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GATV—LAN SYSTEM HAVING SIMPLE MODEM CONFIGURATION AND

PROVIDENG HIGH EFFICIENCY OF TRANSMISSION

A
BACKGROUND OF THE INVENTION
Field of the Inventlon

The present invention relates to a data communlcatlon
system which is ‘suitable for implementing a eable
television local area network (referred to in the
following as a CATV-LAN system), for such applications as
on-deﬁaﬁd video, tele-shopping, ﬁonitor eehera systems,
ete. In particular, the invention relates to a eystem
which achieves efficient transﬁlssion of data in such
applications while enabling the overall system, and in;
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
methods, whereby encoded data are modulated by a carrier,
ﬁsing a method such as FSK or PSK modulation, and the
modulated data are transferred to a transmission medium
such as a cable. A description of such a data transfer
system, in which the nodes of the system are

interconnecteq'by a bus type of network, is given in

"Integrated Data and Video Broadband LAN System" by
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Hirata et al, as a technical report IN88-4 No. 12, 1988,
of the Electronic Data Communication Institute (Japan).
An example of such a CATV-LAN, as shown in Fig. 3, is
mada up of te;minal_apparatuses 11 to 13 for tfansmitting
and receiving data, modems 21 to 23 (connected to
respective ones of.the terminal apparatuses 11 to 13) for
executing modulation and demodulation of the data, a
f:anamission path 3 which is connected between the

modems, and a head end apparatus 4 which is positioned at

- ‘one end of the transmission path 3.

Ihe'trahSmissioh path 3 consists of an upstreanm

| transmission path 31'which transfers data from the modems

21 to 23 to a head end apparatus 4, and a downstream

transmlssion path 32 which transfers the data back from
the head end apparatus 4 to each of the modems 21 to 23.
The function 6flthe head end apparatus'4 is to transmit
back, to all of the modems 21 to 23 via tha downéhreaﬁ
transmission path 32, data which have been transmitted
from any one of thése modems via the -upstream
transmission path 31. 1In 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

values of modulation frequency before transferring the
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resultant modulated data to the cable; to be sent in the
downstream direction. Alternatively of course, the |
upstream transmission path and downstream transmission
path can be implemented by respective cables.

Data which are to be transmitted by any of the
terminal apparatuses 11 to 13 are transferred'through the

corresponding one of the modems 21 to 23 onto the

upstream transmission'path 31, .and after being sent back

onto the downstream transmission path 32 by the head end

‘apparatus 4, are received from the downstream

transﬁission path 32_by the modem .of the destination

terminal apparatﬁs. While data are béing transmitted

, continuously by a épecific modem via the upstream

. transmission path 31, if data transmission is commenced -

by any other modem, then signal conflict will arise on

‘the upstream transmission path 31. To avoid that

situation, when a modem is to transmit daﬁa; it is first
confirméd by that modem that no data.are'currently being
transferred over the downstréam transmission path 32. If
a mpdém finds that data coﬁflict occurs while it is

transmitting, then the modem halts its transmission, and

. subsequently retransmits the data.

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

input/output interface 81 between the modem and the

corresponding terminal apparatus), a transmitting buffer
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82 which temporarily holds data that are to be

transmitted, and a tfansmitting circuit 83 which executes

‘modulation of the data which are to be transmitted

(generally by frequency modulation) and then transmits
the resultant signal at a specific transmission level,
via the upstrean tfansmission path 31. The moden further
includes a receiving circuit 84 which receives modulated
data from the downstream transmission path 32 and’
demodulates the datg, a recelving buffer 85 which

temporarily holds received data, and a transmission

* centrol circuit 86 which controls the timings of data

transmissions.,

-

Fig. 2 shows the configuration of the transmission
contrel circuit 86. As shown, this is made up of a CSMA
control qircuit 87 which executes control whereby
transmission is only started after it has been confirmed
that data are not,curréntly being transmitted via the -

dounstrean transmission path 32, while transmission data

are being held in the transmitting buffer 82. The

transmission control circuit 86 further includes a beat
detection circuit 89 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

component is detected in the received signal, then this
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is taken as indicating that data are currently being
transmitted by two or msre modems; i.e. that data
conflict is occurring. a receiving buffer clearing
circuit 90 erases the data which are currently being held
in the receiving buffer 85 if such a conflict condition
is detected. A transmitting control circuit 88 executes
control- whereby data are retransmitted after a fixed time

interval has elapsed follow;ng detection of a data

- confllct.

. The operation,qf such a CATV-LAN, when data are

transmitted from the terminal apparatus 11 to terminal

' apparatus 12, is as follows, firstly, the terminal

: apparatus 11 outputs the data to the 1nput/output

1nterface 81 of the modem 21. The input/output interface

'81 temporarily stores the data within the transmitting

. buffer 82. The CSMA control circuit 87 of the

transmission control circuit 86, when data have been set

.into the transmitting buffer 82, checks whether any data

are currently being transferred via the downstream
transmission path 32. . If it is found 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 path 32 has

ended. However if the CSMA control circuit 87 finds that
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data are not currently being transferred via the
downstream transmission path 32, then transmission of
data via the transmitting circuit 83 to the upstream
transmission path 31 is immediately started.

If no data conflict occurs, i.e. if no other-modem
attempts to transmit data at the same time, ﬁheh the
transmitted daia'are retu;ned by the head end apparatus
4, along ﬁhg downstream transmission path 32, to each of

the ﬁodems. If a modem detects that its own terminal

. apparatus is the destination for the data which are being

transferred via the downstream transmission path 32, then’

.the received data are set intoﬁthe receiving buffer 85 of

that modem, and after all of the daﬁa havé been receifed,
the data held in_the rgceiving buffer 85 are tranéfgrred
through tbé input)output interface Sl'fo the
coffesponding terminal apparatus (i.e. in.this.examplé,
to the terminal apparatus 12). |

If while data are being transmitted continuously by
the modem 21, some other modem begins;to transnit data .

(i.e. unaware that data are currently being transmitted

'by the modem 21, since these data have not yet reached

that other modem after having been sent back alOng'the
downstream transmission path 32), then data conflict will

occur.

For example, assuming that the modem 22 attempts to
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begin data transmission immediately after the modem 21
has commenced transmission, then while the leading part
of the d#ta which are being transmitted by the modem 21
has not yet reached the modem 22, modem 22 will assumed
that the transmission path is vacant, and so will

commence 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 downstream transmissioﬁ path 32), the data

.which are being transmitted by the modem 21 will conflict

'with the leading part of the data which are transmitted

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

judges (based on the difference between the normal -

. received signal énd 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

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

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

transmitting control circuit 88 of the modem is caused
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(by the beat detection. circuit 89) to execute operations
for retransmitting the data. In the present example,
assuming that both of the modems 21 and 22 were

transmitting data when a conflict occurred, then each of

these will subsequently retransmit their respective data,

from the 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

~occur. For that reason, respective randomly determined:

values are assigned to that ﬁime_interval which elapses
before retransmission begins, for the various modems. It

thereby becomes possible to execute retransmission

- without the occurrence of conflict.

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 modems, in order to detect the occurrence of data
conflict. This has the disadvantage of increasing the
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

the two signals, then it becomes possible to correctly
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transmit 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
transmission levels of the signals transmitted from
respective nodes are made identical, in order to enable
conflict to be detected by the beat detection circuit
within each modem, based upon received.signal levels.
For that reason,_it has not been possible to utilize the
capture effect. | |

If it were attempted to directly use the capture

~ effect, by simply'assigning respectively different valués

of transmission level to the variocus modems, then the
ﬁbdgms”ﬁhich'trénsmit at a high signal level would always |
receive priority, so that there would be an imbalance
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

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

transmitted.
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SUMMARY OF THE INVENTION
It is an objective of the present invention to
overcome the abové_problems of the prior art by
providing a CATV-LAN whereby the capture effect can be
effeétively-utilized to achieve an increased level of

signal transmission efficiency, and moreover whereby

“imbalance between respective opportunities for signal

transmission by the various modems is prevented, and
further whereby retransmission of signals can be
efféctively performed after the océu;rence of signal

-

A CATV-LAN according to the present invention

' compriées'a plurality of modemé for transmitting messages

"to an upstream.transmission path and for receiving

messages.ffom a downstream transmission path, terminal
apparafﬁses for supplying messages to.and for receiving
messages from the modems,'and a head end apparatué-for
transmitting to the downstream transmission path messages
which have been transmitted over the upstrean
transmission path. Each of the modems comprises
transmitted/received data .coméarison 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

message after a predetermined time interval has elapsed,
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when it is detected as a result of the comparison that
the transmitted data and received data to not coincide.
The modem further includes receiving control means which
functions, when the éach modem is not itself transmitting
a message and when the length of received data does not

attain a message length which is specified in a received

message, to.discard the received data.

Furthermore, the modem includes carrier transmitting -

means for transmitting a carrier to the upstream

- transmission path, as a transmitted data carrier. The’

carrier transmitting means functions, when the
transmitted/received data comparison means detects that
the received data and transmitted data do not 001nc1de,

to interrupt the transmitting of the carrier after_hav1ng

‘transmitted the carrier during a fixed time interval.

Moreover, when it is detected by the

'transmitted/received data comparison means that the

received data and transmitted data do not coinCide, the

‘carrier transmitting means continues transmitting of the

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 completed.

Furthermore, the retransmission means of respective

ones of the modems can be configured to hold data
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specifying respectively different values of the

predetermined time interval which elapses before

retransmission is started.

In addition, the retransmission means can be
configured to fﬁnction such that each time a message
transmissioﬂ is performed, the retransmission interval
specified for the modem ‘is exchanged for the
retransmission interval-that-has been specified
fof'ahotheriﬁodem}" - |

Fufthermcfé,.the modems can be configured to execute

transmission of messages using respectively different

‘predetermined transmission levels.

- Moreover each of the modems can be configured such

~that, upon completion of a message transmission, the

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

condition must continue to be detected is preferably made
equal to a slot time interval, where a slot time interval
is maximum interval which will elapse between the time at

which data are transmitted and the time which the data

‘are received. More specifically, the slot time interval

is the the interval which elapses between the point at
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which data begin to be transmitted by the modem which is
l&cated farthest from the head end apparatus, along the
transmission path, until the point at which the leading
part of the transmitted data is received by that modem

from the transmission -path.
Moreover, gaéh of the modems can conmprise priority

detection means for detecting a deéree of priority which

- is specified within the next message that is to be

“trénsmitted by the modem. In that case, the modem varies

the duration of the time interval for which the idle

‘condition must be detected as continuing, in accordance

with the prioriiy degree that is detected by the priority

detection means.

The pfiority degreé can take one of a plﬁrality of
stepwise-varying values, aﬁd the time intervai for which
the idle condition must continue 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.

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

next message that is to be transmitted by the modemn.
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Also, each of the modems can comprise transmission

level adjustment means for randomly changing the

- transmission levels of respective messages.

Such a modem can further comprise priority detection

means for detecting the degree of priority which is

spécified within a message, with the transmission level

adjustment medns altering the transmission level at which

a message is transmitted, and with the range of Variation
of that alteration being determined in accordance with
the degree of priority that is detected for that messaée._

Furfhermore, each- of the modemé_can further éompfise-

' time-gﬁaraﬂtéed message holding means for s£9ring a'time-

guaranteed message, and a guarantee interval timer. When
a time-guaranteed message is received by a modem from the
corresppnding terminal apparatus, the guaranﬁee interval

timer begins a timing operation. If no message is

_currently-beihg transmitted by that modem, then it

immediately attempts to transmit the tiﬁe-guaranteed

message. If a normal message is currently being

' transmitted by that modem, then when the guarantee time

interval has elapsed, tfansmission of that message is

interrupted, and the modem immediately attempts to
transmit the time-guaranteed message.
In such a modem, the guarantee interval timer can

alter the value of the guarantee time interval which is



10

15

20

25

- 15 =

measured thereby, in accordance with a guarantee request
time which is specified within the time-guaranteed
message. |

Moreover, respective groups of modems can be
defined, each group consisting of modems which have
respectively different vaiues of .transmission level, with

each of the modems compriSing group identification

reglsterlng means for reglsterlng a group number to which

-the modem belongs, and a group- ldentifler counter for

obtalnlng a count value which indlcates the number of a

group whose members currently have the right to transmlt

'messages. When the group number counted by the group
,identifier counter coinc1des with the number whlch is

' held in the group identifier registering means of a

modem, message transmission can be executed by ﬁhat
modem. | ' -

Each modem can also comprise parh distanoe.
comparator means for comparing the return path distance

between the modem and the head end apparatus and the

- downstream transmission path occupancy distance (i.e. the

length of a section of the downstream transmission path
which is currently.oocupied by data which have'just been
transmitted by the modem). When the.path distance
comparator means detects that the downstream transmission

path occupancy distance is smaller than the return path
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length, the modem can begin transmissron of a new
message.

Moreover, a modem can comprise synchronizing signal
receiving means for receiving a synchronizing signal
which transmitted by the head end apparatus onto the
downstream transm1ss1on path, multiplexed with the
modulated data from the modens, and can supply the

synchron121ng signal to a video s1gna1 transmitting -

circuit whlch transmlts to the upstream transmis51on path

lmodulated data expressing a video signal from a monltor

-

‘Each modem can further include operation sequence

registerlng means for reglsterlng an operation sequence,

‘with the operation sequence being executed under the

control of the synchronizing signal receiving.means.
Each of the modems can also comprise a video
receiving cireuit for receiving video_data, obtained as
multiplexed data from the downstream transnission path.
. Also, each of the modems can combrise-preamble |
transmitting means for transmitting only the carrier
during a fixed time interval, immedately 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

received.
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pue to the various functions which can be provided

in each modem of such a system, as set out above, the

following advantages are obtained.

' Firstly, while a modem is in the process of

transmitting a message, the modem compares the

transmlsslon data with the received data. = If these do

not match, then zt is judged that data confllct has

occurred, in whlch case the modem halts the transmxss;on.

_Subsegquently, the moden retransmlts the message. However

" even if data confllct occurs, if the data of a message

are belng correctly transmltted because of the capture

effect, then- transmlssion of the message is contlnued.

If the actually received numbe: of data in a message

which is being received by a modem is less than the
numbex of.data which are specified for that message.(i.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
recevzng modem dlscards the part of the message whlch it
has temporarily stored. However in that case too, if the
data of a message are belng correctly recelved because of

the capture effect, then the receiving process is

continued for the entirity of the message.

If only the final datum of the received message has

been made indefinite, because of occurrence of conflict,
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then the receiving modem cannot use the above method to
judge that conflict has occurred, i.e. by judging on the

basis of the received message length. In that case, when

"the modem which transmits that message detects that

conflict has occurred, that modem continues to transmit
the carrier alone for a certain time interval, after
transmission of the message has been completed. The -

receiv1ng modem is thereby notified that conflict has

'occurred.

- Furthermore, by ensuring each modem can only begin

.retransmiSSion of a message after a specific time
- " interval has elapsed following termination of
transmission as a. result of detecting data conflict, and

- by establishing respectively different values for that

time interval between the various modens, it is ensured
that conflict will not again occur when retransmLSSion of
a message is executed. If these retransmission time

intervals were to be made fixed for each modem, then an

'imbalance would arise in the respective rates at which

the various modems .are permitted to execute message
transmissions. However that problem is overcome by
interchanging these time intervals between respective
modems, each time that a message transmission is

executed.

In addition, the capture effect is utilized, by
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.assigning respectively different transmission levels to

the various modems. The modeﬁs are configured such that
each time a modem transmits a message, the modem inhibits
itself from transmitting any succeeding message until it

has detegﬁed that an idle cendition'has continued for a

duration which is at least equal to a slot time interval.

As defined hereinabove, the term "slot time interval"

signifies the maximum'time.required for a modem to
_receive data after it has transmitted that data..The

_"idle condition" is a condition in which ﬁo carrier is

present on the transmission patp. In that way{ it

' beconmes possible to.preﬁent the cOncentraﬁion of

transmission opportunities'in.those modems'which have the

'highest values of transm1551on level.

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

a551gned to a message that is to be transmltted by a

" modem, it becomes possxble to transmit messages in order

of their priorlty.

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

for a message which has a high priority, messages can be
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transmitted on a pribrity basis.

Furthermore in the case of messages for which it is
necessﬁry to guarantee the maximum amount of délay which
will occur before the meésage is transmitted (after being
issued by a terminél apparatusj, such messages are
transmitted first, with normal messéqes bging tranémitted_.
thereafter. If_é time-guarapfeed ﬁessage is issued by a
terﬁinal apparatus to the cdrfésﬁonding modem while
transmission of a normal message by that modém is.still
ih_broéress, and if sending of that normal modem is not
éompiéted within thé:time iﬁte;val which is guaranteed as .

the transﬁissidn delay, then transmission of the notmal

'wessage is interrupted, and transmission of the timé—

_guaranteed'meSSage_is executed, to.théreby satisfy the

. guarénﬁéed transmission delay requirement;

Also, by dividing the modems into groups, with the

modems within a group having respectively différéﬁt,

values of transmission level, and séquenially assigning

to the groups the right to transmit messages, it can be

‘ensured that the the capture effect is effectively

‘utilized, and the overall transmission efficilency is

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

between the modem and the head end apparatus with the



10

15

20

25

- 21 -

length of the part of the downstream transmission path
that is currently occupied by data that have been
transmitted by that modem, it becomes possible to

transmit a message while the upstream transmission path

is in the idle condition even if the downstream

transmission path has not yet reached the idle condition.
Furthermore, by arranging that the head end

apparatus transmits a synchronizing Signal'to each of the

‘modenms, via the transmission path, and providing'a

synshronizingtsignai receiving'cirouiﬁ-in each of the

: modems, 1t becomes posszble to mutually synchronize the

operatlons of the varlous modens.

In that case, by . prov1d1ng modems w1th a video

' SLgnal rece1v1ng c1rcuit and video SLgnal transmlttlng
-circuit, a monitor camera system can be- configured in

which the video s;gnals transmitted by the modems are -

mutually-synchron;zed, so that sw1tch1ng between the
respective'yideo signals can be performed without
producing disorder in the resultant.display-pictures.
Also, if the carrier alone is transmitted during a
fixed time interval prior to transmitting a hessage, 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

exact point at which that message begins can be
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accurately defined} when the message is received py

another moden.

BRIEF DESCRIPTION OF IHE QBA_lnﬁﬁ

Fig 1 igs a circuit block diagram of an example of a

modem in a'prlor art type of apparatus which can be

_utilized as a CATV-LAN;

'Fig. 2 is a circuit block diagrem of a teceiving
centrol_éircuit'in'the example of Fig. 1;

-Fig. 3 illustrates the basic general cpnfiggretidn

of a CATV—LAN ;

Flg. 4 is a circuit block dlagram of a modenm used in

. a first embodlment of a CATV-LAN according to the present

1nvention, _
..Fig. 5 shows the configuratlon of a message, in. the

first embodiment;

Fig. 6 illustrates a firsﬁ pattern of data conflict
between ﬁessages, for the first embodiment;- .

Figs. 7a, 7B illustrate the occurrence of conflict
on the transmission path; . - |

Figs. 8, 9 and 10 are flow diagraﬁs of operations
executed by the first embodiment;

Figs. 11a, 118;‘110 illustrate a secondpattern of
data conflict between messages, for the first embodiment;

Fig. 12_illustratee a third pattern of data conflict

between messages, for the first embodiment;
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Figs. 13A, 13B illustrate.a method of providing

~notification of conflict between messages, with the first

.embodiment;

Fig. 14 illustrates a pattern of data conflict

between messages; for-describing a second embodiment of

the invention;

) Figs. is; 16 17 are flow diagrams of operations

-executed by the second embodiment,

Figs. 1843, 183, 18C show examples of tables for use

' injdetermining retransmission,time intervals for

respectiye_modems, used in the second embodiment;

-

_Fig. 19-is a flow diagram of operations executed by

..the eecond:embodiment when the tables of'Fig55 18A to 18C

are utilized;
Fig. 20 shows an example of 'a message transmission
sequence, for the second embodiment;

Figi 21 shows an example of a message transmission

sequence,'for a third embodiment of the invention;

Figs. 22 and 23 are flow diagrams of operations
executed by the third embodiment, .

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

the third embodiment;
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Figs. 26, 27 are flow diagrams of operations
executed by the third embodiment; '

Fig. 28 is a circuit block diagram of a modem used
in a fourth embodiment of a CATV-LAN according to the |
present invention; -

Fig. 29 shows an example'of a message transmission
sequeﬁce,‘for the fourth embodiment} |

' Fig. 30 is a flow diagram of opérations executed by

| the_fourth_émbodiment;

Fig. 31 is a circuit block diagram of a modem used

in a fifth embodiment of a CATV-LAN according to the -

-

' -present invention;

Figs. 32A, 32B show an example of a message

* . transmission sequence, for the'fifth-embodiment;

Fig. 33 is a £low diagram of opefations executed by

‘the f£ifth embodiment;

Fig. 34 is a circuit block diagram of a modem used

in a sixth embodiment of a CATV-LAN according to the.

‘present invention; ' :

‘Figs. 35A, 35B respectively show a table used in a
modem of the sixth émbodiment,and an example of a message
transmission sequence;

Fig. 36 is a flow diagram of operations executed by

the sixth embodiment;

Fig. 37 is a circuit block diagram of a modem used
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in a seventh embodiment of a CATV-LAN according to the

present invention;

_ Fig. 38 shows an example of a message transmission

‘sequence, for the seventh embodiment;

Figs. 39, 40, 41 are flow diagrams of operatlons
executed by’ the seventh embodlment, _

Fig. 42 is a clrcuit block dlaqram of a modem used
in an eighth embodiwent of a CATV-LAN according to the |
-present:invehtioh; - - '

_ - Fig. 43 shows an ‘example of .a message transm1551on
sequence, for the eighth embodlment,

- Fig.. 44 is a circuit block dlagram of a modem used

in the eighth embodlment of a CATV-LAN accordlng to the

present invention;

'Fig. 45_is a circuit block diacram of a modem used
in a ninth embodiment of a CATV-LAN according to the"
present invehtion; |

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

Fig. 47 is a flow diagram of opetations executed bx
the ninth embodiment;

Fig. 48.shows the overall configuration of a tenth

embodiment of a CATV-LAN according to the present

" invention;

Fig. 49 is a circuit block diagram of a modem used
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in the tenth embodiment of a CATV-LAN according to the
present invention; .
Figs. 50, 51 are flow diagrams of operations
executed by the tenth embodiment;
Pigs. 52A, 52B are transm;ssioﬁ tinming diagrams of
synchronous-ﬁessages, in the tenth embodimént}

Fig. 53 is a circuit block diagram of a modem used

" in an elgvehth embbdiment of a CATV-LAN accordiné to tﬁe

prggéht-invéniién; and -
) Fig. 54 illus;ratés a pattern of data conflict
betWeén_messages,:for the éléventﬁ.embodiment;
BESCRIéTiON'or'PégFERRED EMBODIMENTS
fA'firét embodiment of a CATV-LAN according to the

p;ésent-ihventién'will be dgscribed in the following,

which will be assumed to have an overall configuration

. that is identical to the prior art'cdnfiguration shown in

Fig. 3. As stated above, the transmission path 3 may

consist of respective séparate cables which function as

the upstream transmission path 31  and -downstream

transmission path 32, or (if the head'end'apparatﬁé‘4
remodulates the'data which it receiveé,-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.

Furthermore, although it will be assumed in the
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following description of embodiments that data, after
being modulated. (e.g. using FSKlmodulation) are then up-
converted in frequency by being mixed with a high-
frequency carrler, before being transferred to the
transm1551on path 3, and are subsequently down—converted
when recelved from the transm1551on path 3, the 1nvent1on

is equally appllcable to a CATV-LAN in whlch the

'modulated data are dlrectly supplled to the transm1551on

path 3. Thus, the function of the carrler for frequency

g-up—converSLon is, in ltself not relevant to the

'1nventlon. In relatlon to the 1nventlon, the carrier

-

furictions ae a-pilot signal,_which.is sent.hy a modem to
the transmission path together'ﬁith a-eignel.yhich
expresses data that-are'heing transmitted by that moden.
As will be made clear in the'following,'varions

operations of a modem can be controlled in accordance

- with whether or not the pilot'signai is being received

from the transmission path by the modem. _

Hence, if.the invention is applied.to a CATV-LAﬁ'in
which frecuency upéconversion and down-conversion are not
performed by the modems, then it is necessary to prov1de
in each modem a pllot signal generating circuit, and a
signal comblnlng circuit for combining the pllot signal
with the modulated (for example, FSK modulated) data that

are being transmitted. However if frecuency up-
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conversion and down-conversion are performed by each
modem of the system, as in the following described

embodiments, then a carrier signal generating circuit

‘serves the fﬁnction of the aforementioned pilot signal

generating'cirouit, and a mixer circuit used for
frequency up-conversion.serves the funotion of the
aforementioned signal-combihiné-circuit. |

It w1ll also be’ assumed that data are conveyed as

asynchronous data packets which w1ll be referred to

"herein as messages, w1th each message consisting of at

least three data units, each data unit formed of a

' specific number of bits. Each such data unit will be
referred to as a datum, and can for example consist of an

" integral number of bytes.

With the first embodiment of the invention, eaoh of
the hodemslzl to 23 has the configuration_shown in tﬁe.
circuitﬁblock diagram of Fig. 4. As'showﬁ in Fig. 4,
such a modem includes a transmitting buffer 51 whfoh _
temporarily holds a message which has -been sent from'the
corresponding terminal apparatus 11,.and a transmitting
control circuit 52 which checks whether any carrier is
currently being transmitted over the downstream
transmission path 32. If no carrier is present on the
downstream transmission path 32, the transmission control

circuit 52.sequentially transfers the data of the message
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from the transmitting buffer 51 to the transmitting
circuit 53. The modem further includes a carrier
generating-circuit 54 which generates a carrier, for
frequency up-conversion of modulated data, a transmitting
circuit 53 for modulating, preferably by frequency shift
keying (FSK) modulation,_the data:which are transferred

by the transmission control circuit 52, mixing a

. resultant modulated data signal With the carrier that is.

produced from the carrier generating circuit 54,'and
transferring the resultant SLgnal onto the upstream

transmission path 31. While a message is being

_transmitted by the modem, a transmitted data counter

circuit 55 counts the number of data which have been
transmitted. A repeiﬁing circuit 58 is coupled to

receive data signals from the downstream transmission

path 32 and performs frequency down-conversion and

demodulation of .the received data signals, to.recover the-
originally transmitted data of a'message. A received
data counter circuit 59 counts the number of data which
have been received, and a transmitted/received.data
comparator circuit 6u 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

that a data conflict is occurring, when a mismatch
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condition is found by the transmitted/received data

‘comparator circuit 60, sends command signals to the

~transmitting control circuit 52, causing that circuit to

halt transmission of the message and to retransmit the
data after a_certain time interval has eiapsed. Tne
modem further includes a transmitting buffer clearing
circuit Sé for'clearing the.ccntents'of the transmission

buffer 51 when comparison operations have been completed

- for all of the transmitted data. A carrief detection
circuit 57 detects the presence of a carrier on the

_downstrean transmission'path 32 and notifies the

-

.transmiss1on control circuit s2 and a receiv1ng control

circuit 63 of that carrler presence. The receiving
control 01rcu1t 63 controls the transfer of recelved data
to the receiving buffer 64, and may designated (in

accordance with circumstances) that the contents of the

" receiving buffer 64 are to be cleared or are to be

transferred to the terminal 11. The receiving buffer 64,

temporarily holds data which have been transferred by the

receiving cont:ol'circuit 63, before transferring the

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

64 when necessary.

It should be made clear that the word "carrier" as
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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
slgnal prior to transmission, and that the word "carrier"
is never used hereln 1n relation to dlrect modulatlon of
data (such as FSK modulatlon) As stated above, such a

carrier also performs the functlon of a pilot signal,

which is an essential function in a CATV-LAN accprdlng_to

" the’ present 1nvention.

As shown in Flg. 5, each message whlch is
transferred between “two termlnal apparatuses con51sts of

a first datum (1 - 1) whlch expresses the destinatlon of

.the message, a second datum (1 - 2) whlch expresses the

total length of the message (i.e. the.total number of
data constituting the'message) and data (1 -'3) to (1 -

n) which express the actual message contents whlch are to

':be transferred.

The transmitted data counter circuit 55 and the.
received data counter circuit 59 of the modem 21
sequentially count the data (L - 1), (1L - 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

transmitted data (i.e. a datum which has already been
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transmitted, and is obtained from the transmitting buffer

for the purpose of comparison) with the first datum of

the received data , the second datum (1 -~ 2) of the

transmitted data with the second datum of the received
data, and so on. If the receiving circuit 58 of modem 21

receives data while modem 21 is not itself transmitting

'data, and the terminal apparatus. 1l is specified as the

destination of the message the receiving control circuit
63 transfers the received data to the receiving buffer 64

If the carrier (as detected by the carrier detection

"_gircuit 57)'ceases to be recgived from'the'dqwnstream

-

trénsmissi¢n_path'32 béforé the domplete.message;has Been~
received (i.e. before the'ngmbér of data spécified as the
message lengfh,_by the second-&atum of“ﬁhe'ﬁessage; have
beeﬁ_recéived),'thén this is judged by the'recéiQing
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 buffei 64.

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

utilizing examples of message transfer from the terminal
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apparatus 11 to the terminal apparatus 13.

'With this first embodiment of the invention, it is
assumed that all of the modems transmit data at the séme
transmission level, and that the length of time for which
a message is transmitted is sufficiently long by

comparison with the time which elapses from the point at

‘which data conflict is detected and the point at which

" transmission of a message is halted in response to

detection of. that data conflict.. The time ;equired'fdr

~ data to be transmitted from the mbdem which is located

farthéét from-the head end apparatué'and to return to

-

that modemn will-be'referred.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 éssumed that this
message'is méssage 2 which is shown in Fig. 6A. When a

message has thus been set into theitransmitting buffer

51, the tranémitting control circuit 52 checks whether

the carrier detection circuit 57 detects the presence of
a carrier on the downstream transmiséion_path 32. If at
that time nho 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
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is startea only under the condition that there is no

carrier-being transmitted on the downstream transmission

path 32. |
When transmission of the message is to begin, the

transmitting control circuit 52 first commands the

" carrier generating circuit 54 to begin generating the

carrier. 1In response, the carrier generating circuit 54

_begins to'supply the carrier to the transmitting'circuit

53. The transmission control ciréuit 52 then reads out

. from the transmlttlng buffer 51 the flrst datum (2 - 1)

of the message 2, and transfers that datum to the
transmlttlng c1rcu1t 53. At the same time, the )
tranSmitted data counter circuit 55 is set to a count of -

1. The transmitting circuit 53 modulates the first datum

-(2 ~ 1), mixes the resultant modulated data signal with

the carrier, and transfers the resultant 51gnal to the ’

upstream transm1551on path 31.

When transmission of that first datum has been °

' completed, the transmitting circuit $3 increments the

'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

value. In this case, when the count in the transmitted
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data counter circuit 55 is .2, the second datum of the

- message, i..e_datum (2 - 2) is read out from the

transmitting buffer 51 and transferred to the

‘transmitting circuit S3.

At that time, since the'datum (2 - 2) expresses the
message iength, the transmitting control circuit 62
registers (within an internal register, not shown in the
drawing) the value which is expressed by the datum (2 -

2), as the message length.' This will be assumed to be

".30., If each datum is ‘a single byte, for example, the

.message 1ength would be .30 bytes in’ that case.

v The first datum of the actual contents of the

_message 1s then transmitted, and the operations of'

incrementing the count value and_transmittihg the
corfesponding datum are thereafter repetitively perfqrwed
until the entire message has been ‘transmitted, i.e. uhtil

the number of data which have been transmitted becomes

'equal to the message length (30).

If data are transmitted from any.other modem whiie
the tiansmission 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. In that

case, i.e. if a message begins to be transmitted by some
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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 interval which
elapses from the start of transmitting a message until
that message has been distributed to all of the modems is

a fixed value, which depends upon the length of the

-transm1s51on path. If another modem should begin to

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

. message 2 has been distributed to all of the modens, . then
- data conflict'will occur. With a. system of the type .

. whlch is belng descrlbed, whereby each modem 1nd1vidually

checks the transm1551on path to determine whether data
are currently being transmitted over that .path, such
confliefe are.ineéﬁtable. | |

It will be assumed thai, as shown in Fig. 6B and
Fig. 72, immediately after the modem 21 has started fo
transmit- the message 2,'tbe modem 22 begins to transmit

the data of message 3,. by the same process as'deecribed

above. The result is illustrated in-Fig. 7B..

-immediately after'the modem 21 has started to
transmit the message 2, the signal carrying that message
has net 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
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nessage 3, transmitted by modem 22, will conflict, as

shown in Fig. 7B.

The resultant Signal which is actually transmitted

"is as shown in Fig. 6C. The conflict condition continues

from the time at which the leading datum of message 3

(transmltted by modem 22) reaches the p051tion of modem
21, until the time at which the modem 21 halts the
transmission of message-zl after judging that conflict
has occurred. - The signal data which result'from conflict

between two messages are indefinite, as indicated in the

'_draWings.

The head end apparatus 4 has thus, in effect,
transmltted onto the downstream transmisSion path 32 the
message 23 which is shown in Fig. 6C, ‘and that message 23
is thus received by each of the modems. | o

- When data conflict occurs, each- modem executes the
foilowing actions. Firstly, after message 2 begins to be
transmitted, the.carrier detection circuit 57 of the |
modem begins to detect the carrier (which begins to be’
transmitted slightly before transmission of the modulated
data actually starts). The receiving circuit 58 then
receives the initial datum (2 - 1) of the message 23, and
sets the received data counter circuit 59 to a count of
1. If the modem receiving the data is the same modem

which is transmitting the message, then the
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transmitted/received data comparator circuit 60 of that
modem judges whether conflict is occufring. In this
example, the modem'21 is in the process of transmitting
data, so that the transmifted/receivéd_data comparator
circuit 60 of that modem executes conflict judgemenf
operations. |

_'Thus, whén-the_transmitted/received.data comparatof

- circuit 60 receives the first datum (2 - 1) of message 23’

from the recéiving ciréuit_ss, it then reads out from the

- transmitting buffer 51 the datum having é_serial number
'_which’is'expréssed by the count value in the received

‘data counter circuit 59. 1In this example, the first

datum (2 - 1)_willlbe read out from the transmitting

buffer 51. That dafum,_and the datum which has been
received from the dowhstream transmission path 32, are
then cpmparéd. If no transmission errors have occurred,

these will be identical. The above operations are

thereafter successively repeated until all of the data
(i.e. cofreéponding to the specified message length) have
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

should be receiving that fourth datum (as indicated by
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the count value of the. received data counter 59), it is
found that the received datum is indefinite, i.e. there
is a mismatch between the transmitted datum (2 - 4) which
is being read out from the transmitting buffer 51 and the
lactually reéeived datum (3 - 1). Tﬁe retrahsmission
control circuit 61 of the modem 21 then commands the

retransmission control. circuit 61 to begin operations for

- message retransmission.

The retransmission control circuit 61 also then

commands the transmitting control circuit 52 to

.iﬁmediately terminate the meséage_tranémissidn. It is'-

éssumed.in'Fig. 6C.tha£ when the data expressing conflict
are received, the modem 21 has already started to
transmit the datum (2 -~ 5), so that transmission of the

message.Z'is.terminated immediately after the datum (2 -

-.5) has been transmitted. The retransmission control

circuit 61 then determines the time interval which will

elapse before message retransmission begins. In this

embodiment,  this time interval (referred to as the

' retransmission time interval) is selected randomly within

a fixed range of valﬁés. When that retransmiésion time

interval 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

carrier present on the downstream transmission path 32,
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then the message.z immediately begins to be transmitted
onto the upstream transmission path 31. |

The modem 22 executes similar conflict judgement

operations. However the modem 22 detects oonflict when

that modem.reoeives 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

:the datunm (3 - 6) has been transmitted.

After conflict has occurred the modems 21 and- 22

each - begin operations for retransmi551on of the

'respective messages 2 and 3. However of course if both

of these ‘modenms were to begin retransm1851on at the same
time, then conflict would again occur.- For that reason,
with this embodiment, the time.interﬁals'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 modems, so

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

attempt to begin retransmission until a sufficient time
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has elapsed after the modem 22 receives the carrier
tranmitted by the modem 21. In that case, after the
modem 21 begins retransmission of message 2, no conflict

condition will occur, so that for all of the data from

‘the transmitting buffer 51 of the modem 21 (i.e. the data

constituting the complete nessage length) there is no
mismatch detected between ‘the received data and the data
read out from the transmitting buffer 51

- If cprrect data matching has occurred for all of:the

trahsmitted data, then the transmitted/received data .

"comparator c1rcuit 60 commands the transmitting buffer

_clearing c1rcuit 56 ‘to clear the nessage from the

transmitting buffer 51. The received nessage is then

transferredffroﬁ the receiving buffer 64-to the termihal

apparatus 11. | | |
Thereafter, when a new. message 1s written into the

transmission bufrfer 51, the operations described above

- are repeated, tq_transmit that nessage.

It will now be assumed that the modem 23 receives
the message 23 shown in Fig. 6C, i.e. the message which

has resulted from conflict 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 is the destination of the message. Firstly, it

can be assumed that the received data counter circuit 59
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has been set at an initial value of 0. When the
receiving circuit 58 of the-modem 23 receives the initial
datum (2 - 1) of message 23, the count value in the
received data counter circuit 59 of that modem is set to
1. At that time; the receiving contrdl.circuit 63 of
that moden:judges that the destination which is specified
in that qetum (? - 1)'ie the modem 25 itself, whereupon
the.datum (2-- 1) is'set-into the receiving bnffer_Gé._

-The receiving: circuit 58 then receives the datum (2

"= 2) of message 23, ﬁhereupon the received data counter
‘circuit 59 is incremented by 1, to the value 2. . The

'rece1v1ng control circuit 63 then detects the fact that

the message 1ength .which is spec1fied in datum (2 - 2) is
30. The above operatlons are then. successively repeated
until the entire message has been received i e.’ ntil
the count value of the- received data counter circuit 59
becomes identical to the message length.

_Howeﬁer if as in this case it is found that the.-
carrier is no ionger being transmitted on the downstrean

transmission path 32 before the data of the entire

. message length have been received, then the receiving

control circuit 63 judges that conflict has occurred in
the received data. 1In the case of the message 23, the
length of the message (i.e.-9) is shorter than the

message length (30) that is specified in the datum (2 -
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2), so that it is judged by the receiﬁing control circuit
63 that conflict has occurred; .

The receiving cbntrbl circuit 63 then designates to
the receiyihg buffer clearing circuit 62 that the
conténfs of the receiving buffer 64 arelto:be cleared.
Subéeguently, fhg'modem 23 receivéé thé message 2 when
that is retransmitted by-thé modeﬁ 21. The déstination_
of this hességg is again the modém'23! and so the modem

23 repeats the operations described ébove, In . this basé,

'nb conflict ocdurs,.so that the receivéd message length

and the specified message lengfh are identical.

\When a11-of1the_qata.of the message 2 have- thus been -
received, the receiViné conﬁrql circuit 63 of the-hodém.

23 desiénateé to the receiving buffer 64 that theé

received message which is being:held in the feceiving

‘buffer 64, i.e. the message 2, can be transferred to the

terminal apparatus 13.
Although these are represented as respective

circuits in the drawings, for simplicity of . description,

in a practical apparatus the functions of the

transmitting-cohtrol ciréuit 52, the receiving control
circuiﬁ 63 and the.transmitted/received data comparator
60 are preferably implemented.by a suitably prog:émed
computer-of microprocessor. The operation'sequeﬁce

performed by the transmitting control circuit 55 to
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transmit a message is shown in the flow diagram of Figqg.
8. The operation sequence performed by the
transmitted/received data comparator 60 in conjunction
with the transmitting control circuit 52 and'receiting
control circuit 63, for detecting data conflict in a

recelved message and for implementing the retransm1551on

operatlons if necessary, ‘are shown in the flow diagram of

Flg. 9.- 'The operatlon sequence performed by the'
rece1v1ng control c1rcu1t 63 when a message is- recelved .

w1thout occurrence of data confllct is shown in the flow

dlagram of Flg 10.

-

AS. 111ustrated in Flgs. 1ia,11b, 11c, it 1s possible -

,that only the final datum of a transmltted message is

rendered indeflnite as a result of data- confllct. In_

such a case, the modems which receive such a message
cannot judge that conflict has occurred. It will be
assumed that the modem 21 transmits the message 4 shown
in Fig..11A, which consists of the data {4 - 1) to (4 -
5),-wnile the modem 22 transmits the message 5 shown in

Fig._llB, 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 5 are identical to the third
and fourth data of the message 4. It will also be
assumed that the respective destinations of the messages

4 and 5 are the same, i.e. the modem 23.
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If, as shown in Fig. 11cC, conflict occurs between

_the_messages 4 and 5, then the actual time at which the

”modem 21 detects that data conflict has occurred will be

the time at which that modem begins to receives data

which have been made 1ndef1nite as a result of the

conflict. At that point, the modem 21 1nterrupts

transmitting the data of the message. As a result, in

.effect the. message 45 shown in Fig. 11C is transferred

onto the downstream transmission path 32., When the

destination modem 23 receives that message, then since

-the number of data (5) constituting the message 45 1is

-Hiidentical to the message length that 1s specified in the

‘15

20

25

second datum (4 ~ 2) of that message, the modem 23 cannot

-.detect that data conflict has occurred.'

In Fig, 11C it is assumed that the modem 22, after

.detecting data conflict, terminates transmitting the

message 5 after having transmitted the datum (5 - 3).

However as shown'in Fig} 12, it is possible that the

transmission of message 5 would be terminated after the
datum- (5 - 4) has been transmitted. In that case, the '

resultant message which is received by the modem 23 1s

the message 46. However in that case too, the modem 23

cannot detect that data conflict has occurred, That is

. because the conflict. judgement operation does not use the

fact that the received message length is greater than the
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message length specified in the message, as a basis for
detecting the occurrence of conflict.

.However a preferred version of the first embodiment
of the invention will now be described, whereby even in
the case .of the occurrence of such a type of data
conflict, the destinatlon modem can be notified of the

conflict occurrence. This 1s accomplished as follows.

.When the transmitting control circuit 52 of’ the
'transmitting modem detects that conflict has occurred At

-_controls the carrier generating circuit 54 such that

after transmitting of the message has been terminated

'the carrier alone ccntinues to be transmitted during a

-predetermlned time interval. Each_of ‘the modems is

configured to detect.a condition whereby, at the end of a

received message, the carrier alone continues to be

-received during the aforementioned predetermined time

interval, and when that condition is detected to judge

that data conflict has occurred for the received ‘message.

The destination modem can thereby determine that data

. conflict has occurred. The operation will be described

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

transmitting a message) controls the carrier generating
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circuit 54 such that transmission of the carrier is not

terminated until the transmitted/received data comparator

_circuit'so has successfully completed the operations of
.seqnentially comparing each received datum with each

_'transmitted détum. In the present example, when the

modem 21 receives a datum for which conflict has
occurred, 'i.e. the fifth datum of the message 46, then

the transmitted/received data comparator'circuit 60 of

that modem detects a mlsmatch between the received and

transmitted data, and- so judges that conflict has

“occurred and-commands the retransm1551on_control circuit

-

61 to execute retransm1551on operations. As the first

part of the retransmission operations the retransmission”

'control circuit 61 commands the transmltting control

c1rcu1t 52 to halt transmitting of the message.' In

response, the-transmittlng control circuit 52 immediately_

"halts'transmitting of.the data of the message (nniess, as

in the ﬁresent ekanple,_the data of the message have

alieady been completely transmitted) and controls the

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

reason for that is as follows. We shall assume that the
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transmlttlng modem is the modem which is located farthest
from the head end apparatus, and that data confllct
occurs for the final datum of the message whloh that

modem. transmits. . In that case, after the modem has

.transmitted the final datum of the'message, the modem

will thereafter transmit the carrier alone, to the

transmission path. After a slot time-interval has

elapsed, the. modenm: w111 receive the final datum of the

- message which 1t transmitted. If data confllct did not

" oceur, the modem would then terminate transmlss1on of the

carrier._ In that case, the message has been transmltted

-

'icorrect;y,:but»the carrier.has continued to be

‘transmitted .for one slot time interval. However if data

conflict did occur for the final datum of the. message,
the modem will detect that the received. datum does not
match the final datum. ‘of the transmitted message, and so
w111 judge that confllot has occurred. In that case, the
modemwcontinues to transmit the oarrier alone, for a
specific time interval. As a result,-each of the other
modems 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

alone is received, at the end of a message, during an
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interval which is not longer than a slot time -interval,
then each modem will judge that data conflict has not

occurred.

For that reason, in the present~example, the modem
22 continues to transmit the carrier for a time'interval-
which is greater than the slot time interval, after
judging that conflict has occurred. As a result, the

modem 23 continues to receive the carrier for a time -

interval which is longer than the'slot timei after

--'receiving the datum (5 - 4) of message 46. In.that case,

he rece1v1ng control circuit 63 of the modem 23 judges

- that conflict has occurred in the received data, and

commands the rece1v1ng buffer clearing circuit 62 to

'-ciear the message 46 from the receiving buffer 64..

The operation sequence performed by the transmitting.
control circuit 55 to transmit a message, with_the '

preferred version of the first embodiment of the -

‘invention described above, is shown in the flow diagrah

of Fig.:ls.._The'operations performed. by the receiving

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 in a received message and for

implementing the retransmission operations if necessary,
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are shown in the flow diagram of Fig. 16.

In the above, it is assumed that the transmitting
control circuit 52 always causes.the.carrier to.be'
transmitted for a fixed time interval after halting data
transmission, whenever conflict is detected. However it
would be equally possible to arrange, as illustrated in

Fig. 13B that the'carrier is transmitted for the fixed .

'-time interval after'halting data transmission, only under
_ the conditlon that data conflict has been detected but
:all of the data of the message have already been

‘transmitted. That serves to prevent unnecessary

-

:transmission of: the carrier.

In the above, ‘it has been assumed that the

'retransmlssion control 01rcu1t 61 in each of the modems -

uses a randomly determlned value for the time 1nterval

which must elapse before retransmission of a message
_beglns after data confllct is detected However it would

‘be equally possible ‘to assign,to each of the modems a

specific unique value for that time interval. Such a

~method would also reduce the possibility of conflict

again oocurring'after retransmission is initiated.

The operation sequence performed by the receiving
control circuit 63 in conjunction with the
transmitted/received data comparator 60, in that case, is

shown in the flow diagram of Fig. 17.
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Alternatively, a table of the form shown in Figs.
18A, 18B or 18C can be stored in each modem. For
example, the,tablés of Figs. 18A, 18B or 18C could be
respectively stored in the modens 21, 22, 23 described
above. Each time ahy modem ekecutes a message
transmission, the next entry in the corresponding table
is selgctgd_byféach of the.modems as the rétransmigsion
time interval which will be app;ied‘by that modem to the

next message which. it transmits. Thus, for each modem,

the previously used retransmission time interval (i.e.

which ﬁust elapse before retransmission of a message

gbegins,_after data conflict has been detgcted) is-

éxchanQed fpr'ﬁhe time interval that was. last used by
some other modem. In that way,’ the respective value of
retransmission interval can be equalized, between the
various modens. | '_

The operation in that case is as fdllows. "It will
be assumed for example that the table of Fig. 18A is |
assigned to the modem 21, the table of Fig. 18B is |
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 interval,
for the same number of transmissions. This ensures that

respectively different values of retransmission interval
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will be used by any plurality of modems which execute
retransmission after data conflict has occurred, thereby
ensuring that data conflict will not occur as a result of

retransmisSLon of messages.
Thus, the SlZe of each table (i.e. number of table

entries) is determined by the total number of modems )

~which are connected to the transmission path.  Also, the

retransmission time is preferably selected in units of

islot time intervals.

Taking the example of’ messages 2 and 3, for which

data conflict occurs as described above, then assuming

' that. the retransmiSSion 1ntervals assigned to the modems

-are obtained from the first entries in table 93 and 9b

the modem 21 will. begin retransmiss1on after a time

_1nterval of one slot time interval has elapsed,.as
“determined by the table of Fig. 18A while the modem 22

will begin.retransmission after a time interval of two

slot timeninterVals has elaésed,'as determined_bf the
table of Fig. 18B.. '

.After retransmission has been completed, the
retransmission_control circuit 61 of each modem causes
the transmitting control circuit 52 to halt transmission
of the carrier. Thus, after the messages 2 and 3 have
both been retransmitted, transmission of the caFrier onto

the transmission level 3 by the modem 21 and modem 22
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will have ended, i.e. the transmitting control circuit 52
of each modem will cease to detect the presence of a
carrier on the downstream transmission path 32.

When this condition of zero presence of a carrier is’

detected, the carrier detection c1rcu1t 57 of each modem

" ‘commands the retransmission control circuit 61 to update

the retransmissicn'time interval, i.e. to select the next

- entry in the correspondlng one of the tables. This

-updating operation is performed sxmultaneously by all of

the modems, s1nce all of the modems can detect the
cessatlon of carrier on the transmlssion path.'

E With the above example, the retransm1551on interval
whlch is’ determlned for the modem 21 will thus be changed.
to 2 slot tlme intervals, while that of the modem 22 will
be changed to 3 slot time intervals, and that of the. |
modem 23 will be changed to 1 slot time-interval.

| _ When the maximum‘"number of transmissions“fin.the- ’
tables (i.e. in'this example, 3 transmissions)'is ,
exceeded, then “gingle transmission" entry of each of the
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

to the modems are always different. Further, since these
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values are successively changed, for each modem, the
average value of retransmission time interval becomes
identical for each of the modems. |

The éperation sequence performed by the transmitting
control ciréuit 52 in cbnjunction 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

condition where there is no carrier presences on the

" transmission path, as-a-condition for updating each .of

- the tableé,-it wouldxbe'equally,possible to execute that

updating each time-théf a data conflict is detected.
It can be understood fhat'with each of the versions
of ‘the first embodimeht described above; d?ta confiicﬁ .
can be detected witﬁdut using special deqidated beat |
detection circuits in ‘the modens.
| A- second embodiment of the_inyentian will be
described, in which respectively diffe:ent traﬁsmission

levels are established for the various modems.

With the first embodiment described above, the

'transmission levels of the modems are substantially

mutually identical. If the transmission levels of the
transmitting circuit 53 of the various modems were to be

éubstantially different, then the aforementioned capture
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effect would occur. That is to say, when modems are
transmitting data simultaneously, only the data of the
modem having the highest transmission level will be

transferred normaliy, while the data transmitted by the

other modems at the low transmission level would be

effectively erased by the data which are transmitted at
the high transmission level. |

‘This will_be'described referring to ah exanple in .

‘which it is aséumed that the.transmission'level'of the-
"trahsmitting circuit 53 of the modem 21 is signifioantiy

.hlgher than the transm1551on level of the transmittlng

-

clrcult 53 of the modem 22. It is assumed that the same

' .type of operatlon as described above for the first

15

20

25

'embodiment is used;to detect oonfllct between

;-transmlssions

In the same way as for the first embodiment as-the_

_modem 21 begins to transmlt the message 2, the modem 22

almost s;multaneously begins to transmlt_the message 3,

so that data conflict occurs. However-in this case,

"since the trahsmissioh level of the modem 21 is the

higher level, the data of message 2 (shown in FIg. 14A)

.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

the modem 22 will be replaced (i.e. obliterated) by the
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data of message 2. That is to say, the data 47 which are
received by each of the modems will be identical to the
data of message 2, in spite of the fact that data
conflict has occurred. As a result, the modemizl will
not.deﬁect that conflict haé occurred, and so will

continue to to transmit the message 2 until the end of

.the data of that messagé;' In addition, the modém ﬁhich '

is the déstina;ion for fhe-message 2 wiil'succgssfully'.

receive that message.

On the other hand, the modem 22 will detect a

"mismatch;betWeén_thg data which it'iéjéendihg and the

~data which it is_réceiving, and so will terminaﬁe. S

transﬁission of the message 3, in the same way as
described for the first embodiment. After #ranémiésion

of'the_méssage 2 has ended, modem 22 retransmits the

_message 3. Thus, as a result of the above sequéﬁce of

operationﬁ, both the modems 21 and 22 qan_successfully

transmit their fespeétive data. - .
-_,Howéver if after transmitting thg'messagé 2 the

modem.zl'were to continue to seqﬁentially'tfanémit new

messagesf then the-modem-zz would not be able to transmit

~ data until all of the transmissions by ﬁhe moden 21 have

ended. Thus the problem arises that there will be
differences between the respective amounts of data which

the various modems are permitted to transmit.
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'-In order to prevent such differences between'the
respective amounts of data which are transmitted, the
transmission control circuit 52 of the second embodiment
_is-proVided'with_functions which are addiﬁional-to those
Qf thé tréhsﬁitting control circuit 52 of the_first-

embodimént._ Speéifically, the transmitting control

 circuit 52.of a modem executes control whereby after .

transmission-of fhe_dat? of a message by that'modem has

, been“completea, further transmission by that modem is

.iﬁhibited until an idle interval of at 1éast-ong.s10t

timetintervai'has_gldpsedf Here,. the term'_"id;e

-

‘interval® signifies an interval in which no carrier is’

‘being transmitted over the transmission path.

ihe'gpefation will be describéd"referring-to Fig.

20, With the first embodiment, when the modem 21 has

achieved normal termination of message transmission for

the messége 2, the tranémitted/received'data_comparator'

" circuit 60 of that modem then commands that thé-méSSage
‘which is being held in the transmitting buffer 51 is

. cleared. When a new messade is subséquently.set into the

tranémitting bpffer 51, the transmitfing control circuit
52 beginé operations for transmitting that new message.
0137 |

However with the second embodiment, when the

transmitted/received data comparator circuit 60 has
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detected that all of the received data match the
transmitted data of the message 2, then the transmission
control circuit 52 has the added function of executing a

transmission inhibit operation. As a result, even if a

new meseage is then set into the transmitting buffer 51,

the trahemitting control circuit 52 will not execute

transmission oéérations-until the_transmission.inhibit

condition is released.

It will be assumed that a new message 5 is set 1nto

' the transm1551on buffer 51, after transmzsszon of message

2 has been completed.. The transmission control circuit

.52're1eases'the traném;s51on ;nhiblt condition at the .
point.-in time when the carrier detection circuit §7-
“Qetects”that the iqle'etate has continued_for et.least

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

until one slot time interval has elapsed. However if

duriné that time, i.e. while the modem 21 is-inbibited

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.3;

If the time which elapses from the end of
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transmission of the message 2 until the start of

‘retransmission of the message 3 is less than one slot

time interval (i.e. the idle condition continues for less

than one slot time interval), then the retransmission of

. data by the modem 22 begins while the transmitting

-comtrol circﬁit 52 of the modem 21 is continuing to '

malntaln the transm1ss1on inhibit condltlon.
' After transm1551on of the message 3 has been

completed successfully, 1f no data are then “transmitted

-by any other modem, the- 1dle conditlon will be maintained

for one. slot time interval.- Durlng that tlme, the

: transmltting control c1rcu1t 52 of the modem 21 releases

the ‘transmission lnhlblt.condrtion, so that,the data of

;thelnew_message's'which had been set into the

transmittimg buffer 51 is them transmitted-by.the_modem '
210 -
It can thus be understood that as a result of the

above operations, the same rates of data transmissions

. can be ensured both for the modems which have a high

transmission level and the modems which have a low
transmission level.
The operatxon sequence for transmitting a message,

performed by -the transmitting control circuit 52 in

"conjunction with the transmitted/received data comparator

60, for the second embodiment as described above, is
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shown in the flow diagram Sf Fig. 22. The corresponding
operation sequence performed by the receiving control
circuit 63 in conjuﬁction with the transmitted/received
data conmparator 66, whereby after a message has been
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 assumed that the second

embodiment of the invention uses the same method of

communication control as that of the first embodiment.
However it would be equally possible for the second

embodiment to use a conventional method of communication

control based on detection of a beat component. ~In that case,

when conflict occurs so that the data transmitted by one
of the modems are obliterated and reﬁlaced by thé data 
transmitted at a high tranémissioﬁ level by another
modem, then each modem can detect that cqﬂfiigt has
occﬁrred, based on a beat presehce in the received signal.
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 tténgmitted
at a higher output level) and by registering that |

measured beat level in each of the modems. 1In that case,
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when the beat level of a received signal is outside a
range which is determined by that registered value, a
modem will judge that data conflict has occurred. Except
for that point, the operation in that case would be
identical to that described above for the second
embodiment. |

. However'in.that-case it would be necessary for the
beat detection to be performed to a high level of
accurgcy,'ahd problems would arise due to noise in thé
received déta. For that ieaéon it is preferabie'to use
the communication control method of the first embodiment.

A third embodiment of a CATV-IAN according to the
present invention will be described, wherein transmission
is executed in éccordance'with the priority of a‘méésage,
wﬁere mpriority" signifies a value which is'assiéned to 5
message;ﬁfof indicating how rapidly'fhe message must be
transmitted. The lower the priority fhat is assigned to
a message, the-greéter is the amoﬁnt of delay which is
permissible before the message is traqsmitted.

Fig. 24 shows the configuration af 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

circuit 52 in accordance with the priority. The
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remainder of the embodiment is identical to that of the
first embodiment of Fig. 4. '

When a message is detected as haviné a low priority,
the priority detection circuit 65 inhibits operation of
the transmitting control'oircuit 52 until it is detected
that an 1d1e time interval of the transmission path has

elapsed which is equal to more than 2 slot time

intervals. The operation of the remaining parts 51 to 64
'of the modem of this embodiment is identical to that

' described for the second embodiment above.

- Fig. 25 shows a message 7'which includes a priority.

oIt Will be assumed that the priority can’ take either of
.two values, i.e. 1 and 2.. If no priority is registered

withiﬁ'a message, then the,message is treated as having a

priority of 1.
' The operation of this CATV-LAN will be described .
referring to Fig. 21. It will be assumed that the

message 2 and message 5 are to be transmitted by the_

‘modem 21, and that modem 22 is to transmit the message 3;

-and also a-message 7 which has the priority 2.

.Since messagesiz, 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
transmitted in the same way as for the second embodiment.

described above, in which priorities are not used.
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The transmitted/received data comparator circuit 60
of moden 22, after.transmitting the nessage 3, designates
that ‘the message contents of the transmitting buffer 51

are to be cleared. It will be assumed that immediately

thereafter, the message 7 (having the priority 2) 1s sent

'from the terminal apparatus 12 and is set into the

transmittlng buffer 51 of the modem 22.
When a message is set into that transmitting buffer
51, the priority detection circuit 65 detects the priority

of the message. .If_the-priority is 2, then the priority

_detection circuit 65.inhibits transmission operations by

the transmitting control'circuit'sz until it'deteCts that

'a time 1nterva1 has elapsed which is greater than .2 slot

time intervals.

In the example, after one slot time interval has
elapsed, the modem 21 transmits the message 5, so that
the transmitting control circuit 52 of the modem 22 does
not begin transmission of the message 7.

- After message 5 has_been transmitted, if

transmission of no other message by a modem occurs, then

'an idle time interval (of the transmission path) of more

than 2 slot time intervals will elapse.

In that case, when the carrier detection circuit 57
of the modem 22 detects that an idle time interval of

more than 2 slot time intervals has elapsed, the
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transmitting control circuit 52 is released from the

" inhibit condition, and so transmits the data of message

7, in the same way as described above for the first
embodiment.‘ |

Tbus with the above operations, transmission of
messages haV1ng a low prlority is executed after all .
messages having ‘a high prlorlty have been transmltted.

The operatlon sequence for transmlttlng a message,

“'performed by the transmlttlng control c1rcu1t 52 in

?conjunctzon with the transmitted/rece;ved data comparator

60, for the third embodlment as described above, is shown
in the flow diagram of Flg. 26 _
If a plurallty of dlfferent prlority levels are

used, then it becomes- pOSSlble to execute control whereby‘

_ the transmlttlng control circuit 52 of a modenm is d

inhibited from transm1551on operatlons untll it has been
detected that the 1d1e_time interval has continued for_an

integral multiple of .the slot time.interVal, with that

~ integral multiple being determined in accordance with the

priority of a'message which is waiting to'be'transmitted-
by that modem." | |

In that case, for example, it would be possible to
inhibit transmiseion of a message having a lower_priority
than the.message 7 (for example a message having a

priority of 3) until 3 slot time intervals have elapsed,
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and to inhibit transmission of a message having an even
lower priority (for example, a priority of 4) until 4

slot. time intervals have elapsed. Tn that way,

~transmission.of 1ow-priority messaqes'is inhibited until

transmission of all messages having a higher priority has

been completed.

The operation sequehce'for transmitting'a message,

' performed by the transmltting control c1rcuit 52 in

conjunctlon w1th the transmltted/recelved data comparator
60 for such a modlfled version of the thlrd embodiment
is shown in the flow d;agram of F;g.'27. l '

. A fourth embodiment of a CATV-LAN accordimg to the
present imventiom:will be described, whereby the priority
which'is'assigned-to a message is ohanged in'acoordamce
with the amount of data that is to be transmitted by a
moden. | - " “

Fig. 28 shows the configuration of a modem of this

| embodiment. As-shown} this includes a priority -

alteration c1rcu1t 66 for changlng, in accordance with

the length of a message that is belng held in the

transmlttlmg buffer 51, the priority that is detected by
the priority detection circuit 65 for that message. The
remainimg configuration of the modem is identical to that
of the embodiment of Fig. 24.

The operation of this CATV~LAN will be described
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referring to Fig. '29. It will be assumed that the modem
21 trahsmits messages 2 and 5, the modem 22 transmits the
message 3, and also transmits a'messege 7 which'has a
priority of 2. |

It wiil further be assumed that when the messege
length exceeds 50, the priority_elteration,circuit 66
exeoutes operetions-to set the ériority'of.the messege'as
1.

- After the:message 3 is transmitted by the modem 22,

 the trahsmitted/received'data comparator circuit 60 of

that modem clears the‘message from:the transmitting

" buffer S51. ;It'wili:be.assumed that the message 7 is then

inmediately sent from the terminal apparatusllz to be set

' into the transmission buffer 51 of the modem 22.

: The priority alteration circuit 66 then detects the
priority and the message 1ength of the message which is .
being held in the transmitting buffer 51. . In this caseh
the message- 7 has the priority 2, however since the_._
message length is 80, the prlority_alteration circuit.66'
controls the priority detection circuit 65 such as to
assign the priority 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

after one slot time interval has elapsed following the
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end of transmission of the message 3 (in the same way as
for the second embodiment) the transmitting control

circuit 52 of the modem 22 implements transmission of the

' messagé 7. " With the example of Fig. 29, the modem 21

simultaneousiy transmits the message 5} so that data

conflict odcurs.._Hence, after transmission of the

mgssége % has been completed; the-meésage 7 is

- retransmitted.

The operation sequence for transmitting a message,

' performed by the transmitting control circuit 52 in_ 

_ conjunétién with the transmitted/receiVed data comparator

60, for the fourth embodiment of the invention described

‘above, "is shown in the flow diagfam.of'Fig;:30.

.in the above it'has been ‘assumed that the priérity

'assigned'to a 'single meésége is altered in accordance

with the message length. However it would also 5e 

possible that a plurality of mességes are simultaneocusly

-preéent in the transmitting buffer. In such a case, it

would be possible to change the prior1ty assigned to each
of these messages in accordance with the total number of
messages, or in acéordance with the total length of the
meééages. | | |

Thus, by the above operations, data can be
transmitted on a priority basis, in a system having a

plurality of modems which transmit and receive data.
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A fifth embodiment of a CATV-LAN according to the

present invention will be described, whereby in order to

- effectively use thg.capturé effect, the tranémission

levels of the respectiVe modems are randomly varied.

FIg. 31 shows the configuration of a modem in this

embodiment. As shown;-the modem includes a transmission

" level adjusthent circuit 67, for randomly varying,thé

transmission levels at which messagés are tfansmitted by
the transmitting circuit 53 and the carrier is

transmitted by the carrier'genefating'circuit_54. The

':remainder of the configuration is iqenticalfto that of

the modem of the firét-embodiﬁent; éhown.iﬁ Fig. 4.

With the transmiésibﬁ'methpd'used‘in the second .
embodiment of the in§ention, wﬁereby the tranSmissidnf.
levels of the'respécfive_mOAehs are fixed,'then-aé shown
in Fig. 32a, meé#age ﬁgansmissions wili always occur in
order of magnitude of transmission level. As a résuit,-
modens with low values of transmission level mﬁst wait
until completion 6: message transmissions by those modems
which have higher transmission levels, before_éxecuﬁing

message 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

respective retransmissions at times which are close
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together, so that there is a high possibility of .data
conflict occurring at these retransmissions. However
since the transmission levels of these modems are close

to one ahother, the capture effect will not occur, and

-hence when confligt:occurs; the data transmitted by each

of these modems will be destroyed.

With the fifth embodiment, in order to prevent such

a condition, the transmission levels of the t:ansmitting

circuit 53 and carrier generating circuit 54 of each

moden .are randomly'varied,-thersby'enablinglthé capture'

effect to be effectively utilized. The operation of this

. CATV-iAN_will be descfibed referring to Figs.-azA; 32B.

Apaft ftom'the'changes-made in the-transmission levels,
the opefétion is otherwise identical to thst.of-the.first
embodiment. ' X '

Firstly, it will be assumed thaf.ﬁhe modem 21 is to
transmit the message 2_and the modem 22 is to transmit
the message 3. 1In-each of the quems 21 and 22, the -

trahsmission level adjustment circuit- 67 randomly changes

. the transmission levgls of the transmitting circuit 53

and carrier generating circuit 54 within a fixed range of
variation. - It will be assumed for example that the
tfansmission levels of the transmitting circuit 53 and -
the carrier generating circuit 54 of the modem 21 are

each set at 50 dB, while the transmission levels of the
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transmitting circuit 53 and the carrier generating
circuit 54 of the modem 22 are each set at 60 dB.

1In that case, if both of the modems 21 and 22 begin

to transmit simultaneously,_then due to the capture

effeet, only the data of message 3 (transmitted by the
modem-22)'will-be sucoessfully conveyed, while the data
of message 2 (transmitted'by the moden 21) will be
destroyed, and will be subsequently retransmitted. ﬁhen

retransmlsSion is executed the transm1s510n level

' adjustment c1rcu1t 67 of the modem 21 again performs a

"random cnange ‘in the transmlssion level of that modem.

. It Qill be assumed'that the new transmission level is 70

15

20

25

' dB. Hence, the data of message 2 will be transmitted by.

-the moden 21 at a level ocf 70 dB.

“The above operations are thereafter successively

repeated by each of_the_modems, with the transmission

level adjustment circuit 67 of each modem executing a

" random change in'the transmission level, eaéh-time that -

the modem has -executed a nessage 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.
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.With this embodiment, since the respective

' transmission levels of the various modems are not fixedly

determined, it becomes possible to eliminate any
imbalance between the respective rates of message
-transmission opportunities which are provided to the:
various modems, w1thout the need for a modem which has
executed a message transm1ssmon to then inhibit further

transmissions until it has detected that a predetermined

idle time interval has elapsed.

-The operation sequence for transmitting a message,

performed by the transmittlng control circuit 52 in

: conjunction with the transmitted/received data comparator

60, for the fifth embodiment of the invention described
above, is- shown in the flow diagram of Fig.-33.

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_
will be given precedence in being transmitted.

Pig. 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,

in accordance with the priority, a range of values within
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which the transmission level at which that message will

be transmitted is randomly determined. The modeﬁ further

includes a transmission level adjustment circuit 67 which

randomly sets the trénsmissioh levels of thé transmitting

‘circuit 63 and the -carrier generating circuit 54 within

the range that is set by the priority'détection circuit
65. The reﬁaining parts of the cénfigﬁfation are

identical to those of the first embodiment shown in Fig.

- The priqrity détection éircuit 65 of the modenm 21

" stores a_table, of the form shown in Fig. 35A. As shown,
this table specifies relationships between'the-priprities
- and respective transmission level fanges, When the

priority detection circuit 65 detects the priority of a .

meésage whiéh-is to be transhitted,'it obtains from the

table the rénge'of transmission levels which correépopd

" to that_pribrity, and notifies the transmission level

adjustment circuit 67 of thai-range. The“trénsmission.
level adjustment circuit 67 then randomly selects a
transmission level value for the transmitting circuit. 53
and-carrier.génerating circuit 54, Qithin'that rahge.
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

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



10

15

20

25

- 73 -

sends the message 3 which has the priority 1.
'When the message 2 is set into the transmitting
buffer 51 of the modem 21, the priorlty detection circuit

65 of that modem detects that the prlorlty of the message

is 2, Next, the priority detection eircult 65 obtains.

the trahsmission level range which corresponds to that

priority (i.e. in this case, 1)'fr6m'the table shown in

_Fig.'ssA, and so notifies the-transmission level
” adjustment circuit 67 that the transmission level range

'.ls 90. dB to 80 dB.

" The transmlssion level adjustment c1rcu1t 67 then

randomly determlnes a transmlssion level w1th1n that

'range. It w111 be assumed that the transm1551on level.

thus-obtained for message 2 is 85 dB.

In addition, the transmission level adjustment

.circuit 67'of-the.modem 22'similar1y is notified of a
:transm1851on 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.

If the modems. 21 and 22 respectively transmit the

-messages 2 and 3 simultaneously, then the data of message

3 will be destroyed by the data of message 2, and will be
subsequently retransmitted. When that retransmission is

performed, the transmission level adjustment circuit 67

of the modem 22 will select a transmission level for
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retransmitting the message 3 that.is within the range 90
4B to 80 dB, for example 81 dB. -

| on the other hand, after the modem 21 has
transmitted the message 2, the message 7 wil; be set into

the transmitting buffe;lSl of that modem. Since the

"priority'of message 7 is 2, the priority detection

circuit 65 of the modem 21 will designate to the

.transm1s51on level adjustment circuit 67 that the

t:ansmlss;on level range_ls 80 dB to 7Q_dB, ‘The

transmission'level adjustment circuit 67 then randomly

determines the transmission level for message 7 as, for

i_ example, 78 dB.

If that message 7 is transmitted by the modem 21 at.

jthe same tlme that" the message 3 is transmitted by the .

modem 22 then 51nce the message 3 has the hlgher

'transmlssion level, the message-? will be.destroyed.

' 3Hence,.aftef the message 3 has been_transmitted,.the

modem 21 will retransmit the message 7.
. In that way, with the sixth embodiment of a CATV-

LAN, messages which have a hlgh prlorlty are transmltted

at a high transmission level, so that messages are
transmitted successively in order of their priority.

"This embodiment differs from the fifth embodiment in that

it is not necessary to designate that message

transmissions- will be inhibited during time intervals
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which are determined in accordance with priority values.'

Hence, an overall high efficiency of message transmission

can be achieved._
The operation sequence for transmitting a message,
performed by the transmitting control c1rcuit 52 in

conjunction with the transmitted/received data comparator

60 for the sixth embodiment of the 1nventlon described

above, 1s shown in the flow diagram of Flg. 36.
A seventh embodiment of a CATV-LAN will be described,

whereby message transmission times'can-be'guaranteed.,

' More'precisely, it'can be guaranteed for certain specific

messages that the message will be transferred to the.

'-destination within a predetermined time - interval. Hence

~such messages. (referred “to in the follow1ng as time-

guaranteed messages are distinguished from other messages

by containing an identifier. The predetermined time

interval within which a time~guaranteed message must be

transferred will be referred to as the guarantee.time-

‘interval.

Fig. 37 shOWs the configuration'of a modem in this
embodiment. As shown, the modem includes a gnaranteed
time interval timer circuit 68, which performs timing
operations-under the control of the receiving control
circuit 63. The modem also includes a.time—guaranteed

message register 69, for holding a time-guaranteed
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message. The remainihg parts of this emhodiment are

_1dent1ca1 to those of the first embodiment (Flg. 4).

The operatlon of this embodiment will be descrlbed
referring to Fig. 38. After a message has - been '
transferred from the terminal apparatus 11 and set into

the transmittlng buffer 51 of the’ modem 21, the message

is examlned to find whether it contalns an 1dent1f1er
“which spec1f1es that the message is a time-guaranteed
.'message. If the message is found to be a time-guaranteed
'message,_then 1t is set into the tlme-guaranteed message
.Gregister_ﬁé.._lt w1ll be assumed that a tlme-guaranteed

'jmessage é -1 is belng held in the tlme-guaranteed -

message register 69 of the modem 21, whlle a normal

R message 9 - 1 is being held in the transmittlng buffer 51

of the modem 21.
-fsimilarly,-it will be assumed that a time~-guaranteed

messagess -2 is beihg held in the time-guaranteed

" message regiSter 69 of the modem 22,.ahd a normal message

9~2 is'being held in the transmitting- buffer 51 of the

modem 22.

A value for the guarantee tlme 1nterval has been:
predetermlned and that value is held stored w1th1n the
guaranteed time interval timer circuit 68 of each of the

modenms.

It will be assumed that when the transmission path
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is in the idle state, the modems 21 and 22 compete to
transmit a message.- If there is a message held in the
time~-guaranteed message register 69 of a modem,,then the

modem will first attempt to execute operatlons for

'transmittlng that message. -As a result, in this example,

the modem 21 will attempt to transmit the message 8 -1,

whlle the modem 22 will ‘attempt to transmit the message ‘8

.- 2.- It will be assumed that the modem 22 1s the wlnner,
i.e. that it succeeds 1n transmltting ‘the! message 8 - 1. .

" In that case,_the receiving circuit 58 of each modem will'

recelve the-message 8;—_1,'and the rece1v1ng control

_circuit 63 Will ‘recognize. this as being“a time-gmaranteed.

message, 51nce it contalns the identifier. After the

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

-transmlssion path returns to the idle condltlon.

After the t1me—guaranteed message has been .-

transferred over the transm1s51on path,- 1f the

transmlssion control c1rcu1t 52 of any modem is . waltlng

. to transmit a normal message, then after confirming that

the idle.state of the transmission path has continued for

one slot time interval, the modem begins transmission of

.that message. On the other hand, after the transmission .

of the time-guaranteed message has been completed, if
another time-guaranteed message is transmitted, then

transmission of that message will begin as soon as the
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idle condition of the transmission path is detected.

In accordancé with the above rules, before the modem
21 transmits the next message (which is a normal nessage
9 - 1) after having transmitted the time-guaranteed
message 8 - 1, the modenm chécks to confirm that the idle
time interval of one sldt 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 soon as

' the transmission of the time-guaranteed message 8 - 1 has

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

At that time, néne of the modems has a time-~
guaranteed message waiting to be tranémitted, whereas the
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
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After transmission of a normal message has been
started by a modem, if thé modem then is placed in a
condition of having to transmit a time-guaranteed
message, then the guaranteed time interval timer circuit
68 of that modem begins a timing operation under the
control of the receiving control circuit 63. When the
guarantee time interval has elapsed, the gua:antéed time
interval timer circuit 68 sends a "time up" indication

signal to the transmitting contreol circuit 52 of the

modemn.

In response to that "time up" indication signal,
even if the normal message is still in the process of
being transmitted, the transmitting control circuit 52
halts transmission of that message.

As a result of that interruption, the transmission
path enters the idle state, whereupon all modems which
are waiting éo transmit time-guaranteed messages begin to
compete to transmit their respective messages. The time-
guaranteed message held by the modem which wins that
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

that the time-guaranteed messages which are held in
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respectivé modems will each be given an opportunity to be
transmitted within the guarantee time interval,
transmission of each of such messages within the
guarantee time interval is achieved, as far as possible.

The operation sequence for transmitting a méssage,
performed by the transmitting control 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-

- guaranteed message, it would be possible to register a

‘requested guarantee time interval within each time-

guaranteed message. In that case, the guaranteed time
interval timer circuit 68 would determine the guarantee
time inferval in accordance with the reguested guarantee
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
correspbnding modem operates with a nominal predetefmined
guarantee time interval of 5 milliseconds. That is, the
minimum value of guarantee time interval is 5
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

milliseconds) is therefore added to the time interval
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which is to be measured by the guaranteed time interval
timer circuit 68 of the modem 21, so that the next time-~
guaranteed meséage wili be transmitted by that modem
under the condition of a Quarantee time interval of 10
milliseconds. 1In that_way, the guarantee time interval
can be extended as required. If the reguested guarantee
time interval is less than the minimum vélue, then the
actually used guarantee timé inﬁerval is set as the
minimum value, i.e. the nominal vaiﬁe for the timer.
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
is to be transmitted by that modem'ié 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
guarantee time interval from the requested guarantee time

interval. If the result is positive, it is added to the

- predetermined guarantee time interval value, and the

resultant value is used as the actual guarantee time
interval which must be measured by the guaranteed time

interval timer circuit 68. If the result is negative,
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then then the time interval-which must be measured by the
éuaranteed time interval timer circuit 68 is set aé the
regquested guarantee time interval of the message.
Transmission of the time~guaranteed message is thereafter
executed, using the updated value of guarantee time
interval._ In that way, it is possible ta_either lengthen
Qr shorten the guaranfee time interval, if necessary.

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

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 that message, since it becomes possible to
transmit messages by using respectively different values
of guarantee time interval. |

An eighth.emquiment of a CATV-LAN will be
described, in which the modems are divided into_groups,
and messages.are transmitted séquentially by the groups.
The transmission efficiency can thergby be increased.

As shown in Fig. 42, a modem of such a CATV-LAN
includes a group ID register 70 for storing a group ID
(1.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

the group which is currently in the process of
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transmitting under the control of the receiving control
circuit 63. the remaining configuration is identical to
that of the first embodiment (Fig. 4)

The modems are divided into the groups in such a way
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
modens within the same group attempt to transmit at the

same time, so that déta conflict occuré, the capture

 effect will ensure that the message transmitted by the

modem having a high transmission.levél will be correctly
ffansmitted.' ‘

.It will be assumed that the modems 21,.22, 23 and 24
have'respectiﬁe transmission levels whose magnitudes '
rglationship can be expressed as:
modem 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 méssage
11, the modem 23 is to transmit the message 12, and the
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. 43A, the modems 21 and 22 are

assumed to attempt to transmit their respective messages
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10 (10 - 1) and 11 (11 - 1) at the same time. Due to the
fact that the transmissidn levels of the messages are
similar, the capture effect will not occur, so fhat the
data of both of the messages will be destroyed. As a
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 messaqe'll (11 ~ 2). Thereafier, tpe modems which
have the lowest tr&nsmission levels will transmit, i.e.
thé modem 23 will traﬁsmit the messagé 12 and the modem
24 will transmit the message 13.

The case will now be considered, referring td Fig.
438, in which the four modems_zl ﬁo 24 are divided into
two groups, with the modems within a group having

substantially different transmission 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

case, only the modems which hold that ID number 1 of

"group 1 within the group ID register 70 (i.e. the modens

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

sufficiently great amount of difference between the
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effect will occur, and so the message 10 will be
successfully transmitted. Next, the modem 23 succeeds in
retransmitttng the message 12 (12 - 2). When the idle
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
transmissioné of the group 1 ﬁodems.have been completed.

Specifically, when that occurs, the receiving control

" 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 enabléd
to execute message transmissions in tﬁe same-ﬁay as
described above for group 1. If none of the modems
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
have'completed transmission of their messages, énd 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

which differ as much as possible in level, thereby



10

15

20

25

- 86 =

 ensuring that the capture effect will occur. The amount

of time overhead that is required to execute
retransmissions is thereby reduced.

The basic operations performed by the group ID
countér and register of this embodiment, in conjunction
with the transmitting contfol circuit 52, are shown in
the flow diagram of_Fig. 44,

‘Division of the modems into groups as described

above can also be applied to a system in which time-

- guaranteed messages are transmitted. 1In that case, since

the :et;snsmission time overhead is reduced, because of
the effective use of the capture effect, it becomes
possible to more reliably satisfy the time guarantee
requirements. | :

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 frahsmission path has reached
the idle state . :

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

that modem. The remaining parts of the configuration are
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identical to those of the embodiment of Fig. 4. .
The operation of the CATV-LAN will be described

referring to Fig. 46. It will be assumed that the modenm
21 has transmitted the message 10. As that message
travels over'the,transmission path, then at any

.particular instant a specific section of the _

transmlss1on path 1s occupied by the data of that

-message. If the message is short i. e.- -is formed of only

Ca small number of data, if the transmis51on blt rate 1s'

high, ‘or 1f the rate of. data transm1851on is low, (1 e.

" in relation to- the t1me required for data to traverse the

:transm1s51on path from a modem to the head end apparatus N

and back to that same modem) then only a part of the

total transmlsslon path will be occupled by the message,
at any one time, as the message travels along that path.,
In qu.-. 6, “m 10" denotes a section of the transmlssion.
path whlch is occupled by the message 10, at some lnstant '
while that message is travelling over the transmlssion

path. -In the following description it will be assumed

‘that the modem 22 is waltlng to transmit a message.

W1th each of the embodlments of the inventlon which

have been described hitherto, the modem 21 would wait

until the downstream transmission path 32 reaches the
idle state, before beginning transmission of its message.’

However with this embodiment, under the condition shown
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in Fig. 46, it is possible for the modem 21 to begin

transm1551on, and achleve successftul transmission,

w1thout.wa1t1ng for the modem_zz to end transmission so

that the transmission path'reaches the idle state. The

'operation will be described in the following

When the modem 22 receives a message from the

- downstream transmission'pathf32,'the length oflthat'
. message is stored in the received data counter circuit

;59,_and thereafter, as each successive byte of the

message is received, the value held in the received data

ifcounter circuit 59 is decremented. Hence, the-received
'data counter c1rcuit 59 always holds a value which

'expresses the length .of the part of the message which has

not. yet been received.

The path length comparator circuit 72 compares the_

Avalue that is held in the received data counter Circuit

- 59 (after converting that value to an equivalent value of

transmission path occupancy length) With the return path

distance between the modem 22 and the’ head end apparatus

4 (which has been.fixediy 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 31 must be in the idle state, and so

path length comparator circuit 72 permist the
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transmitting control c1rcu1t 52 to begin message

transmissmon w1thout waiting for the downstream

: transmission path 32 to attain the idle. state._

since lt becomes unnecessary for the modem 22 to

wait until the downstream transmisszon path 32 has

treached the idle state, the reduction in waiting time of

' the modems serves to increase the transm1551on efflciency

of the system.

The basic operations performed by the transmltting

control c1rcu1t 52 of this embodiment in conjunction with

the distance value comparator 72, are shown 1n the flow

._diagram of Fig. 47.'

_ A tenth. embodiment w111 be described whlch |
constitutes a v1deo camera monhitoring system. . As shown
in Flg. 48 this CATV-LAN conSLSts of a plurality of

monltor video_cameras 16, monitor cisplay.unlts 15, a

‘control terminal apparatus 14 whichjcontrois the

operation of the cameras 16 and the selection of video
51gnals to be supplied to the monitor display apparatus

15{ in addition to the head end apparatus 29 and the

--transmiss1on path 30. The transmission path 30 can

consist of a single cable, as indicated. Techniques for

" enabling 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
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connected via modems 24 to a transmission path.
It is an essential feature of this embodiment that

the head end apparatus 29 continuously generates a

synchronizing signal, which it modulates and transmits

along the downstrean transmission path together with the

.signals from the modens; for example by frequency-

multiplexing the synchronizing signal w1th the other

51gnals which are conveyed over the transm1ss10n path 30.
‘As shown in Fig. 49, a modem of this CATV-LAN '

includes a synchron121ng Signal receiving circuit 73 for

"rece1v1ng the synchroniz1ng 51gna1 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 apparatusﬂll, In

addition, a modem 26 which is connected'to a monitor

. video camera 16 also 1ncludes a video data transmitting

. c1rcuit 76, while a modem 24 or 25 which is connected to

a monitor display apparatus 15 also.includes.a video
receiving circuit 77. Such a modem 4also includes an
operation sequence register 74 for storing an operation

sequence which consists of operations that must be

. sequentially executed when receiving or transmitting

video data, and for generating corresponding control

signals. The contents of the operation sequence

register 74 are not fixedly predetermined, as a special
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‘type of message (referred to in the following as a

synchronousimessage) can be set therein, after having
been sent from another modem. The operations of the
operating sequence register'74 are synchronized with
synchronizing signal pulses, which are received from the

downstream transmission path 32 via the synchronizing

..signal receivinglcircuit'73._ Specifically, the contents

.of a synchronons message which. has been previously

recelved and set into the operating sequence reglster 74

'.can be read out at an appropriate tlme, in synchronism

with a synchronizing 51gnal pulse from the synchron1z1ng

51gna1 receiving 73, and transferred via the receiving

' buffer 64 to the message processing section 75. The

message proceSsing'section 75 then generates specific

control signals in accordance with the contents of that

- synchronous message, for example a qon;rol signal to

designate'the nodulaﬁion_frequency (i.e. transmission -

channel) at which the video.signai is to be transnitted

——

The operation of each monitor video camera 16 is

‘also synchronized with the-syncnronizing signal pulses

_~obtained from the transmission level, so that for example -

the vertical synchronizing periods of all of the monitor

cameras are mutually synchronized.

The video data transmitting circuit 76 receives as
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input the video signal from a monitor video camera 16,
and executes modulates the ‘video slgnal at a specifzc

modulation frequency (that is, the frequency of a

"spec1fic channel), to -achieved frequency diViSlon

‘multiplexing of the v1deo 51gnal, and supplies the

- resultant signal to the upstream transmlsslon path 31._

The v1deo signal rece1v1ng circuit 77 a modulated video
signal from the downstream transmlssion path 32, and

converts that to a correspondlng baseband v1deo sxgnal,_

:whlch is supplied to a monitor dlsplay apparatus 15.

The basic functlons of selectively process1ng normal-'

(i e. asynchronous) messages and synchronous messages

are conceptually 111ustrated 1n the flow dlagrams of Fig.’

.50

In .the following;-a descriptiongwill'he given of
operations whereby the'control terminal apparatus 14
selects video.signals from each monitor video camera 16,
which is connected'to a corresponding modem 26,'and -
causes the video signal contents to be displayed,by.a

specific monitor display apparatus 15 which is connected

" to the modem 24.

25

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

on channel 6" command, (also as a synchronous message)
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whose destination is a modem 26. The message - processing

.section 75 of the modenm 24, upon recelving the “receive

on channel A" message, sends a control sxgnal to the

video data receiving circuit 77 whereby that circuit is

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

‘The message "transmlt on channel AY is sent v1a the

transm1551on path to the destlnatlon modem 26, "and is set

1nto the operatlng sequence register 74 of that modem.

- The message proce551ng section .75 of that modem, upon -

subsequently rece1v1ng operatlng 1nstructlons from the'-

-operatlng sequence reglster 74 (these 1nstructlons belng'
.selected from. predetermlned lnstructlons stored 1n that
'reglster, in accordance with the contents of the message
: that has been ‘set- 1nto the reglster) sends correspondlng

‘control 51gnals to the V1deo data transmltting 01rcuit 76

of the moden, whereby a V1deo ‘signal from the

corresponding monitor video camera is transmitted as

channel_A modulated video data fia the transmission path.
.'These operations are illustrated conceptually in
Fig.IS;. | |
In that.way, a video signal from the corresponding
camera.ls is transmitted as data which are modulated at
the channel A frequency, via the transmission path, to be

received by the video data receiving circuit 77 of modem
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f24, and so displayed.by the corresponding monitor display

_apparatus 5.

With the system described above, the respective

'operatlons which must be executed to perform video data

receiwing:and'transmission operations are stored
beforehand as an operation sequence, in the operation
sequence register 74 of each modem. -In that case, it lS
posSible to ensure that a rece1v1ng operation (i e. to

receive and transfer video data-to a monitor.display) is

-executed by each of the modems at the same time, i.e. at

a- tlme when the synchronizing s1gna1 receiv1ng circuit 73

of each modem receives a synchron121ng pulse from the

downstream transmission path 32 However in 1mp1ementing
such synchronization of the operations of the modems by

using-synchron121ng pulses in that way, it is 1mportant

- to note the followzng points.

In Fig. 524, the modem which is currently

transmitting ‘sends a message 14-1 which is synchronized

'w1th a synchronizlng signal pulse, while the modems 1 and
2 Wthh are in the rece1v1ng condition should begin to

“execute a receiving operation in synchronlsm with that

same synchronizing signal pulse. However due to
transmission delays, it is possible that the time at
which the receiving modem 1 receives that message (i.e.

as the message 14-2) and the time at which the receiving
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will be'different to such an extent that the receiving

modem 1 will begin its receiving operation at the time

point when it receives pulse Pl of the synchronizing
Signal, whereas ‘the receiVing modem 2 will begin its
receiVing operation at the . time point when it receives
pulse P2 of" the synchron121ng signal. As a result, there

Will be deViation between the timings of respectively '

| operations performed by the modems 1 and 2. . In order to

;prevent this, as shown in Fig. 528, it is ensured that

the transmitting modem does not end transmission while

the synchronizing s1gnal is being asserted but continues-'

-to_transmit the:carrier, As a result, ‘the receiVing

modems 1 and-g will each- begin a receiving operation in

_synchronismfwitn the same synchronizing pulse, i.e. the

pulse P2.
In that way, a plurality of modems can be controlled

to execute such operations as switching of video Signals,

',1n a mutually synchronized manner, by,ensuring.that all

‘of the modems are synchronized by the same synchronizing

pulses. Thus-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 monitoring cameras, with no

disorder in the resultant pictures which appear on the
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- monitor displays.

In the prior art, it has been usual for monitor
video cameras and monitor display units to be connected

by basebandfvideo signals. This has caused problems with

.:regard to the.difficulties in arranging.wiring between

the'apparatus_units, when there are a number of cameras.

- With the above embodiment of the present 1nvention

however, a plurality of video signals ¢an be multiplexed

and sent along the same transmission path and hence the
amount of connecting cables required for the system can

be reduced. Moreover with the present 1nvention, even if
a low rate of data- transm;ss;on is utilized, - for example

9600 BPS, the control 51gnals can be transferred w1th1n

_guaranteed time 1ntervals, so that the the response

characteristics for camera control and v1deo 51gnal
sw1tch1ng can be guaranteed -Hence, the invention enables
a monitoring camera. system to be implemented by us;ng

low-speed low-cost modems.

With the eleventh embodiment of the invention, when

- conflict occurs between messages that are transmitted at

respectively different transmission 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 '

received by a destination modem.
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The configuration of a modem of this CATV-LAN is

shomn in'Fig. 53.- As shown, this includes a preamble

: transmitting 01rcuit 78 for transmitting the carrier

during-a preamble time interval, -1mmed1ate1y prior to
transmitting a message, ‘and a preamble rece1v1ng c1rcu1t

79 which clears data stored in the receiving.buffer and

'1nitializes the received data counter, when the carrier
_alone is received (i.e. Without the message) during the
;preamble time interval. In other respects,;thiS'

"embodiment is 1dentica1 to the first embcdiment;

This operation of this CATV-LAN embodiment will be

_ described referring to Fig._54. First, it w111 be
'_assumed that the message 3 is sent from the modem 22 to
~.the modem 23 as its destination,.and that while this_is

"1in.progress, the modem 21 begins to_transmit_the message

2 whichialso'has the modem 23 as its'destination. It
will further be assumed that the transmission level of
the modemlzl-is higher than that cf-the mcdem 22.f-

' ﬁhen.transmission of the carrier:by'the carrier,

generating circuit 54 of the modem 22 begins, prior to.

the start of transmitting the message 3, the preamble

‘transmitting circuit 78 of that modem designates to the

transmitting control circuit 52 that the carrier is to
continue to be transmitted during the preamble time

interval. Thus, the carrier is first transmitted by the
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modem 22 during the preamble time interval, then the
message 3.1is transmitted. | |

Similafiy, the preamble transmitting circuit 78 of
the modem 21 causes the carrier alone to.be transmitted

by that modem during the preamble time interval, with the

- message 2 then being transmitted by that moden.

When conflict occurs between the message 3 ffom the

modem 22 and’ the message 2 from the modem 21, then since

'"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 is_tramsmitted'by the modem 2i;"

Hence, each of the modems 21, 22,.2 _,'after receiving a

.part of the data (1 e. the first datum 3 - 1) of the

message 3 thereafter recelves the carrler, then recelves
the data of. message 2 (2 - 1, 2 - 2, ......2 - 30), w1th

the tctal message thus received by each modem being

_deslgnated as message 48 in Fig. 54. ‘The modem 22 which

is in the pfpcesslcf-transmitting the message 3 thereby -

detects that the data which it is transmitting 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
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finds that the first datum 3 - 1 indicates that'the modem

23 itself_is'the destination of that messager ‘The modem
- 23 thus stores the datum 3 - 1 in the receiving buffer_.

.. 64.

The modem 23 thereafter receives only the .carrier,

' 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

:the rece1v1ng buffer 64, and also 1n1t1alizes the count

value of the received data counter circuit 59. The datum

.;.3 -1 which is stored in the receivzng buffer 64 is :

-.thereby cleared, and the received data counter circuit 59
‘reset to a-count of zexo. The modem 23 has thus been
.returned to the condition which existed prior to

. receiving the message 3.

The receiving circuit 58 of that modem then

receives the. initial datum 2 - 1 of the message 2, the -

received data counter circuit 59 1s updated to a count of’

1, and it 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 descrlbed for the first embodiment,

the data (2 - 2, 2 - 3, .....2 ~ 30) of message 2 are

sequentially set into the receiving buffer 64, and the
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count value of the received data counter circuit 59 is
successively updated accordingly.

. In that way, even if conflict has occurred, the
modem 23 correctly receives the message 2 after having
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 higher transmission level than the modem 21

.whlch transmits the message 2, then when conflict occurs,

" due to the capture effect, the message 2 and the

preceding.carrier portion will both be obliterated-by the
message-sr Hence, the modem 23 in this case too will
correctly receive the message 3 from start to flnlsh,
with the tlme p01nt at.which the modem 23 modem starts to
receive the message 3 belng clearly defined. ' . |
As will be cleer from the ebove description'of the

invention, a modem of a CATV-LaN according to the present

. invention is configured such as to compare data which it

has transmitted with data that are subsequently received
and which should be respectively identical to the
transmitted data. The modem judges that conflict has
bccurred when such transmitted and received data do not
coincide. Hence, it becomes unnecessary to use expensive

beat detection circuits, so that the cost of the CATV-LAN
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can be lowered.

- Moreover, even if conflict occurs between
transmitted data, efficient data transmitting can still
be ensured, by utilizing the capture effect.

Furthermore, when data conflict'occurs,'causing_the

data of a first message to be obliterated and the data of-

a second message to be successfully transmitted as a
result of the capture effect the starting point of that
second message can be accurately ascertained, when the -
message is received.

. Moreover by using the capture effect, 1t is made

possible to ay01d the. phénomenon whereby ‘a higher rate of

7'transmission'opportunities are provided to those modems

-which have the hlghest transmission levels.

Moreover, by using means such as classifying modems
into groups, the capture effect can be effectively

utilized, enabling the transmission efficiency to be

increased.

Furthermore, detection of the idle state of the
transmission path can be used to determine a condition in
which'the occurrence of data conflict can be effectively
avoided,hthereby enabling the transmitting efficiency to
be further increased.

Moreover, messages can be transmitted in order of

the priority of the messages.
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Also, it can be ensured that a message is
transmittgd by a modem after a time delay that is no

greater thén'a specific guaranteed value.
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WHA? IS CLAIMED IS:

1. A cable television local area network'comprising a
plurality of terminal apparatuses, means for constituting
a transmission path formed of an upstream transmission
path and a_downstream:transmission path, a plnrality of
modems coupled to respective ones of said terminal
apparatuses,-for transmitting-to said upstream -

tranSmission path messages which are supplied from said

_ terminal apparatuses and for receiving messages from said
' downstream transmission path and supplying said messages
' to said terminal apparatuses, and a head end apparatus -

'for transmitting to said downstream transmission path

messages which have been transmitted over said upstream

'transmiss10n path,

wherein each.of said messages comprises information

‘specifying the length of said message, and each of said

-

g modems comprises

transmitted/received data comparator means

functioning, while said each moden is transmitting a

nessage, to compare successively received data obtained
from said downstream transmission 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

said received data and said transmitted data of the
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message;

retransm1551on means responsive to detection of said

n-c01ncidence by said transmltted/recelved data
r interrupting transmiss1on of said

message and for subsequently retransmitting said message

after a retransmzsslon time interval of predetermined
duratlon has elapsed, and

receiving control means functlonlng, when said_modem
does not transmlt a messaqe,-and when the 1ength of a set
of data whlch are received from sa1d downstream :

transmission path does not attain a value of message

length ‘which 1s spec1fied in said recelved data, to .

discard said recelved ‘data.

2. A cable television local area network according to
claim 1, wherein'each of Said modems'comprlses |

'transmitting buffer memory'means_tor holding a
message which is to be:transmitted, and

transmitting control means for successively reading

out from said transmittlng buffer memory means, in a

specific sequence, data constituting said message, to be
transmitted over said upstream transmlssion path, and for
subsequently reading ont said data of the message from
said transmitting buffer memory means in said seguence,

to be successively compared by said transmitted/received
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data comparator means with said data received from said

'downstream transmission path..

3. A cable television local area network according to

claim 1, wherein each of said modems comprises

carrier generating means for generating a carrier,

-transmitting circuit means coupled to receive saiqd

carrier and data of a message which is to be transmitted,
.for-trahsﬁitting to said upstream transmission path said

_'cer:ier and a modulated'data signal expressing said deta, .

tranemittiné control ﬁeans functioning when said

modem transmlts a message, upon detection by said

'recelved data comparator means that ‘said

transmitted/received-data and said t:ansmitted data of

"said message do not coincide; to control said .

‘transmitting circuit means to transmit said carrier alone

to eaid upstream“trehsmission path during a fixed time
inierval after transmission of said message.has Eeeh
interrupted, | | |

and wherein when eaid modenm is noé transmitting a
messege,'said receiving eontrol means are responsive to
receiving said carrier alone from said downstream |
transmissien path during said fixed time interval for

discarding any data which have been received from said

downstream transmission path immediately prior to
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commencement of receiving said carrier.

4. A cable television local area network according to

claim 1, wherein each of said modems comprises
carrier generating means for generating a carrier,

transmitting circuit means coupled to receive said

carrier and data of a message wnich is to be tfansmitted,

for transmitting to sald. upstream transmission path said

'caxrier and'a‘medulated data signal expressing said.data,

transmitting éontrol means functioning when said

‘modem . transmits a message, upon detection by said

transmitted/received data comparator means at a time when

all data of said message have already been transmltted

that said received data and said transmitted data of said

- 'message do not coincide, to control said transmitting
_cirecuit means to transmit said carrier alone to saiq

: .upstream transmission path during a fixed time interval

after tfansmission of said message has been interrupted,
and wherein. when said moden is not.transnitting a

nessage, said receiving control 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
downstream transmission path immediately prior to

commencement of receiving said carrier.
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5. A cable television local area network according to

claim-l, in which_said retransmission means means of

: respsctive ones of said modems hold data specifying

respectively different values of retransmission time

interval, and wherein said retransmission means

‘determines, based“on said data, the va}ue'of said

retransmission time interval which is utilized in a

message retransmission operation.

6. A cable’television local-area ﬁetwork_according to

claim 5 wherein each of said modems comprises means

functioning, each time a message is transmitted on said

downstream transmissioh_path by any of said modems,_ﬁo

‘exXchange the retransmission interval spesified for said
.modem-fof the retransmission interval that is specified

. for another one of said modens.

7. A cable television local srea network according to
claim 6, whsrein eash of said modems csmprises

meaﬁs for stdring a table expfessing relationships
between numbers of hessage transmission occurrences and
respsctively diffefent values of said retransmission time

interval,

means for detecting occurrences of an idle condition
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of said downstream transmission path, and
,means forfselecting an updated value of said
retransmission time interval from said table each time

that an occurrence of -said idle condition is detected.

8. ' A cable television local area network according to

claim 1, wherein said modenms execute transmission of

messages to said upstream transmiss1on path by u51ng

respectlvely dlfferent predetermined transm1551on levels..

9., A cable'television'local area network according to
-clalm 8, wherein each of sald modems upon completlon of
- a message transmlssion, 1nhibits transmission of a

" succeedlng message until said modem detects that an 1d1e_

condltion of the transmlsSLQn path has continued for a’

' predetermlned time interval.

10. A cable television local area network according to

- claim 9, wherein said predetermined_idleﬁinterval is -

-

at least equal to a slot time interval, where said slot time
interval is a maximum value of time interval that eiapses
between traasmitting data to said upstream.trahsmission
path by ene of said modems and receiving of said data

from said downstream transmission path by said modem.



10 .

15

20

25

e
//II/II////I//III////III///II/
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claim 9, whereln at least some of said messages each
1nc1udes 1nformatlon speclfying a degree of priority of
said message, and wherein each of said modems comprises
priority detection means for detecting seid degree of
priority which is‘specified'within a message that is to
be transmitted by said modem, and means respon51ve to a
detected degree of priority of said message for changing
the .value of seid tlme_;nterval for which said idle |

condition must be detected as oontinuing.-_'

12. A cable telev151on local area network accordlng to-

claim 11, whereln said priorlty degree takes .one of a

plurality of stepwzse-varylng values, and whereln said

time -interval for whlch sald idle conditlon nust be

detecteq as contlnuing.ls set as an integral number of

"slot time intervals, in accordance with the priority

. degree which -is detected for the next message that is to

be transmitted, where each of'said'slot-time intervals is
a maximum value of time inﬁerval that elapses betweenl
transmitting daﬁa by'one of.saio modems to said upstream
transmission path and receiving said data from said

downstream transmission path by said modem.

13. A cable television local area network according to
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claim 11, wherein each of said modems comprises priority
altering means, for altering a priority degree that has

been detected by said priority detection means as being

specified in a nessage which is to be transmitted'by said

modem, and wherein said priority altering means changes
said priority degree in accordance with an amount of

data which constitufee said message. -

'14. A cable television local area network according to

claim 1, wherein each of said modems comprises

transmittlng circult means for transmlttlng said data of
a message to said upstream transmission path as a

modulated data signal at a spe01f1c transmlsSLQn_level,

and transmlss1on level adjustment means for controlllng

said transmlttlng c1rcu1t means to randomly change said
transmissxon level between respectlve transmissions of

messages by said moden.

15; A cable television local area netvork according to
claim 14, wherein at least some of said-messages each
includes information-specifying a degree of priority of
said message, wherein-each of saiad modems comprises |
prioritf detection means for detecting said degree of

priority which is specified within aimessage that is to

be transmitted by said modem, and wherein said
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transmission level adjustment means alters, in accordance

with a degree of priority that is detected by said

'priority_detection means, the magnitude of a range of

values within which said transmission level is randomly

changed.

16. A cable television local area network according to
claim 1 wherein each of said modems comprises
time-guaranteed message holding means for receiving’

and temporarily storing a time-guaranteed message which

iis supplied from the corresponding one of said_terminal;

"apparatuses,

- a guarantee interval timer, and
means for 1n1t1ating transmlssion of said message to
said upstream transm1ss1on path within a predetermined
guarantee time 1nterval follow1ng receipt of said message
from said terminal apparatus,_as measured by said

guarantee interval tlmer, and if necessary for

-_1nterrupt1ng transmission of a message whlch is not a

tlme-guaranteed message and is currently being

'transmitted, to enable transmission of said time-

guaranteed message to commence within said guarantee time

interval.

17. A cable television local area network according to
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claim 16, wherein said guarantee interval timer alters

- the_value.of said predetermined guarantee time interval

which is measured thereby, in accordance with a guarantee

regquest time which is specified within said time- .

. guaranteed message.

18, A cable telev151on local area network according to

* claim 1 wherein each of sald modems comprises
.transmitting circuit means for transmlttlnq sald data cf

. a message to said upstream transmission path es a

moddlated data signal at a specific transmissioh'levei,

and whereln respectlve groups of modems are defined each

'sgroup consisting of modems which have respectlvely
T-different values of transmlssion Level, each of said .

"modems comprising .

group identiflcation reglstering means for .
reglstering a group number of a group to which said modem
belongs, .

group identifier'councer means for deriving a count

‘value which represents the group number of a group whose

‘members are currently enabled to transmit messages via

said transmission path and for detecting a condition of

coincidence between said count value and said group

number registered in seid group number identification

registering ﬁeans,
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'means for detecting a group transmiSSion completed
condition in which all members of said group to which

said modemubelongs have completed transmiss10n of all

‘pending messages and for updating said count value when

. said group transm1551on completion condition is detected

and '
means for enabling transm1851on of a message by said

modem only while said condition of coincidence is being

detected.

" 19. A cable television local area network according to
claim 18,'wherein said means for detecting said group

:transmisSion completed condition comprise means for

detecting that ‘an 1d1e condition of said transmis51on

_path has continued for .longer than a predetermined

time interval.-

20. A cable television local area network-according to

" claim 1, wherein each of said modems comprises .

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 nodem,
path distance comparator means for comparing a value

of return path distance between said modem and said head
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end apparatus with said path occupancy distance, for
thereby detectihg a condition in wﬁich said path
cccupancy distance is shorter than saic return path
distance, snd: | |

means responsive to detection of said condition for
enabling transmission of a succeeding message by said

modem to be initietede

21, A cable televzsion 1ocal area. network according to'
'claim 20, wherein each of said modems comprises o '
.transmitting circuit means for transmitting. said data of
ia message to said upstream transmis51on path as a
~_'moduiated data_s;gnal, said head end apperatus.comprises
--'heens for{transmittipg_a syﬁchroniZing signal to said

'downstream'transmission path, multiplexed:with data

signals transmitted by said modems, and wherein each of

said modens comprises

synchronizing receiving

means for receiving said synchronizing 51gna1, and

operating sequence register means coupled to receive. -

said synchronizing signal from said synchronizing signal -

receiving means, for registering a predetermined sequence

' of operations and for executinglsaid sequence of

‘operations in synchronism with said synchrcnizing signal.
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22. A cable television local area network according to

‘claim 21, wherein at least a part of said plurality of

modems each comprises a video transmitting circuit
coupled to teceive a video signal from a video signal

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 modens, and wherein at least

a part of said plurality of modems each comprises a video

receiv1ng circuit for rece1v1ng said video data Signals

. from said downstream transmiSSion path and for converting--

said video data s1gnals to corresponding baseband v1deo

signals.

23. A cable television local area networkﬁaccording to

claim 22, wherein specific operations of at least said

videoisignal_transmitting circuit of a modem are
selectively,oontrolled based on operation commands -

generated based on .contents of said operating sequence

_ registering means,.said operation commands being

generated at tinings determined by said synchronizing

signal.

- 24. A cable television local area network according to

claim 22, wherein said video signal source comprises a
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video camera, and wherein said synchronizing signal is
suppiied from said synchronizing signal receiving circuit
to said video camera, for synchronizing said video signal

ith said synchronizing 51gna1,

' 25. A cable telev1Sion 1ocal ‘area network according to

claims 1 wherein each of said modems comprlses
.carrier generating means for generating a carrier,

transmitting_Circuit means coupled to.receive said

B carrier and data of a message which is to‘be transmitted,

'._for transmitting to said upstream transmission path said

carrler and a modulated data signal expr3551ng said data,
, means.forlcontrolling said-transmltting.c1rcuit
means to transmit said carrier aione during a.fixedi
preamble time.interval prior to transmitting_said data of
a message, and | ' |

preamble receiving means coupled to receive said

carrier from said downstream transmission path, for
_'setting"said modem to a predetermined initial receiving

- status modem when said carrier is received.



