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The network comprises a tree specialized in sending information signals

upstream, comprising optical-fibre branches. In a junction (L5), an opto-electric conversion
is performed in a receiver (RPRS, RPR6) and an electro-optical conversion in a transmitter
(RPE2). In the electrical part of a junction, the transmitter of the junction (RPE2) polls the
receivers oOf the junction (RFRS, KFRO) w iceeive ficieliom the messages cowtug iom
downstream (5 .. 6 .. 5 .. 6..), after which a message of local origin (S) is added to those
coming from downstream. Although, as a result of the polling, there is no synchronism
between the retransmission and the reception of the given message, a specific process makes
it possible to ensure that the messages reach an upstream receiver (RPR2) in a predetermined
order S X5X6XSX5X6...), which makes it possible to recognize when all the

messages have been received well.
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ABSTRACT:Cable television network with upwards channel.

The network comprises a tree specialized in sending information signals
upwards, comprising optical~fibre branches. In a junction (L3), an opto-electric conversion is
performed in a receiver (RPRS, RPR6) and an electro-optical conversion in a transmitter
(RPE2). In the electrical part of a junction, the transmitter of the junction (RPEZ) polls the
receivers of the junction (RPRS, RPRG) to receive therefrom the messages coming from
below (5 .. 6 .. 5 .. 6 ..), after which a message of local origin (S) is added to those coming
from below. Although, as a result of the polling, there is no synchronism between the
retmnsﬁission and the reception of the given message, a specific process makes it possible to
ensure that the messages reach an above receiver (RPR2) in a predetermined order (SX3X
6 XS X 5X6..), which makes it possible to recognize when all the messages have been

received well.

Figure: Nr. 1.
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Cable television network with upwards channel

Field of the Invention
The present invention relates to a process for transmitting messages

upwards in a cable television network which comprises a specific tree-like
path for sending messages upwards, which path comprises a plurality of
branches called upwards branches, each formed by an optical fibre.

The invention also relates to a cable television network comprising a
tree-like path called main path which the signals follow when they leave a
transmission centre, and which comprises a plurality of branches called
downwards branches, sach formed by an optical fibre, and a second tree-like
path called an upwards path, signals of which follow to go back to the
transmission centre, and which comprises a plurality of branches called
upwards branches which are each formed by an optical fibre and run parallel
with a branch of the main path.

The invention finally relates to an intermediate station called a
"junction”, intended to be used in such a network.

Background of the Invention

A network corresponding to the network in the opening paragraph is
known from the document WO 93/05619. The network described in this
document comprises a network head-end and various stations, each linked
directly to the head-end. The links are made each time by a downwards
optical fibre paired with an upwards optical fibre. The messages which are
going upwards modulate a high-frequency carrier.

Summary of the Invention

A first aspect of the invention is a process for transmitting messages
upwards in a cable television network which comprises a specific tree-like
path for sending messages upwards, which path comprises a plurality of
branches called upwards branches, each formed by an optical fibre, which
process is characterised in that, in a junction between a branch above and
various branches below, which comprises a transmitter including a converter
for producing a light signal transmitted up the branch above from a message
sequence in the form of an electric signal and, for each branch below, a
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receiver which includes a converter which produces a message in the form of

an electric signal from a light signal coming from the branch below,

- a message received from below and carrying a recognition code is
recorded in a receiving memory,

- based on messages received by the receivers and a message, called a
local message, generated in the junction itself to be transmitted up the
branch above, a sequence of messages to be sent is determined which
comprises first messages and which repeat in a delayed version the messages
received by the receivers and, in the end, the local message whose presence
indicates that the sequence has ended,

- the same sequence is repeated indefinitely while the contents of the
messages to be sent are being updated, as required.

An advantage of at least some embodiments of the invention is thatis a
tree-like optical fibre network is provided which allows of the rapid return of
information signals, with a minimum-sized memory in each optical receiver,
without a polling from the side of the head-end station. Conventionally, in
the upwards path a junction has no means to send an acknowledgment of
receipt down again, which acknowledgment permits the junction to
acknowledge that it has correctly received a message coming from below,
without passing through the downwards path, which would be hard to
realise.

A second aspect of the invention is a cable television network
comprising a tree-like path called a main path which the signals follow when
they leave a transmission centre, and which comprises a plurality of
branches called downwards branches, each formed by an optical fibre, and a
second tree-like path called upwards path which signals follow to go back to
the transmission centre, and which comprises a plurality of branches called
upwards branches which are each formed by an optical fibre and run parallel
with a branch of the main path, characterised in that where the network
comprises at least a junction between a branch ahove and various branches
below, such a junction comprises:

- a receiver for each branch below, which includes

- aconverter for generating a message in the form of an electric
signal from a light signal coming from the branch below,

- and a processor having instructions to instruct the recording of
this message together with a recognition code in a receiving memory,
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- a transmitter, which includes

- aprocessor with instructions for

- determining a sequence of messages to be sent based on digital
data which represent, on the one hand, messages received by the receivers
and, on the other hand, a message called local message generated in the
junction itself to be transmitted up the branch above, which sequence
comprises

- firstly, messages which repeat in a delayed version the
messages received by the receivers,

- and finally, the local message whose presence indicates that
the sequence has ended,

- and for instructing the indefinite repetition of the same
sequence while the contents of the message to be sent are being updated, as
required,

- and a converter for producing a light signal based upon the
sequence of messages and transmitted up the branch above,

The invention is thus based on the idea of ensuring that the messages
always reach a receiver in a predetermined order, which permits the receiver
to make certain that it has properly received all the messages.

Accordingly to a particular embodiment of the process, the receiving
memories are polled periodically and a message received from below is
recorded in the receiving memory only if the message recorded previously
has been read by the transmitter.

Alter a certain message has been applied to the transmitter in response
to a polling, and while other Inessages continue to arrive at the receiver in a
repetitive way, with said certain message among them, said certain message
is advantageously waited for to ocour again without any recording being
effected, and the message following said certain message is recorded, and a
test is made whether the latest message received in response to the periodic
polling of a receiver is a local message coming {rom the junction below, and
- in that case, a periodic polling of another receiver is proceeded to,

- in the opposite case, the same receiver is continued to be polled.

Advantageously, a message exclusively intended for the junction
located immediately above is inserted between each of the other messages,

This makes it possible for such a message intended exclusively for the
junction located immediately above to reach its destination more rapidly.
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In a cable television network and in an intermediate station of sucha
network, processors have instructions for controlling the implementation of
the process stated above.

A third aspect of the invention is an intermediate station called a
"junction”, intended to be used in a tree-like cable television network,
between a branch above formed by an optical fibre that transmits signals
coming from said intermediate station, and various branches below each
formed by an optical fibre that transmits signals to said intermediate station,
characterised in that it comprises:

- a receiver for each branch below, which includes

- aconverter for generating a message in the form of an electric
signal from a light signal coming from the branch below,

- and a processor having instructions to instruct the recording of
this message together with a Tecognition code in a receiving Memory,

- a transmitter, which includes
- a processor with instructions to

- determine a sequence of messages to be sent based on digital
data which represents, on the one hand, messages received by the receivers
and, on the other hand, a message called a local message generated in the
junction itself to be transmitted up the branch above, which sequence
comprises

- firstly, messages which repeatin a delayed version the
messages received by the receivers,

- and finally, the local message whose presence indicates that the
sequence has ended,

- and to instruct the indefinite repetition of the same sequence while
the contents of the messages to be sent are being updated, as required,

- and a converter for producing a light signal based upon the
sequence of messages and transmitted up the branch above,
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Brief Description of the Drawings

These and other features of the invention will be apparent from and

elucidated with reference to the embodiments described hereinafter.
In the drawings:

Fig. 1 diagrammatically shows a network according to the invention,

Fig. 2 diagrammatically shows a microprocessor system in a receiver or
in a transmitter of the upwards path, and

Fig. 3 is a diagram showing the process implemented in a receiver of
the upwards path.

Description of Preferred Embodiments

The network shown by way of example in Fig. 1 has two parallel tree-
like paths, one main tree-like path called a "downwards channel” or

"downwards path”, and a tree-like path for upwards information signals
called an "upwards channel" or "upwards path".

i
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A supervisor SUP ensures the management of the whole network. It is

formed, for example, by a computer of the PC type with its habitual peripherals (not shown)
such as a printer and a monitor, and comprises a link by serial bus to external elements 15,
16 which are, for example, a bank of indicator lights 16 for alarm and/or information.

The main path ("downwards") starts from a television signal source 29
which is connected to a downwards channel transmitter DPE1 in which a laser produces light
signals which are led by an optical fibre to a downwards channel receiver DPR1. This
receiver DPR1 converts the light signals coming from the transmission centre into electric
signals, which are reconverted into light signals by a downwards channel transmitter DPE2.
This transmitter feeds three optical fibres connected to three downwards channel recejvers
DPR2, DPR3, DPR4, respectively. The receivers DPR3 and DPR4 are end~-of-branch
receivers. On the other hand, the receiver DPR2 converts the light signals coming from the
transmitter DPEZ into clectric signals, which are reconverted into light signals by a
downwards channel transmitter DPES. This transmitter feeds two optical fibres connected to a
downwards channel receiver DPRS and to a downwards channel receiver DPRG respectively,
which are end-of-branch receivers.

The upwards path arrives at the supervisor SUP via an upwards channel
receiver RPR1 fed by an obtical fibre which comes from an upwards channel transmitter
RFEL. This transmitter RPE1 receives electric signals which are brought there by a bus, here
of the type RS485, from three upwards channel receivers RPR2, RPR3, RPR4 and converts
them into light signals. Each of the three receivers RPR2, RPR3, RPR4 converts a light signal
it receives from the transmitters RPE2, RPE3, RPE4 respectively, into an electric signal it
applies to the bus RS485 when the transmitter RPEL so requests.

The transmitters RPE3 and RPE4 are end-of-branch transmitters. On the
other hand, the transmitter RPE2 is connected by a bus of the type RS485 to two upwards
channel receivers RPRS, RPRG. Each of these two receivers is connected by an optical fibre
to an upwards channel transmitter RPES, RPEG respectively, which are end~of-branch
transmitters. A vertical arrow indicates the direction of data transmission for each optical

fibre. The supervisor as well as the transmitter DPEL and the receiver RPR1 are situated in

) the same group L1 which is the centre of transmission and the centre of the network
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management. The receivers DPR1, RPR2, RPR3, RPR4 and the transmitters RPE1, DPE2 are

situated all together in another group L2, remote from group L1. Such a group is. a junction
which forms an electro-optical relay in which a light signal in an optical fibre is converted
into an electric signal, its information contents are completed, if necessary, after which the
signal is again converted into a light signal. A junction is a common junction for the two
paths. Junction L2 is situated between an above branch which comes from the management
centre L1 and also three branches below which here lead to another junction L3, and to
groups L3 and L4 respectively, which are each at the end of a branch.

The receivers DPR?, RPRS and RPR6 and the transmitters RPE2. DPES
are located in the other junction LS which forms an electro-optical relay for each of the paths
between an above branch which comes from the centre L2 and two branches below which
lead to a group L6 and a group L7 respectively, which are each the end of a branch. In the
groups L3, 14, L6, L7 are situated, respectively, the end elements RPE3 and DPR3, RPE4
and DPR4, RPES and DPRS, RPEG and DPRG.

Each respective branch of the upwards channel runs parallel with a branch
of the downwards channel, that is, the point of departure of the one is the point of arrival of
the other, and vice versa.

The upwards channel has for its object, among other things, to cause
information messages and management messages which contain indications about the state of

the network, for example, local automatic gain control rates, power supplics received in the

fibres, data relating to power supplics, temperature etc. to go upwards to the supervisor. In

each of the groups are provided means for measuring state variables and for detecting faults,
a signal absence, the stop of a fan etc. A downwards channel receiver, for example, if it
detects a signal absence, transmits a local information message to the upwards channel
transmitter which is situated in the same group. For example, the downwards channel receiver
DPR1 transmits a message to the upwards channel transmitter RPEL. Such a message 1s
symbolized each time by a horizontal arrow in the Figurc. A message coming from DPRS, for
example, reaches the supervisor via RPES, RPR6, RPE2, RPR2, RPE1, RPR1. The supervisor
can then activate, for example, an alarm and/for print a note intended to inform a
troubleshooter.

There is also provided a link between an upwards channel receiver, for
example, RPR2, and the corresponding downwards channel transmitter, for example, DPE2, to
perform certain operations locaily. For example, if a fibre fracture is detected between DPE2

nd DPR2, it would be dangerous for the laser of DPE2 to continue to transmit, in the
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case where a technician would be present at the location of the fracture. Thus, DPR2 gives

the information to RPE2, which information is supplied to RPR2 and the instruction to stop

the laser of DPE2 is dealt with locally via connection 25 between RPR2 and DPE2. Perindic
attempts to start again will thus be made at regular intervals. Such links for local handling are
symbolized by the various connections 23 to 27 in the Figure. In addition to the local
handling, there must be sent to the supervisor the information concerning the fault: this is

obtained by another type of message which will be described below under the name of “S",

which is created in a transmitter, for example, RPE2.

The data rate is much lower in the upwards channel than in the
downwards channel, the optical fibres are thére thus of an even smaller section than those of
the downwards channel, and the light sources in the upwards channel are light~emitting
diodes, whercas in the downwards channel they are lasers, which are much more expensive.
Therefore, an optical divider is used for sending light in various fibres from a single laser, for
example, in DPE2 or DPES.

An upwards channel receiver comprises a processor ensemble
diagrammatically shown in Fig. 2, based on a microprocessor 17, for cxample, of the type
8052. This processor comprises an internal RAM memory of 256 bits and it is not desirable
to add thereto an additional storage unit. It is thus necessary for the system to operate without
requiring more storage capacity. This processor is connected to:

— a serial data line 21, coming from an optical/electrical converter 32-33 which receives the

light from an optical fibre,

- a serial data line 22, from which it receives management signals and information signals,

~ bus RS485, by which it .communicatcs with the associated transmitter and on which it can

also receive management signals,

- an I2C bus connected to local components among which there are, for example:

- an analog/digital converter (A/D) intended, for example, for supplying on an
analog output 18, for the purposc of display, values which are Interesting to the
maintenance staff such as, a light power value or a gain control value,

- an input/output function (I/O) with an output 19 connected to signalling devices
such as alarm control relays or indicator lights, or to a security relay which
commands the laser of the main channel transmitter to stop,

- a memory 20 for storing important events.

Functions of the software of the processor are, for example, receiving,

recording and transmitting to the transmitter the information signals received by the receiver,
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making immediate decisions in the case of a fault of the laser or of a fibre, transmitting any
information when necessary and recording important events.

A transmitter of the upwards channel also comprises a microprocessor with
an environment which is essentially identical with that illustrated in Fig. 2 for a receiver, but
in which certain peripherals have different roles. It has an input 28 for receiving various
signals which an analog/digital converter converts into digital signals. The serial data line thus
leads to a modulator 32 and to the light-emitting diode 33 which transmits light into an
optical fibre.

The communication is possible in either direction between a transmitter,
for example, RPE1, and receivers, for example, RPR2, RPR3, RPR4, by the bus RS485, and
an upwards channel transmitter RPE acts as a supervisor for the receivers RPR of the same
group. For example, RPE! acts as a supervisor with respect to RPR2, RPR3, RPR4. These
three receivers of the upwards channel are polled in tum by the upwards channel transmitter
RPE1 on bus RS485. The same holds for RPE2 with respect to RPRS and RPR6. Each of the
buses RS485 may further be connected to an external element which communicates with the
network, for example, with a "domotic" nctwork which is present in the same group, or with
a caretaker's lodge or a maintenance service, etc.

On the other hand, a transmitter on the upwards channel has no means for
verifying whether it has correctly reccived all the management messages that come from
below and have this transmitter for their destination, and, furthermore, various transmitters of
the upwards channel may send a message at the same time: for example, RPES and RPE6G
may together send messag‘es to junction LS. It is not possible to acknowledge receipt on the
part of a receiver RPR for a message from a transmitter RPE. Since the buffer memory in
which an upwards chamnel receiver writes the messages received from the optical fibre is
small and can only contain one message, any message received from below is to be
transferred as soon as possible to the above part 50 as to empty the memory. But for
transferring a message, a receiver of the upwards channel is to be polled by the transmitter of
the upwards channel to which it is connccted by bus RS485. This transmitter may be engaged
in a long task and may not perform any polling for a moment. Thus, while it is waiting for
the transmitter of the upwards channel, the receiver of the upwards channel cannot receive
another message from below, because it has not been able to empty its memory. And during
this period of time other messages arrive along the fibre. It is for dealing with this problem

that a particular process has been conceived for information signals not getting lost.
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A transmitter RPE retransmits all the messages which arrive from below,
and adds local messages thereto. This plurality of messages forms a "sequence” of messages.
Each message contains a recognition code which indicates its origin. A message will be
designated in the present description by the number that represents its origin, for example, "S"
designates a message initially sent by RPRS, "3" designates a message initially sent by RPR3,
etc.

A sequence of messages further includes a synchronization message which
has a constant length and will be designated "S", which permits the receivers of
synchronizing their clocks and thus of understanding the message sequence. Furthermore, this
message has two purposes: in addition to the synchronization as such, it contains information
signals coming from a group and from its downwards channel receiver. For example, a
message "S" transmitted by RPE2 contains information signals relating to group LS, produced
notably by the receiver DPR2 of the main path.

A sequence of messages also compriscs messages called security
messages, for local use, that is to say, intended only for the junction situated immediately
above, and which will not be transmitted to the centre. They also have a constant length and
will be designated as "X". They too contain information signals relating to group L35,
produced notably by the receiver DPR2 of the main path. In practice, a message "X" has a
same contents as a message "S". A message "X" contains, for cxample, a code which signifies
"all goes well", or, on the other hand, "stop the laser”; if a corresponding action is necessary,
it is carried out at the spot the moment the message “X" is received. For example, a message
"X" received by RPR2 is processed and executed at RPR2/DPE2.

For accelerating the transmission of a local use security message, such a
message is inserted systematically each time between two messages coming from below, and
retransmitted by a transmitter.

Each message received from below and retransmitted is thus followed by a
message "X", and each sequence of messages thus compriscs the messages coming from
below which alternate with messages "X" (the same message "X" being repeated as many
times as this is necessary), which are all followed by the actual message "S" of the
transmitter of the upwards channcl. As "X" and "S" have a constant length, a receiver is
capable of distingﬁishing all the messages from each other.

A transmitter of the upwards channel, for example, RPEZ,' transmits

without stopping, that is to say, the process of creating the sequence of messages is repeated

e —es
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The structure of the message sequences will become clearer from the

following non-limiting examples:
- the transmitter of the upwards channel RPEG transmits a sequence "S X SXSXSX.."
formed by the message "S" which contains the information coming from DPRS6, with a
message "X" inserted each time between two messages "S". The message "S" coming from
RPES is renamed "S" by RPRS, and the message "S" coming from RPEG is renamed "6" by
RPR6, and they are supplied by bus RS485 to the transmitter RPE2,
- the transmitter of the upwards channel RPE2 sends along the optical fibre a sequence "S X
5X6XSX5X6XS..", in which sequence there is always a message "X" between two
messages, and, when disregarding mcs;ages "X", a message "S” after each scrics of S, 6.
The reception of message "S" indicates that the other messages "5" and "6" have been sent
before, »
- the transmitter of the upwards channel RPEL sends along the optical fibre a sequence "S X
SX6X2X3X4XS." in which:
* S, 6", 2" represent the messages "5", "6", "S", received via RPR2, "S"
being renamed "2",

* "3" represents a message "S" received from DPR3 via RPR3 and renamed "3",

*rqn Tepresents a message "S" received from DPR4 via RPR4 and renamed "4",
and
* "§" is the actual message from DPRI.

There is always a message "X" between two messages, and a message "S"
after "5", "G, "2", "3v, w4, .

By a bus RS485, a transmitter, for example, RPEI, polls the receivers, for
example, RPR2, RPR3, RPR4 to request for a message in response. The arrangement of the
data on the bus RS485 is ordinary and any known arbitrary procedure can be used. In the
group L2, for example, a message 5 coming from the recciver RPR2 is found on the bus
R8485 in response to a poiling from RPE1 which addresses RPR2, then a message 6 in the
course of a next polling, after which comes a message 2. When RPE1 has received the
message 2, it knows that the sequence produced by RPR2 is complete, and it polls RPR3 and
receives a message 3 therefrom. When RPEL has received the message 3, it knows that the
sequence coming from by RPR3 is complete and it polis RPR4 and receives the message 4

therefrom. The software is simple, it comprises, in essence, a test "Is the recognition number

/,5%’},57;5 of the reccived message the one from the polled receiver?”; if this is the case, another
S N

R .
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receiver is polled, if this is not the case, the same receiver is polled again. Worded
differently, for example, the processor tests whether the last message supplied in a given
group L2 to the transmitter RPE1 in response to the periodic polling performed by the latter,
is the "S" that has been inserted into the sequence by the transmitter RPE2 of a group L5
immediately below, after which this transmitter RPE2 of a group immediately below has
repeated all the messages coming from the receivers RPR3, RPR6 of this immediately below
group and which has subsequently been named 2 when applied by RPR2 to RPE1, and if this
is the case, another receiver RPR3 of the same group L2 is polled, if not, the same receiver
RPR2 is polled again. )

To carry out this test, the processor of a transmitter is thus programmed
while taking account of the recognition codes of the messages gencrated by the reccivers with
which it communicates by bus RS485, for example, the processor of the transmitter RPE1 has
the codes of the messages 2, 3, and 4 in a permanent memory. A transmitter does not have
more memory capacity than a receiver and it retransmits a message the moment it has
received the message by the bus, After each message that has been retransmitted from the bug
to the optical fibre, the transmitter transmits the message "X". When all the receivers have
been polled and their messages have been retransmitted in tum with a message "X" inserted
cach time between two messages, the transmitter transmits the local message "S". A
transmitter receives only one message per polling, so there is a dead time between each pair
of messages, indicated cach time by two points in the Figure.

The process realized by software in a receiver RPR and resulting in the
above message scquences used as an example is illustrated by the diagram of Fig. 3. In this
process the following variables are used:
~ BUSY is a flag indicating that the buffer memory is occupied,

- SYNC is a flag indicating that a synchronization and local information message "S" has
been received well,

= NEXT is a flag indicating that the next message can be recorded,

= LAST is a variable storing the number of a message,

- N is the number of the message that has just been received and s being processed.

A flag of a 1 value will be called "raised"”, a flag that has a "zero" value
will be called "lowered".

At the top of the diagram, 14 represents the reading and identification of

an arriving message. Reference 8 represents a logic "X"? test, that is, "is the particular

y piessage a security message, or a local message of type "X"?,

g —
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- if the response to test 8 is yes (Y), the message is processed immediately in a block LP. Ag
this is a message for local use, it is not transmitted up the channel above, thus after
processing, the process returns to 14 with the reading of the messages that arrive.
~ if the response to test 8 is no (N), a test 9 NEXT? is carried out: "is the flag NEXT raised,
that is, must the next message be recorded?",
- if the response to test 9 is yes (Y)f a serics of processes will be carried out in
the blocks —BUFF, BUSY=1, LAST=N, SYNC=N, NEXT=0, after which the
process retums to 14 for the reading of messages that arrive. In the block
—~BUFF, the message is recerded in a buffer memory where it is available for .
transmission on the bus RS485 in response to a polling. In the block BUSY=1,
the flag BUSY is raiscd, which means that the memory of the receiver is
occupied. In the block LAST=N, the variable LAST adopts the number of the
received message. In the block SYNC=0, the flag SYNC is lowered. In the
block NEXT=0), the flag NEXT is lowered, which means that a priori the next
message that will be rcceived is not the nessage one wishes to record.
- if the response to test 9 is no (N), a test 10 N=LAST? is carried out: "does the
current message carry the number LAST?",
- if the response to test 10 is yes (Y), a test 13 BUSY? is carried out: "js
the buffer memory occupicd?”. If the response is yes (Y), the flag SYNC
is lowered, after which the process retums to 14, to the reading of
messages that arrive, and if the response is no (N), the flag NEXT"is
raised after which the process returns to 14 to the reading of messages that
arrive.
— if the response to test 10 is no (N), a test 11 "S"? is carried out: "is the
message a message of type S?",
— if the response to the test 11 is no (N), the process
immediately retums to the reading of the messages that arrive.
~ if the response to test 11 is yes (Y), a test which verifies
whether the flag SYNC is raised is carried out in block 12,
- if the response to the test 12 is no (N), the flag SYNC is
raised, after which the process returmns to 14, to the reading of
messages that arrive.

- if the response to test 12 is yes (Y), the process proceeds to
test 13.
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In this diagram there is 1o step for lowering the flag BUSY. This flag is
lowered at the end of each interruption of the process by a polling from the side of the
transmitter.

One may easily understand that this set of operations leads to the
procedure described above, For cxample, in a message sequence received by RPRI, as
llustrated earlier (S X 5 X S X 2 X 3 X 4 X S) after the local message and the

synchronization message "S", which one is supposed to have conveyed by the tests 8, 9, 10,

11, 12 and to have raised the flag SYNC, the message "X" is processed locally, so message 5

arrives. Supposing that the flag NEXT is raised, the test "NEXT"? gets a positive response.
The message is recorded (operation —BUFF), the flag BUSY is raised, the number S is
stored (LAST = 5), the flags SYNC and NEXT arc lowered, after which the process returns
to 14 and the message 6 that follows is read. It cannot be recorded, because NEXT is lowered
(test 9), there is no number 5 any more which has'been stored for LAST, and thus the process
arrives at test 11 which returns to the reading of the next message. The message 6 is thus
simply neglected. The same will hold for the next messages which will all follow the same
route, because they do not have number § and because NEXT s still lowered. When message
"S" arrives, it passes through 8, 9, 10, 11 and 12 and raiscs the flag SYNC. When the
message 5 arrives again, NEXT is still lowered, but N = 5 = LAST and test 13 is directly
proceeded to. As the memory is still occupied (BUSY is raised), SYNC is reset to zero and
the message 5 is also neglected. Let us now assume that the polling on the side of the
supervisor takes place at this moment: message 5 which dwells in the buffer memory, is
transmitted by the bus RS485 and the flag BUSY is lowered: now the memory of RPR1 is no
longer occupied. None the less, RPR1 has not accounted for the order of the course of the
messages which have arrived at the fibre, because it does not know whether the message that
will arrive is exactly the message that is to be transmitted after the one that has just been
transmitted. In case of doubt, it will thus neglect this message, because NEXT is still lowered.
The message 6 which, however, could be recejved well, is thus neglected, and so are the
messages 2, 3, 4, "S". The message 5 arrives again, because each sequence is retransmitted
incessantly. The test 10 has a positive response, the test 13 a negative response, and thus the
flag NEXT is raised. Then RPR1 recognizes that it has already received and retransmitted a
message 3, it thus goes back to the state for receiving the next message. Mcssage 6 is
recorded (operation —BUFF), the flag BUSY is raised, number 6 is stored (LAST = 6), the
flags SYNC and NEXT are lowered, after which tfu: process goes back to 14 and the process

is carried on in the same fashion, which finally leads to the recording and

31 s
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to the retransmission of all the messages in the order of 5. 6.. 2.. 3., 4...

The branch comprising the test 11, 12, to the right of Fig. 3, is used for
verifying the occurrences of the signal "S", to detect any faults in the timing with which the
messages "S" arrive.

The procedures described above relate to the data stream via the

transmitters of the upwards channel and the receivers of the upwards channel. The television

signals going downwards by the main downwards path are processed in known manner and
do not form part of the invention.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-

1. Process for transmitting messages upwards in a cable television
network which comprises a specific tree-like path for sending messages
upwards, which path comprises a plurality of branches called upward
branches, each formed by an optical fibre, which process is characterised in
that, in a junction between a branch above and various branches below,
which comprises a transmitter including a converter for producing a light
signal transmitted up the branch above from a message sequence in the form
of an electric signal and, for each branch below, a receiver which includes a
converter which produces a message in the form of an electric signal from a
light signal coming from the branch below,

- a message received from below and carrying a recognition code is
recorded in a receiving memory,

- based on messages received by the receivers and a message, called a
local message, generated in the junction itself to be transmitted up the
branch above, a sequence of messages to be sent is determined which
comprises first messages which repeat in a delayed version the messages
received by the receivers and, in the end, the local message whose presence
indicates that the sequence has ended,

- the same sequence is repeated indefinitely while the contents of the
messages to be sent are being updated, as required.

2, Process as claimed in claim 1, characterised in that the receiving
memories are polled periodically by the transmitter and a message received
from below is recorded in the receiving memory only if the message recorded
previously has been read by the transmitter.

3. Process as claimed in claim 2, characterised in that, after a certain
message has been applied to the transmitter in response to a polling, and
while other messages continue to arrive at the receiver in a repetitive way,
with said certain message among them, said certain message is waited for to
occur again without any recording being effected, and the message following
said certain message is then recorded,

4, Process as claimed in claim 2, characterised in that a test is made
whether the latest message received in response to the periodic polling of a
receiver is a local message coming from the junction below, and

- in that case, a periodic polling of another receiver is proceeded to,

- in the opposite case, the same receiver is continued to be polled.

ey -
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5. Process as claimed in any one of the preceding claims, characterised in

that a message exclusively meant for the junction situated immediately above
is inserted between each of the other messages.
6. Cable television network comprising a tree-like path called a main path
which the signals follow when they leave a transmission centre, and which
comprises a plurality of branches called downwards branches, each formed
by an optical fibre, and a second tree-like path called upwards path which
siguals follow to go back to the transmission centre, and which comprises a
plurality of branches called upwards branches which are each formed by an
optical fibre and run parallel with a branch of the main path, characterised in
that where the network compises at least a junction between a branch above
and various branches below, such a junction comprises:
- a receiver for each branch below, which includes

- a converter for generaling a message in the form of an electric
signal from a light signal coming from the branch below,

- and a processor having instructions to instruct the recording of
this message together with a recognition code in a recelving memory,
- a transmitter, which includes

- a processor with instructions for

- determining a sequence of messages to be sent based on digital
data which represent, on the one hand, messages received by the receivers
and, on the other hand, a message called local message generated in the
junction itself to be transmitted up the branch above, which sequence
comprises

- firstly, messages which repeat in a delayed version the
messages received by the receivers,

- and linally, the local message whose presence indicates that
the sequence has ended,

- and for instructing the indefinite repetition of the same
sequence while the contents of the message to be sent are being updated, as
required,

- and a converter for producing a light signal based upon the
sequence of messages and transmitted up the branch above.
7. Cable television network as claimed in claim 6, characterised in that
instructions of the processor of the transmitter instruct a periodic polling
pracedure of the receiving memories, and instructions of the processor of the
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receiver permit the recording in the receiving memory of a message received
from below, only if the message recorded previously has been read by the
transmitter.
8. Cable television network as claimed in claim 7, characterised in that
after a certain message has been applied to the transmitter in response to a
polling, and while other messages continue to arrive at the receiver in a
repetitive way, with said certain message among them, instructions from the
processor of the receiver instruct to wait for said certain message to occur
again without any recording being effected, and to record the message
tollowing said certain message.
9. Cable television network as claimed in claim 7, characterised in that
the instructions of the processor of the transmitter instruct the testing
whether the latest message received in response to the periodic polling of a
receiver is a local message coming from the junction below, and
- in that case, to proceed to a periodic polling of another receiver,
- in the opposite case, 1o continue polling the same receiver.
10.  Cable television network as claimed in any one of the claims 6 to 9,
characterised in that instructions of the processor of the transmitter instruct
the insertion of a message exclusively meant for the junction situated
immediately above, between each of the other messages.
11.  Intermediate station called a "junction”, intended to be used in a tree-
like cable television network, between a branch above formed by an optical
fibre that transmits signals coming from said intermediate station, and
various branches below each formed by an optical fibre that transmits signals
to said intermediate station, characterised in that it comprises:
- a receiver for each branch below, which includes

- a converter for generating a message in the form of an electric
signal from a light signal coming from the branch below,

- and a processor having instructions to instruct the recording of
this message together with a recognition code in a receiving memory,
- a transmitter, which includes

- a processor with instructions to

- determine a sequence of messages 10 be sent based on digital

data which represents, on the one hand, messages received by the receivers
and, on the other hand, a message called a local message generated in the

sl



apss

»
seen

.

ehua
LT T

.
ssen

.
ases

10

15

20

25

30

35

17

junction itself to be transmitted up the branch above, which sequence
comprises
- firstly, messages which repeat in a delayed version the
messages received by the receivers,
- and finally, the local message whose presence indicates that the

sequence has ended,

- and to instruct the indefinite repetition of the same sequence while
the contents of the messages to be sent are being updated, as required,

- and a converter for producing a light signal based upon the
sequence of messages and transmitted up the branch above.
12.  Intermediate station as claimed in claim 11, characterised in that
instructions of the processor of the transmitter instruct a periodic polling
procedure of the receiving memories, and instructions of the processor of the
receiver permit of the recording of a message received from below in the
receiving memory, only if the message recorded previously has been read by
the transmitter,
13.  Intermediate station as claimed in claim 12, characterised in that, after
a certain message has been applied to the transmitter in response to a polling,
and while other messages continue to arrive at the receiver in a repetitive
way, with said certain message among them, said certain message is waited
for to occur again without any recording being effected, and the message
following said certain message is then recorded,
14. Intermediate station as claimed in claim 12, characterised in that
instructions of the processor of the transmitter instruct to test whether the
latest message received in Tesponse to the periodic polling of a receiver is a
local message coming from the junction below, and
- in that case, to proceed to a periodic polling of ancther receiver,
- in the opposite case, to continue to poll the same receiver.
15.  Intermediate station as claimed in any one of the claims 11 to 14,
characterised in that instructions of the processar of the transmitter instruct
the insertion of a message exclusively meant for the junction situated
immediately above between each of the other messages.
16.  Process for transmitting messages upwards in a cable television
network substantially as hereinbefore described and with reference to the
accompanying drawings.
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17.  Cable television network substantially as hereinbefore described and
with reference to the accompanying drawings.

18.  Intermediate station called a "junction”, intended to be used in a tree-
like cable television network, between a branch above formed by an optical
fibre that transmits signals coming from said intermediate station, and
various branches below each formed by an optical fibre that transmits signals
to said intermediate slation substantially as hereinbefore described and with
reference to the accompanying drawings.

Dated this Eighth day of February 1999

PHILIPS ELECTRONICS NV
Patent Attorneys for the Applicant:

F B RICE & CO
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