1n |
‘which it is assumed that the.transmiss;pn level of the
10 - transmitting circuit 53 of the modem 21°is signifieantly
-,hlgher than ‘the transm1551on level of the transmittlng |
clrcult 53 of the modem 22, Itﬂls assumed that the same
.type of operatlon as described above for the first
'embodiment is used-to detect confllct between

-15;-transmlssions ' |

| In the same way as for the first embodiment as'tﬁe_
.modem 21 beglns to transmlt the message 2, the modem'22
almost s;multaneously begins to transmltvthe message 3,'
so that data conflict occurs. However-in this case,

20 'simce the tramsmissioh ievel_of the modem 21 is the
higher level, the data of message 2 (shown in FIlg. 14Aa)
.which are transmitted by the modem 21 will be accurately
transferred to the destination terminal apparatus,

whereas the data of message 3 which are transmitted by

25 the modem 22 will be replaced (i.e. obliterated) by the



control circuit 61 of the nodem 21 then commands the retransm ssion contro
circuit 61 to begin operations for nmessage retransm ssion. The

retransm ssion control circuit 61 also then 10 commands the transmtting
control.circuit 52 to inmediately term nate the nessage transmssion. It is
assurfed in Fig. 6C that when the data expressing conflict are received, the
nodem 21 has already started to transmt the datum (2 -. 5), so that
transm ssion of the 15 nessage 2 i< 8&r+m nated i mredi ately after the
datum (2 - 5) has been transmtted. The retransm ssion control circuit 61
then determnes the tinme interval which will elapse before nessage

retransm ssion_begins. In this enbodinment, this tinme interval (referred to
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conflict has occurred. As a result, the modem 21 will
5 not_defect that coﬁflict haé occurred, and so will
continue to to ;;ahsmit the message 2 unfil tﬁe end of
.thé data_of,tha# message. In addition, the modem ﬁhich '
is the destination for ihe-message 2 wiil'succgssfﬁily'.
receive that-mesgége. | '
10 - on the other hand, the modem 22-will detect a
"mismétch_betweén_the data whiéh it'iéﬁsendihg and the
._data which it is.fééeiving, and-sq_will tér#inaﬁe:._.
;ransﬁissioﬁ of fhe ﬁeséage 3, in the séme way as
described-fcrfthe first;embodimept., After tfanémiésion
15 6f'the_méssage 2 has ‘ended, modem 22 fetraﬁsﬁits the
_mess#ée 3. Thus, as a result of the aBove.sequéhbe of
ope:ationé,.both the modems 21 and 22 can successfully
transmit their féspeétive data. ' .
-_,Howéver if after transmitting the message 2 the
20 modem.zl'were to continue to seqﬁentially'tfansmit new
messagesf then the'modem'zz would not be_able to transmit
-; data until éll of the transmissions by the modgm 21 have
ended. Thus the pfoblem arises that there will be

differences between the respective amounts of data which

25 the various modems are permitted to transmit.



- 40 - then the nessage 2 inmmediately begins to be transmtted onto the
upstreamtransm ssion path 31. The nodem 22 executes simlar conflict
j'udgenent operations. However the nodem 22 detects conflict when 5 t hat
nodenrrecei ves the datum (2 - 1) of the nessage 2, and. finds that this
does not match the datum (3 - 1) of nessage 3 which it has previously
transmtted, and which it should receive at that tinme. As a result,
transfj ssion of the nessage 3 is. hal sgd.i medi ately ‘after 10 t he datum
(3 ~ 6) has been transmtted. After conflict has occurred, the nodens 21
and 22 each begin operations for retransm ssion of the * respective
nmessages 2 and 3.. However of course if both of these nodens were to begin
retransmi ssion at Uheosder t® prevent sheh ddiferencesubatuganntbecur. For

that reason, with this enbodinent, the tine intervals mthQ glagﬁe
respective amounts of data which are transmitted, e

transmission control circuit 52 of the second embodiment
is provided'with.functions which are addifional to those
5 of ..t_he- transmitting control circuit 52 of the first.
embodimént._ Spgéifically, the transﬁitting control
~ circuit 52.0of a moden execﬁtes control whereby after .
tranSmi;sion of the data of a message by that'modeﬁ has
' 1 béen“completed} furfhér transmission by tﬁat modgm is -
-10"iiﬁhi§;ted_until aﬁ'idlé interval of at iéast'ong-SIOE
'.timeﬂintefvai-ﬁaé.giaﬁsedf Here,. the term  "idle
‘interval® sigpifieé.an intérvaf in which no #a;rier-is'
'beihg transmitted over the transmissioﬁ pﬁth.
rhefépefation.wi;l be describéd"referring-to Fig.
15 20. With the first embbdiméﬁt, vhen the modem 21 has
aéhie&ed_horméi termination of message tranémission”fér
the messége 2, the tranémi#ted/reéeived data comparator'
" circuit éo of that modem then commands_fhat_thé.méssage
'which is being held in the transmitting buffer 51 is
20 cleared. When é new message is subséquently.set into the
tranémitting buffer 51, the transmitiing control circuit
52 beginé operations for transmitting that new message.
0137 .
However with the second embodiment, when the

25 transmitted/received data comparator circuit 60 has



bet ween the point at which transm ssion is halted because of data conflict
and the point at which retransm ssion begins are random zed, between the
.various nodens, so 20 that there is only a |low probability that both of
the nodens 21, 22 will each begin retransm ssion at the sane time. It wll
be assumed that the nodem 21 is the first to begin retransm ssion, and that
~the nodem 22 does not 25 attenpt to begin retransm ssion until a
sufficient tinme - 41 - has el apsedS5&f ter the nodem 22 receives the
carrier tranmtted by the nodem 21. In that case, after the nodem 21 begins
refransnmi ssi on of message 2, no conflict condition will occur, so that for.
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det ect ed bet“ﬁﬁﬂ&ﬂéﬂiﬁtﬂé“dﬂ%ﬂ @%t%hinﬂehgﬁgﬁabé then the transmission
control circuit 52 has the -added function of executing a
transmission inhibit operation.. As a result, even if a
5  new message is then set into the transmitting buffer 51,
the trahemitting control circuit sé'will not execute
- transmission ooerations-until the_tranemission.inhibit
'oondition is released. |
" It will be assumed that a new message's.is set into
S0 the transm1551on buffer 51, after transm1551on of message
2 has been completed.. The transmission control c1rcu1t
:-.52're1eases'the traném;ss;on ;nhiblt condition at. the
’point~in time when the carrier:detection'circuit 57 - |
."oetecte“that the idle state has continued_for at least
. 15 one slot time interval. . -
| After the modem 21 has completed transmission of the
message 2, 1f no other modem were to immediately 1n1t1ate
data transmission, then the idle condition would contlnue
ontil one slot time interval has elapsed. However if
_2d iIQuring that time, i.e. while the modem 21 is-inhibited
from trensmitting a new message, the modem 22 detects
that transmission of the data of message.z has ended,
then the modem 22 immediately begins retransmission“of
the data of message's; .

25 If the time which elapses from the end of



read out fromthe transmtting buffer 51 If correct data matching has
occurred for all of the 10 transmtted data, then the

transmtted/ received data conparator circuit 60 conmands the transmtting
buffer clearing circuit 56 to clear the nessage fromthe transmtting
buffer 51. The received nessage is then transferred fromthe receiving
buffer 64 to the termnal 15 apparatus 11. Thereafter, when a new nessage
is w+ttten into the transm ssion buffeg9 51, the operations described above
are.repeated, to transnmit that nessage. It will now be assuned that the
nodem 23 receives 20 t he nessage 23 shown in Fig. 6C, i.e. the nessage
whi ch has resulted fromconflict between the nessages 2 and 3 shown in
Figs. 6A, 6B. $¥ansnissien ef Hhe messadge thantide tha &hack ©f1) of the
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time interval (i.e. the idle condition continues for less
than one slot time interval), then the retransmission of

5 . Qata by the modem 22 begins while the transmitting _
- ;comtrol circuit Sé of the modem 21 is.continuing.to .
malntaln the transmxssxon inhibit condition.
ﬂ' After transmlssion of the message 3 has been _
completed successfully, lf no data are then transmitted
10 f~by any other modem, the’ 1d1e condltion will be maintalned
for one slot tlme interval.- Durlng that tlme, the
- transmltting control clrcult 52 of the modem 21 releases
the transm1551on 1nh1b1t condltion, so that the data of
. ;the.mew_message's which had been set into the .
15 transmitting bpffer 51lis then transmitted-by.the'modem '
21. . | L
It can thus be'understood.that as a result of the
above operatioms, the same rates of data transmissions
. can be ensured both for the modems which have a high
.20 transmissiom level and the modems which have a low
transmission level. |
| | The operatlon sequence for transmitting a message,
performed by -the transmitting control circuit 52 in
"conjunction with the transmitted/received data comparator

25 60, for the second embodiment as described above, is



- 42 - has been set at an initial value of 0. When the receiving circuit 58
of the nodem 23 receives the initial datum (2 - 1) of nessage 23, the count
value in the received data counter circuit 59 of that nodemis set to 5 1.
At that tinme, the receiving control. circuit 63 of that nodem judges that

t he, destination which is specified in that datum (2 - 1) is the nodem 23
i'tsel f, whereupon the datum (2 - 1) is set into the receiving buffer 64.
The receiving circuit 58 then recet+vas the datum (2 10 - 2) of nessage
23,~ wher eupon the received data counter circuit 59 is incremented by 1, to
the value 2. The receiving control circuit 63 then detects the fact that
the message |sirefm initheiflepedtiggram of diUm32: - The jaeryespan@ingove
operations are then successively repeated 15 until the entire neisage has

been recei vePPETRLi0N PRAUPRCR RANEFNGD Y TR neRhNANE £AnETSlint er
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data comparatorxr 60, whereby after a message has been
5 correctly transmitted by a modem, transmitting of a.
succeeding message by that modem is inhibited until a
predetermined time interval has élapsed, is shown in the
flow diagram of Fig. 23. ”
In the above, it has been aséumed'that the second
10 embodimeﬁt of the inyéntion_uses the same method of
communication control as that of the fir§t embodiment.
However it would be equally possible for the second
embodiment to use a cdnventiopal method of communication
control based on detection of a beat component.._In thét case,
15 when cﬁnflicé occurs s6 that the data transmitted by one
of the modems are obliterated and reﬁlaced py thé da£a 
transmitted at a hiqh frénémissioﬁ level by another
modem, then each modem can detect that cqﬁfligt has
occﬁrred, based on a beat presehce in the received signal.
20 That can be achieved.by measuring befo}ehand the level of
beat component in the received signal when data éonflict
occurs (data of one transmitted message are obliterated by
data of another transmitted message which is tfangmitted
at a higher output level) and by registering that |

25 measured beat level in each of the modems. In that case,



carrier is no longer being transnitted on the downstream 20 transmi ssion
path 32 before the data of the entire nessage | ength have been received,
.then the receiving control circuit 63 judges that conflict has occurred in
the received data. In the case of the nmessage 23, the length of the nessage
(i,e.-9) is shorter than the 25 message Iength (30) that is specified in
‘the datum (2 - 43 - 2), so that it i's judged by the receiving control
circuit 63 that confllct has occurred$lThe receiving control circuit 63
then designates to the receiving buffer clearing circuit 62 that the 5

Content S Of CIFekERe" hBLsOuRLSS B2, 8 Fab o o ShIBREE, SLRRRRRLY, L1,
oot nat L 2Angh, AEnTSS 8gEek1ALH B! by e SerachaBublearodem 23
modem will judge that data conflict has qccurred. Except
for that point, the operation in that case would bé
5 identical to that described above for the second
embodiment. .

_ However in. that case it would be necessary for the
beéf detection to be performed to a high level of
accurgcy,'ahd pProblems would arise due to noise in thg'

10 received data. For thaf rea#on it is preferable.to use

" the- communication control method of the first .embodiment.
A thlrd embodlment of a CATV-LAN accordlng to the |

present invention will be described, wherein t:ansmission

is executed in écgordance'with the priority of a méssage,

15 wﬁere wpriority" signifies a value which is'assiéned to a
message}Lfof indicating how rapidly‘ﬁhe message must be
transmitted. The lower the priority that is assigned to
a message, the greéter is the amount of delay which is
permissible before ihe message is tran;mitted.

20 - Fig. 24 shows the configuration 6f a modem in such a
CATV-LAN. As shown, the modem includes a priority -
detectién_circuit 65 which detects the priority that is
registered within a message, and temporarily inhibits the
transmission operation by the transmitting control

25 circuit 52 in accordance with the priority. The



10 no conflict occurs, so that the received nessage |l ength and the
specified nessage length are identical. Wwen all of the data of the
message 2 have thus been received, the receiving control circuit 63 of the
nodenTt 23 designates to the receiving buffer 64 that the 15 received
nmessage which is being held in the receiving buffer 64, i.e. the nessage
2, can be transferred to the term nal apparatus 13. Although these are
repreSented as respective circuits -igp the drawings, for sinplicity of

desCription, 20 in a practical apparatus the functions of the transmtting
control circuit 52, the receiving control circuit 63 and the
transmtted/received data conparator 60 are preferably inplenented by a

sui tably progremetn@erpof ctherempedigmnie dos drdentieadpdicatinat RGudee 25
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When a message is detected as haviné a low priority,

the priority detection circuit 65 inhibits operation of
.5 the transmitting control circuit 52 until it is detected
| that an:;dlg.tiqe interval of the transmission path has
elépsed which ié-equal'tb more than 2'slot time
.intervals.' The operation of the remaining p&rts 51 to 64
'éf the modem of this emﬁodimenﬁ is identical to that
10 ' gescribed for the second embodiment above.
.;Fig..25.shows é ﬁgssage 7'whiqh includes a briority.
. .It will be assumed that the prioritf'canjtake.either of
two Valués, i.e. 1 and 2.. If no priﬁrity'is.régistered
1withiﬁ'a message, then the. message is treated as having a
15 .priqr:;Lty of 1. ‘

" The opérétion_of this CATV-LAN will be described .
referring to Eig; 21. It.wil; bé 5ssgmed that the’
méésage 2 and meésaqe 5 are to be traﬁsmitted by thé_
'quém 21, and that modem 22 is_to transmit the message 3;

20 . and also a-méssage 7-wﬁich has the priority 2.
| .8ince ﬁessagesiz, 3 and 5 do not have a p;iority
regiétered therein, each of these is treated as having a
priority of 1. Messages which have a priority of 1 are

transmitted in the same way as for the second embodiment

25 described above, in which priorities are not used.



transmt a message is shown in the flow diagramof Fig 8. The operation
sequence perforned by the transmtted/recei ved data conparator 60 in
conjunction with the transmtting control circuit 52 and receiving 5

control circuit 63, for detecting data conflict in a received nessage and
fforsinplenmenting the retransm ssion operations if necessary, are shown in
the flow diagramof Fig. 9. The operation sequence perfornmed by the
receiving control circuit 63 when a g®ssage is received 10 without
occurrence of data conflict is shown in the flow diagramof Fig. 10. As
illustrated in Figs. 1l1a,llb,11c, it is possible that only the final datum

of a transmtted nmessage is rendered [ndefinite as a. resul t
conflict. In 15 TbﬁcﬁranéﬁéEFe@ﬁEeﬂ%H%$§ ??ﬁF?QRﬁﬁQ&?%&é%?éﬁg%sggge_
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' are to be cleared. It will be assumed that immediately
5 thefeafter,.the messagé 7 (having the priority 2)'is sent
:frém thetterminq; apparatus 12 and is sgt;into the
trahémitting buéfer'SI of the mo@em 22. .'
_ When a méssage.is set into that transmitting buffer
51,the_§¥iority aetectiqp circuit_SS_dgteétsﬁthe éridrity
| 10 ) of the.message. 1If_£he-pfiofity is 2, then the priﬁrity
B =déteétion'qircﬁit 6$:ihhibits transmission 6pefati9ns by
fhe tfansﬁitting cpntrolicifcuiéfsz until it'dete¢ts that
'é'time interval has'elépsed whicﬁ is'greater than 2 slot
-timeiinferQals. | | | |
15 -In thé exémple, after one slot time interval has
elapsed, the modem 21 transmits the message 5, so.thaﬁ
the transmitting cont;ol c;rcuit 52.6f'the modem.zzldoes
noﬁ begin transmission of the meésaéé 7. .
. After message 5 has been transmitted, if
20 transmiésion of no other message by a modem occurs, then
‘an idle time interval (of the transmission.paih) of more
than 2 siot time intervals will elapse.
In that case, when the carrier detection circuit 57
of‘the modem 22 detects that an idle time interval of

25 more than 2 slot time intervals has elapsed, the



3) to (5 - 30). Inthis case, the first two data (4 - 3), (4 - 4) of the
message 5 are identical to the third and fourth data of the nessage 4. It
will al.so be assuned that the respective destinations of the nessages 25
4 and 5-are the sanme, i.e. the nodem 23. - 45 - If, as shown in Fig.
11c, conflict occurs between the nessages 4 and 5, then the actual tinme at
whi ch the ..nmodem 21 detects that data conflict has occurred will be the
time.at”which that nodem begins to_rggekLves data 5 which have been nmade
indefinite as a result of the conflict. At that point, the nodem 21
interrupts transmtting the data of the message. As a result, in effect,
t he message 45 shown in Fig. 11Cis transferred onto the domnstream
transn155|ontmamEMEttln@Nbamﬂﬁma bﬂrcudesﬁnnéslnﬁlﬁoaeﬂ1QBOmeébﬁves t hat
nessage, then since the nunber of data (5) constltutlng nessa e 45 is

inhibit condltlon, and so transmits the data o messa _

B 7, in the same way as described ‘above for the first

embodiment.

5 Tﬁus with the above operations, transmission of
.messages hav;ng a low prlority is executed after all
messages having ‘a high prlorlty have been transmltted.

' The operatlon sequence for transmlttzng a message,
“ performed by the transmlttlng control c1rcu1t 52 in

lO : fconjunctlon w1th the transmltted/recelved data comparator
60, for the thlrd embodlment as described above, is shown
in the flow diagram of Flg. 26 _

If a plurallty of dlfferent prlorlty levels are
used, then 1t becomes posszble to execute control whereby'

15  the transmlttlng control circuit 52 of a modem is
inhibited from transm;831on operatlons unt11 it.has been
detected that the idle time interval has continued for an
integral multiple of .the slot time.interVal, with that

'_integral multiple being determined in accordance with the’

20 priority of a message which is waiting to ‘be transmitted -
by thet modem. - -

In that case, for example, it would be possible to
inhibit transmission of a message having a lower priority

than the'message 7 (for example a message having a .

25 priority of 3) until 3 slot time intervale have elapsed,



I dentical to the nmessage length that is specified in the second datum (4 -
2) of that nessage, the nodem 23 cannot detect that data conflict has
occurred. 15 In Fig. 11C it is assuned that the nodem 22, after
detecting data conflict, termnates transmtting the nessage 5 after having
transnitted the datum (5 - 3). However as shown in Fig. 12, it is possible
that the transm ssion of nmessage 5 would be ternm nated after the 20 dat um
(5 - 4) has been transmtted. |In thatggase, the resultant message which is
recei ved by the nodem 23 is the nessage 46. However in that case too, the
nodem 23 cannot detect that data conflict has occurred, That 'is because the
conflict. judgenent operation does not use the 25 fact that the received
message | engt rand tp ehleibithdirananissionm @t amessgge MW%WUQ‘{@H in

the nessage, ‘as a basis for detectln%lthe occurrence of_ cqnflict.
lower priority (for example, a priority of 4) until 4

slot time intervals have elapsed. In that way,
-_transmissionaof 1ow-priority messages is inhibited until
5  transmission of all messages having a higher priority has'
‘been completed. |
The operation sequence for transmitting'a'message,
" performed by the‘transhitting éontrol circuit 52 in
conjunctlon w1th the transmltted/recelved data comparator
10 60 for such a modlfied version of the third embodlment
is shown in the flow d;agram of Fig. 27. _ '

. A fourth embodiﬁent of a CATV-LAN accordihg to the
present iaventioﬁ:will be described, whe:eby the priority
which ie'assigned-tq a message is changed in-aceordaﬁce,

15 with the amount of data'that is to be transmitted by.a
modem. | - - ﬁ

Fig. 28 shows the configuration of a modem of this

"embodiment. As shown, this includes.a prioritj : |

_ alteration clrcult 66 for changlng, 1n accordance with

20 the length of a message that is belng held in the
transmlttlng buffer 51, the priority that is detected by
the priority detection circuit 65 for that message. The
remainihg configuration of the modem is identical to that
of the embodiment of Fig. 24.

25 The operation of this CATV-LAN will be described



However a preferred version of the first enbodinment of the invention wll
now be descri bed, whereby even in 5 the case of the occurrence of such a
«stype of data conflict, the destination nodem can be notified of the :
conflict occurrence. This is acconplished as follows. Wen the transmtting

contr.ol circuit 52 of the transmitting nodem detects that conflict has
focturred, it 10 controls the carrier generating circuit 54 such that,
after transmitting of the message has &ferr terninated, the carrier alone
conti-nues to be transmtted during a predetermned time interval. Each of
thé nodens is configured to.detect.a condition whereby, at the end of a 15.
recei ved nmessage,. co 0 be received during the

-aforenentiQneq-préﬁgﬁgﬁﬁﬁ%ggﬁﬁﬁhg% ﬁte&%%%aﬁinbewﬁéﬁuﬁﬁgttBBﬁdFPﬁO%QQ9m
Tessage. The Hest aar e e 2ot et eiocty 22 SERREREL ene
conflict has omessagd 3Thampelaid eranshliteeadpssehgeds’ gheehi Rasf arst to
Fig. 13A, assum ng that conflict has occurred as illustrated in Fig. 12.

priority of 2. _

5 '. It will further be assumed that when the messége
1éngth exceéds 50, thé pfiorityfalteration_circuit 66
exequtéé opérétioné'to set_thé priority.of.ﬁhe méssagé'aé
. . : ) o

. After’thg;messagé 3 ié transmittéd by fhe modem 25}
10 __'fhe traﬁsmitted/received'data comparator cir¢ﬁi£ 60 of
_that;modem ciears thé'meséage frgmhtﬁe tr#nsmitting' 
'buffer-51.I;It'wili:be.assumed that_thé nessage 7'is fhen
imme&iately:sent'ffom the terﬁinal appératué 12 to be set
- into tbe-transhission buffer 51 of:the modeﬁszz;'
15 | The-priority alteration circuit.66 theﬁ defecfs the
| priority and the meséage length of the messaée wﬁich is .
being held in the transmitting buffer 51. . In this casé,_-
thé'meésage-? has.ghe.briorityrZ, hoﬁéQer sincé-t#e_.
message'lengfh is 80{ the priority,alterafion.ciréuit'GB'
20 contrqls'the priority detection circuit 65 such as to
assign the pfiority 1 to that message.
- The transmitting control circuit 52 of the modem 22
in that case does.not receive a transmission inhibit -

command from the priority detection circuit 65, so that

25 after one slot time interval has elapsed following the



Wth this nmethod, the transmtting control circuit 52 of the transmtting
nmodem (i.e. the nodemwhich is 25 transmtting a nessage) controls the

. carrier generating - 47 - circuit 54 such that transm ssion of the
carrier is not termnated until the transmtted/received data conparator
circuit 60 has successfully conpleted the operations of sequentially

~cofparing each received datumw th each 5 transmtted datum In the
present exanple, when the nodem 21 reddt ves a datumfor which conflict has
occurred, i.e. the fifth datum of the nessage. 46, then the

transmtted/ received data conparator circuit 60 of that nodem detects a

AL, PSR U SESSHERPE s RS e, i

t hat conflictqﬂﬂ; 7T o transm ssion contrdl circuit
CL 10 Sxecut s Jof G USoAN MIRITHIANY. s hariaiti b Ccifide
circuit 52 of the modem 22 implements transmission of the
' messaqé 7. ~ With the example éf fig; 29, the modem 21
5" simultaneously transmits the message_s) so that data_;
-conflict odcursm__ﬁence, after'tfansmissioh of the
mgssaée SIhaé'been completéd; thé-meésage 7 is
~ retransmitted.
Tﬁé bperatién sequence for tﬁ;nsmitting a message,
._}0';‘ performed by the transmitting control circuit $2Iin n |
‘ conjﬁnétién with the transmitted/receiVed détarcomparaﬁor
66,_for fhe fourth embodiment of the.invént;on described
.abové,’is shown in the'flow diagram.pf fig;:3o, |
-in_the above if.has been ‘assumed that.theupriérity
15 'assigned-to a ‘single message is altered in accordance
with the message length. However it would also be
possible that a_plﬁrality of mességes are.simultaneously
-preéenﬁ in the transmitting buffer...In such a case, it
would be possible to change thé priority assigned to each
20 of these messages in accordance with the total number of
. messages, or in acéordance with the total length of the
meésages. | |
- .Thus, by the abdve operations, data can be
transmitted on a priority basis, in a system having a

25 plurality of modems which transmit and receive data.



control circuit 61 commands the transmtting control 15 circuit 52 to
halt transmtting of the nessage. |In response, the transmtting control
<circuit 52 inmediately halts transmtting of the data of the nessage
(unless, as in the present exanple, the data of the nessage have already
been conpletely transmtted) and controls the 20 carrier generating circuit
54 "such as to. continue transnitting of the carrier until the aforenentioned
predetermined tine interval has el apse® <t is essential that this
predeterm ned . tine interval nust be |longer than the slot time interval. The
25 reason for that is as follows. W shall assune that the - 48 -
transmitting nodemis the nodemwhich is located farthest fromthe head end

apparat us, and that® dafth AFRqdimedtc Gfs af GATVREAN; agcogding &° the nessage
whi ch that modem, ST B0k 1on WP be’ B2eribed eI 32 aer to
- effectively use thg'capturé effect, the transmission
ievels of the respective modems are randomly varied.
5 ” FIg. 31 shows the configuration of a modem in this
‘embodiment. As shown, the modem includes a'fransmission
- level adjustment circuit 67, for randomly varyiné_thé
transmission levels at which méssagéé are tfapsmitted by
_ the transmitting circuit 53 énd'the'gafrief'is | | |
10 :_transmitted by the carrie:lgengfa#ing'ci?cuit_54. The
'::emaindér of ﬁhe.éonfigﬁration is identicalﬁﬁo that'of
' the modem of the firét-émbodiﬁent} éhowniiﬁ Fig._;,_'.
With theitransmigsibﬁ.methpd'used in the second .
embodiment of the invention, wﬁereby the tranémissidnf.
iS levels of the'respécfive,mo&eﬁs are fixed,'then'aé éhb&n
in rig. 32a, meééage transmissions wili always occur in
order of magnitude of transmission levéi. As a réSuit,-
modens with low Vélues of transmission level mﬁst wait
‘until completion of message transmissions by those modems
20 which have ﬁigher transmission levels, before.éxecuting'
| .méssage transmissions themselves. If the modems which
" have low values of transmission level also have
transmission ievel values which are not substantially

different, then these modems will also attempt to execute

25 respective retransmissions at times which are close



5 transmtted the final datum of the nessage, the nodemw || thereafter
transmt the carrier alone, to the transm ssion path. After a slot tine
interval has el apsed, the. nodemw || receive the final datum of the
nmessage which it transmtted. |If data conflict did not * 10 occur, the
modem woul d then term nate transmi ssion of the carrier. |In that case, the
‘message has been transnitted correctly, but the carrier has continued to be
* . transmtted for one slot tiAe69nterval. However if data conflict
di d, occur for the final datum of the.nessage, 15 the nodemw || detect
that the received datum-does not match the final datumof the transmtted
nmessage, and so wil| %ud e that conflict has, occurred.,_  In that case, the

noden1cont|nue§°?ﬁtPF t thak E%?F?e+seﬁ(ﬂﬁ9hfRRS%QQﬂﬁiﬁ i tdaka

Irrgtsgg\égl whi ch |gnfgﬁ%%mgagprgﬂglﬁhferv%ﬁeé &vﬁargﬁl}n&teﬁrgio Sri elrF "??‘yg S
recei ved, “‘thsiﬂéé %F%éﬁbﬁ 1§*B¥‘€H8%é”d8 é“%}é“éiaéé Each

noden1thereby can Ju ge t ata con ct has occurre e recel ved
message. Howeves bﬁetﬂﬁoﬁﬁéfleﬁhe capture effect will not occur, and
'_ 5 '_-hence when conflict-occurs, the data transmitted by each
of these modenms will be destroyed.
With the fifth embodiment, in order to prevent such
.a condition, the transm1ss1on levels.of_the t;ansm;tting
tcircuit 53'andxoarrier éenerating circuit 54 Of'eaoh
iO": modem.are rahoomly'veried,~therebyhenah1ing.the capture'
effect to be effectively utilized. fhe operationfof.this
. CATV-ihN_will be oescfihed refe:ring:to Figs. 32A; 32B.
Apart from the changes made inlthe-transmission levels,
the operation is otherwise identical to thet.of-the.first
15 embodiment. |
Firstly, it w1ll be assumed that the modem 21 is to
transmit the message 2 and the modem 22 is to transmlt
the message 3. In-each of the modems 21 and 22, the
trahsmission ;eyel adjustment circuit- 67 randomly changes
20 . the transmission levels of the transmitting circuit 53
: end carrier generating circuit 54 within a fixed range of
variation. - It will be assumed.for example that the
transmission levels of the transmitting circuit 53 and
the carrier generating circuit 54 of the modem 21 are

25 each set at 50 dB, while the transmission levels of the



25 alone is received, at the end of a nessage, during an - 49 -
interval which is not |onger than a slot time interval, then each nodem
will judge that data conflict has not occurred. For that reason,. in the .

present exanple, the nodem5 22 continues to transmit the carrier for

t.i me i'nterval

. 10

a

which is greater than the slot tine interval, after judging
that conflict has occurred. As a result, the nbdem 23 continues to
receive the carrier for a tine intecvad uhlch is longer than the slot tine,
after 10 receiving the datum (5 - 4) of nessage 46. "In that' case,
receiving control circuit 63 of the nodem 23 judges that conflict has
occurred in the received data, and commands the receiving buffer clearing
circuit 62 totrhaamlthengeséagelﬂGSBrenﬂthbere%erVthg%n¢t@tlag 15
The. operation sequence perfornmed by the transmttin

circuit . 54 of the modem 22 are each set at 60 dB.

'In that case, if both of the modems 21 and 22 begin

to transmit simultenebusly,_then due to the capture

effeet, only the data of message 3 (transmitted by the
mpdem-22).will.be sucsessfully conveyed, while the data
of message 2 (tfansmittedfby the modem 21) will be
destroyed, and will'be.subsequently-retraﬁsmitted. ﬁhen

retransm1ss1on is executed the transm1551on level

' adjustment c1rcu1t 67 of the modem 21 agaln performs a

'frendom change 1n,the transmission level of that modem.~

i It'Qill_be assumed that the new transmission level is 70

- aB. Hence, the dsta of message 2 will be txansmitted by-

15

-the moden 21 at a level of 70 dB.

“The above operatlons are thereafter successively

repeated by each of the modems, with the transmxss;on

level adjustment circuit 67 of each modem executlng a

‘random change in'the transmission level, each time that’

20

25

the modem has -executed a message transmission.

With the CATV-LAN according to the fifth embodiment,

there is only a low probability that the modems whose

‘transmission levels are close together will execute

transmissions at time points which are close together.

Thus, the capture effect can be effectively utilized in

that case.

t he



control .circuit 55 to transnit a message, with the preferred version of the
first enbodi ment of the invention described above, is shown in the flow
diagramof Fig. 15.. The operations performed by the receiving 20 cont rol
circuit. 63 with the preferred version of the first enbodiment, and the
transmtted/received data conparator 60 in conjunction with the
transm,tting control circuit 52 and receiving control circuit 63, for
detecting data conflict in a receivedyfgessage and for 25 i npl ementing the
retransm ssion operations if necessary, - 50 - are shown in the flow
~diagramof Fig. 16. In the above, it is assuned that the transmtting
control circuit 52 always causes the carrier to be transmtted for a fixed
time interval aftewikhl thig eémbadiment;aaintestihe, rﬁﬁéﬂ@VéYeconfllct is
detected. However it would be equallg possible to_arran ag |Llugarated
in ' transmission levels of the various modems a e not fixedly

determined, it becomes possible to eliminate any

imbalance between the respective rates of message

5 -transmission opportunities which are provided to the
various modems, without the need for a modem which has
executed a message transm1s51on to then 1nhibit further
' transmissions until it has detected that a predetermlned
- idle time 1nterval has elapsed. _

,10- _” - The operation sequence for transmitting a message,
performed by the transmitting control circuit 52 in
conjunctlon with the transmitted/received data comparator
60, for the flfth embodiment of the invention described '
above, is- shown in the flow diagram of Fig. 33.

15 A sixth embodiment of a CATV-LAN according to the
'present invention will be described, whereby the
transmiss1on level of a modem is varied in accordance
with . the priority of a message which is to be
transmitted, so that messages which have a high priority
. 20 will be given precedence in being transmitted.
Fig. 34 shows the configuration of a modem in this
embodiment. As shown, the modem is provided with a
priority detection circuit 65, for detecting the priority

that has been assigned to a message, and for determining,

25 in accordance with the priority, a range of values within



Fig. 13B that the carrier is transmtted for the fixed tinme interval after
halting data transm ssion, only under the condition that data conflict has
. been detected but 10 all of the data of the nessage have already been
transmtted. That serves to prevent unnecessary transm ssion of the
carrier. In the above, it has been assunmed that the retransm ssion control
«Citcuit 61 in each of the nodens 15 wuses a randomy determ ned val ue for
the time interval which nust el apse befl® € retransm ssion of a nessage
begi ns after data conflict is detected. However it would be equally
po3sible to assign to each of the nodens a specific uni que value for that

time interval.  clh, a0 txﬁﬁeﬁﬂfg 4 R0 e MG Rn! %a‘&oggs%ihal e ¥rucflt on

conflict again- occurring a rretransmssion is’initiate ne opera
TS eher | SRR G BAANY Borekiel ©2rhd Pt |
the-f!ow diag“ﬂﬂdﬂhdaéla;Hﬁansmission level adjustment circuit 67.Which
randomly sets the trénsmiséioh levels of thé transmitting
-5 . eircuit 53_and'thé-carriér'generating cifcﬁit 54 within
the range that is set by the priority'detection circuit -
65. Thé'reﬁaining.pgrts of the cénfigutation are
identicai;to thoSé-of_the.first embodimént shown in_Fig..
'_10: - The priqrity détectibn circuit 65 éf.thé modem 21:
':storés a‘tabie,:of~the'fofﬁ shown in.Fig.'ssA; As shown,
this téb;e specifies relationships bgtweeﬁ £h§'pri9ri£ies
- and reéﬁéc£ivé-?ransmission level téngeé, When the
ﬂpriérity'détéqtipn cif&uit.GS detects thé'ﬁribgity of a :
115 meésage whibh-is to be transﬁitted,-it‘obtéins from the |
table.ﬁhe rénge of transmission levels which correépopd
 to that pribrity, and notifies tﬁe transmission level
adjustment circuit 67 of thaﬁ-range. The'trénsmission'
level adjustment circuit 67 then randomly selects a |
20 transmission level value for the transmitting circuit 53
and carrier.génerating circuit 54, within that raﬁge.
The operation of this CATV-LAN will be described
referring to FIg. 35B. It will bé assuﬁed that the
modem 21 sends message 2, having the priority 1, and the

25 message 7 which has the priority 2, while the modem 22



- 51 - Alternatively, a table of the formshown in Figs. 18A, 18B or 18C
can be stored in each nodem For exanple, the tables of Figs. 18A 18B or
18C coul d be respectively stored in the nodens 21, 22, 23 described 5
above: Each tinme any nodem executes a nessage transm ssion, the next entry
i.n the corresponding table is selected by ‘each of the nDdenE as the
retransmssion tinme interval which will be applied by that nodemto the
next nmessage which it transmts. Tkug3 for each nodem 10 the previously
used retransmssion tinme interval (i.e. which nust el apse before

retransm ssion of a nessage begins, after data conflict has been detected)

I s exchanged for the tinme interval that was | ast ysed by sonme ot her nodem

In that way, s@ﬁésr§§ﬁb@ﬁsﬁ§gﬁalu&héFhlgas ERerBRiAF&EYoh i nterval can be

equal i zed, between e, Va1l QUS184°0°1 s TH.OPREE  LRY LahbRLcbTRg 'S 2

' buffer 51 of the modem.21, the priority detection circuit
65 of that mddem.detects that the priority of the message

5 - is 2. ﬁext,.the priority detection circuit 65 obtains.
the transﬁ;ssion level range which corresponas to that
priority (i.e. in this case, 1)’fr6m'the table'shown in
_F'g f35A, and so notifies the-transmissios ievel

| adjustment c1rcu1t 67 that the transmission level range
10 ~.is 90.dB to 80 dB. | -
" The transm;ssionhlevei adjﬁstmeht,circuith67 then
randomly aetermipes-altransmission.level within.that L
'range. It will'be-assumea thattthe'transmissiqn level.
thus-obtaihed'for message'z is és aB. - | ._

-=15 - In addition, the. transmission level adjustheht
;circuit 67 of. the'modem'zz'similariy is notified of a
Ltransm1s51on level range by the priority detectlon
circuit 65 of that modem, and will be assumed to set a
transmission level of 82 dB for the message 3.

20 | If the modems. 21 and 22 respectively.transmit the
-messages 2.and 3 simultaneously, theh the data of message
3 wiil be destroyed by the data of message 2, and will be
subsequently retransmitted. When that.retransmission is
performed, the transmission level adjustment circuit 67

25 of the modem 22 will select a transmission level for



be assuned for exanple that the table of Fig. 18A is assigned to the nodem
21, the table of Fig. 18B is 20 assigned to the nodem 22, and the table
of Fig., 18Cis assigned to the nmbdem 23. It is inportant to note that the
tabl es specify respectively different values of retransm ssion interval,
for t'he sanme nunber of transm ssions. This ensures that 25 respectively
di fferent val ues of retransm ssion interval - 52 - wll be used by any
plurality of nodens which execute retmransnission after data conflict has
occurred, thereby ensuring that data conflict will not occur as a result of
retransm ssion of nessages. 5. Thus, the size of each table (i.e
nunber of table entries) is determ ned by the total nunber of nobdens mhlch
are connect ed ne¢nansmittdng $dieomassage A $hat s WéFP&ﬁsﬁF§stﬁgﬁ PO i

preferably selected Ir]d”“tfoéﬁexample 81 dB
, -

on the other hand, after the modem 21 has
transmitted the,messaée 2, the message 7 wil; be set into
5 the transmitting bhffer 51 of that modem. Since the
.tprlority of message 7 is 2, the prlorlty detection
c1rcu1t 65 of the modem 21 wzll de51gnate to the
_transmlss1on level adjustment circuit 67 that the'
transm1s51on level range ls 80 dB to 70 dB. The_
1d ; transmlssion'level adjustment circuit 67 then randomly'
determines the transmission level for message 7 as, for
example, 78 dB.
| If that message 7 is transmitted by the modem 21 at .
.jthe same tlme that- the message 3 is transmltted by the .
“15_ modem 22, then 51nce the message 3 has the hlgher
| .transmlssion 1eve1, the message-7 will be destroyed.
" . Hence, after the message 3 has been transmitted, the
modem ‘21 will retransmit the message 7.
. In that way, with ‘the sixth enbodiment of a CATV-
20_ LAN, messages which have a hlgh prlorlty are transmitted .
at a high transmission level, so that messages are
_ transmitted successively in order of their prlorlty.
"This embodiment differs from the fifth embodiment in that
it is not necessary to'designate that message

25 transmissions will be inhibited during time intervals



slot time intervals. 10 Taki ng the exanple of nessages 2 and 3, for
whi ch data conflict occurs as described above, then assum ng that the
retransm ssion intervals assigned to the nodens are obtained fromthe first
entrles in table 9a and 9b, the nodem 21 will begin retransm ssion after a
tiome 15 I nterval of one slot tine interval has el apsed, as determ ned by
the table of Fig. 18A while the nodem 22 will begin.retransm ssion after a
time interval of two slot tinme intervgs -has el apsed, as determined by the
table of Fig. 18B.. 20 After retransm ssion has been conpleted, the
retransm ssion control circuit 61 of each nbdem causes the transmitting
control- circuit 52 to halt transm ssion of the carrier. Thus, after the
messages 2 an&@%@%cﬂ#mﬁm%t#mmqmcet WQ%@W MRy 1 er

onto 25 the transm ssion |evel RY nodem 21 and node T
Hence, an overall hlg efflclency of message ransmlssion

can be aehieved._
The operation sequenee for transmitting a message,

5 'perforﬁed by the transmittiﬁg control circuit 52 in
conjunctlon with the transmitted/received data comparator
60, for the 51xth embodlment of the 1nvent10n described
-above, is shown-ln the flow diagram of Fig. 36. |

A_seventh emﬁediment of a CATV~LAN will be desqribed,.
10 "whereby messageetransmiSSion'times'eah be'guaranteede_

- More'preeisely, it can be guaranteed.for eertain_sbeeific

messages that the nessage will be transferred.to the’
'-destination'within a predetermined.tiﬁe-intervalg Hence
~such messages (referred to in the follow1ng as time~

15 guaranteed messages are distlngulshed from other messages
by contalnlng an identifier. The predetermined tlme |
inserval witbin which a time:guaranteed message must be
transferred will be referred to as the gdaraﬁtee.timei
‘interval. -

20 - PFig. 37 shows the configuration of a modem in this
embodiment. As shown, the modem includes a gﬁaranteed
time interval_timer'circuit 68, which performs timing
operations: under the control of the receiving control -
circuit 63. The modem alsc includes a time~guaranteed

25 message register 69, for holding a time-guaranteed



- 53 - will have ended, i.e. the transmtting control circuit 52 of each
nodemw || cease to detect the presence of a carrier on the downstream
stransm ssion path 32. Wen this condition of zero presence of a carrier is
5 detected, the carrier detection circuit 57 of each nodem commands t he
retransm ssion control circuit 61 to update the retransm ssion tinme
dint'erval, i.e. to select the next entry in the correspondi ng one of the
tables. This updating operation is peféorned simultaneously by all of 10
t he, modens, since all of the nodens can detect the cessation of carrier on
the transm ssion- path Wth the above exanple t he retransnission I nterva
which is deteriined f t hu cha ,to 2 slot tine

interval s, whi PESEREE- of&gﬁerﬁﬂﬁg] 39 fo?sf% <h et AL® ot ti e
i | s, d |
Intervals, an éﬁﬁt;@éltég tﬂg 3tﬂ% fligtciﬁggﬁfkéﬁt é’ #es (i e

interval . Wen maxi mum:- nu ransm ssi ons’ 'I'n t
this ‘exanple, 3 trapgpgl éﬁeﬁaﬁiohsoﬁxﬁl@fﬁle&nbé&ﬁﬁ‘enﬁlﬁMF Bé &i@é&ﬁﬂb&@
entry of each of the:

referring to Flg. 38. After a message has- been o

in

5 transferred from the terminal- apparatus 11 and set into
the transmittlng buffer 51 of the’ modem 21, the message
is examined to find whether it contains an 1dent1f1er

“"which speCLfles that the message is a tlme—guaranteed
:7message. If the message is found to be a time-guaranteed
10_-'message, then it is set into the-time-guaranteed message
_Ereglster 69. It Wlll be assumed that a tlme-guaranteed
-fmessage 8 -1 is berng he}d in the tlme-guaranteed -
.message registerlsé of the modem 21,'whi1e a_normal.
'.message 9 -.1'is_being held'in the'transmitting buffer Si'
15  of the modem 21. | ' L |
| -fsimilarly,-it wil;'be assumed that a time-guaranteed
'message=8 - 2 is being held in the time-guaranteed
" message reglster 69 of the modem 22, and a normal message
9-2 is belng held in the transmltting buffer 51 of the

20_ 'modem_zz.

A value for the guarantee time interval has been
predetermined, and that value is held stored within the
guaranteed time interval timer circuit 68 of each of the

nodens.

25 It will be assumed that when the transmission path



20 tables is returned to. It can thus be understood that as a result of
t he above operations, the occurrence of data conflict when * nessages are
retransmtted can be avoi ded, since the values of retransm ssion tine
interval that are assigned 25 to the nodens are always different.

Fur ther, since these - 54 - values are successively changed, for each
nodem the average val ue of retransm ssion tine interval becones identical
for each of the nodens. The operatien73equence perfornmed by the
tramsmtting 5 control circuit 52 in conjunction with the
transmtted/received data conparator 60, for this version of the first
enbodi nent, is-shown in the flow diagram of Fig. It should be noted’

t hat , |nsteadisfi@et@@tﬂd@etﬁ§a$3r taenuPErBA ghe?Bdt%%r%°FEeFG EQrrier

resences on the
P transmlt a message.- If there is a message held in the

tlme-guaranteed message register_69 of a modem,,then the
modem will first attempt to execute operations for .

5 'transmitting that message. ‘As a result. in this example,
the modem 21 will attempt to transmit the message 8 - 1,
while the modem 22 will ‘attempt to transmit the message ‘8

.- 2.- It will be assumed that the modem 22 1s the w;nner,
.1 e. that it succeeds 1n transmittlng the message 8 - 1. =

10 In that case,_the receiving circult 58 of each modem w1ll'

reoelve the-message 8--_1, and. the rece1v1ng control
..ciroult 63 Will reoognize.this as belng a time-guaranteed_
| message, sxnce it contalns the identifier. After the L

tlme-guaranteed message 8 - 1 has. been transmitted, the

15 '-transmlsslon path-returns to the idle condition. -

After tne timnguaranteed message has been .-
transferred over the transmlsslon path,- 1f the
transm1551on control c1rcuit 52 of any modem is waltlng

. to transmlt'a.normal message, then after confirming that

20 the idle'state_of the transmission path has continued for
one slot time interval, the modem beginsftransmission of
‘that message. On the other hand, after the transmission
of the time-guaranteed message has been completed, 1if
another time-guaranteed message is transmitted, then

25 transmission of that message will begin as soon as the



transm ssion path, as a condition for updating each of the tables, it would
be equal ly possible to execute that updating each tine that a data conflict
is detected. It can be understood that with each of the versions 15 of
the first enbodi ment descri bed above, data conflict can be detected w thout
usi g Speci al dedi cated beat detection circuits in the nodens. A second
enbodi nent of the invention will be described, in which respectively

di fferent transm ssion 20 | evel s are?&st abl i shed for the vari ous nodens.
Wth the first enbodi nent descri bed above, the transm ssion |evels of the
nodens are substantially nutually identical. If the transm ssion |evels of

Lhe Lransnt U410 Lol i o E LLOMR SR U SO ooy
woul d occur. That ifnt£b§5§HaH@§”hfgﬁk¥ﬁEeﬂﬁ%ve rules, before the moden

21 transmits the next message (which is a normal message
9 - 1) after having transmitted the time-~guaranteed

5 message 8 - 1, the modem checks to confirm that the idle
time interval of one slot time interval has élapsed.
However at that time the modem 22 is waiting to transmit
‘the time-guaranteed message 8 - 2, and so that modem
begins to transmit the time-guaranteed message as socon as

10 ' the transmission of the time-guaranteed message 8 - 1 has
been cohpleted. Thus, .while the modem 21 is in the
process of confirming that the specified idle time
interval has elapsed, the modem 22 takes the opportunity
to transmit the time-guaranteed message. After that

15 time~guaranteed message 8 - 2 has been transmitted by the
modem 22, the transmission path returns to the idle
state. '

At that time, nbne of the modems has a time-

guaranteed message waiting to be ﬁranémitted, whereas the

20 normal messages 9 -~ 1 and 9 - 2 are respectively waiting
to be transmitted by the modems 21 and 22. Each of the
modems 21 and 22 then waits until one slot time interval
of idle time interval has elapsed, and then these modems

compete to try to transmit the respective messages 9 - 1

25 and 9 - 2.



transmtting data sinultaneously, only the data of the nodem having the

hi ghest transm ssion |level will be transferred normally, while the data
transmtted by the 5 other nodens at the |ow transm ssion | evel would be
effectively erased by the data which are transmtted at the high

trarrsm ssion level. This wll be described referring to an exanple in which
it is assuned that the. transm ssion |level of the 10 transmtting circuit
53 of the mbdem .21 is significantly Riegker than the transm ssion | evel of
the transnmtting circuit 53 of the nodem22. It is assuned that the sane
type of operation as described above for the first enbodinent is used to
detect conflict between 15 transm,ssions In the_sane way as for the first

enbodi ment, as tkmaAqﬁﬁﬁﬂﬁQEPﬁﬁiﬁﬁ%QntGftPaﬁ?ﬁﬁ?ltH@sﬁég§a3952PeFﬁe nodem 22
conf 1 ¢t oocuRbat e RoH Meders 1Hadbe Boden EBen ie PLAREI 3B & | evel of
the modem 21 % 416 UPARF WPy tohe-dakaiel aMBIRaYGuarbntaw I N Flg. 14A)
message, then the guaranteed time interval timer circuit
5 68 of that modem begins a timing operation under the
control of the receiving control circuit 63. When the
guarantee time interval has elapsgd, the gua:antéed time
interval timer circuit 68 sends a “time up" indication
signal to the transmitting control circuit_sz of the
10 ' modem.
In response to that "time up" indication signal,
even if the normal message is still in the process of
be;ng transnitted, the transmitting control circuit 52
halts transmission of that message.
15 As a result of that interruption, the transmission
path enters the idle state, whereupon all modems which
are waiting fo transmit time-guaranteed messages begin to
compete to transmit their respective messages. The time-
guaranteed message held by the modem which wins that
20 competition is the transmitted, and thereafter (in
accérdance with the rules described above) the time-
guaranteed messages held by the other modems are
sequentially transmitted.
In that way, with the 7th embodiment, by ensuring

25 that the time-guaranteed messages which are held in



which are transmtted by the nodem 21 will be accurately transferred to the
destination term nal apparatus, whereas the data of nessage 3 which are
transm tted by 25 the nodem 22 will be replaced (i.e. obliterated) by the
- 56 - data of nessage 2. That is to say, the data 47 which are received by
each ‘of the nmodens will be identical to the data of nessage 2, in spite of

the fact that data confli.ct has occurred. As a result, the nodem21 wll 5
not detect that conflict has occurred,8@md so will continue to to transmit
the nessage 2 until the end of the data of that nessage. In addition, the

nmodem whi ch is the destination for the nessage 2 w | successfully receive
LDt reosade, emers e Sodte S B rd ORI Bt ie o e
recei ving, an%%ﬂxié‘téfrﬂ{ﬂf the guarantee time interval,
transmission of each of such meésages within the
guarantee time interval is achieved, as far as possible.
5 The operation sequence for transmitting a méssage,
performed by the transmitting contrel circuit 52 for the
seventh embodiment of the invention described aboVe, is
shown in the flow diagram of Fig. 39.
Instead of using an identifier in each time-
10 guarantee& message, it would be possible to register a
- requested guarantee time interv&l within each time-
éuaranteed message. In that case, the guaranteed time
interval timer circuit 68 would determine the guarantee
time inﬁerval in accordance with the requested guarantee
15 time interval. For example, it will be assumed that the
time-guaranteed message 8 ~ 1 is assigned the requested
guarantee time interval of 10 milliseconds, whereas the
guaranteed time interval timer circuit 68 of the
correspénding nodem operates wiﬁh a nominal predetermiﬁed
20 guarantee time interval of 5 milliseconds. That is, the
minimum value of guarantee time interval is §
milliseconds. In that case the current value of
predetermined guarantee time interval, in the modem 21,
is excessively short, by 5 seconds. The excess amount (5

25 milliseconds) is therefore added to the time interval



transm ssion of the nessage 3, in the sane way as described for the first
enbodi nent. After transmi ssion 15 of the nessage 2 has ended, nobdem 22
retransmts the nessage 3. Thus, as a result of the above sequence of
operations, both the nodems 21 and 22 can successfully transmt their
respective data. However if after transmtting the nessage 2 the 20 nodem
21 were to continue to sequentially transmt new nessages, then the nodem
22 woul.d not be able to transnit data8dnti| all of the transmissions by the
nodem 21 have ended. Thus the problemarises that there will be differences
bet ween the respective anmounts of data which 25 t he various nodens are
permtted to tran

per i (1ed, 0 LI wo v Daba”Biknb B e E bR bl hEREUST®
transm ssion %&%E&Obf?dufé %95%f02nhhﬁo§2ﬁ°9§,eHBOQhQE”Ehe next time-~
guaranteed message wili be transmitted by that modem
under the condition of a éuarantee time interval of 10
5 milliseconds. 1In that_way, the guarantee time interval
can be extended as required. If the requested guarantee
time interval is less than the minimum vélue, then the
actually used guarantee time inferval is set as the
minimum value, i.e. the nominal value for the timer.
10 That operation is illustrated in the flow diagram of
Fig. 41.

. Conversely, if the nominal predetermined guarantee
time interval is 30 milliseconds, then if the requested
guarantee.time interval of a time-guaranteed message that

15 is to be transmitted by that modem is 10 milliseconds for
example, the time interval which must be measured by the
guaranteed time interval timer circuit 68 is reduced by
20 milliseconds. Thus, the actually used guarantee time
interval is obtained by subtracting.the predetermined

20 guarantee time interval from the requested guarantee time
interval. If the result'is'positive, it is added to the
predetermined guarantee time intérval value, and the
resultant value is used as the actual guarantee time
interval which must be measured by the guaranteed time

25 interval timer circuit 68. If the result is negative,



I's provided with functions which are additional to those 5 of the
transmtting control circuit 52 of the first enbodi ment. Specifically, the
transmtting control circuit 52 of a nodem executes control whereby after
transmi ssion of the data of a nmessage by that nodem has been conpl et ed,
further transm ssion by that nodemis 10 inhibited until an idle interval
of at |east one slot tine interval has el apsed Here,.the term"idle
interval"™ signifies an interval in whi®&h o carrier is being transmtted
over the transm ssion path. The operation will be described referring to
Fig. 15 20. Wth the first enbodi nent, when the nodem 21 has achi eved

ror i 1 nobAgD BleTSBRESEIAL NSHL YO WBRE ME R by the
that the message,ibhcled Schifl NhEBlvhY il (JBRYIH 6P Wt lad ket 20

cleared. Wien”a new nessage is sequently set Into the transmtting
buffer 51, theréquestéd dgitr&Mtde Aind ritdrvalodHagia meizaicril ons for

transmtting that new nessage. 0137
Transmission of the time-~guaranteed message is thereafter

5 executed, using the updated value of guarantee time
interval. 1In that way, it is possible ta either lengthen
ér shorten the guaranfee time interval, if necessary.

The above operafioné are illustrated in the flow
diagram of Fig. 40.. |

10 - In that way, the actual guarantee time interval

| which is used in transmitting a message can be determined
as the value of guarantee time interval that is strictly
necessary for thét'message, since it becomes possible to
transmit messages by using respectively different values

15 of guarantee time interval. | |

An eighth embodiment of a CATV-LAN will be
describeqd, in which the modems are divided into'groups,
and messages-are transmitted sequentially by the groups.
The transmission efficiency can thereby be increased.

20 . As shown in Fig. 42, a modem of such a CATV-LAN
includes a group ID register 70 for storing a group ID
(i.e. a group identifier number), which specifies the
group to which that modem belongs, and a group ID counter
71 which holds a count value specifying the ID number of

25 the group which is currently in the process of



However with the second enbodi nent, when the 25 transmtted/received data
conparator circuit 60 has - 58 - detected that all of the received data
match the transmtted data of the nessage 2, then the transni ssion control
circuit 52 has the added function of executing a transm ssion inhibit
operation. As a result, evenif a5 new nessage is then set into the
transmtting buffer 51, the transmtting control circuit 52 wll not
execute transm ssion operations untr|88he transm ssion inhibit condition is
rel e€ased. It will be assuned that a new nessage 5 is set into 10 the
transm ssion buffer 51, after transm ssion of nmessage 2 has been conpl et ed.

The tr t,52 I h '
condi t1on at EREREBAKELPA EPAEEWRER PRECESL:Phroob ERar AR ORIy

detects that phe i,dkeqstat nlagenQPhiAYCdohPlo@al fTlis identical to
| that of the first embodiment (Fig. 4)
The modems are d;vided into the groups in such a way
5 that each group contains modems which have a high
transmission level and modems which have a low
transmission level. This serves to ensure that even if
modems within the same group attempt to transmit at the
same time, so that data conflict occuré, the capture
10  effect will ensure that the message transmitted by the
lmodem having a high transmission.level will be correctly
ffansmitted.
-It will be assumed that the modems 21, .22, 23 and 24
have'respecti&e transmission levels whose magnitudes
15 relationship can be expressed as:
nodem 21 > modem 22 > modem 23 > modem 24.
It will also be assumed that the modem 21 is to transmit
the message 10, the modem 22 is to transmit the message
11, the modem 23 is to transmit the meéessage 12, and the
20 modem 24 is to transmit the message 13. In that case, if
the modems were not divided into groups, then |
transmission of the messages might occur as illustrated
in Fig. 43A |
As shown in Fig. 4327, the modems 21 and 22 are

25 assumed to attempt to transmit their respective messages



15 one slot tinme interval. After the nodem 21 has conpl eted transm ssion
of the nessage 2, if no other nodemwere to imediately initiate data
transm ssion, then the idle condition would continue until one slot tine

i nterval has el apsed. However if 20 during that tinme, i.e. while the
mpdem 21 is inhibited fromtransmtting a new nessage, the nodem 22
detects that transm ssion of the data of nessage 2 has ended, then the
nmodem 22 immedi ately begins retransnis8#orm of the data of message 3. 25

| f the tinme which el apses fromthe end of - 59 - transm ssion of the
message 2 until the start of retransm ssion of the nessage 3 is | ess than

oot time i ntefSait than BRS day Gicr 81 8% SRecsananFingy t RuS baches
begi ns while t?ﬁckriﬂiﬁ‘Ehb”@ransmiSSLOn levels of the messages are
similar, the capture effect will not occur, so ﬁhat the
data of both of the messages will be destroyed. As a
5 result, the message 10 (10 - 2) will be retransmitted by
the modem 21, and then (after waiting for completion of
transmission of message 10), the modem.zz will retransmit
the message'll (11 - 2). Thereaffef, tpe modems which
have the lowest trénsmission levels will transmit, i.e.
ld ' thé modem 23 will transmit the messagé 12 and the modem
24 will transmit the message 13.

The case will now be considered, referrihg to Fig.
43B, in ﬁhich the four modems 21 to 24 ére divided into
two groups, with the modems within a group having

15 substantially- dlfferent transmlssion levels, i.e. group 1
.which is made up of the modems 21 and 23, and group 2
which is made up of the modems 22 and 24.

First, the group ID counter circuit 71 in each of

the modems 21 to 24 is set to a value.of 1,° and in that

20 case, only the modems which hold that ID number 1 of
‘group 1 within the group ID register 70 (i.e. the modems
21 and 23) will be enabled to transmit. Even if the
modems 21 and 23 transmit the messages 10 (10 - 1) and 12
(12 - 1) respectively at the same time, there is a

25 sufficiently great amount of difference between the



control circuit 52 of the nodem 21 is continuing to maintain the

transm ssion inhibit condition. After transm ssion of the nessage 3 has
been conpl eted successfully, if no data are then transmtted 10 by any

ot her ‘nodem the idle condition will be maintained for one slot tine
irntérval. During that tinme, the transmtting control circuit 52 of the
modem 21 rel eases the transm ssion inhibit condition, so that the data of

t he new nessage 5 which had been set 8%to the 15 transmtting buffer 51
is then transnmtted by the nodem 21. It can thus be understood that as a
result of the above operations, the sane rates of data transm ssions can be

(RS IR M RN TR TETE -
e PR R TR dBonRE BRES M Ve dd TS Lyt s 0L 1 CL
for the secong,SRDeSFaeNy ePafgnfttded aPO¥e, 4fe modem 23 succeeds in
retransmitttng the message 12 (12 - 2). When the idle
5 condition is found to have continued for one slot time
interval, while the group 1 modems are enabled to
transmit, then this is taken to indicate the
transmissions of the group 1‘modems.have been completed.
Specifical;y, when thaf occurs, the receiving control
10  circuit 63 in each modem increments the value held in the
-group ID_cdunter by 1.

'As_a fesult, the modems of group 2 are now enabled
to execute message trsnsmissions in tﬁe same‘way as
described above'for_group 1. If none of the modenms

15 within the group are waiting to transmit a message, then
after one siof time interval of the idle state of_the
transmission level has elapsed;'the group ID counter in
each modem is again incremented by 1. After all of the
modems in the group which has the highest gfoup number

20 have'completsd transmission of their messages, snd all of
these messages have been received, the group ID counter
circuit 71 in each modem is reset to a value of 1.

As can be understood from the above, this embodiment
ensures that conflict will occur only between signals

25 which differ as much as possible in level, thereby



- 60 - shown in the flow diagramof Fig. 22. The correspondi ng operation
sequence performed by the receiving control circuit 63 in conjunction with
the transnitted/recei ved data conparator 60, whereby after a nessage has
been 5, correctly transmtted by a nbdem transnmitting of a succeeding
nmessage by that nodemis inhibited until a predetermned tine interval has
el apsed, is shown in the flow diagramof Fig. 23. In the above, it has been
assuped that the second 10 enbodi gegg of the invention uses the sane

met hod of conmunication control as that of the first enbodi ment. However it
woul d be equal ly possible for the second enbodi nent to use a conventi onal
nmet hod of conmuni cation control based on detection of a beat conponent. In
that case, 15enswkdngcshaki heoeantursceffioet (Whll2ecur ansihetamonhtone of

t he nodens are obliterated and reglgced b ,tﬁg data .
of time overhead that is required to execute

" retransmissions is thereby reduced.
The basic operaﬁiqns performed by the group ID

5 countér and register of this embodiment, in conjunction
with the transmitting control circuit 52, are shown in
the flow diagram of'Fig. 44.

'Division of the modems into groups as described
above can also be applieﬂ to a system iﬁ which time-

10 tguaranteed meséages are transmitted. In that case, since
thé ret;énsmission time overhead is reduced, because of
the effective use of the capture effect, it becomes
possible to more reliably satisfy the time guarantee
requirements. | |

5 A ninth embodiment of a CATV-LAﬁ will be
described,in-which even if the upstream transmission path
is not yet in the idle state, transmission of a message
can begin if the dowﬁstream transmission path has reached
the idle state

20 As shown in Fig. 45, a modem in such a CATV-LAN
includes a path length comparator circuit 72.for
comparing the path length between that modem and the head
end apparatus 4 and the length of transmission path that
is currently occupied by data which are being received by

25 that modem. The remaining parts of the configuration are



transmtted at a high transmssion |le
tr _ vel by another no
-rege?SégC;iBE:f cggfllgh has occurred, based on a beatdgrgsgggg ?ﬁCPthdem
oo ved S o co 0 at can be achi eved by neasuring beforehand the
(Sath of one trazgnyfnt in t he recei ved signal when data conflict occur
data of ore t ted message are obliterated by data of another >
. ssage which is transmtted at a higher output |evel) and by

nggsterlagehhah 23 “‘measur ed beat 82vel in each of the nodens I n that

C o At ermined b etheat level of a received signal is outside a range mﬁ'

confl y that registered value, a modemw || jud D ch
I ct has occurred. Except for that judge that data

woul d be 5 9 {hgeopggataon in that c '
However in ﬁbﬂ%&thant@hbbﬁt°§e§bﬁlﬁ@8°ég%%% for tﬁ% second enbod|ngﬁ?

perforned to a hﬁ&ieb;;mﬁot(‘i}o?—. 2% BCCRRAYLAR wille beagiederibefon to be
referring to Flg.' 46. It will be assumed that the nodem
21 has transmitted the message 10. As that message

5 . travels over the transm1551on path, then at any
_partlcular 1nstant, a spec1f1c sectlon of the
transmlssion path is occupied by the data of that
-message. If the message is short, i. e.’ -is formed of only

Ca small number of data, it the transmisslon blt rate is .
10 hlgh, or'1f the rate of data transmissxon is 1ow, (1.e.
o in relation to the tlme requlred for data to traverse thea
'.transmlss10n path from a’ modem to the head end apparatus‘I
and back to that game modem) then only a part of the
total transmlsslon path w111 be occupled by the message,

15 at any one time, as the message travels along that path.,
In Flg...' ' ", 10" denotes a sectlon of" the transm1s51on
path whloh 1s occupled by the message 10, at some instant '
while that message is travelling over the transmlssion
path. ‘In the following description it will be assumed

20 that the modem'éz is waiting to transmit a message;

With each of the embodlments of the invention which
have been descrlhed hitherto, the modem 21 would wait
until the downstream transmission path 32 reaches the
jdle state, before beginning transmission of its message.l

25 However with this embodiment, under the condition shown



accuracy, and problens would arise due to noise in the 10 recei ved data.
For that reason it is preferable to use the communication control nethod of
‘the first enbodinment. A third enbodi nent of a CATV-LAN according to the
present invention will be described, wherein transm ssion is executed in
accordance with the priority of a nessage, 15 where "priority" signifies
‘a value which is assigned to a nessage, for indicating howrapidly the
message nust be transnmitted. The |ower8& e priority that is assigned to a
nmessage, the greater is the amount of delay which is perm ssible before the
nessage is transmtted. 20 Fig. 24 shows the configuration of a

Cireuit 65 whi Oh ¥ectes (HE 7 .%%‘ﬁfﬁf%a'?o‘f?%%gﬁﬁ?ﬁe%%%ﬁry% mescage.
and temporari '&A%P%foﬁhaccor SN & é&g@fdmﬂ%éﬂs#&s{wmt“ ng.

control .CcIrc e priority
without waiting for the modem_zz to end transmission so

that~the transmission path'reaches.the idle state. The
5 - operation willlbe.described inhtheifollowiné '
-_ | When the nodemizz'receives_a message from the
-downstream transnission'pathf3;,'the length of. that -
. message .is stored in. the:received data counter circuit
59, and thereafter, as each successive byte of the- '
10 . message is received, the value held in -the received data
t-counter circuit 59 is decremented. Hence, the-received
data counter circuit 59 always holds a value Wthh
'expresses the length .of the part of the message which has
| not yet been received. - L ' -
.15 :. The path length comparator circuit 72 compares the_
_value that is held in the received data counter clrcuit
- 59 (after converting that value to an equivalent value of
transmission path occupancy length) With the return path
distance-hetween_the modem 22 and the head end apparatus
20 4 -(which has been.fixedly stored beforehand in the
moden) Based on that comparison, if it is found that
the. occupied path length is shorter than the return path
distance, then this indicates that the upstream
transmission path 51 must be in the idle state, and so

25 path length comparator circuit 72 permist the



- 62 - remainder of the enbodinment is identical to that of the first
enbodi ment of Fig. 4. Wien a nessage is detected as having a low priority,
the priority detection circuit 65 inhibits operation of 5 t he

transmtting control circuit 52 until it is detected that an idle tine

i nter'val of the transmi ssion path has el apsed which is equal to nore than 2

slot time intervals.
modem of this enbodinment is identicalgdo-that 10
Fig. 25 shows a nessage 7 which includes a priority.
. e.

then the message is

enbodi ment above.

will
2..

If no priority is registered within a nessage,

be assumed that the priority can take either of two val ues,

The operation of the remaining parts 51 to 64 of the
descri bed for the second

|t
1 and

treated as hayj ?gsﬁlkﬁlngptbﬁtrby olréuifhs2oberpeddn BESBATE CATV- LAN wil

be described re

erring to Fig. 21 It will be ass

hat. the nessage 2

and nessage Stza@skdsedch mmuteuabylﬂﬁef%dﬁﬂ?2§°wﬁﬁ FPR%t nodem 22 is

to transmt ‘the message 3,

: transmrssxon path 32 to attaln the idle state.

10

15

20

25

'-the modems

Since lt becomes unnecessary for the modem 22 to

wazt untll the downstream transm1551on path 32 has

treached the 1dle state, the reduction 1n waltlng tlme of

of the system. .
The basic operatlons performed by the transmlttlng

“ 'the dlstance value comparator 72, are shown 1n the flow

: dlagram of Fig. 47.'

A tenth embodlment w1ll be descrlbed .whlch '

constitutes a v1deo.camera monitoring system. . As shown o

iﬁ Figé’48, this-CATV-LAN'consists of:a plurallty of -
monitor video cameras 16, monitor cisplay_units 15, a
'control terminal apparatus 14 whichjcontrois the
operation of the cameras 16 and the selection of video
sxgnals to be supplied to the monltor dlsplay apparatus

15, in addltlon to the head end apparatus 29 and the

- transmission path 30. The transmission path 30 can

consist of a single cable, as indicated. Techniques for

' enabiing this are well known, so that description will be

omitted. Each of the monitor video camera 16, monitor

display apparatus 15 and control terminal apparatus 14 is

serves. to 1ncrease the transm1ss1on efflclency

) control Clrcult 52 of thls embodlment in conjunction with



20 and al so a nmessage 7 which has the priority 2. Since nessages 2, 3 and
5 do not have a priority registered therein, each of these is treated as
having a priority of 1. Messages which have a priority of 1 are transmtted
in the sane way as for the second enbodi nent 25  descri bed above, in which
prierities are not used. - 63 - The transmtted/received data conparator
circuit 60 of nodem 22, after transmitting the nessage 3, designates that
the nmessage contents of the transm tti9fg -buffer 51 are to be cleared. It
wi | k be assumed that inmediately 5 thereafter, the message 7 (having the
priority 2) is sent fromthe term nal apparatus 12 and is set into the
transnlttlng buffer 51 of the modem 22. When a nNEssage S et into that
transmitting iRgAngcted via goqens 54 da A Transmy; %65 * 65 detects the

pri or! ty-10 _Of the.[t ssaaqne essenéirael &reaq{drté/ 'fs t%ist re%%otdrl%e% Ocrhiaté/ -

the head end.apparatus 29 continuously generates a
- synchronizing signal, which it modulates and transﬁits
-5' along the downstream transmission path together with the
signals-from tte modems, for example by frequency-
multiplexing the'synchronizing signal with the other
'signals which are conveyed over the transm1s31on path 30.
‘As shown in Fig. 49, a modem of this CATV-LAN -
S10 1ncludes a synchronizing signal receiving circuit 73 for
"receiving the synchronizing Signal which is superimposed
. on the transmission path, a message processing section 75
for executing messages ‘which are received from the
";transmission path or from the terminal apparatusall, In
15  addition, a modem 26 which is coﬁnected'to a monitor
. video camera 16 also includes a Video data transmitting
'-Circuit 76, while a modem 24 or 25 which is connected to
a monitor display apparatus 15 also 1nc1udes a video
receiving c1rcu1t 77. Such a modem also includes ‘an
20 operation sequence register 74 for storing an operation
sequence which consists of operations that must be
:sequeotially executed Qhen receiving or transmitting
.video'data, and for generating corresponding control
signals. The contents of the operation sequence

25 register 74 are not fixedly predetermined, as a special



detection circuit 65 inhibits transm ssion operations by the transmtting
control circuit 52 until it detects that a tinme interval has el apsed which
.is greater than 2 slot tinme intervals. 15 In the exanple, after one
slot tine interval has el apsed,- the nodem 21 transmits the nessage 5, so
that the transmtting control circuit 52 of the nodem 22 does not begin
transm ssion of the nessage 7. After nessage 5 has been transmitted, if 20
transm ssion of no other nessage by a Addem occurs, then an idle tine
interval (of the transm ssion path) of nore than 2 slot tine intervals wll
el dpse. In that case, when the carrier detection circuit 57 of the nodem 22

det ects that aﬁYPGIthPﬁésPﬁFeKFSPeSFeQStﬂDFE FRenfolle¥ing a8 fnterval s

has ‘el apsed, tf1g oy 5nBhs wbi3030) ! baRISOBLEOn L EH taF2et Gl ggsed from

been sent from another modem. The operations of the
operating sequence register 74 are synchronized with
5 synchronLZing s1gna1 pulses, which are received from the
downstream transmission path 32 via the synchronizing
-_signal receiving circuit.73._ Specifically,fthe'contents
.of a synchronous message which has been previously
received and set into the operating sequence register 74
10 can be read out at an appropriate time, in synchronism
w1th a synchronizing signal pulse from the synchron1z1ng
51gna1 rece1v1ng 73, and transferred via the receiving
buffer 64 to the message processing section 75. The
message processing section 75 then generates,specific
15 = control signals in accordance with the contentsjof that
_ synchronous nessage, for example a control signal to
designate the modulation frequency (i.e. transmission
channel) at. which the v1deo 51gnal is to be transmitted

—r—

by the video signal transmitting circuit 76.

20 The operation of each monitor Viueo camera'ls_is
‘also synchronized'uith the-synchronizing signal pulses .
fobtained.from the transmission level, so that for exanple
the uertical synchronizing periods of all of the monitor

cameras are mutually synchronized.

25 The video data transmitting circuit 76 receives as



inhibit condition, and so transmts the data of nessage 7, in the sane way
as descri bed above for the first enbodinent. 5 Thus with the above
operations, transm ssion of nmessages having a low priority is executed
after all nmessages having a high priority have been transmtted. The

oper ati on sequence for transmtting a message, performed by the
transmtting control circuit 52 in 10 conjunction with the
transm-tted/received data conparatar §9,-for the third enbodi ment as
descri bed above, is shown in the flow diagramof Fig. 26 If a plurality of
different priority levels are used, then.it becones possible to execute
control wher epypdé théhelaéansﬂgﬁalrmramnarmnnitornﬂldénzQ#m%rmﬁﬁén1|s

i nhi bi.ted fron1¥ransn155|on operations until it has been detec%%d t hat the
idl e time intandabxbeatesnnodudatésrtle videyraional 132 RS ot tine
interval, with that integral multi Ie bej ng efmned in cordance with
the 20 priompdylatian §§ﬁ§@nﬁhl that %ﬁutéhﬁ;f%ﬁ?ﬂ???%n@ itted by that -

”Dde”‘ - spec1fic channel), to ‘achieved frequency division
'5'__mult1p1ex1ng of the v1deo signal, and supplies the
- resultant signal to. the upstream transm1551on path 31..
The video s;gnal receiving circuit 77 a modulated video
signal from the downstream transmlssion path 32, and
converts that to a correspondlnq baseband v1deo 51gnal,.
'10l: whlch is supplled to a monitor dlsplay apparatus 15.
The basxc functlons of selectlvely process;ng normal
(i e. asynchronous) messages and synchronous messages
are conceptually 1llustrated 1n the flow dlagrams of Fig.
50 |
15 In the foliowing; a descrintiongnill'ne given of
operations whereby the control terminal apparatus 14
selects video_signals from each monitor ?ideo.camera ls6, .
which is connectedjto a corresponding modem 26,'and .
causes the video signal contents to be displayeo_by.a
20 specific monitor dispiay apparatus 15 which is connected
to the modem 24.
The control terminal apparatus 14 sends a "receive
on channel.A" command'(in the form of a synchronous
_message)-to the modem 24, and also generates a "transmit

25 on channel 6" command, (also as a synchronous message)



In that case,

a nessage having a | ower

havi ng a 25

for exanple, it would be possible to inhibit transm ssion of

priority of 3) until 3 slot tinme intervals have el apsed,

priority than the nessage 7 (for exanple a nessage

65 - and to inhibit transm ssion of a nessage having an even |lower priority

(for exanpl e,

a priority of 4) until 4 slot tine intervals have el apsed.

that way, transm ssion. of lowpriority nmessages is inhibited until 5

transm ssi on of al

Thezoperation sequence for transmtting a nmessage, performed by the
transmtting control circuit 52 in conjunction with the

transmtted/ réﬁ@i%(ﬂﬁﬁ&@%@rﬂmﬁeﬁ & mHSiem A f@PesEP@I‘fségﬁomzﬂcﬁFﬁﬁé?%l on

of the third enbodj nent homm e fl ow di agr.a |g fourth
qﬂé o Upon receiv ng t "rece ve

embodi ment of SEARA Lﬁ\l%&

- 10

‘15

on channel AR message, sends a control 51gna1 to the

-video data recezvxng circuit 77 whereby.that circuit is

set in a condition for receiving video data which are
transmitted on channel A.

‘The message "transmit on channel A" is sent via the
transmission path to the destination moden 25,'and is set

1nto the operatlng sequence register 74 of that modem.

. The message processlng section 75 of that modem, upon -

subsequently rece1v1ng operatlng 1nstructlons from the

-operatlng sequence reglster 74 (these 1nstructlons belng'
_selected from predetermlned instructlons stored in that
'register, in accordance with the contents of the message

: that has been ‘set 1nto the register) sends correspondlng

- ‘control 51gna1s to the video data transmltting c1rcuit 76

20

25

of the modenm, whereby a v1deo ‘signal from the

corresponding monitor video camera is transmitted as

channel a modulated video data via the transmission path.

‘These operatlons are illustrated conceptually in
Fig. 51.

In-that-way, a video signal'from the corresponding
camera.16 is transmitted as data which are modulated at
the channei A frequency, via the transmission path, to be

received by the video data receiving circuit 77 of modem

nmessages having-ad9s gher priority has been conpl et ed.

In



present invention will be described, whereby the priority which is assigned
to-a nessage is changed in accordance 15 with the anmount of data that is
to be transmtted by a nodem Fig. 28 shows the configuration of a nodem of
this enbodi nent. As shown, this includes a priority alteration circuit 66
for changlng, I n accordance with 20 the length of a nessage that is being
held in the transmitting buffer 51, the priority.-that is detected by *

the prirority-detection circuit 65 feroghat nmessage. The remaining
configuration of the nodemis identical to that of the enbodi nent of Fig.
24. 25 The operation of this CATV-LAN will be descrjbed - 66 -
referring to Big. and so| digpilpypé Hgsﬁhﬁdc?ﬁﬁ?s?ﬂ%dméﬂ?@£t?¥ aRipiay
messages 2 and 5, the nodem 22 transmts the message 3, and. al so transn1ts
a message 7 mﬁpﬁﬁrﬁ§§sa15'

Wlth the system described above, the respective
'operatioms wh;ch must be executed to perform video data
5 receiwing:amd'transmission operations_are stored
| beforehand as an“operation sequemce, in the operation
.sequence reglster 74 of each modem. iIn that-case, it is
.p0551ble to ensure that a- rece1v1ng operatlon (i.e. to
recelve and transfer v1deo data to a monztor dlsplay) is
:'iO -executed by each of the modems at the same time, i.e. at
a- time when the synchronizlng 31gnal receiv1ng circuit 73
of each modem receives a synchronlzlng pulse from the
downstream transmlsslon path 32 However in lmplementing
such synchronlzation of the operations of the modems by
15ftu51ng synchronlzlng pulses in that way, it is 1mportant
- to note the followxng points. | |
| In Fig. 524, the modem which is currently
transmlttlng sends a message 14-1 whlch is synchronized
'w1th a synchronlzing signal pulse, while the modems 1 and
- 20 2 Wthh are in the recezv;ng condltlon should begln to
‘execute a recelving operation in synchronlsm with that’
same synchronizing signal pulse. However due to |
transmission delays, it is possible that the time at
which the receiwing modemll receives that message (i.e.

25 as the message 14-2) and the time at which the receiving



priority of 2. 5 It will further be assuned that when the nessage
| ength exceeds 50, the priority alteration circuit 66 executes operations
to set the priority of the nmessage as 1. After the nmessage 3 is transmtted
by the nodem 22, 10 the transmtted/received data conparator circuit 60
of thai nodem clears the nmessage fromthe transmtting buffer 51. It wll
be assuned that the nessage 7 is then imediately sent fromthe term na
apparatus 12 to be set into the traansggssion buffer 51 of the npdem 22. 15
The priority alteration circuit 66 then detects the priority and the .
nmessage | ength of the nessage which is being held in the transmtting
buffer 51. | npbdiewn Qa&eceuhesnkhgagesiag&s( he.pasotheymessageetér3gdi nce

t he nessage length is 80, the prlorltﬁ alteration circuit 66 2Q . controls
the priority sdfdchbieodififerent &9 as ﬁ&t&§§|§H3FhEhﬁrF8Fﬁﬂylfgto t hat

st M EC DR IR RS B B N

point when ‘it receives_pnlse P1 of the synchronizing
5 signal,”whereas'the receiving modem 2 will begin its
receiving operationiat;the.time point'when it receives
pulse P2 of the'synchronizing signal. As a result,‘fhere
will be dev1atlon between the timings of respectlvely o
operatlons performed by the modems 1 and 2. 1In order to
iot-.prevent thls,=as shown in Fig. 523, it lS ensured'tnat -
. the transmlttlng modem does not end transmission whlle
the synchronizing 51gnal is being asserted but contlnues.'
.to_transmit the:carrier, As a result, the receiv1ng-
modens 1 and-g will eacn;begin a:receiving operation 'in
15 _synchronismfwitn the same synchronizing puise, i;e,'the
pulse P2. o | '
In that nay; arplurality of_nodems can-be controlled
to execute such operations as'switching‘of'video'signals;‘
' in a mutually synchronized manner} by_ensuring_thaﬁ'all
20 ‘of the modems_are synchronized by the same synchronizing
| pulses; Thns'for example, video data switching
.operations can be executed in synchronism with the
vertical synchronizing pulses of video signals which are
produced by a plurality of nonitoring cameras, with no

25 disorder in the resultant pictures which appear on the



command fromthe priority detection circuit 65, so that 25 after one
slot tinme interval has el apsed foll ow ng the - 67 - end of transm ssion

,of the nmessage 3 (in the same way as for the second enbodi nent) the
transmtting control circuit 52 of the nodem 22 inplenments transm ssion of
the nessage 7. Wth the exanple of Fig. 29, the nodem 21 5

-si-mil taneously transmts the nmessage 5, so that data conflict occurs.
Hence, after transm ssion of the nessa§é 5 has been conpl eted, the nessage
7 is,retransmtted. The operation sequence for transmtting a message, 10
pefforned by the transmitting control CIFCUIt 52 in conjunction with the
transhi tt ed/ r ePONFERTI A §p@ arator for the fourth enbodi nent of the

i nvention descri bed_ab S fl ow di agramof Fig,' 30. In the
above it has been agguﬁéa Pﬁé? ﬁggerBrF b&eh usgafn}°r monitor

v1deo cameras and monitor dlsplay units to be connected
by basebandfvideo signals. This has caused problems with
5 ':regard to the‘difflculties in arranging'wiring between
the apparatus units, when there are'a number of cameras.
 -W1th the above embodlment of the present 1nventlon
'however, a plurality of v1deo slgnals can be multlplexed
and sent_along the same transmission path, and hence_the
'10. amount'of oonnecting cables required for the system can
be reduced. Moreover with the present 1nventlon, even if
a low rate of data- transmlss1on is utlllzed, - for example
9600 BPS, the control s1gnals can be transferred w1th1n
uguaranteed tzme 1ntervals, so that the the response -
15i characterlstlcs for camera control and v1deo 51gnal
-sw1tch1ng can be guaranteed. Hence, the inventlon enables
a monitorlng camera. system to be implemented by us1ng
low-speed low-cost modens. ' .
With the_eleventh embodiment of the inyention, when.
20 -conflict'occurs between messages that are transmitted at
respectively different transmlssion levels, so that only
the message transmitted at the high transmission level is
correctly sent, the starting point of that correctly sent
message can be clearly defined, when the data are

25 received by a destination modem.



15 assigned to a single nessage is altered in accordance with the nessage
| ength. However it would al so be possible that a plurality of nmessages are
simul taneously present in the transmtting buffer. |In such a case, it
woul d be possible to change the priority assigned to each 20 of these
nessages in accordance with the total nunber of nessages, or in accordance
with the total length of the nessages. Thus, by the above operations, data
can be transmitted on a priority basrs®7im a system having a 25 plurality
of modens which transnmit and receive data. - 68 - Afifth enbodi nent of

a CATV-LAN according.to the present invention-will be,described, whereby in
order to effectivel VR &MTdquration oft 8cRodeReOf r thif CATYRLAN, dFs of ‘the

e L Mol STy S A I9h.V % bEenun, tnis Th1udks"ROBEebBB1e
. transmltting 01rcu1t 78 for transmittlng the carrler
_durrng a preamble tine interval,.lmmedlately prior to.

5 transmitting a message, and a preamble receiving circuit
79 which‘ciears data-stored in the receiving.bdffer and
'1nitia11zes the received data counter, when the carrler'
_alone is received (i.e.without the message) during the
;preamble tlme 1nterva1. In other respects,;this:

- 10-.tembod1ment is 1dentica1 to the first embodiment;

This operatlon of thls CATV-LAN embodlment will be
.. descrlbed referring to Flg._54. First, it will be
r_assumed that the message 3 is sent from the modem 22 to
-.the modem 23 as 1ts destinatlon, and that whlle this is
15 "zln progress, the modem 21 beglns.to transmlt the message
2 Wthh also has the modem 23 as its destinat1on. It
w111 further be assumed that the transmission 1evel of
the modem 21 is hlgher than that of the modem 22.°
| When transmission of the carrler by the carr:.er '
1_20 generating circuit 54 of the modem 22 begins, prior to.
the start of transmitting the message 3, the‘preamble 
l‘transmltting circuit. 78 of that modem designates to the
transmlttlng control circuit 52 that the carrier is to
contlnue-to be transmitted durlng the preamble time

25  jnterval. Thus, the carrier is first transmitted by the



enbodi nent .
circuit 67,

As shown, the nodemincludes a transm ssion |evel adjustnent

for randomy varying the transm ssion | evels at which nessages

sare transmtted by the transmtting circuit 53 and the carrier is 10
transmtted by the carrier generating circuit 54. The remainder of the
configuration is identical to that of the nodem of the first enbodi nent,

sshown in Fig.

4. Wth the transm ssion nethod used in the second

enbodi ment of the invention, whereby T tTansmi ssion 15 - levels of the
respective nodens are fixed, then as shown in Fig. 32A, nessage

t ransm ssi ons \ﬁqddenﬁ@?)éﬁ;ﬁ

nsm ssi on

f n|t de of, tr
| evel. As a result, nodens w tﬂé’ %ﬁ%%% of. réﬁ?ﬁfggﬁdn Eheist wait

until conpl eti mg@‘agms_gsqge oMt egons by those nodens 20 Whl ch have
hi gher transm.ssion | evels, before executing nessage transn ssions -

t hensel ves.

I f the rsinkﬁrmmdy,cItmeapeehawnéaltueasﬁ&tt&ﬁasPﬁh&%’u&% evele al so

have transm ssion | evel values which are not substantially different, then
t hese nodens withie modemaiile cpuses shecoaeriér alenpetbi pe tehnamimt&@!ons

at tines

10

ich are close

by that modem durlng the preamble time interval, with the
- message 2 then being transmltted by that modem. |
. When confllct occurs between the message 3 from the
modem -22 and’ the message 2 fronm: the modem 21, then 51nce

"the transmlssion level of the modem 21 is the hlgher of

' the two, the. message 3 is obllterated by the carrier of -

.the message 2 that 1s_transm1tted by the modem 21;

Henoe, each of the modems 21, 22, 23, after feceiving a

' - part of the data. (i. e. the first datum 3-— 1} of the

_15';"

20

25

message 3 thereafter receives the carrler, then receives.
the data of’ message 2 (2 - 1, 2 - 2, ......2 - 30), W1th
the total message thus received by each moden belng
des1gnated as message 48 in Fig. 54. The modem 22.whioh
is in the pfocess'of transmitting the message 3 thereby -
detects that the data which it is tramsmitting are

different from the received data, and so halts

© transmission of the message 3 after having transmitted

“the datum 3 - 8..

The destination modem 23 first receives the initial
datum 3 - 1 of the message 3, and so updates the

receiving counter 59 from a count of 0 to 1, and then



- 69 - together, so that there is a high possibility of data conflict
occurring at these retransm ssions. However since the transm ssion |evels
s0of these nodens are close to one another, the capture effect will not
occur, and 5 hence when conflict occurs, the data transmtted by each of
t hese nodens will be destroyed. Wth the fifth enbodi ment, in order to
fprevent such a condition, the transm ssion |evels of the transnlttlng
circuit 53 and carrier generating circ®® 54 of each 10 nodem ar e
randonly varied, thereby enabling the capture effect to be

efTectively. ut 'f'"r{d% f&a@%épeo éttoga%tu {hl s GATY Ay el lthgs:h(t‘:ﬁec rn{olaaem

referring to Flg Fom't Ae - changes na

;ransmssi on | elikedilie QD R MY QUL ihaRIRY WrS enbfleflebGabel O Y mg;f
irst 15 - enbodi nent. First. tt wll be assune IS to
- 23 thus stores.the datum 3 -1 in the receiving buffer
h: 64. _ | |
5 :_ - The moden 23 thereafter receives only the carrier,
B during the preamble time interval of message 2. The
preamble receiving circuit 79. of that modem thus. detects'
that the transmitted data are not being received and so .
"fcauses the receiving buffer clearing-circuit 62 to clear
iiO '-ithe rece1v1ng buffer 64, and’ also. initializes the count
| value of the received data counter c1rcu1t 59. The datum
.:.3 -1 which is. stored in the receiving buffer 64 is -
'.thereby cleared and the received data counter circuit 59
‘reset to a-count of zero. The modem 23 has thus been
15 Z'Ireturned to the condition which existed prior to
L receiving the message 3.
The receiving circuit 58 of that modem-then
receives the. initiai datum 2 - 1 .of the message 2, the -
| received data counter circuit 59 is updated to a count of "’
20 1, and 1t is judged that the modem 23 itself is the
' destination which is expressed by the datum 2 - 1 which
has been stored in the receiving buffer 64. Thereafter,
in the same way as described .for the first embodiment,
- the data (2 - 2, 2 - 3, .....2 - 30) of message 2 are

'25  sequentially set into the receiving buffer 64, and the



transmt the nmessage 2 and the nbdem 22 is to transmt the nmessage 3. In
each of the nodens 21 and 22, .the transm ssion |evel adjustnent circuit 67
random y changes 20 the transmission |evels of the transmtting circuit
53 and carrier generating circuit 54 within a fixed range of variation. It
will be assumed for exanple that the transm ssion levels of the
t¥ansmtting circuit 53 and the carrlﬁh ggneratlng circuit 54 of the nodem
21 are 25 each set at 50 dB, while e transm ssion |levels of the - 70
- transmtting circuit 53 and the carrier generating circuit 54 of the
nbdem 22 are eauhtsealat 68 tBe racébaédcCdsea ééuﬁ%&f‘éﬁré@ft”?ge§$f21 and

22 begin to transmt sinultaneously, then due to the capture 5 ect,
only the data5%$cﬂé§sugéysupdaaﬁéna¢¢emarnglwe modem 22) will be
successful ly conve¥ gglbg t he datafof nmessage 2 (transmitted by the
nmodem 21) will Y, even if conflict has occurred, the
‘ modem 23 correctly receives the message 2 after having'
5 received the carrier during a fixed time interval.
Hence, the time point at which that modem starts to
receive the message 2 is clearly defined.
If the modem 22 which transmits the message 3 were
to have a hiqher transmission level than tﬁe modem 21
10 . which transmits rhe'message 2, then when conflict occurs,
" due to the capture effect, the message 2 and the
precedlng carrier portlon will both be obliterated by the
message 3. Hence, the modem 23 1n this case too w1ll
correctly receive the message 3 from start to flnlsh,
15 with the tlme p01nt at which the modem 23 modem starts to
receive the message 3 being clearly defined. ' -
As will_be clear from the above description-of the
inyention, a hodem.of a CATV~LAN according to the present
. invention_is configured.such as to compare data which it
20 has transmitted with data that are subsequently received
and which should be respectively identical to the
transmitted datar The modem judges that conflict has
occurred when such transmitted and received data do not
coincide. Hence, it becomes unnecessary to use expensive

25 beat detection circuits, so that the cost of the CATV-LAN



destroyed, and will be subsequently retransmtted. Wen retransm ssion is
executed, the transm ssion level 10 adjustnent circuit 67 of the nodem 21
‘agai n perforns a random change in the transm ssion | evel of that nodem It
will be assuned that the new transm ssion level is 70 dB. Hence, the data
of message 2 wll be transmtted by the nodem 21 at a | evel of 70 dB. 15
Thé above operations are thereafter successively repeated by each of the
nodens, with the transm ssion | evel adi@¥tment circuit 67 of each nodem
executing a random change in the transm ssion |evel, each tine that the
nodem has executed a pessage transm ssion. 20 Wth the CATV-LAN
accordi ng to tFanfPet howEHEd: ment, there is only a Iom/probability that the
execut e

nodens whose trans 'SS|on | evel s_ag et her

transmi ssions at tine-p3rfts ﬁﬂ?ﬂhlgr%°%$£EﬁF%§ﬁﬁﬁﬁﬁa q%ﬁ%ﬁ the capture

ef fect can be €£éﬁ£ﬁi¥eéd ghth! Z8fribDient dd@ ©Ffsmitting can still
be ensured by utilizing the capture effect.

5 . Furthermore, when data conflict occurs, causing the

data of a flrst message to be obliterated and the data of.
.a second.message to be successfully transmltted as a
result of'the capture effect, the starting point of that
second message can be accﬁrate;y ascertained,;when the -

10 message ‘is received. | |

Moreover by using the capture effect it is made
possible to avoxd the. phenomenon whereby a hicher rate of.
7'transmlssion opportunltles are provided to those modems
.whlch have the hlghest transmlssion levels. -

15 ' Moreover, by usxng means such as classifying modems
into groups, the capture effect can be effectlvely
utlllzed,_enabllmg the transmlssion efflciency to be

increased. ' | |
.Furthermore, detection of the idle state of the

20 transmission path can be used to determine a condition in
which the occurrence of data conflict can be effectively
avoided,'thereby enabling the transmitting efficiency to
be further increased;

Moreover, messages can be transmitted in order of

25 the priority of the messages.



- 71 - Wth this enbodi nent, since the respective transm ssion |evels of
the various nodens are not fixedly determned, it becones possible to
*elimnate any inbal ance between the respective rates of nessage 5

transm ssion opportunities which are provided to the various nodens,

w t hout the need for a nobdem which has executed a nessage -transm ssion to
“then inhibit further transmssions until it has detected that a
predetermined idle time interval has ®l¥&sed. 10 The operation
sequence for transmtting a nmessage, perforned by the transmitting control
citcuit 52 in conju t t.he transnjtted/ received data conparator
60, for theflfthleggiéd& iﬁ%@? eﬁqﬁ}’(ﬁﬁq&? &M%%b@ﬁe |gpshown|n
‘the fl ow di agr aiBa¥fsnfitte g& nt of a CATV- LAN
according to the present c?%/eﬁlmgr?evﬂ I#tf)eéx ighao

transni ssi on | @welatelr a:hmdHns;';:‘edi&fllce@u'a%aﬁ%%%ﬁd@gﬁﬁ th the priority of
.arressagewhlchlstobe - :

5.

~10

15 -

20

25



transmtted, so that nessages which have a high priority 20 wll be given
precedence in being transmtted. Fig. 34 shows the configuration of a nodem

in this enbodiment. As shown, the nodemis provided with a priority
detection circuit 65, for detecting the priority thak%mr?ﬂﬂﬁﬂT?EETﬁﬁEd to

a nessage, and for determning, 25 1in accordance w a
- range of values within - 72 - whichogtzhe transm ssmmim El‘m“!h t hat
nmessage will be transmitted is random y determ ned e urst hér

includes a transmi ssion |evel adjustnment circuit 67 which randomy sets the

tTansni ssi on ransmtting 5 circuit 53 and the carrier
WP g el | e car

~generating circul e range that is set by the priority
detection cincuit pJapidd 1B 1RVS a@feal B%t%%id &Bﬁ@r‘:.%rirﬁj @

identical to those of the first enbodi ment. shown in Fig.
plurality of terminal apparatuses, means for constltutlng
a transmissioh path formed of an upstream transmission
5 path and a dqwhstream'transmissien path, a plﬁrality of
~ modems coupled to respective ones of said termiﬁel
apparatuses,-fo: transqitting-ﬁo said upstream : |
transmission path messeges which are supplied,fro@ said
,-terminal appa:atuses end for receiving messages frpm-seid
10 downstream transmission path and supplfing said messeges_
" to saiad terminal'apparatuses,:and a head end apparatus
'fof ﬁransmitting ﬁo_said downstream trensmissioh path
messages which have beep'transmifted over said upstream
transmission path, - | | |
15.° . wherein each of seid messages comprises inforhafion
.'specifylng the length of said message, and each of said
: modems comprlses ; _
transmltted/received data compafeto: means
funcﬁioning; while said each modem is ;rahsmittiﬁg a
20 ' message, to:compare suceessively recei;ed data obtained
from said_downstream transmissioﬁ path with successively
selected data of said message which have already been .
transmitted to said upstream transmission path, to

thereby detect any occurrence'of non-coincidence between

25 said received data and said transmitted data of the



10 The priority detection circuit 65 of the nodem 21 stores a table,
of. the formshown in Fig. 35A. As shown, this table specifies
rel ati onshi ps -between the priorities and respective transm ssion |level

ranges. \Wen the priority detection circuit 65 detects the riorit
15 sessage which is to be transnitted, it obtains fr? u " ﬁgirange
of transm ssion |evels which correspond to that priorit® t he

transni ssion | evel adjustnent circuigs 67 of that range. The transm ssion
| evel adjustnent circuit 67 then randomy selects a 20 transm ssion |evel
value for the transmtting circuit 53 and carrier generating circuit 54,
within that range. The operation of this CATV-LAN wi ||l be descri bed

, e .
referring twefFsgdesds5B. It will be assuned ‘that the nDde 1%ﬂsggd§agassage

2, having the prior&%%s%; @Q@ntheaﬂE respongive TR LRTAG eprrority 2,
while the nodem 3%% 5= ceived data
n-cOincidence by said transmitted/re

| aid
' comparator means for interrupting transmission of s

5 message and for subsequently retransnitting sald message

retransmiss1on time interval of predetermined

after a

duration has elapsed, and

receiving control means functioning, when said modem

does - not transmit a message,-and when the 1ength of a set
10 of data which are received from said downstream : |
transmission path does not attain a value of message
- length ‘which 1s specxfied in said received data, to .

discard said received ‘data.

15 A cable telev1sion local area network according to
“ claim 1, wherein each of said modems comprises ' |
transmitting buffer memory means for holding a
message which is to beitransmitted;.and- o
transmitting control means for successively reading
20 out from said transmitting buffer memory means, in a
specific sequence, data constituting said message, to oe
transmitted over saiad upstream.transmission path, and for
subsequently reading oﬁt said data of the message from
said transmitting buffer mémory means in said sequence,

25 to be successively compared by said transmitted/received



sends the nessage 3 which has the priority 1. When the nessage 2 is set
into the transmtting buffer 51 of the nodem 21, the priority detection

tircuit 65 of that nodem detects that the priority of the TESSAage 5 s 2.
Next, the priority detection circuit 65 obtains. the I I
range which corresponds to that priority (i.e. in th| Wﬂmﬂﬂuam he
table shown in Fig. 35A, and so notifies the transn\ss#on s %

adjustnment circuit 67 that the tramsrii®si-on | evel range 10 is 90 dB to 80
dB.. Fhe transm ssion | evel adjustnent circuit 67 then randomy determ nes a

transm ssion. | evel within that range. It will be assunmed that the
transn1SS|on¢a§@epqmﬂi§aG@Faﬂﬁ@@5fUﬂtﬁe§§é§edztﬁsr859333d15r°m said
addi tion, the transn155|on | evel %gent circuit 67 of the. nodem 22
sinilarly i sSQ¥SEER 1t q?“?ﬁ&ﬁ?ﬁl "evel range by the priority

detection circuit 65 of that nodem and will be assuned to set a
transm ssion | evel of 82 dB for the nessage 3. 20 1f. the nmodens 21

and 22 respegtively datARs e ehfi®ion local area network according to
5 claim 1, wherein each of said modems comprises
| carrier-generating means for generating a carrier,
~transmitting circuit neans coupled to receive said
.carrier and data of a message which is to be transmltted,
rfor transmlttlng to said upstream transm1s51on path said
-10_"carr1er and a modulated data s1gnal express1ng said data, -
| transmlttlng control means functioning when sald
modem transmits a message, upon detectlon by said
ireceived data comparator means that ‘said
ltransmltted/received data and sald transmltted data of

15 ~said message do not coincide, to control said °
'transmitting circuit.means to transmit said carrier alone _
to sa1d upstream transm1551on path during a flxed time |
1nterva1 after transmlssion of said nessage has been
interrupted,

20 . and wherein when said modem is not transmitting a
message,.said receiving eontrol means are responsive to
receiving said carrier alone from said downstream |
transmission path during said fixed time interval for
discarding any data which have been received from said

25 downstream transmission path immediately prior to



messages 2 and 3 sinultaneously, then the data of nmessage 3 will be

destroyed by the data of nessage 2, and will be subseguentty—+etransmtted.
. When that retransm ssion is performed, the transm ssi vel adj ustnent

circuit 67 25 of the nodem 22 will select a transrﬁ‘si@ﬂ gﬁ H'“mu“m

- retransnmitting the nessage 3 that is within the ra B, for
-exanple 81 dB. On the other hand, aftefgthe nodem 21 has transn1tte t he

nessage 2, the nessage 7 will be set into 5 the transmtting buffer 51 of

t hat_ nnden1 Since the priority of nmessage 7 is 2, the priority detection

citcuit 65 of the nbdem 21 will desi natggﬁo t he transm ssion | eve

adj ust nent ciFUH" %ﬁm"trh‘ét"{mh%e‘ﬁ’av &&5h P& Srange is 80 dB to 70 dB.

The 10 transm'ssion level adjustnment circuit 67 then randomy determ nes

t he transnlsS|on | evel for nmessage 7 as, for

4. A cable teleViSion local area network according to
claim 1, wherein each of said modems comprises
5 carrier generating means for generating a carrier,
transmitting circuit means coupled to receive'said
_carrier and data of a message which is to be transmitted,'
.for transmitting to saiad. upstream transmission path said |
'carrier and a moduiated data signal expressing said_data,
10 o transmitting control means functioning-when said
'modem transmits a message, upon detection by said
transmitted/received data comparator neans at a time when
all data of said message have already been transmitted
that said received data and said transmitted data of said
.15 . "message do not coinCide,.to control said transmitting
_circuit means to transmit said carrier alone to saiad
: :upstream transmission path during a fixed time interval
after transmission of saiad message'has been interrupted,
and wherein.when said modem is not_transmitting a
20 message, said receiving control means are responsive to
receiving said carrier alone from sald downstream
. transmission path during said fixed time interval for
discarding any data which have been received from'said
downstream transmission path immediately prior to

25 commencement of receiving said carrier.



exanple, 78 dB. If that nmessage 7 is transmtted by the nodem 21 at the
sanme tinme that the nessage 3 is transmtted by the 15 nobdem 22, then since
t he nessage 3 has the higher transm ssion level, the nmessage 7 will be
destroyed. Hence, after the nessage 3 has been transm-tt+edi—the-—rpdem-21—
wiill~-retransmt the nmessage 7. In that way, wth the SIXth enbodi nent of
CATV- 20 LAN, nessages which have a high priority are Mh ,U"'
hi gh transm ssion level, so that nes3fges are transmtt

order of their priority. This enmbodinent differs fromthe fif enbodi ment
in that it is not necessary to .designate that nessage 25 transm ssions

W[l be inhibited during time intervals - 75 - mhich are determned in
accordance with priority values. Hence, an overal %h eff|C|enc%:of
nessage tranghnsstncable television local area network according

claim 1, in whlch_sald retransmission means means of
: respective ones of said modems hold data specif&ing
'respectively'different values of retransmission time
5 interval; and wherein said retransmission means
_aetermines, based on said data, the value'of said
_ retransmission time interval mhich is utilized in a

message retransmission operation.

10 6. :A cable'television local.area network according to
.olaim 5 whereln each of sald modems oomprlses means
functionlng, each time a message is transm1tted on sald :
downstream transm1551on ‘path by any of said modems, to -
exchange the retransmission interval spec1f1ed for said

15 lmodem.for the retransmission interval that is specified

for another one of said modens.

7. A cable television local area network according to
clainm 6, wherein each of said modens comprises

20 ' means for storing a table expressing relationships
between numbers of message transmission occurrences and
respectively different values of said retransmission tinme

interval,

means for detecting occurrences of an idle condition

25



can be achi eved. The operation sequence for transnittfﬂg’é’ﬁﬁggaée, 5
performed by the transmtting control circuit 52 in cony Al m\ﬂm\t\m
transmtted/received data conparator 60 , for the sixt L“mnm e
i nvention described above, is shown in the flow diagramef «ig 36. °A
sevent h enbodi nent of a CATV-LAN will be described, 10 whereby nessage
transm ssion times can be guaranteed.adbre precisely, it can be guaranteed
for certain specific nessages that the nessage will be transferred to the
destihation within a predetermned tine interval. Hence such nessages
(referred to in the following as tinme-, 15 guaranteed nessages are

di sti ngui she®f rovhdbtdrunshEesty X BPUESFLI PR an 3 ent i fier. The
predetermned tine interval within which_a._.tinme-guarantee sage nust- be
transferred will B3 efr%cfetltfcé:’s"n[gngngblgr_dgﬁgge Flikg %’%t %ra\ggs. 20

Fig. 37 sho t canf i our.at.i f ey by & i 4 shown,
the nodem i ﬁ%g%n%&g&u%%rgtﬂe% %nnt% xﬁ%ﬁ e?\#gﬁl islgrjfgr gg‘lg (ri%uig?e%&tl\;&w% ch
performs timMgyht an occurrence of said idle condition is detected.

-5 : |
8. - A cable télevision' local area network according to
claim 1, .wherei-n'said-modems execute transmission of
mességes to said upstréam transmission péi;h by using - _

| .-réspe_ct.ively di.ffere'ht pfedetemined tranemission 1eirels. ..
0 |

9. A caiole‘ television local aréa network according to
-claim 8; -whé.re'i_n éac_h of said modems, upon c'c;mpletion of
- a -méssage_trahsmission, in_hi_.bits transmiséipn ._of a |
sﬁqceeding_mes,sage until said modem detects that an _idlé_
15 dondifibn:of the transmission path has édntihued'for é'

_bredeterminéd time interval.

10. A cable television local area network according to
 _claim 9, wherein said predetermined_id;e”intérval is -

20 © at least equal to a slot time inte:vai, whére said slot time
interval is a maximum value of time interval that eiapses
betweén trahsmitting data to said upstreamltransmission
path by 6ne of said modems and receiving of said data

from said downstream transmission path by said modem.

25.



operations under the control of the receiving control circuit 63. The nodem

al so includes a time-guaranteed 25 nessage register for holding a

* tinme-guaranteed - 76 - message. The remaining p t hi s enbodi nent

are identical to those of the first enbodi ment (F The i on of
bthie enbodi nent will be described referring to Fi ym%b nmessage

-h&s been 5 transferred fromthe term nal appara

to the
transmtting buffer 51 of the nodem 2£2 the nmessage is Al)find
whetsher it contains an i'dentifier which speC|f|es t hat the nmessage is a

(T U3 a0t o5, TORERUB o Lo bIB R SEENA Sl A kol BB AITERD 20
et o, SETATRS DhetathTECONGASE £t EESA0R hedoddp EAg 10 1
includes information speclfying a degree of priorlty of
sald message, and whereln each of said modems comprlses
5 prlorlty detection means for detecting sald degree of
priority which is specified within a message that is to
be transmitted by said modem, and means responsive_to a
detected-degree of priority of saidumeesage fer_changing
the .value of said.timeginferval for which said idle |

10 . condition must be detected as eontinuing.'g'

.12. A cable telev1sion local area network accordlng to -
¢laim 11, ‘wherein said prior;ty degree takes .one of a
plurallty of stepw1se-vary1ng values, and whereln sa1d

is_ time -interval for which sald idle condltlon must be
detected as contlnuing.is set as an integral number of
| "slot time intervale, in accordance with the priority

_-degree which -is detected for the ﬁext ﬁessege that is to
be transmitted, where each of said slot'time intervels is

20 a-meximum value of time interval that elapses between.
K transmitting data by one of said modems to ‘said upstreem

transmission path and receiving said data from said

downstream transmission path by said modem.

25 13. A cable television local area network according to



nessage 9 - 1 is being held in the transmtting buffer 51 15 of t he nodem
21. Simlarly, it will be assuned that a tine- guaranteed - 2 S
being held in the time-guaranteed nmessage regi st of t he and
a nornmal message 9-2 is being held in the transm “ the 20
podem 22. A value for the guarantee tinme’ |ntervall *erntned
and that value is held stored within the guar ant e the I nterval timer

circuit 68 of each of the nodens. 25110 - It will be assuned that when
t he transmi ssion path’ - 77 - isinthe idle state, the nodens 21 and 22
conpete to transmt a message. |If there is a nessage held in the

time- guaranteéalmessagwheegﬁgtencBQO§fSalﬁnmeﬁ?mshenmpnesﬁﬁdpnnmrﬁtYf|rst

attenpt to execute operations for
altering means, for altering a prlority degree that has

been detected by said p:iority detection means as being

specified in a message which is to be trensmitted'by said
5“ modem, and wherein said priority altering means changes

saila prlorlty degree in accordance with an amount of

data whlch constltutes said message. -

'14. A cable televisiop 1Qea1 area network according to
10 claim 1, wherein- each of said modems comprises -
transmittlng circuit means for transmlttlng said data of
a message to said upstream transmlssion path as a’ -
quulated-data signal at a speqlflc transmisslon_level,
~and transmission level adjustment means for controlling
15 said transmitting cireuit means to randomly.change said
trahsmission level between resﬁective transmissipns of

messages by said moden.

15; A cable television local area network according to
20 claim ‘14, wherein at least some of saig-messages each
includes iﬁformation-specifyieg a degree of priority of
sald message, whereln each of said modems comprises |
priorlty detection means for detecting said degree of
priority which is specified within a message that is to

25 be transmitted by said modem, and wherein said



5 transmtting that nessage. As a result, in this exanple, the nodem 21
to transmt the nessage 8 1, while the no mu attenpt

w il attenpt

W nner 1. e

.to transmit the nessage 8 - 2. It will be assunmed tThat the (ﬁg& is the
nﬁ e

i , i.e. that it succeeds in transnitting the ‘“Eﬁ&
t hat case, the rece|V|ng circuit 58 of each nDden1mn “

In

*nessage

v8«- 1, and the receivi-ng control circuit 63 will recognize "this as being a
ti me-guarant eed message, since it comt®ns the identifier. After the
ti me- guaranteed nmessage 8 -1 has been transmitted, the 15 transm ssi on
path returns to the id)e condition After the tlgﬁégf ragﬁfed nessage has

been transfertrr&i"%"?/’eﬁs M Jt?‘éﬁ?srﬁ%w fpeans

42349 ol

t 52 of I th ft
Cont i me el ATEERAS gRAE ‘%h%&s?rsan%#%%@?n BRI continued.
mgfit;g E‘dé/@écti&? JRERN befidhaghdttlles 0 Yardidtofessage:

ter the transm ssion of the time- guar ant eed nessage

for one sl ot
On the ot her

has been conpj£hsk witriwthieicH isdEd taandnied ions Jege ) st ram@ionlyed,

5

10

changed.

16. A cable television local area network_according to
claim-l wherein each of said modems comprises'
tlme-guaranteed message holding means for rece1v1ng

and - temporarily storlng a tlme—guaranteed message which

iis supplied from the corresponding one of sald.termlnall

"apparatuses,

15

20

a guarantee interval tlmer, and

_means for 1n1t1at1ng transmission of said message to
said gﬁstream}transmission patn within a predetermined
guarantee time interval foilowing receipt of said message
from said terminal apparatus, as measured by said
guarantee intervai timer, and if necessary for
1nterrupt1ng transmission of a message whlch is not a

tlme-guaranteed message and is currently being

-transmltted, to enable transmission of said time-

25

guaranteed message to commence within said guarantee time

interval.

17. A cable television local area network according to

t hen



25 transm ssion of that nessage will begin as soon as the - 78 - idle
condition of the transm ssion path is detected. In accordance with the
above rules, before the nodem 21 transmits the next nessage (which is a
normal nessage 9 - 1) after having transmtted theelmmmﬂﬂm I ﬂ
nessage 8 - 1, the nodem checks to confirmthat th ' ﬂltﬁ Iﬁal of
one slot time interval has el apsed. ver at that *tifre the" nodeh 22 is
waiting to transmt the tine-guarante Sssage 8 - 2, and so that npbdem
begins to transmt the tinme-guaranteed nessage as soon as 10 the

transm ssion of the tine-guaranteed nessage 8 - 1 has been conpl eted. Thus,
whil e the nodebeim 16, vhereinrsaid sovarantes rintrRr fakitiner ¥eed idle

ti i nt | h d, t dem 22 takes th tunity to t it
Lhe t] e guar e KAl RB oeh sl K PrsSe barm bied AN aytiare i) Antpd £ 5

has-been traq&glétegsDMeAQSred thereby, in accordance with a guarantee

~ request time which is specified within said time~ .

5 . guéranteed message.

13.' A cable felevision local area nethrk_accordihg to
: claim 1 whe;eih each of said modenms comprises _l._
_traﬁsmitiiné'cirdﬁit means'for.tranéﬁittiﬁ§ said data of
10 __a-message to said upstream ﬁransmission path as a .
“modﬁiaﬁed data signal-at a spécific trénsmiss;oh'levei,
and ﬁﬁerein‘réspedti?e groups of modens aféﬁdefined;-éach
'. qrogé_consis;ing bf moéems'which héve respectivély B
T-diffefent_valugs of tfansmissibn level, each of said .
15  modems comprising . | o
o -group-idenﬁifibétion-registering meanS'for:.
-registering é gréup hﬁmber of a group'tb which-said modem
béiongs,_ X
group.idéntifier counter means for de:iviﬁg_a count
_2b_ fvalue_whiéh,repreéents the group nﬁmbe;.of a group whose
‘members are currently enabled to transmit messages via
said trahsmission path and for detecting-a coﬁdition of
| coincidence between said count value and said group
numbexr registerea in said group number identification

25 registering ﬁeans,



nodem 22, the transm ssion path returns to the idle state. At tha L e,
none of the nodens has a tinme- guaranteed nessag rting to be
transmtted, whereas the 20 nornal nessages 9 - ‘“Mﬂ“L
‘respectlvely waiting to be transmtted by the rmde c‘ E\ of the
modens 21 and 22 then waits until one slot time int S Mdl & tinme
I nterval has el apsed, and then these nodens conpete to try to transmt the
respective nessages 9 - 1 25 and 9 1132- . 79 - 'After transmission of a
normal message has been started by a nnden1 if the nopdemthen is placed in
a condition of having to transmt a tine- aranteeg nfssag é %n t he -
guaranteed tine mmanauﬂonldq&eqﬁimsuﬁtQSOUPGSrBFSF §F /B G562 a tinming
operation under the control of the receivin 'conar cir U|t ?% When t he
condition in which all members of said group which
said_modem.belongs have‘completed trensmission of all
‘pending messages and for updating said count value when
5 . said group transmission completion condition is detecteq,
and _ _
fmeens for ehabling trensmission of a message by.said
modem onlﬁ while said condition of coincidence'is being
detected.
10 |
19. A cable television 1ocal area network according to
claim is8, wherein said means for detecting said group
,transmisszop completed condition;comprise means.for
detecting that'an idle condition of'said transmission:'
15 _ path has contlnued for longer than a predetermined

time interval.

20.. A cabie television local area network'eccording to
" claim 1, wherein each of said modens comprises_ .

20 : means for calculating a path occupancy distance as a
‘length of a portion of said transmission path which is
currently occupied by-data of a message which has been
transmitted by said modem,

path distance comparator means for comparing a value

25 of return path distance between said modem and said head



guarantee tine interval has el apsed, the guaranteed tine interval tiner
circuit 68 sends a "tinme up" indication signal to the transmtting control
circuit 52 of the 10 nodem In response to that "timeup“—Tndication

signal, even if the normal nessage is still in the pr
tragsnitted, the transmtting control circuit 52 halt%ﬂ@ ﬂg %"' } that
nmessage. 15 As a result of that interruption, ansmtsS|on pat h

enters the idle state, whereupon &l l1ywdens which are waiting to transntt

ti ne- guar ant eed nessages begin to conpete to transmit their respective
messages. The tinme- guaranteed nmessage hel d by the nodem which wins that 20
conpetition érsd tamparainssrwithl saitt patdr esiouPancyn ddssang@nc&atith t he

rul es descri bed above) the .tine- guaranteed nmessages ,hel d by the ot her
nmodens are deprely detecting @ qandition Ax whieh ®edf PREMth enbodi nent,

by ensuring 2oty ADSLdd A AHEST RIS UER WUl O 11

distance, and' .
5 means responsive to detection of said condition for
enabling transmission of a succeeding message by said

modem to be initiatedr

21, A'cab;e:televisioﬁ,losal area.netwsrk accordihg'to.

10 . -claim 20, wherein each‘of said modens éemprisesr

| '_transmlttlng c1rcuit means for transmlttlng said data. of
.a message to said upstream transmissxon path as a’

:_'modulated data slgnal, sald head end apparatus comprises _

:-'means for transmlttlng a synchronlzzng signal to said

'15-_ downstream transmission path, multiplexad.with data

| signals transmitted by satd modems, and wherein each of
-said modens comprises | |

synchronlzlng receiving
'means for receiving saiad synchronlzing signal, and.

20 | operatlng seguence register means coupled to receive. -
.Sald synchronlzinq signal from saia synchronizing signal :
rece1v1ng means, for reglstering a predetermined sequence
of operatiens and for executing'said sequence of'

‘operations in synchronism with said synchrenizing signal. .

25



- 80 - respective nodens will each be given an opportunity to be
‘transmtted within the guarantee tine interval, transm ssion of each of

~ such nessages within the guarantee tinme intervat 1S achieved, as far as

. possible. 5 - The operation sequence for tr age,
Jperformed by the transmtting control circuit 541““'7'““ mmmrenbodl ment
?of the invention described above, is_shown in thes omu | agram-of Fi g.

I nstead of using an identifier in sadhdtirme- 10 guar ant eed nessage, it
woukd be possible to register a requested guarantee tine interval within

h t d
e ol oudS6s e ER eefpvitfon Bletabed MR BoSALA L8 60 ve,
‘wth the re%”ﬁ%ﬁgﬂjg@%@&% 1dd& 'é‘tpg[f@'of gala %ﬁm&ﬁtytow Il be

assuned t hat ant eed nessa 1 1s assigned the requested

guarantee tipgiinL eéé(@il) Qomﬂpiﬂs ld W%réﬁ&ﬁ&?@iﬂd’l&:ircuit

coupled to receive a video signal from a video signal

5”n'source, for generating a corresponding video data signal
. and for transmitting said Video data signal to said
upstream transmiSSion path, multiplexed with said data -
"51gnals transmitted by said modems, and wherein at least
a part of said plurality of modems each comprises a video :
10 receiving circuit for receiVing said video data signals
'jfrom said downstream transmiSSion path and for converting--'
-said v1deo_data Signals to corresponding baseband video

signals.

15 23. A cable television local area network.according_to
claim 22, wherein specific operations of at least said -~
video . siqnal transmitting circuit of a modem are
selectively controlled based on operation commands
generated based on .contents of said operating sequence.
Zd 'registering means,‘said operationlcommands being |

generated at timings determined by said synchronizing

signal.

. 24. A cable television local area network according to

25 claim 22, wherein said video signal source comprises a



guaranteed tine interval tiner circuit 68 of the correspondi ng nodem
operates with a nom nal predetermned 20 guarantee tine interval of 5

mlliseconds. That is, the mnimmvalue of guarantee tinmeinterval is 5
*mi|liseconds. In that case the current val ue of predetern1ned tee
tipesinterval, in the nodem 21, is excessively shor \M\ “ﬁm The
eXxcess anount (5 25 n1II|seconds) i $,1gherefore addg“l knt erval

- 81 - which is to be nmeasured by t he guar ant eed tlﬂE |hterval timer
citcuit 68 of the modem 21, so that the next time- guaranteed message Wwil.l
"be transmtted by that nodem under the condition of uarantee. time -
interval of vide® camerpisandndberein spif ﬁ&9°hfﬁﬁlﬁgﬁgaﬁ§gﬁa?lﬁ§ i nterval

can be extended._as required., If th sted antee
| ess than. tﬁgpﬁﬂﬁFﬁUFQPEl&éldtﬁgﬁcgﬁ g&?ﬂ&l?? drﬁﬁs%g%ggecgggé&%nterval
s set as t%o said video camera, for synchron1z1ng said video signal

with said synchronizing signal.

"25. A cable telev151on lecal area network accordlng to
clazms 1 whereln each of said modems comprlses
.carrier generating means for generatlng a carfier,
transmlttlng clrcult means coupled to. recelve sald
10 carrier and data of a message which is to be transmltted
- for pransmittlngato:said upstream transmi551on path sald
cafrier-ahd.a mo&ulated_data Sighal expressiné-said"data,
| -_ means.for.coﬁtrollihg said-tfansmittinéﬂcifcuit
means to transﬁit said carrier aione during'a.fixedn
15  preamble tiﬁe interval prior to tranemitting_said data of =
a message, and_ | ' |
preamble receiving means coupied to'receive'eaid
tcarrie; from said aownstream transmissien_path, fer
_.eetting"eaid modem-to a-predetermined initial receiving

20 . status modenm when said carrier is receivead.

25



m ni mum val ue, i.e. the nomnal value for the tiner. 10
operation’is illustrated in the’ fl ow di agram of Fig. 41. Cony, ﬂ§ﬁ$§HtET+ﬂ$§BEEN
nom nal predeterm ned guarantee time interval is 30 mllisecdhds, tRERLACE

t he requested guarantee-time interval of a tine-guaranteed nessag
Is to be transmtted by that nodemis 10 mlliseconds for exanple, the tine
I nterval which nust.be neasured by the guaranteed tine interval tiner
cireuit 68 is reduced by.-20 ni'lliseconds. Thus, the actually used guarantee
time interval s obt-ained by subtractlng the predetern1ned 20 guar ant ee
time interval fromthe interval. If the result is
positive, it is added ntee tinme interval val ue,

and the T esultant value | ﬁ?%@i %%rﬂ#%%éweshéﬁétﬁ%ﬁf@w%fP

the result |spReqAldMfs HIGH EFFICIENCY OF TRANSMISSION

|||uu._

In" a CATV-LAN in which a plurality of modems
transmit messages asynchronously from respective terminal
apparatuses to .an upstream transmission path and receives

S 'meséages from a ﬁownstream transmission_paﬁh, when a
modem” is transmitting a message, the resultant data which
Eré,received by that modem are compared with data of that
message which have already been.transmitted, and
transmission is interrupted if the reﬁeived.data do not

10 correctly match the transmitted data, due to conflict
with data transmitted by somé other modem. Each message
contains information specifying its lehgth, and wpen a.
non-transmitting modem receives a set of data whose
actual .length does not match a length value which is

15 specified within the data, the déta are discarded. It
thereby becomes unnecessary to provide beat detection
circuits in the modems, fdr detecting data conflict, so

that system cost can be reduced.

(Figure 4) _—
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- 82 - then then the tine interval which nust be neasured by the guaranteed
time interval timer circuit 68 .is set as the requested guarantee tine
interval of the nessage. Transmission of the tine-guaranteed nessage is
thereafter 5 execut ed, using the updated val ue of guarantee tine
intekval . In that way, it is possible tg §£ther | engt hen_or shorten the
guaraatee tine interval, if necessary. f%% above oper at ﬁlﬁ/@ﬁl I IA;H’Q‘t'ed
in the flowfgya&ar of Fi g.upd@eam 10  pounserddn that way, the actual

guar@nht ee t it érval whi FEETE“tPed Efintyz2t8hi tting a nessage can be
det’er mi ned as the val ue i i ictly
necessary for that nessage, since\it becones possible tfo transmt nessages
by using respectively differem—vatues—I5——of guarantge tine interval. An
ei ght h enbodi nent of a CATV-LAN will be described, in j > nodens are
di vided into groups, ahd nessages are transmtted sequentiallylby the
-groups. The transm ssipn efghi cj ency can thereby be incgeaged:
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20 As shown in Fig. 42, a nodem of such a CATV-LAN i ncludes a group
ID register 70 for storing a group ID (i.e. a group identifier nunber),

whi ch specifies the group to which that nodem bel ongs, and a group ID
counter 71 which holds a count value specifying the ID nunber of 25 the
group which is currently in the process of - 83 - transmtting under the
contrrol of the receiving control circuig/g3. the remaining configuration is
identical to that of the first enbodinent (Fig. 4) The nodens are divided
into*the groups in such a way 5 that each group contains nodens which have
a high transm ssion | evel and nodens which have a | ow transm ssion | evel
This serves to ensure that even if nobdens within the sanme group attenpt to
transmt at the same tine, so that data conflict occurs, the capture 10
effect will ensure that the nessage transmtted by the

Fle.3
: PRIOR ART .

Upstrean Downstrean-

transnission transmission
Head end 4 path path 39
apparatus . > 3
YA R 1
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Modemn Moden Moden
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apparatus] | 12 13
Terminal Terminal
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nodem having a high transm ssion |level will be correctly transmtted. It

w Il -be assuned that the nodens 21,.22, 23 and 24 have respective

transm ssion | evel s whose magni t udes 15 rel ati onship can be expressed as:
nmodem_ 21 > nodem 22 > nodem 23 > nodem 24. It will also be assuned that the
moden 21 is Fﬁ(jgns 1t the message 10, ghg nodem 22 is to transnmt the
nmessage 11, %23 Is to transmt the nessage 12, and the 20 nodem 24
is togtransmt the nmessage 13. In thal, . cas&, I f the nodens were not divided
i nte groups, then transr’Sﬁﬁﬂ@; of thecmm@ssges m ght occur as illustrated
in Fig. 43A As shown in dakig, 34 thePfid 21 and 22 are 25 assuned to

attenpt to transmt t H—and 11
(11 - 1) at the sane tine./Due to the
54 51
53 ! , 58
Carrier Carrier
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circuit circuit circuit circuit
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cir
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fact that the transmi ssion |levels of the nessages are simlar, the capture
effect wwll not occur, so that the data of both of the nessages wll be
destroyed. As a 5 result, the nmessage 10 (10 - 2) will be retransmtted
by the modem 21, and then (after waiting for conpletion of transm ssion of
message 10), the nodem 22 will retransmt the nessage 11 (11 - 2). '
Thereafter, the nodens which have the | of¢gt transm ssion |levels wll
transpit, i.e. 10 the nodem 23 will transmt the nessage 12 and the nodem
24 will transnit the nmessage 13. The case will now be considered, referring
to Fig. 43B, in which the four nodens 21 to 24 are divided into two groups,
with the nodens within a grohp havi ng 15 substantially different

transm ssion levels, i.e. group 1HFth? iZ~made up of the nodens 21 and 283,
and group 2 which is made up of tHe fhodéns 22 and 24. First, the group ID
counter circuit 71 in each'of the nodens 21 to 24 is set to a value of 1,
and in that 20 case, only the nodens which hold that I D nunber 1 of group

i i 1. ct.or Z [ o 1o L.
1 within the group ID registen—rooer e OMIET 3 1s | 10 | - [ 1
N
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Destination contents ;
~— i : Message 1 -
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length 3
FIG éﬂ 2-,1 2-‘2 -3y 2-4 {2526 {2-7{2-8)2-91] -~ | 2-30
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21 and 23) will be enabled to transmt. Even if the nodens 21 and 23
transmt the nmessages 10 (10 - 1) and 12 (12 - 1) respectively at the sane
time, there is a 25 sufficiently great amount of difference between the
- .85 - transmssion |levels of these nodens that the capture effect wll
occur, and so the nmessage 10 will be successfully transmtted. Next, the
modem 23 succeeds in retransmtting tggaessage 12 (12 - 2). Wen the idle
5. condition is found to have continued for one slot time interval, while
the group 1 nodens are enabled to transmt, then this is taken to indicate
the transm ssions of the group 1 nodenms have been conpl eted. “Specifically,
when that occurs, the receiving control 10, circuit 63 in each nodem

i ncrements the val ue Beld in the group I D Cbunter by 1. As a result, the
nodens of group 2 aregnOM/enabIed
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to execute nessage transm ssions in the same way as descri bed above for
group 1. If none of the nodens 15 within the group are waiting to
transmt a message, then after one slot tinme interval of the idle state of
the transm ssion | evel has el apsed, the group ID counter in each nodemis
agai ‘increnmented by 1. After all of the nodens in the group which has the
hi ghest group nunber 20 have conpl et edq/{_?gansm' ssion of their nessages,
and g|| of these nessage e been rece d, the group ID counter circuit

71 in each nodemis re of 1. As can b?tj?(tgrs od-fromthe
above, this enmbodi nent lict will occu i bet ween

signals 25 whi ch di r as~much as posisible in |level, thereby ensuring
that the capture et sf]libicir amount of tine overhead that is
requi red to execule~lRirFarn 1 5SL6 is thereby reduced. The basic

operations performed b | D

’///’,,f”’E;;;;;r detecte
T by carrier

detection circuit

Start transmitting of
carrier by carrier
generating circuit 54

b

Set value i of
transmitted data
‘counter 55 to 1

]

>\
Transfer the it'th datum
from the transmitting
buffer 51 to the
transmitting circuit

. {Designated by
i=i+ transmitted/received
Jkaf,—f””//—data comparator 60)

Y: nterrupt

transmission 2-

— "
. Store the second datum
from receiving buffer

into the message -
‘ _ length register.

j

—

._§4=::::1 = message
ngth ?

End transmission of \

carrier by carrier
generating circuit 54

S




5 counter and register of this enbodinment, in conjunction with the
transmtting control circuit 52, are shown in the flow diagram of Fig. 44.
Di vision of the nodens into groups as descri bed above can al so be applied
to a systemin which tinme- 10 guaranteed nmessages are transnmtted. In
that Case, since the retransm ssion ti rre ver head is reduced, because of
the effective use of the capture effect, /1% becones possible to nore
reliably satisfy the time guarantee requirenents. 15 A ninth

embodi ment of a CATV-LAN wi || be described,in which evenfS ff Ghe Gipst ream
transm ssion path is not yet inthe idle state, transm ssion of a nessage
can begin if the downstreamtransm ssion path has reached the idle state 20
As shown in Fig. 45, a IIEII' n such a CATV- LAN i ncl udes a path length
conparator circuit 72 fergcRepa bet ween that nodem and
the head end appar at [ISS@E &AIGE Beod engr n f transm $sion path that is
currently occupied by @%‘tea"ﬁﬁndePP &PBNYSE]| Fg recei ved by

—D|t

Jatum received by
eceiving circuit 58 2

gatum from receiviny
circuit 58 identical
to itth datum from
transmitting buffer

j =“value of message

\

Notify transmitting Clear the message held
R circuit s2 to in transmission buffer
interrupt transmission 51
N
Randomly set a time N
interval - END

Randonr time 1nterval
elapsed ?

Begin transmission
processing of Fig. 8




25 that nodem The remaining parts of the configuration are - 87 -
I dentical to those of the enbodinent of Fig. 4. The operation of the
CATV-LAN wi || be described referring to Fig. 46. It will be assuned that
the nodem 21 has transmitted the nessage 10. As that nessage 5 travels
over The transnmi ssion path, then at any particular instant, a specific
sectton of the transm ssion path is occupfsd by the data of  that nessage.
I f the -nmessage is shor -|s forned of only a small nunber of data, if
the transm ssion bi 2 ghny or if the rat I{éiatatransmssmn
ﬂ nequi red for daﬁ trfflerse the

is low, (i.e. inre
transm ssion path frioma nodemto the Head end apparatus and back to that

sanme noden) tpeA—er-y—a—pard e-f—-&-he—t—e{-a-l-—-t—r-wansm ssion path will be
occupi ed by tjhe nessage one t| me} as the nessage travels al ong

t hat pat h. Datum received by
receiving circuit 53

Set the recéived datunm
as destination address
_ of received message

1s received addreg
hat of modem itsel

Transfer recelved
datum to X'th location
in transmitting buffer

‘Store received datum
in received message
length register

Fi
s

Carrier detected
carrier detection
ircuit 57 ?

=
- ad

X
Clea; contents of
receiving buffer 64

¥ = message leng
value of received
message ?

. Transfer contents of
receiving buffer 64 to
terminal apparatus 11

-
sy




In Fig. 46, "m 10" denotes a section of the transnmi ssion path which is
occupi ed by the nessage 10, at sone instant while that nessage is

travel ling over the transmission * path. In the follow ng description
it will be assuned 20 that the nbdem 22 is waiting to transmt a nessage.
Wt hzeach of the enbodi nents of the invention which have been descri bed
hitherto, the nodem 21 would wait until 9ffee downstream transm ssion path 32
reaches the idle state, before beginning transm ssion of its nmessage. 25
Howe¥er with this enbodi ment, under the condition shown - 88 - in Fig.
46, it is possible for the nodem 21 to begin transm ssion, and achi eve
successful transnission, W t houfieegid i ng for the nodem 22 to end

transm ssion so that the transmeasgtion path reaches the idle state. The 5,
operation will be described in tha foll ow ng Wen the nodem 22 recei ves a
message fromthe '

FIG 1A 4-1 | 4-2 ] 4-3 | -4 | 4-5
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downstream transm ssion path 32, the length of.that nessage is stored in
the received data counter circuit 59, and thereafter, as each successive
byte of the 10 nmessage is received, the value held in the received data
counter circuit 59 is decrenented. Hence,the received data counter circuit
59 almays hol ds a val ue which expresses the length of the part of the
message whi ch has not yet been received. 15 The path length
conparator circuit 72 conpares the val uel@/Mat is held in the received data
counter circuit 59 (after converting that value to an equival ent val ue of
transm ssion path occupancy length) with the return path di stance between
t he nodem 22 and the head end apparatus 20 4 (which has been fixedly
stored beforehand in the nodem). Based on that conparison, if it is found
that the occupied path length is shorter than the return path distance,
then this indicates that the upstreamtransm ssion path 31 nust be in the
idle state, and so 25 path |l ength conparator circuit 72 perm st the
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- 89 - transmitting control circuit 52 to begin nessage transm ssion
without waiting for the dowmnstreamtransm ssion path 32 to attain the idle
state. Since it becomes unnecessary for the nodem22 to 5 wait until the
downstream transmni ssion path 32 has reached the idle state, the reduction
in waiting tinme of the nodens serves to increase the transm ssion
effiiciency of the system The basic operigspons perforned by the
transmtting 10 control circuit 52 of this enbodiment in conjunction with
t he #i stance val ue conparator 72, are shown in the flow diagramof Fig. 47.
A tenth enbodinent will be described, which constitutes a video canera

noni toring system As shown 15 in Fig. 48, this CATV-LAN consists of a
plurality of nonitor video caneras 16, nonitor display units 15, a control
term nal apparatus 14 which controls the
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operation of the caneras 16 and the selection of video signals to be
supplied to the nonitor display apparatus 20 15, in addition to the head
end apparatus 29 and the transm ssion path 30. The transm ssion path 30

can cgnsi st of a single cable,

as indicated. Techniques for enabling this

are well known, so that description mﬁllggggonitted. Each of the nonitor

vi ded canera 16, npnitor

apparatus 14 is
It is an essenti al

Cransmits 5 4l ofg 1Rt b

signals fromthe nodens, for
synchroni zing signal with the
transm ssi on path 30.

25 display ap us 15 and control term nal

- 90 - connected vidgﬁigﬁﬁs 24 to a transm ssion path.
feature of this enbodifrent that the head end appar at us
; synchroni zi ng
ownstreamtra '

Sgmat—which |t nodul ates and
Lon path together with the
i pl exi ng t'he

arrier detected
carrier detection
rcuit 57 ?

Y

»

’

End transmission of

Begin transmitting of
carrier by carrier carrier by carrier

generating circuit 54 generating circuit s4

— 1 1
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transmitted data
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from the transmitting
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As shown in Fig. 49, a nodem of this CATV-LAN 10
receiving circuit 73 for
superinposed on the transm ssion path,

si gnal

I ncl udes a synchroni zi ng
recei ving the synchroni zi ng signa

which is

a nmessage processing section 75 for

executing nessages which are received fromthe transm ssion path or from

the .term na

apparatus 11.

In 15

“addi tion,

a nodem 26 whi ch

i's connected

to a nonitor video canera 16.also incl ugles2 a video data transmtting

circuit 76, while
apparatus 15 al so ﬁmnl

4 or 25 which is connected to a nonitor display
a video receiving circuit 77.

Such a npdem

al so includes an 20 operation seq e pOi ster 74 for storing an
operation sequence which consists of. gggé%igng that—most—be sequéntial |y
execut ed when receiving or transnmitit sefy recdieddde®d} and for generating
correspondi ng control signals. Thie SBHHEEREX Jof tHe operation sequence 25
register 74 are not fixedly ned, -2 specl a

predeterm

circuit 58 identical
to i'th datum from
transmitting buffer

= message lengt
alue ?

Set timer to 1 slot
interval .

Notify transmitting
«circuit 52 to .

interrupt transmission

. 1

Set a randomly
determined time
interval

v . .
Clear message from‘J
r

transnitting buffe
51

\

y,//TfE;/;nterva
= elapsed ?
lY’
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processing of Fig. 8
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Speci fically,
previously *

synchroni zi ng signa

nmessage,
transm ssion channel) at.which the video signhal is to be transmtted
by the video signal transmtting circuit 76.

signal s

91 - type of nessage (referred to in the follow ng as a synchronous
nmessage) can be set therein, after having been sent from anot her nodem The
operations of the operating sequence register 74 are synchronized with 5
synchroni zing signal pul ses, which are received fromthe downstréam
transm ssion path 32 via the synchronizing signal
the contents of a synchrdngges nessage whi ch has been

received and set into the operating sequence register 74
can be read out at an appropriate tine,
pul se fromthe synchronizing *
73, and transferred via the receiving buffer
section 75. The!ggég%gqégrocessing section 75 then generates specific 15

fn orfdance with the contents of that synchronous

receiving circuit 73.

in synchronismwth a

si gnal receiving

64 to the nessage processing

for exanple a control signal to designate the nodul ati on frequency

Conpr)

Set received data
counter to 1

um received by
eceiving circuit

ansnmission now 1
progress 7

circuit 58 identical
to itth datum from
transmitting buffer

= value of message—

e length 2

\
Notify transmitting

circuit 52 to .
interrupt transmission

Set the specific
retransmission
interval of the modem

Bpecific
retransmission

Start the transmission
processing of Fig. 8

Clear message from
transmitting buffer
.81

END



20 The operation of each nonitor video canera 16 is al so
synchroni zed with the synchroni zing signal pul ses obtained fromthe
transm ssion level, so that for exanple the vertical synchronizing periods
of all of the nonitor caneras are nutually synchronized. 25 The
video data transmtting circuit 76 receives as - 92 - input the video
sigral froma nonitor video canmera 16, 18#82executes nodul ates the video
signal at a specifi{c—pdulationfrequency, (that is, the frequency of a

specific channel), Lo gehijeved|freqyency division 5 mul ti pl exi ng of the
vi deo signal, and p@ppfiipg the(resulitant pignal to the upstream
transm ssion path BR .. §hg vidgo sidnal.- feceiving circuit 77 a nodul ated
vi deo signal fromtige,8d@mstream trgnspi skion path 32, and converts that
to a correspogrdi ng g?%gﬁhrd.videﬁ‘Sign ,110 which is supplied to a
noni tor di spl gy app 15.
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The basic functions of selectively processing normal (i.e. asynchronous)
nmessages and synchronous nessages are conceptually illustrated in the flow
di agrams of Fig. 50 15 In.the followi ng, a description will be given
of operations’ whereby the control term nal apparatus 14 selects video
signals from nggg_ tor video canera 38, which is connected to a
correspondlngﬁa , and causes the i) signal contents to be

di spl.ayed by a 20 speC|f|c moni t or di spl ay apparatus 15 mhlch i s connected
to the nodem 24. The control terminal apparatus 14 sends a "receive on
channel A" command (|n thg}@ggﬁyof a synchronous nessage) to the nodem 24,
and al so generates a "transmlft 25 on channel 6" command, (also as a
synchronous nessage)‘ Setggglhe“ﬂuﬁf gestination is a nodem 26. The nessage
processi ng "carrier off" '
counter to 0

~—

—————

————

Set received data
counter to 1

um received by
eceiving circuit

ansmission now 1
progress ?

clrcult 58 identical
to i'th datum from
transmitting buffer

= value of message

Not;fy transmlttlng ="
circuit 52 to )
interrupt transmission |

Set the retransmission
interval as the m'th )
value in the . -

retransmission
linterval) table ] Y

' — Clear message from
Im = m+1 [ giansmitting buffer

Start the transmission
processing of Fig. 8




section 75 of the nodem 24,

nmessage, sends a cont
whereby that circuit

which are transmtted on channel

thé operating sequence register 74 of that nodem 10

r ol
is

upon receiving the "receive on channel
to the video data receiving circuit 77

si gnal

5

set

in a condition for

All

A. The nmessage "transmt on channel
sent via the transm ssion path to the destination nodem 26, and is set into

The nessage

recei ving video data

A" is

priocessi ng section 75 of that nodem uypgge subsequently receiving operating
ingtructions fromthe operating sequence register 74 (these instructions

bei ng selected from predeterm ned instructions stored in that
accordance with the contents of the nessage 15

regi ster) sends correspondi ng control
transmtting circuit 76 of the nodem whereby a video signa
corresponding nonitor video canera is transmtted as channel

video data via the transm ssion path. 20

illustrated conceptually in FFgI@L 20

t hat has been set

signals to the video data
fromthe
A nodul at ed
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into the

These operations are

Transmission inhibitéd
interval _
of modem 21

-

%

A

Y

Fl1G.21

2 5
! ~~ N -7+
Leading part Idle period
of message 3 of 1 slot time
(obliterated) interval
Priority 1 “,
.messages -
/ \ Priority 2
5 ‘message .
2 y’
I [ ]
< — — el

Leading part
of message 3
(obliterated)

Idle period
of 1 slot time
interval :

Idle period

of 2 slot time

intervals



In that way, a video signal fromthe corresponding canera 16 is transmtted: -
as data which are nodul ated at the channel A frequency, via the.

transm ssion path, to be 25 received by the video data receiving circuit

77 of nodem - 94 - 24, and so displayed by the correspondi ng nonitor

di spFay apparatus 15. W.ith the system descri bed above, the respective

opér:ati ons whi ch nust be executed to pd8f® m video data 5 receiving and

transm ssi on operﬁkko ar tored bef@geRand, as an operation sequence, in
t he éperation seq dﬁi?eéf er 74 of eaolk “Lthat case, it is
possible to ensure that a receivingeqerati receive and transfer
video data to a nonitor displa 'siﬁlra y—each of the nodens at
the sane tine, i.e. at atine Chefezy AT | zi ng signal receiving
circuit 73 of each nodemreceives a sy 6ni zi ng pul se fromthe

by carrier .
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downstream tr.ansm ssion path 32 However in I mpl ementing such
synchroni zati on of the operations of the nodens by 15 wusing synchron|2|ng
pul ses in that way, it is inportant to note the followi ng points. In Fig.
52A, the nmodem which is currently transmtting sends a nmessage 14-1 which
is syhchronized with a synchroni zi ng S|ggﬁ% pul se, while the nodens 1 and
20 2 which are in the receiving conditi ghould begi :
receiying operation in synchronismwth that same sync
pul se. However due tg trans sion delays, it is pos
whi ch the rece|V|ng éﬁlfg] ceives that ness

14-2) and the time at which the receiving -
nessage (i.e. as the nmessage 14-3) will be different to
t he receiving nodem 1 will begin its receiving operation
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poi nt when it receives pulse P1 of the synchronizing 5 signal, whereas the
receiving nodem2 will begin its receiving operation at the tinme point when
it receives pulse P2.of the synchronizing signal. As a result, there wll
be devi ation between the tim ngs of respectively operations performed by
the modens 1 and 2. In order to 10 prevent this, as showm in Fig. 52B, it
I's ensured that the transmtting nodem @ogs2 not end transm ssion while *

t he synchroni zing signal is being asserted, but continues to transmt the
carri‘er. As a result, the receiving nodens 1 and 2 will each begin a
receiving operation in 15 synchronismw th the same synchronizing pul se,

I .e. the pul se P2. Fgg’ha?%y a plurality of -modens can be controlled to
execut e such operati tching of video signals, in a nutually =
synchroni zed manner, by ensuring that all 20 of the modens ar e
synchroni zed by the same synchronizing pul ses. Thus for exanple, video
data sw tching operatlons can be execuyy, qtl n_synchronismwth the verti cal
synchroni zi ng- pul ses of Vg\mgsigﬁgnal St ilsﬁ:rne

path 31 - \
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produced by a plurality of nonitoring caneras, with no 25 disorder in the
resul tant pictures which appear on the - 96 - nonitor displays. In the
priqr art, it has been usual for nonitor video caneras and nonitor display
units to be connected by baseband video signals. This has caused probl ens
W th#5 regard to the difficulties in arranging wiring between the
apparatus units, when there are a nunbeg{fs2 caneras. Wth the above

enbodi ment of the present invention however, a plurality of video signals
can be nultiplexed and sent along the sane transm ssion path, and hence
the 10 anount of connecting cables required for the system can be
reduced. Mdreover wth the present invention, even if a lowrate of data
transmission is utilized, for exanple 9600 BPS, the control signals can be
transferred within guaranteed time intervals, so that the the response

FI1G.25
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15 characteristics for canmera control and video signal sw tching can be
guar anteed. Hence, the invention enables a nonitoring canera systemto be

i mpl ement ed by using | ow speed, | ow cost nodens. Wth the el eventh

enbodi nent of the invention, when 20 conflict occurs between nessages
that: are transmtted at respectively different transm ssion |evels, so that
only the nessage transmtted at the hi @8/82 ansmi ssion level is correctly
sent, the starting point correctly sent message can be clearly
deflﬂed when the data are 2§ r- ei.ved-b

a desti - 97 -
The conflguratlon of a no AN i s shzatlzz EEpéWQS
shown, this includes agal %réigl TP ng circuit 78 for transmttl ng
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. Priority =2 : j’
-\/ B Lset the transm.'LSSlon

Zaem inhibit timer to 2
slot intervals

e

-y

e e e m e tenn —————

— e e o e

slot interval
elapsed ?

rrier detec
by carrier

-detection circui
57 ?

transmission level of

Set the specific
_ the modem

- v
980t e e e e




79 which clears data stored in the receiving buffer and initializes the

recei ved data counter, when the carrier alone is received (i.e.wthout the

nmessage) during the preanble tine interval. |In other respects, this 10

enbodi nent is identical to the first enbodinent. This operation of this

CATV- LAN enbodi ment will be described pgfgxring to Fig. 54. First, it wll

be assuned that the nessage i e go0m t he nodem 22 to the nodem 23 as
onied Gr 248

its destination, and that wh 5 in progress, the nodem 21
begizns to transmt the nessage * 2 which also has the nodem 23 as its
destination. It will further be assunmed that the transm ssion | evel of the

nodem 21 i s higher than that of the nbdem 22. Wen transm ssion of the
carrier by the carrier. 20 generating circuit 54 of the nodem 22 begi ns,

prior to. the start of transmtting t ssage 3, the preanble *
transmtting circuit 78 of that nodem ghates to the transmtting
control circuit 52 that the carrier is tfo continue to be transnitted during
the preanble tine 25 interval, Thus, |[the carrier is first transnmitted by
t he
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- 98 - nmodem 22 during the preanble tine interval, then the message 3.is "
transmtted. Simlarly, the preanble transmtting circuit, 78 of the nodem
21 causes the carrier alone to be transmtted 5 by that nodem during the
preanble time interval, with the nessage 2 then being transmtted by that
modem When conflict occurs between the message 3 fromthe nodem22 and the
message 2 fromthe nodem 21, then since 24/82transni ssion | evel of the nodem
21 is,the higher of 10 the two, the nessage 3 is obliterated by the
carrier of the message Z@A@ry s transnitted by the nodem 21. Hence, each
of the nodens 21, 22,.23, after receiving a part of the data (i.e. the
first datum3 - 1) of the mESSage—S—thereafter receives the carrier, then
receives 15 the datayefppssage 2 (2|- 1, 2 - F= P& .27ZA 30), with the
total nessage thus~Tegeit¥tfs aCh.adem bei ng

buffer 51 ?

Priority other than

- Set the transmission”
o inhibit timer to
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Carrier detecte
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designated as nessage 48 in Fig. 54. The nodem 22 which is in the process
of transmtting the nessage 3 thereby detects that the data which it is
transmtting are 20 different fromthe received data, ‘and so hal t s

transm ssion of the nessage 3 after having transmtted the datum3 - 8..
The.destinati on nodem 23 first receives the initial datum3 - 1 of the
nmessage 3, and so updates the 25 rece%gi&g counter 59 froma count of O to
1, "and then - 99 - finds that the f é datum 3 - 1 indicates that the

nodem 23 itself is the destinatio t hat nmessage. =T, 3 thus
yng buffer 64. Eremﬁ%'ne nmodem 23

stores the datum3 - 1 in the recei
, during the preanble tine interval of

thereafter receives only the carrie
message 2. The preanble receiving dircuit 79. of that nodemthus detects

- s,
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that the transmtted data are not being received, and so causes the
receiving buffer clearing circuit 62 to clear 10 the receiving buffer .
64, and also initializes the count value of the received data counter
circui,t 59. The datum3 - 1 which is stored in the receiving buffer 64 is
thereby cleared, and the received data cggy&gr circuit 59 reset to a count
of zero. The nobdem 23 has thus been 15 turned to the condition which
existed prior to receiving the nmessage 3. Thé receiving circuit 58 of that
nodem t hen :Ft?i@esg Liniti adowsh@tdd 2 - 1 of the messaggea.the received
data counter circul 9is upcggg;‘é‘gg‘t'b"“a count of 20  1,trameiastion s j udged
that the nodem 23 itself _is the destNnation i i A5 24 rJ::.E_‘_cl«’it um
2 - 1 which has been stored in the receiving buffer 64. Thergafte in the

same way as described for the first enbodinent, the data (2 -2 2. 3

..... 2 - 30) of message 2 aref25 sequentially set into the rece]ving
buffer 64, and the
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- 100 - count value of the received data counter circuit 59 is successively
updated accordingly. In that way, even if conflict has occurred, the nodem
23 correctly receives the message 2 after having 5 received the carrier
during a fixed tinme interval. Hence, the tine point at which that nodem
starts to receive the nmessage 2 is clearly defined. If the nodem 22 which
transmts the nessage 3 were to have a gZﬂg§r transm ssion | evel than the
nodem 21 10 which transmts the nmessa , then when conflict occurs, due
to the capture effect, the nmessage 2 and the preceding carrier portion wll
both be obliterated by the nessage 3. Hence, the nodem 23 in this case too
wll correctly receive the nessage 3 fromstart to finish, 15 with the
time point at which the nodem 23 nodem starts to receive the nessage 3
being clearly defined. As will be clear fromthe above description of the

i nvention, a nodem of a CATV-LAN according to the present

2 _ 5
3
\ 7 =]
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invention is configured such as to conpare data which it 20 has
transmtted with data that are subsequently received and which shoul d be
respectively identical to the transmtted data. The nodem judges that
conflict has occurred when such transmtted and received data do not
coincide. Hence, it becones unnecessary to use expensive 25 beat
detection circuits, so that the cost of the CATV-LAN - 101 - can be

| over ed. Moreover, even if conflict oc28#5% between transmitted data,
efficient data transmtting can still be ensured, by wutilizing the capture
effect. 5 Furthernore, when data conflict occurs, causing the data
of a first nessage to be obliterated and the data of a second nessage to be

successfully transnmitted esult of the capture effect, the starting
poi nt of that second nesggg%gzgn be accurately ascertai ned, when the
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10 nmessage i s received. Mdrreover by using the capture effect, it is nade
possi ble to avoid the phenonenon whereby a higher rate of transm ssion
oppartunities are provided to those nodens which have the highest

transm ssion | evels. 15 Mor eover, by using neans such as classifying
nodews into groups, the capture effect can be effectively utilized,
enabling the transm ssion efficiency to2pga ncreased. Furthernore,
detection of the idle state of the 20 transm ssion path can be used to
detefmne a condition in which the occurrence oz?qu§ Q§??I'ct can be
effectively avoided, thereby enabling the transfmt g I™Ci ency to be
further i.ncreased. Mreover, nmessages can be transmtted in order of 25
the priority of the nmessages. - 102 -
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Also, it can be ensured that a nessage is transmtted by a nodemafter a
time delay that is no greater than a specific guaranteed value. 5 10 15 20
25 + - 103 - WHAT IS CLAIMED I S:. 1. A cable television | ocal area
network conprising a plurality of term nal apparatuses, neans for
constituting a transm ssion path formed of an upstreamtransm ssion 5
pat h "and a downstream transm ssi on path, @uralitfy of nodens coupled to
respective ones of said term nal apparat L:?gé ; for transmtting to said
upstreamtransm ssi on path nessages which are Fﬁq@.etgqr om sai d
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term nal apparatuses and for receiving nessages fromsaid 10 downstream
transm ssion path and supplying said nessages to said term nal apparatuses,
and a head end apparatus for transmtting to.said downstream transm ssion
pat h nessages whi ch have been transmtted over said upstreamtransni ssion
pat h;? 15 wherein each of said messages conprises information specifying
the 1ength of said nmessage, and each of H®akgl nodens conprises
transm tted/ recei ved data conparator neans functioning, while said each
nodemis transmtting a 20 nmessage, to conpare successively received data
obtai ned from said downstream transm ssion path with successively sel ected
data of said nessage which have already been. transmtted to said upstream
transm ssion path, to thereby detect any occurrence of non-coincidence

bet ween 25 said received data and said transmtted data of the

-
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--104 - nessage; retransm ssion neans responsive to detecti-on of said
non- coi nci dence by said transmtted/received data conparator neans for
interrupting transm ssion of said 5 nessage and for subsequently
retransmitting said.nessage after a retransnission tine interval of
predeterm ned duration has el apsed, andyegeiving control neans
functioni ng, when said nnden1a§$§$i§? transmt a nessage, and when the
| ength of a set 10 of data T dre recei ved fromsai d downstream

transnissign-zzsh spgp not attaiA~a_value of ressage length which is
specified in fd YeTei ved e e(i'S sqi d received data. 15 2. A
cabl e tel evision | ocal i

er nenory neans for holding a
and transmtting control neans for

nmessage which is to be.transmt
g buffer nmenory means, in

successi vely reading 20 out frop
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specific sequence, data constituting said nmessage, to be transmtted over
sai d upstream transm ssion path, and for subsequently reading out said data
of the message fromsaid transmtting buffer nenory means in said sequence,

25 to be successively conpared by said transmtted/received - 105 - data
conparator nmeans with said data received fromsaid downstream transni ssion
path.. 3. A cable television | ocal args/s2etwork according to 5 claim1l,

wherein each of said nodens conprises carrier generating neans for
genetating a_carrier, transmtting circuit nmeans coupled to receive said
carrier andHEﬁ@ Q‘Bé_ Messagg,pfu.ch i ng}.%é%@ut ransmtted, for transmtting
to sai d upstreamtransm ssi crangsilshlosai ekadéhisairi er and a nodul ated data
si gnal expressing said dat a,""thr\a’nsm t t P4 st rol neans functioning wher

said nodemtransnmts a rressage,\upon aet ect |\)n by sard -
-t - s am W &
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recei ved data conparator neans that said transmtted/received data and said
transmtted data of 15 said nessage do not coincide, to control said
transmtting circuit neans to transmt said carrier alone to said upstream
transm ssion path during a fixed tinme interval after transm ssion of said
message has been interrupted, 20 and wherein when said nodemis not
transmtting a nessage, said receiving c#ibRol neans are responsive to
receiying said carrier alone fromsaid downstreamtransni ssion path during
said fixed tinme interval for discarding any data which have been received
fromsaid 25 downstream transm ssion path inmediately prior to - 106 -
commencenent of receiving said carrier. 4. A cable television | ocal area
network according to claim11, wherein each of said nodens conprises

-
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5 carrier generating neans for generating a carrier, “transmitting
circuit means coupled to receive said carrier and data of a message which
is to be transmitted, for transmtting to said. upstream transm ssion path
said carrier and a rmdul ated data signal expressing sai d data, 10
trapsmitting control neans functioning 3sen said nodemtransnmits a nessage,
upon detection by said transmtteg ved data conparator neans at a tine
when al |- data of said nessage have dy been transmtted that said
received data and said transmtted di message do not

coi nci de, t said transm [ [ S to transmt said
carrier algﬁ-f&% géd upst r egmfe 1 ring a fixed tine
interval after transm ssio ] n interrupted, and
wher ei n when said nodemis not g a 20 nessage, said receiving
control neans are responsive to reCetVi i ier alone fromsaid
downstream transm ssi on path during™s i i i hterval for discarding
any data whi ch have been recei wed i m transm ssion path
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25 comencenent of receiving said carrier. - 107 - 5. A cable
television local area network according to claim11, in which said
retransm ssi on neans nmeans of respective ones of said nodens hol d data
speci fying respectively different values of retransmssion tine 5

interval, and wherein said retransm ssion neans deterni nes, based on said
data,” the value of said retransm ssion tB&#2 nterval which is utilized in a

message retransm ssion operation. 10 6. A cabl e teIeV|S|on | ocal area
network according to claim5 wherein each of VSE conprises means
functioning, each tine a nessage is transnmtte 'sai d downstream
transm ssion path mmmmcﬁ sai dodwpélessd, t O exchange the retransm ssion
i nterval specifiedda %fEPIS ﬁgg@ﬁﬁzew the retransm ssion interval that
is specified far another‘bnp of ®& dens >
< 4
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7. A cable television | ocal area network according to claim6, wherein
each of said nodens conprises 20 nmeans for storing a table expressing
rel ati onshi ps bet ween nunbers of nessage transm ssion occurrences and
respectively different values of said retransm ssion tinme interval, neans
for .detecting occurrences of an idle cg&?%éion 25 - 108 - of said
downstream transm ssi on path, and nean sel ecting an updated val ue of
said retransmission tinme interval fromsaid table each tinme that an
occurrence of said idle condition is detected. 5 8. A cable television

| ocal area network according to claim1l1, wherein said nodens execute
transm ssion of nmessages to said upstreamtransm ssion path by using
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respectively di fferent predeterm ned transm ssion |evels. 10 9. A cable

tel evision | ocal area network according to claim@8, wherein each of said
modens, upon conpl etion of a nmessage.transmi ssion, inhibits transm ssion of
a succeedi ng nessage until said nodem detects that an idle 15 condi tion
of the transm ssion path has continued for a predetermned tine interval.
10. - A cable television local area net \A@éa{}gzaccordi ng to claim9, wherein
sai d predeterni ned idle intervealgg 0 t"l east equal to a slot tine
interval, where said slot tine TRyerval is a maxi mum \ﬁ_ue of tér_re interval
that el apses|between transm tpfRepdet-o—to——sat-a-ypstre {ansa sion path

) -] arante .

by one of sajd nodens and recleintefl mgaldﬁ éata fromsaid downstream
transm ssion{path by sai.d nodethe @iranteg(me

.| Begin transmitting the
time-guaranteed message
/]

5.
>

s a time-guaranteed
message held in the
time-guaranteed.message
'register 69, while the
transmission path is
idle ?

Y

as the carrier.
detection circuit s7
detected the idle
condition for longer
than one slot interva

S a normal message
being held in the time-~
guaranteed message

register 69, while the
transmission path is
idle ?

W

Begin transmitting the
normal message

45 time limit of >
quarantee interval timer> *
8 elapsed ?
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11. A cable television | ocal area network according to claim9, wherein
at | east sone of said nessages each includes information specifying a
degree of priority of said nessage, and wherein each of said nodens
conprises * 5 priority detection neans for detecting said degree of
priorFity which is specified within a nezﬁggg that is to be transmtted by
sai d- nodem and neans responsive to a d ed degree of priority of said
nmessage for ch ' the value of said tinme interval for which said idle
10. ‘condition?ﬁggngé;éktected as continuing. 12. A cable television

| ocal area network according to claim11l, wherein said priority degree
takes mne of a plurality of stepw se-varying val ues, and wherein said 15
time interval for which said idle i on nmust be detected as
continuingis_set as an integral niEper of slot tine intervals, in
accordance Wwth'the priori] ' detected for the next nessage

Se a
that is to Be transmtted, |vineswabadhenfsstaid slot tine intervals is 20
maxi mum val ye of time inte Vi e ?ruﬁﬁﬁhtﬁ?&lﬂ%e etween transnmitti ng dat a by
one of said|nbdens to said upstrea

Set minimum request time
.] value = 999

s a time-guaranteed
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transmission path is
idle ?

3

Begin transmitting the .
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mninimum request time
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transm ssion path and receiving said data fromsaid downstream transm ssion
path by said nodem 25 13. "A cable television | ocal area network
according to - 110 - claim 11, wherein each of said nodens conprises
priority altering means, for altering a priority degree that has been
deteeted by said priority detection neapgssgs being specified in a nmessage
which is to bt @s_rﬂ,_t]t ed by said 5 nodem and wherein said priority
altering means changes said priority degree in accordance with an anount of
dat a*whi ch constitutes said nmessage. 14. A cable television |ocal area
network according te30-7 T haldigd) Wherein each of said nodens conprises
transmtting circui ansmtting said data of a nessage to said
upstreamtransm ssion path ag,a nodul ated data signal at a specific

transm ssion | evel, and Sm SSi vel @djustnent nmeans for controlling

equest time interva
received message <
minimum guarantee
nterval ?

Minimum guarantee
interval-e— requested
guarantee interval in
received message

Y
Execute normal receivi?g)
processing

=



15 said transmitting circuit nmeans to randomy change said transm ssion

| evel between respective transm ssions of nessages by said nodem 15. A
cable television |local area network according to 20 claim 14, wherein at

| east "some of said nmessages each includes information specifying a degree
of priority of said nessage, wherei n‘-eacg ;)f sai d nodens conprises priority
det ection mthfGthg(_atecti ng said degre 152 priority which is specified
within a nmessage t is to 25 be transnmtted by said nodem and wherein
said ~ transm ssi O”ulLE‘!,e,L adj usdwRRiameans alters, in accordance with a

degree of priority tBadnsdissidet eé}:ﬁﬂ‘é?y‘"sai d priority detection neans, the
N

magni t ude of a rangePYf \@al ues t whi ch said transm ssion |level is
randomy 5 ch : TSt Erwork accordi ng
to claim1 wherein each §f said nodens conprises
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ti me- guar ant eed nessage hol ding nmeans for receiving 10 and tenporarily
storing a tinme-guaranteed nessage which is supplied fromthe correspondi ng
one of said term nal apparatuses, a guarantee interval timer, and nmeans for
initiating transm ssion of said nessage to 15 sai d upstreamtransm ssion
path within a predeterm ned guarantee t%ggzi nterval follow ng receipt of
sai d message fromsaid term nal apparat®sy~as measured by said guarantee
interval tinmer, and if necessary for interrupting transm ssion of a nessage
which is not a 20 ti me-guaranteed nessage and is currently being
transmtted, to enable transm ssion of said tinme- guaranteed nessage to
comence within said guarantee tine interval. 25 17. A cable television

local area network according to - 112 -
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claim 16, wherein said guarantee interval tinmer alters the value of said
predeterm ned guarantee tinme interval which is neasured thereby, in

accordance with a guarantee request time which is specified within said
time- 5 guar ant eed nessage. 18. A cable television |ocal area network

according to * claim1 wherein eaghsaf said f oNpri ses
transnitting circuit nmégfranboissipbansnitti Eg sai d dE?D gﬂslé/:pa message to
said upstreamtransm ssion pgdth as a nodul ated data signal at a specific
transm ssion | evel, * rein respective groups of nodens are
defined, each group c ns whi ch have respectively different
val ues of transm gstonidteveion eahinfsrsard 15 nodens conprising group

i dentificati on+€gi st elatagtedetihs ifide regi st et roup nunber of a group
to which said em beﬁﬁQﬂ :"gfgﬁjé LfTer countgy neans for deriving a
count 20 val ue whi represents t [IDfixeiemeit &helldrdiip se nenbers
are currently enabled t m unter 71 by 1

_ a message waiting to
be transmitted, while group
counter value is equal to

number of group to which modem

belongs, and while

ransmission line is idl

y
lExecute transmissi651’

Youp counter rese
signal ?

Reset the group ID
counter 71




* said transm ssion path and for detecting a condition of coincidence -
bet ween sai d count val ue and said group nunber registered in said group

nunber identification 25 registering neans, - 113 - neans for detecting
a group transm ssion conpleted condition in which all nmenbers of said group
to which said lqﬁﬁﬁngs have conpl et4gdss ransmi ssion of all pending

nmessages and fOr dath™ng said count value when 5 said group transm ssion

conplLetion condition is debfeded, andommanssfor enabling transmission of a

message by sai d nodem onl IS ai OpatSAIIFtr on of coi nci dence is being
detected. 10 19. A cable-t vision-loc g0 claim
18, wherein said neans for detecting said group .
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transm ssion conpl eted condition conprise neans for detecting that an idle

condition of said transm ssion 15 path has continued for
predeterm ned tine interval

20.

A cable tel evision | ocal

according to claim1, wherein each of said nodens conpri ses.
for calculating a path occupancy distance as a length of a portion of said
trdnsm ssion path which is currently occupied by data of a nessage which

has been transmtted by said nodem pquggistance conpar at or

conparing a value 25 of return path di

114 - end apparatus with said path occupancy_di stance,
t hereby detecting a condition in which said path occu
shorter than said return path distance,
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5 means responsive to detection of said condition for enabling

transm ssion of a succeedi ng nessage by said nodemto be initiated. 21. A
cable television |local area network according to 10 claim 20, wherein
each of said nodens conprises transmtting circuit nmeans for transmtting
said data of * a nmessage to said upstreamtransnission path as a
modul at ed data signal, said head end apparatus conprises nmeans for
transmitting a synchronizing signal touﬁgbd 15" downstréeam transm ssion
pat.h, nmultiplexed with data signals transmtted by said nodens, and wherein
each of said nnﬁEdd?; f{ises synchronizing receiving means for receiving
sai d synchroni zi ng signal, and 20 oper ati ng sequence fegister neans
coupl ed to receive said gyneh~en signal from said synchronizing signa
recei ving neans, for reg{sk L8 -égdeternined sequence of operations and
for executing said sequence of qQperations in synchronismwth said -
synchroni zi ng signal. 25
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- 115 - 22. A cable television |ocal area network according to claim 21,
wherein at least a part of said plurality of nobdens each conprises a video
transmtting circuit coupled to receive a video signal froma video signal
5 source, for generating a correspondi ag/p deo data signal and for
trarsmtting said video data signal tofs ig gtream transm ssion path,

mul ti pl exed with said data signals transmttéd by said nodens, and wherein
at least a. part of said plurality of nodens each conprises a video 10
receiving circuit for receiving said video data signals fromsaid

downst r eam t r ansni &R pat h A TE . converting said video data signals to

correspondi ng basebwhd3yi deo sergnal,s. 15 23. A cable television |ocal
area network gr‘fnrding\fn clai m-?\?T wherein Qpnr‘ij_'i c ﬁperatiens of—at !n:\c}
sai d video signal trans\rri tting circdit of a nodem arp
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selectively controll ed based on operati on conmmands generated based on
contents of said operating sequence 20 registering nmeans, said operation
comands bei ng generated at tim ngs determ ned by said synchroni zing
signal. 24. A cable television |local area network according to 25 claim
22, swherein said video signal source cogg; es a - 116 - video canera,
and wherein sal gfgylzing si gnal %%pLied from said synchroni zi ng
si gnal rece|V|ng ciré to said video canmera, for synchronizing said video
sigrial wth said synchronizing signal. 5 25. A cable television local area
network according to ¢ > sher ei n each of said nodens conprises carrier
generati ng neans for “‘E@g g carrier, transmtting circuit neans
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10 carrier and data of a nessage which is to be transnitted, for
transmtting to said upstreamtransm ssion path said carrier and a

nodul at ed data signal expressing said data, neans for controlling said
transmtting circuit neans to transmt said carrier alone during a fixed 15
preanble tine interval prjor to tr'ansm’[@/’g?g said data of a nessage, and
preanbl e receiving nﬁﬁGQ@[jl ed to recelve said carrier fromsaid
downstream transm ssion path for setting said nodemto a predeterm ned
initial receiving 20 status nodem when said carrier is received. 25
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