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Abstract

The invention has for its object to provide a network in which an optimized mode of
operation is made possible both in the trouble-free case and on the occurrence of a
disturbance. This object is attained by a point-to-multipoint network (NET) which is
wherein it comprises two nodes (HUB3, HUB4) which are designed as subcenters, are
connected to the center (HE) via respective main trunk lines, and make the signals
received from the center (HE) available on reserve lines. By activating the reserve lines
only if disturbances are present on the main trunk lines, power can be saved. The
occurrence of a disturbance in a main trunk line is detected autonomously by each node
concerned. In this manner, the nodes can control the reception and forwarding of the
signals autonomously and independently of additional control equipment, such as a
central switching assembly, and the reserve line is activated only on the occurrence of a

disturbance.

(Fig. 1)
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Claims

A point-to-multipoint network comprising a center suitable for transmitting signals to
several nodes, wherein the center is connected via a first main trunk line to a first node
designed as a subcenter and suitable for receiving signals and routing them onward over
a first reserve line, and the center is connected via a second main trunk line to a second
node designed as a subcenter and suitable for receiving signals and routing them
onward over a second reserve line, with the first reserve line serving as a reserve line for
the second main trunk line, and the second reserve line serving as a reserve line for the
first main trunk line, and each of the several nodes is connected to one of the two main
trunk lines and to the associated reserve line.

2. A point-to-multipoint network as claimed in claim 1, wherein the two main trunk
lines and the two reserve lines are implemented as optical fiber links, and that the
optical fiber links contain optical coupling devices via which the several nodes are
connected to one of the two main trunk lines and the associated reserve line.

3. A point-to-multipoint network as claimed in claim 1 or 2, wherein the two main
trunk lines and/or the two reserve lines are designed for bidirectional operation.

4. A point-to-multipoint network as claimed in claim 1, wherein each of the several
nodes comprises a conversion unit , a detector for monitoring the signals received over
the associated main trunk line, and a switch controllable via the detector , and that the
detector controls the switch in such a way that, if the signals received over the
associated main trunk line are undisturbed, the switch will route the signals received
over the associated main trunk line to the conversion unit , and that, if the signals
received over the associated main trunk line are disturbed, the switch will route the
signals received over the associated reserve line to the conversion unit .

5. A point-to-multipoint network as claimed in claim 4, wherein the conversion unit
contains a transmitting device for transmitting request signals over the associated
reserve line.

6. A point-to-multipoint network as claimed in claim 5, wherein the conversion unit
contains a transmitting device for transmitting interrupt signals over the associated

reserve line.
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Point-To-Multipoint Network
Field of the invention This invention relates to a point-to-multipoint network.
Background of the invention
In point-to-multipoint networks, e.g. in a cable distribution network with or without
reverse channel, signals, such as cable television signals and/or telephone signals
("cablephone"), are generally transmitted from a center over two separate optical fiber
links to several nodes in such a way that each of the nodes receives signals from both
links. Each node serves a coaxial cable network with a plurality of terminals. Such a
network structure is known from the journal "telecom report" of Siemens AG, No.
3/1996, pages 10 to 13.
The separate optical fiber links are provided to ensure that in the event of a disturbance,
caused, for example, by a cable break or by insufficient amplification, it is not possible
for individual nodes to receive no signals or only signals of reduced quality. In each
node, the incoming signals on the two links are detected by means of two detectors, and
only the signal with the higher level is routed onward via a switch.
A disadvantage of such networks is that both optical fiber links must constantly be
operated at a high signal level, whereby much power is wasted, which also increases the
aging rate of the network.
In the network disclosed in DE 19650088, two optical fiber links connected to a center
end in a switching assembly which routes signals onward only if a disturbance is
detected on one of the two optical fiber links. In this manner, a reserve link is activated
on the occurrence of a disturbance, so that the performance of the network can be
optimized for the trouble-free case. Disadvantages are that a separate switching
assembly is needed, and that in the event of a disturbance, the supply of signals to nodes
depends on the proper operation of the switching assembly.

Summary of the invention

According to a first aspect of the present invention there is provided a point-to-
multipoint network comprising a center suitable for transmitting signals to several
nodes, wherein the center is connected via a first main trunk line to a first node designed
as a subcenter and suitable for receiving signals and routing them onward over a first

reserve line, and the center is connected via a second main trunk line to a second node
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designed as a subcenter and suitable for receiving signals and routing them onward over
a second reserve line, with the first reserve line serving as a reserve line for the second
main trunk line, and the second reserve line serving as a reserve line for the first main
trunk line, and each of the several nodes is connected to one of the two main trunk lines
and to the associated reserve line. The point-to-multipoint network according to the
invention includes two nodes designed as subcenters which are connected to a center via
respective main trunk lines and make the signals received from the center available on
reserve lines. By activating the reserve lines only if disturbances are present on the main
trunk lines, power can be saved. The occurrence of a disturbance in a main trunk line is
detected autonomously by each node concerned. In this manner, the nodes can control
the reception and forwarding of the signals autonomously and independently of
additional control equipment, such as a central switching assembly, and the reserve line
is activated only on the occurrence of a disturbance.

Brief description of the drawings

Further advantageous features of the invention are apparent from the dependent claims.
Three embodiments of the invention will now be described with reference to the
accompanying drawings, in which:

Fig. lis a schematic of a first network according to the invention;

Fig. 2shows the network of Fig. 1 on the occurrence of a disturbance;

Fig. 3is a schematic block diagram of a first node according to the invention for the
network of Fig. 1;

Fig. 4is a schematic block diagram of a second node according to the invention for the
network of Fig. 1;

Fig. 5is a schematic of a second network according to the invention; and

Fig. 6is a schematic of a third network according to the invention.

Detailed description of the embodiments

The first embodiment will now be explained with reference to Figs. 1 to 4. Fig. 1 shows
a network according to the invention, NET. The network NET is designed as a point-to-
multipoint network and particularly as a unidirectional distribution network, for
example as a network for distributing cable television signals from a center HE to a

plurality of terminals (not shown in order to simplify the illustration). The network NET
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can be readily converted to a bidirectional network, for example by using an existing
telephone network as a reverse channel, by using two different wavelengths for one and
the same optical fiber link, or by using a second distribution network as a reverse
channel; this also makes it possible to implement services such as cablephone, service-
on-demand, video-on-demand, and/or the like. The invention can be applied to
unidirectional and bidirectional networks. For the sake of simplicity, in Fig. 1 a
unidirectional distribution network has been chosen with respect to the signals sent out
by the center HE.

Besides the center HE, which is also referred to as a "head end", the network NET
comprises six nodes HUB1, HUB2, HUB3, HUB4, HUBS5, HUB6, which are also
referred to as "network elements".

The center HE is suitable for transmitting signals to the six nodes HUB1, HUB2, HUB3,
HUB4, HUBS, HUB6. The center HE is connected via a first main trunk line to a first
node HUB3, which is designed as a subcenter and is suitable for receiving signals and
routing them onward over a first reserve line. The center HE is also connected via a
second main trunk line to a second node HUB4, which is designed as a subcenter and is
suitable for receiving signals and routing them onward over a second reserve line. The
first reserve line serves as a reserve line for the second main trunk, and the second
reserve line serves as a reserve line for the first main trunk. Each of the six nodes
HUBI1, HUB2, HUB3, HUB4, HUB5, HUB6 is connected to one of the two main trunk
lines and the associated reserve line.

Signals, e.g. cable television signals, are transmitted from the center HE to the nodes
HUBI, HUB2, HUB3, HUB4, HUBS5, HUB6 over two different paths, with two main
trunk lines and two reserve lines being provided, namely one main trunk line and one
reserve line for the three nodes HUB1, HUB2, HUB3, and one main trunk line and one
reserve line for the three nodes HUB4, HUBS, HUBG6. The three nodes HUB1, HUB?2,
HUB3 are supplied with signals from the center HE over the first main trunk line. The
first main trunk line is represented by continuous lines. The three nodes HUB4, HUBS,
HUBG are supplied with signals from the center HE over the second main trunk line.
The second main trunk line is also represented by continuous lines. The three nodes

HUB4, HUBS5, HUBG6 are supplied with signals from the node HUB3 over the first
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reserve line if a disturbance occurs on the second main trunk line. The first reserve line
is indicated by dashed lines. The three nodes HUB1, HUB2, HUB3 are supplied with
signals from node HUB4 over the second reserve line if a disturbance occurs on the first
main trunk line. The second reserve line is also indicated by dashed lines.

Connected to each of the nodes HUB1, HUB2, HUB3, HUB4, HUBS5, HUBSG is a
coaxial cable network (not shown for simplicity) for distributing the cable television
signals to a plurality of terminals.

The two main trunk lines and the two reserve liﬁes are implemented as optical fiber
links. The optical fiber links contain optical coupling devices K1, K2, K3, K4, K5, K6,
K7, K8, via which the six nodes HUB1, HUB2, HUB3, HUB4, HUBS5, HUB6 are
connected to one of the two main trunk lines and the associated reserve line. The
coupling devices are, for example, optical splitters, e.g., 2x2 splitters, or optical
couplers, e.g., 2x2 couplers. By means of the coupling device, signals of an optical fiber
link are duplicated, for example, and transferred to two different optical fiber links.
Through the use of asymmetrical coupling devices, 30% of the level of a signal, for
example, can be fed to a node and 70% of the signal level to the next coupling device. In
this manner, all nodes HUB1, HUB2, HUB3, HUB4, HUBS, HUB6G receive signals with
approximately the same level.

The first main trunk line contains the coupling devices K1 and K2. Coupling device K1
taps off signals for node HUBI, and coupling device K2 taps off signals for node
HUB2. The second main trunk line contains the coupling devices K3 and K4. Coupling
device K3 taps

off signals for node HUBS, and coupling device K4 taps off signals for node HUB6. The
first reserve line contains the coupling devices K7 and K8. Coupling device K7 taps off
signals for node HUB4, and coupling device K8 taps off signals for node HUBS. The
second reserve line contains the coupling devices K5 and K6. Coupling device K5 taps
off signals for node HUB2, and coupling device K6 taps off signals for node HUB3.

Fig. 2 shows the network of Fig. 1 on the occurrence of a disturbance on the first main
trunk line between coupling device K1 and coupling device K2. Because of the
disturbance, which is caused by a cable break, for example, signals can no longer be

routed to nodes HUB2 and HUB3 over the first main trunk line. Node HUB2 detects
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that it is receiving no signals or signals of insufficient quality, and switches over to
receive signals from node HUB4 over the second reserve line. Similarly, node HUB3
detects that it is receiving no signals or signals of insufficient quality, and switches over
to receive signals from node HUB4 over the second reserve line. Node HUBI1 thus
continues to be supplied with signals from the center HE directly over the first main
trunk line, while nodes HUB2, HUB3, HUB4, HUBS, HUBG receive the signals from
the center HE over the second main trunk line and over the second reserve line, this
being indicated in Fig. 2 by continuous lines.

Fig. 3 shows a first node according to the invention for the network of Fig. 1. The node
shown is HUB2. The construction and operation of the nodes HUB1, HUBS, HUBG is
comparable to that of HUB2.

The node HUB2 contains a conversion unit UNIT, a detector DET1 for monitoring the
signals received via the first main trunk line and the coupling device K2, and a switch
S1, which is controlled by the detector DET 1. The detector DET1 controls the switch S1
in such a way that, if the signals received over the first main trunk line are undisturbed,
the switch S1 will route the signals received over the first main trunk line to the
conversion unit UNIT, and that, if the signals received over the first main trunk line are
disturbed, the switch S1 will route the signals received over the second reserve line to
the conversion unit UNIT.

The detector DET1 contains, for example, and optical-to-electrical converter, such as a
photodiode, followed by a threshold detector or a comparator. The detector DET1
determines whether the level of the signals received via the first main trunk line and the
coupling device K2 is high enough to supply, for example, all terminals of the
subsequent coaxial cable network. If that is the case, reception is undisturbed and the
switch S1 will be controlled by the detector DET1 to route the signals received via the
first main trunk line and the coupling device K2 to the conversion unit UNIT. If the
level of the signals received via the main trunk line and the coupling device K2 is below
the predetermined threshold, reception is affected by a disturbance and the switch S1

will be controlled by the detector DET1 to route the signals received via the second

reserve line and the coupling device K5 to the conversion unit UNIT. If the level of the
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signals received via the first main trunk line and the coupling device K2 rises above the
predetermined threshold again at a later time, the switch S1 will be switched back.

The detector DET1 has one input and two outputs. The node HUB2 includes a coupling
device K9 which is inserted in the first main trunk line in such a way as to tap off a part
of the received signals, for example 10% of the signal level, and apply it to the input of
the detector DET1. One of the two outputs of the detector DET1 is connected to the
control input of the switch S1, and the other is connected to the conversion unit UNIT.
The connection between detector DET! and conversion unit UNIT serves to notify the
converter UNIT when a disturbance is present on the first main trunk line, so that the
conversion unit UNIT can take further steps, for example transmit a request or interrupt
signal.

The switch S1 is implemented as an optical switch, such as an electrically controlled
optical Mach-Zehnder interferometer. The switch S1 has two signal inputs, one control
input, and one output. One of the signal inputs is connected via the coupling device K9
to the first main trunk line, and the other is connected to the second reserve line. The
output is coupled to the conversion unit UNIT.

The conversion unit UNIT incorporates an optical-to-electrical converter for converting
the received optical signals to electric ones and then transmitting the electric signals
over the coaxial cable network. The conversion network UNIT may additionally include
an amplifier, a protocol adapter, filters, equalizers, etc.

The conversion unit UNIT further comprises a transmitting device for transmitting a
request signal over the second reserve line. During undisturbed reception, forwarding
over the second reserve line of the signals received from the center HE is suppressed by
the node HUB4 in order to save power. Instead of the signals received from the center,
no signal or polling signals, for example, are sent out by the node HUB4 over the
second reserve line. The polling signals are, for example, bursts with a particular
identification which are received by, among others, the node HUB2. In the absence of a
disturbance, the node HUB2 sends to the node HUB4, for example, no signal or a reply
signal with the information: forwarding of the signals sent out by the center HE not
necessary. After detection of a disturbance, node HUB2 sends the request signal to node

HUB4. The request signal contains the information: forwarding of the signals sent out
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by the center HE requested. Node HUB4 receives the request signal and, in response
thereto, activates the second reserve line, i.e., it routes the signals received from the
center onward HE over the second reserve line to node HUB2, so that the latter can
receive signals from the center HE even if the first main trunk line is affected by a
disturbance.

The conversion unit UNIT further includes a transmitting device for transmitting an
interrupt signal over the second reserve line. The interrupt signal contains the
information: forwarding of the signals transmitted by the center no longer necessary.
The node HUB4 receives the interrupt signal and, in response thereto, deactivates the
second reserve line, i.e., it no longer routes the signals coming from the center onward
over the second reserve line to the node HUB2.

The second reserve line is designed for bidirectional operation so as to permit nodes
HUBI1, HUB2, HUB3 to communicate with node HUB4. In addition, both main trunk
lines and/or the two reserve lines may be designed for bidirectional operation. The
bidirectional operation of the first reserve line enables nodes HUB4, HUBS, HUB6 to
communicate with node HUB3. The bidirectional operation of the main trunk line may
serve to notify the center HE that one of the two nodes HUB3, HUB4 is routing the
signals received from the center HE onward. The center HE can then transmit the
signals at a higher level, so that even the nodes located farthest from the center HE
during transmission over the reserve lines, i.e., the nodes HUB1 and HUBG6, will be
supplied with a sufficient signal level. The center HE can also be informed that a fault
has occurred in the network, and can then locate the fault by interrogating the nodes
connected to the faulty main trunk line. The fault lies between those nodes which
respond to the center HE and those which do not respond to the center HE. The fault has
thus been located and measures can be taken to clear it, for example by sending a repair
person to the location of the fault. For this purpose, the conversion unit UNIT includes,
for example, a transmitting device for transmitting a reply signal over the first main
trunk line.

Fig. 4 shows a second node according to the invention for the network of Fig. 1. The
node shown is HUB4. The construction and operation of the node HUB4 is comparable

to that of HUB3.
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The node HUB4 comprises a conversion unit UNIT, a detector DET2 for monitoring the
signals received over the second main trunk line, and a switch S2, which is controllable
via the detector DET2. The detector DET2 controls the switch S2 in such a way that, if
the signals received over the second main trunk line are undisturbed, the switch S2 will
route them to the conversion unit UNIT, and that, if the signals received over the second
main trunk line are disturbed, the switch S2 will route the signals received over the first
reserve line to the conversion unit UNIT.

The node HUB4 further includes a transmitter/receiver module implemented as a
concentrator CON2 which is designed to route the signals received over the second
main trunk line onward over the second reserve line only after receipt of a request
signal. (Similarly, node HUB3 includes a transmitter/receiver module which is designed
to route the signals received over the first main trunk line onward over the first reserve
line only after receipt of a request signal).

The transmitter/receiver module of the node HUB4 is so designed that after receipt of an
interrupt signal, it interrupts the retransmission over the second reserve line of the
signals received over the second main trunk line.

For explanations regarding the transmission of the request and interrupt signals,
reference is made to the description of Fig. 3.

The conversion unit UNIT contains a concentrator CON1 and a network element
controller NEC. The concentrator CON1 contains an optical-to-electrical converter for
converting the received optical signals to electric ones and then feeding the electric
signals to the network elements controller NEC. In addition, the concentrator CON1
may include a protocol converter for converting the received signals to a predetermined
format. The network element controller NEC serves to electrically process the received
signals, for example to perform protocol adaptation and amplify the signals, and to
subsequently transmit them over the associated coaxial cable network.

The concentrator CON2 receives the output signals from the concentrator CON1. The
concentrator CON2 has an electrical-to-optical converter for converting the signals
received from the concentrator CON1 to optical ones and subsequently transmitting
them over the first reserve line if the first main trunk line is affected by a disturbance.

By means of an electrical or optical amplifier or regenerator, the signals to be
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transmitted can be amplified or regenerated. The concentrator CON2 further includes an
optical-to-electrical converter for receiving the request and interrupt signals from the
nodes HUB1, HUB2, HUB3 and converting them to electric signals, which are then fed
to an evaluator, e.g. a processor.

The second embodiment will now be explained with reference to Fig. 5. Fig. 5 shows a
further network according to the invention, NET. The network NET is designed as a
point-to-multipoint network and is similar in structure and operation to the network of
Fig. 1, with the difference that the center HE is additionally connected via a third main
trunk line to three further nodes HUB7, HUBS8, HUBO, and that a third reserve line
serves as the reserve line for the three further nodes HUB7, HUB8, HUBO, with node
HUB3 or node HUB4 being suitable for routing the signals received from the center HE
onward over the third reserve line. Instead of the third reserve line, the first or second
reserve line can be used as the reserve line for the at least one further node HUB7,
HUBS8, HUB9 by extracting a part of the signal level from the respective reserve line via
a further coupling device and feeding it to the three nodes HUB7, HUBS, HUB9. This
has the advantage that only one node, which is designed as a subcenter, is needed for
two reserve lines.

The third embodiment will now be explained with reference to Fig. 6. Fig. 6 shows a
further network according to the invention, NET. The network NET is designed as a
point-to-multipoint network and is similar in structure and operation to the network of
Fig. 1, with the difference that instead of the nodes HUB3, HUB4, the nodes HUBI,
HUB2 are designed as subcenters. This has the advantage that fewer cables are needed
for a network extension, because the addition of a further node after node HUB3, for
example, requires only one coupling device between coupling device K2 and node
HUB3, one coupling device between coupling device K6 and node HUB3, and the
connections from these two new coupling devices to the further node. By contrast, in the
network of Fig. 1, a coupling device between coupling device K6 and node HUB3
would result in two coupling devices being cascaded, which would have negative effects
on the signal level distribution.

In all three embodiments, the main trunk lines and reserve lines should be laid in such a

way that shorter distances can be realized between the center HE and the nodes for the
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trouble-free case, i.e., that the main trunk lines are shorter than the reserve lines, for
shorter distances make it possible to implement higher signal levels because of the

lower attenuation losses, or to save power at unchanged signal levels.

It should be noted that where in the specification or claims the term “comprising” is

used that term should be interpreted inclusively rather than exclusively.



CE\99188011.3

10

15

20

25

30

11

Claims

A point-to-multipoint network comprising a center suitable for transmitting signals to
several nodes, wherein the center is connected via a first main trunk line to a first node
designed as a subcenter and suitable for receiving signals and routing them onward over
a first reserve line, and the center is connected via a second main trunk line to a second
node designed as a subcenter and suitable for receiving signals and routing them
onward over a second reserve line, with the first reserve line serving as a reserve line for
the second main trunk line, and the second reserve line serving as a reserve line for the
first main trunk line, and each of the several nodes is connected to one of the two main
trunk lines and to the associated reserve line.

2. A point-to-multipoint network as claimed in claim 1, wherein the two main trunk
lines and the two reserve lines are implemented as optical fiber links, and that the
optical fiber links contain optical coupling devices via which the several nodes are
connected to one of the two main trunk lines and the associated reserve line.

3. A point-to-multipoint network as claimed in claim 1 or 2, wherein the two main
trunk lines and/or the two reserve lines are designed for bidirectional operation.

4. A point-to-multipoint network as claimed in claim 1, wherein each of the several
nodes comprises a conversion unit , a detector for monitoring the signals received over
the associated main trunk line, and a switch controllable via the detector , and that the
detector controls the switch in such a way that, if the signals received over the
associated main trunk line are undisturbed, the switch will route the signals received
over the associated main trunk line to the conversion unit , and that, if the signals
received over the associated main trunk line are disturbed, the switch will route the
signals received over the associated reserve line to the conversion unit .

5. A point-to-multipoint network as claimed in claim 4, wherein the conversion unit
contains a transmitting device for transmitting request signals over the associated
reserve line.

6. A point-to-multipoint network as claimed in claim 5, wherein the conversion unit
contains a transmitting device for transmitting interrupt signals over the associated

reserve line.
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7. A point-to-multipoint network as claimed in any one of claims 1 to 4, wherein the
first and second nodes each contain a conversion unit , a detector for monitoring the
signals received over the associated main trunk line, and a switch controllable via the
detector , and that the detector controls the switch in such a way that, if the signals
received over the associated main trunk line are undisturbed, the switch will route the
signals received over the associated main trunk line to the conversion unit , and that, if
the signals received over the associated main trunk line are disturbed, the switch will
route the signals received over the associated reserve line to the conversion unit .

8. A point-to-multipoint network as claimed in claim 7, wherein the first node further
comprises a transmitter/receiver module which is designed to route the signals received
over the first main trunk line onward over the first reserve line only after receipt of a
request signal, and that the second node further comprises a transmitter/receiver module
which is designed to route the signals received over the second main trunk line onward
over the second reserve line only after receipt of a request signal.

9. A point-to-multipoint network as claimed in claim 8, wherein the
transmitter/receiver module of the first node is so designed that after receipt of an
interrupt signal, it interrupts the forwarding over the first reserve line of the signals
received over the first main trunk line, and that the transmitter/receiver module of the
second node is so designed that after receipt of an interrupt signal, it interrupts the
forwarding over the second reserve line of the signals received over the second main
trunk line.

10. A point-to-multipoint network as claimed in claim 1, wherein the center is
connected via a third main trunk line to at least one further node, and that the first
reserve line serves as a reserve line for the at least one further node.

11. A point-to-multipoint network as claimed in claim 1, wherein the center is
connected via a third main trunk line to at least one further node, and that a third reserve
line serves as a reserve line for the at least one further node, with the first node being
suitable for routing the signals received from the center onward over the third reserve

line.
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12. A point-to-multipoint network substantially as hereinbefore described with reference

to any one of the embodiments shown in the accompanying drawings.

Dated this 15th day of July 1999
Alcatel
by its attorneys

Freehills Patent Attorneys















