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(57) Abstract: A single, normally inactive, protection ring (22) provides protection against a working channel failure in a fiber optic
ring network (10). The protection channel (22) is established and put into operation by a series of steps that are triggered by the
detection of signal degradation or loss of light from one transponder by the other transponder. Each node (20A, 20B, 20C, 20D)
reacts to a failure of another node in substantially the same way. Incoming traffic from external sources is rerouted from a working
input-output interface to a protection interface, to establish a path for the protection signal. Signals are sent between nodes enabling
the two nodes to resume communication. Only the portion of the protection ring (22) between nodes (20A, 20B, 20C, 20D) is placed

1nto service.
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Virtual Protection Channel For Fiber Optic Ring Network

Field of the Invention

The present invention relates to protection methods and circuits for multi-node fiber
optic networks More particularly, the invention pertains to a fiber optic ring network that
provides a single, normally inactive, optical protection channel for multiple optical

communications channels.

Background Of The Invention

Fiber optic ring system design involves a balance between the need to provide
protection for multiple channels of communication, the desire to maximize the bandwidth
available for the communications function of the network, and the costs of constructing and
maintaining the network. In a single-fiber ring where bandwidth considerations are
secondary, a separate protection channel can be reserved for each communications channel.
Such arrangements, while effective and readily implemented, often have unacceptable high

overhead at the expense of revenue generating traffic.

In some systems, signals are sent in both the clockwise and the counterclockwise
directions. The protection function takes advantage of the fact that a given signal can reach

its destination via two distinct paths.

Many known wavelength division multiplexing (WDM) fiber optic transmission
systems are deployed for communications between two end nodes. In this configuration, to

protect against optical transponder failures, some systems use a one-by-one protection

scheme.

In a one-by-one protection scheme, each working transponder has its own dedicated
protection transponder. Some other systems use a one-by-N protection scheme, where one
protection transponder serves to protect N working transponders. The same kind of
protection schemes can be used 1n a ring configuration as are used for transporting multiple

wavelengths, in the point-to-point configuration. As a result, in some known systems,
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required protection channels carried over a single fiber are equal to the number of two-node

communications on the ring.

Brief Description of the Drawings
Fig. 1 1s a diagram of a fiber optic ring communications network;

Fig. 2 1s a diagram 1llustrating a prior art protection system for a fiber optic ring

communications network;

Fig. 3 1s a diagram illustrating a fiber optic ring communications network protection

system for the network of Fig. 1;

Fig. 4 1s a block diagram of exemplary establishment of a protection channel in a

fiber optic ring network according to an embodiment of the current invention;

Fig. 4A 1s a block diagram 1llustrating another example of establishing of a
protection channel 1n a fiber optic ring network according to an embodiment of the current

invention,;

Fig. 5 1s a diagram illustrating paths of communication between two nodes of the

ring network of Fig. 1;

Fig. 5A 1s a diagram 1llustrating an alternate circuit configuration at the nodes of a

network as 1n Fig. 1;

Fig. 6 1s a block diagram illustrating one exemplary method responding to a failure
at a node to enable a pair of transponders to automatically reestablish communications via a

protection channel, pursuant to an embodiment of the current invention;

Figs. 7A, B taken together are a block diagram illustrating another method of
responding to a failure of one transponder to enable a pair of transponders to automatically

reestablish communications via a protection channel, pursuant to an embodiment of the

current invention; and

Fig. 8 1s a block diagram illustrating an alternate embodiment of the invention.
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Detailed Description of Embodiments

While this invention is susceptible of embodiment in many different forms, there are
shown 1n the drawing and will be described herein in detail specific embodiments thereof
with the understanding that the present disclosure is to be considered as an exemplification of
the principles of the invention and is not intended to limit the invention to the specific

embodiments illustrated.

The following describes a process, system and modules wherein an acceptable level
of protection is provided, while maximizing the amount of bandwidth available for

communications channels.

In the disclosed system, a single normally inactive protection channel provides
| protection against failures at a node. Such failures include, without limitation,
malfunctioning or failure of one of the transponders at a node, degraded signals or
unacceptable traffic bit error rates. The protection channel is established and put into service

by a series of steps that are triggered by the failure detected at a receiving node.

A standardized transponder module is provided with functionality that enables a pair
of identical transponder modules at spaced apart nodes to jointly respond to the failure by
establishing the protection channel between the two nodes with a minimal loss of data. More
specifically, each node reacts to a loss of light from another node or other detected failure in
the same way: by rerouting incoming traffic from external sources from a working input-

output interface (“IOB”) to a protection I0B.

A plurality of switches establishes a path for the protection signal, by turning off a
respective channel laser on the working IOB, and by sending a protection signal. The failure
thus 1nitiates a sequence of steps at the detecting node that culminates with the working IOB
laser being turned off. This in turn, in one embodiment provides a loss of light signal at the
failed node that initiates the sequence of steps that will complete the protection channel path

between the two nodes. The two nodes can then resume communications.

As depicted in FIG. 1, a WDM-based fiber optic communications ring network 101
includes a plurality of nodes 103 (labeled A, B, C, and D) joined by fiber optic links 107a, b,
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¢, d. Each node receives communications signals from external (upstream) communications
devices 105 for transmission on the network, and receives communications signals through

the links of the network for transmission to such communication devices.

The signals are transmitted through the fiber optic ring network as optical signals
having different wavelengths, or “lambdas” using wave-division multiplexing (WDM). A
given fiber optic cable is capable of simultaneously carrying a plurality of lambdas. As is
known, voice or data, can be transmitted by modulating light transmitted at these respective

wavelengths.

Communication between two nodes will usually occur via one or more channels,
using one or more lambdas. A channel facilitates two-way communications between devices
associated with two different nodes. Thus, for each channel, light for a predetermined
wavelength, lambda, 1s transmitted between two nodes. When a signal is provided to a node
by an external communications device, that signal is then used to modulate the beam for

transmission between the two nodes.

A known prior art system 10 is illustrated in Fig. 2. In system 10, pairs of nodes are
connected by a fiber , such as fibers 107 b', ¢', d', which carries communications channels 203
as well as protection channel 205. Accordingly, each communication lambda has a
protection lambda associated with it. The protection lambda will be used to carry the

respective communications in the event of a failure of the respective communication channel.

The number of protection channels in the prior art example of Fig. 2 depends, at
least n part, on the number of groups of channels which have the same starting and ending

nodes, such as 10A', B'; 10A', C' and 10A", D'. For example, at least three protection

channels of different wavelength would be needed in the configuration of Fig. 2.

Fig. 3 1illustrates a portion of the system 10 which incorporates the protection
system of the current invention. In system 10, only one wavelength, a single protection

channel, serves as protection for all existing channels.

As 1llustrated 1n Fig. 3 a single optical channel 22 is assigned as a protection channel

for the entire ring, including nodes 20A, B. C, D. So long as there are no failures, for
example so long as all of the system transponders (for example, light producing lasers)

function properly the protection channel is not activated. When a transponder fails, for
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example at node 20C, the protection channel 22 would be activated to restore traffic transport

between nodes 20C, D. Other failures would also cause the protection channel to be placed

Into service.

In the protection scheme of Fig. 3, only one channel need be dedicated for a pro-
tection function per optical add/drop multiplexed (ADM) ring. Span "A", link 22C. Illus-
trated 1n Fig. 3 requires only one protection channel, not two as in Fig. 2. Additionally, the

scheme of Fig. 3 does away with a need to manage multiple protection channels as in Fig. 2.

Fig. 4 1llustrates an exemplary failure, a transponder failure at node 20A, relating to
a given channel at that node of system 20. A series of steps is then initiated that result in the

protection channel being automatically established between two nodes such as 20A, C that

have experienced a breakdown of a primary communications channel.

It will be understood that the invention is not limited to recovering from a
transponder failure. It can advantageously respond for example to a degraded signal or

erroneous bit rates.

Structures and methods disclosed herein, as will be understood by those of skill in
the art, are especially advantageous in that only one protection ring and one protection

transponder per node are necessary:
1) irrespective of the number of nodes;
2) irrespective of the number of working channels; and

3)  irrespective of the destination nodes of the signals being carried by the

working channels.

In addition, only one protection detector/transponder interface (PIOB is required per
node 1rrespective of the number of working pass-through channels and the number of

detector/transponder add/drop interfaces (WIOBS) at any node.

Fig. 4A illustrates an exemplary failure at node 20B. The protection channel
members 22¢, d are activated between nodes 20B, D to carry traffic.

Fig. 5 provides a more detailed view of a pair of nodes 507, 509, for example in

system 10. The two nodes are in communication with each other, via optical link 510, part

5.
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of a fiber optic ring network 10 that embodies the present invention. Nodes 507, 509 are

substantially identical and contain one or more working input-output interfaces (“WIOBs™)
527,527-1 ... 527-n and 531, 531-1 ... 531-n and a protection input-output interface
(“PIOB”) 529 and 533 as the interfaces between the communications network and the

external communications devices.

Each node 507, 509 includes control circuits 507-1, 509-1. These circuits interact
with other node components as discussed subsequently. Circuits 507-1 and 590-1 receive the
respective mcoming supervisory channel, such as 559, and transmit on the outgoing

supervisory channel 559'.

A WIOB for any given node includes a receiver or detector of a received lambda,

and, a transponder such as a laser for generating a signal corresponding to the wavelength of

light representing a given channel. In the depicted embodiment, each node has a plurality of

WIOBs and one PIOB, each having one laser. Each WIOB and PIOB is associated with a

specific channel.

The lasers though modulated operate substantially continuously, during selected
time intervals so that -- absent any failure -- nodes in communication with each other over a
channel receive signals substantially continuously from each other. When a transponder at a
given node fails and stops sending its signal, the channel between two nodes no longer can

carry traffic. Alternately, other types of failures also disrupt traffic.

To continue carrying traffic, a channel for a protection signal must be immediately
enabled and placed 1n service. The current invention accomplishes this with circuitry to carry
out a sequence of steps at a given node upon detection of a failure, for example, loss of light
from a node with which it is communicating. Two nodes that have experienced a breakdown
In communication between them can rapidly reestablish communication by activating the

respective protection channel.

In normal operation, a signal 510a from another node enters node 507 at traffic
lambda drop 511. If node 507 is the receiving node for the communication on the signal, the
tratfic lambda drop 511 passes the signal to the appropriate Working Input/Output Interface
(WIOB) 527. This interface performs an opto/electric conversion and sends the signal out of
the network toward its final destination, via switch 551 to a communications device 553

external to the ring network.
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If node 507 is not the receiving node for the signal, the traffic lambda drop 511
couples the signal through Switch A to combiner 515. Combiner 515 couples the signal to
multiplexer 517, which then couples a composite signal, via link 510 onto node 509.

If node 509 is the final in-network destination of the signal, the signal is dropped at
traftic lambda drop 519, coupled to respective WIOB 531. The signal is converted and sent

via switch 555 along to device 557 outside the network.

If the signal is destined for a different node, node 509 couples it along in the same
manner that node 507 coupled it along, and so forth, until it reaches its destination. Processes
and circuitry for implementing the functionality described above, such as causing signals to
be dropped at particular nodes (as illustrated by traffic lambda drops 511 and 519) are well
known to those with ordinary skill in the art and need not be described further.

In one embodiment of the invention, normal two-way communication between
nodes 507 and 509 occurs as follows. Signals originating at an external communication
device, such as device 553, associated with node 507 travel through switch 551 to WIOB
527 through multiplexer 517 and on to node 509. Where node 509 is the receiving node for
the signal, the signal 1s routed through WIOB 531, via switch 555 to external communication

device 557.

In the unidirectional system described herein, signals to be added from device 557
travel through switch 555 and are transmitted by WIOB 531, through multiplexer 525,
through any intervening nodes, then on to node 507. At node 507, the signals to be dropped
go through traffic lambda drop 511, through WIOB 527, and on to external communication
device 553. Thus, communication is established between external communication devices
553 and 557, with the communications signals ﬂé‘)Wing in the same direction around the fiber
optic ring network. In normal operation, the protection channel carries no optical signal, and

thus no protection signal 1s present in the network.

For exemplary purposes, consider node 507 the “failed end” -- i.e., the node where
the failure occurs -- and node 509 the “failure detection end.” Fig. 6 is a flow diagram of one
method of implementing an operating protection channel. Figs. 7A, B taken together are a
tflow diagram of another method of implementing an operating protection channel. The

process of Fig. 6 will be discussed first.
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As 1llustrated in Fig. 6, with reference to FIG. 5 for exemplary purposes only, the

triggering event for the sequence of events leading to establishment of the protection channel
condition 610 1s detection by WIOB 531, step 611, of failure detection end 509, for example,
of a loss of light on the channel that had hitherto been received from failed end 507. In a
preterred embodiment, when the loss of light has lasted for a certain period of time, step 612
(10 usec.) the protection sequence is initiated. It will be understood that other failures will be

responded to similarly.

In the embodiment depicted in Fig. 6, the exemplary period of time is 10
microseconds. It will also be understood that the invention can be practiced with time
periods ranging from 1 microsecond to thousands of microseconds. As those of skill in the
art will understand, the user of the invention needs to balance the need to be certain a loss of
light has occurred (suggesting a longer period) against the need to avoid excessive loss of

data while the protection sequence 1s implemented (suggesting a shorter period).

Returning to Fig. 5, communications traffic originating at external communications
device 557 associated with failure detection end 509 is rerouted from WIOB 531 to PIOB
>33 by operation of switch 555. At this point, in this embodiment, PIOB 533 is placed in the

active mode, but not in the “in-service” mode. In this condition, PIOB 533 emits a data-less

signal.

Because Switches A, B 521 and 547 are still in their normal settings, the signal from
PIOB 533 1s not sent into the network. Thus, in the active mode, PIOB 533 outputs a data-
less signal on the protection channel wavelength, but, in Fig. 5, that signal is routed by switch

547 to an 1solater.

During this time, communications from the external communications device 557
may be stored in memory for communication once the protection path is established, or, may
simply be lost. Depending on the type of data, the loss may or may not be significant.

Higher level protocols may be used, as are known in the art, to recover from data losses.

As those of skill in the art will understand, the steps of rerouting external traffic to
the protection interface PIOB and activating that interface IOB in the “active” but not “in-
service” mode can, but need not, occur substantially simultaneously. The protection channel

1s established by turning off the local laser on WIOB 531 and by changing the settings of
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switch 547 and switch 521. Alternate processing arrangements come within the spirit and

scope of the invention.

The new switching arrangement providés a path for the data-less protection signal
coming from PIOB 533, through switch 547 to multiplexer 525, and through the ring network
to its final destination at the failed end 507. Also, as noted above, step 615, the laser
associated with WIOB 531 is switched off. Switching off this laser not only turns off a
component that 1s no longer needed (since the channel associated with that laser will be
abandoned in favor of the protection channel), but also provides a signal back to the failed

end 507, 1n the form of a loss of light from the failure detection end 509.

As just mentioned, WIOB 527 at the failed end detects a loss of light from the
failure detection end. As yet, the switches in failed end 507 are not configured to permit the
protection signal to pass through to PIOB 529. In the depicted embodiment, failed end
WIOB 527 1s substantially identical in operation to failure detection end WIOB 531, and thus

responds to the loss of light in the same way.

Upon detection of loss of light for the specified period (10 microseconds in the
depicted embodiment), step 619, communications traffic originating at external
communications devices 553 associated with failed end 507 is rerouted from WIOB 527 to
PIOB 529 by operation of switch 551. At this point, PIOB 529 is placed in the active mode,
but not in the “in-service” mode. Thus, PIOB 529 outputs a data-less signal on the protection
channel wavelength. In Fig. 5, that signal is routed by switch 539 to an isolator, step 623.

WIOB 527 at the failed end turns off its laser (which may have already been turned
off as a result of the failure) for the failed channel. In addition, switches 539 and 513 are

switched to establish the protection channel path within node 507.

The new switching configuration in node 507 provides a path for the protection
signal coming into node 507 from node 509 to go through the Traffic Lambda Drop 511,

through switch 513 to Lambda Protection Drop 537 and on to PIOB 529. This switching thus
completes the path for the protection signal that originated at failure detection end 509, to the
PIOB of failed end 507. Receipt of that protection signal causes PIOB 529 to switch to the
In-service mode, and thus to begin transmitting data received from external devices 553 over

the network, step 627.
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The completion of the protection signal path from node 507 to node 509 by the
switching of switch 539 has resulted in a protection signal being sent from PIOB 529 to PIOB
533.

IOB 533 has switched to the in-service mode, and thus can transmit data received
from external devices 557 over the network, step 629. Thus, through the above-described
series of steps, a protection signal channel has been established between failed end 507 and
failure detection end 509, and the PIOBs at both ends have been switched on to the in-service
mode. This permits a resumption of communications between the two nodes, such that data
that was originally sent along the failed wavelength is now being transmitted along the
protection wavelength. In addition, the receivers in PIOBs 529, 533can feed dropped signals,

via switches 551, 555 to respective external devices 553, 557.

Fig. 6 1s a flow diagram that illustrates added details as to how two nodes that have
experienced a communication breakdown can reestablish a communication between
themselves automatically, over a protection channel. The left side of FIG. 6 depicts events
that occur at the failed node, and the right side depicts events that occur at the failure

detection node. Comparison of the two sides shows that each side reacted substantially the

same way to a detected failure.

In the event of a transponder failure or other type of signal degradation at the failure
detection end, the failure detection end 509 senses a loss of light or other symptoms of
failure. Upon sensing the failure symptomology for an exemplary 10 microseconds, the
failure detection end checks whether the virtual protection channel is already in use in the
network. If 1t 1s, then the protection sequence is not initiated. If the protection channel has

not been used, the protection sequence is initiated.

In an alternate embodiment, using the supervisory channel 559, 559', the control
circuits, such as 509-1, can determine which portion of the protection channel is in service. If
there 1s no overlap between the segment of the protection channel that is in service and the

segment which now needs to be placed into service, both segments can be in service

simultaneously.

By way of example, the failure detection end, node 509, determines whether a
protection channel is in use or not in use based on a signal (or lack of a signal) from

supervisory channel 559, depicted in FIG. 5. As those of skill will understand, supervisory

-10-
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channel 559 would be in communication with all the nodes of the network, and receives and
sends mformation to and from the nodes regarding whether the protection channel is in use.
Upon initiation of the protection sequence, supervisory channel 559 changes its state to
indicate that the protection channel is in use. Thus, when the protection channel is already in
use, the supervisory channel operates to prevent a second initiation of the protection

sequence.

Hence, if a failure has been detected, for the exemplary 10 microseconds, and the
protection channel is not in use, the failure detection end switches 555 and reroutes external
traffic from device 557 to its protection IOB, step 612 and activates the protection IOB in the

“active” but not “in-service” mode step 613.

When the failure has persisted for the exemplary 20 microseconds, the failure
detection end turns off its local laser and switches, Switch A, 521 the appropriate switch to
establish the protection signal path within that node, step 615. The action of turning off the
local laser at the failure detection end results in the failed end detecting a loss of light from

the failure detection end step 617.

Upon sensing the loss of light for 10 microseconds, the failed end reroutes external
tratfic via switch 551 to 1its protection IOB step 619 and activates the protection IOB 529 in
the “active” but not “in-service” mode. When the loss of light has persisted for 20
microseconds, the failed end turns off 1ts local laser and switches the appropriate switches to

establish the protection signal path within that node step 621.

Establishment of the protection signal path at both nodes, while both PIOBs are in
the active mode, results in a data-less protection signal being received by each PIOB from the
other PIOB steps 623, 625. Upon receipt of the protection signal, each PIOB switches to the
in-service mode steps 627, 629, thereby enabling: the resumption of communication between

the two nodes.

Those of skill 1n the art will understand that a variety of steps could be implemented
to carry out the above process without departing from the spirit and scope of the present

invention. All such variations are intended to be encompassed by at least some of the claims

hereof.

-11-
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Fig. 7A, B taken together are a flow diagram that illustrates how two nodes

that have experienced a communication breakdown, reestablish communication between
themselves automatically, using the protection channel. The left side of Figs. 7A, B depict
events that occur at the failed node. The right side depicts events that occur at the failure

detection node.

In the event of a failure at the failed end, condition 710, the failure detection end 509
senses the failure, step 712. Upon sensing the failure for an exemplary 10 microseconds, step
714, the failure detection end checks whether the virtual protection channel is already in use
in the network, step 716. If it is, then the protection sequence is terminated. If the protection
channel has not been used, the protection sequence continues. Here too, in an alternate
embodiment, two different, non-overlapping sections for the protection channel can be placed

INto service.

By way of example, the failure detection end, node 509, determines whether a
protection channel is in use or not in use based on a signal (or lack of a signal) from incoming
supervisory channel 559, depicted in FIG. 5. As those of skill will understand, supervisory
channel 559 would be in communication with all the nodes of the network, and receives and
sends mformation, output channel 559', from and to the nodes regarding whether the
protection channel 1s 1n use. Upon 1nitiation of the protection sequence, supervisory channel

559 changes its state to indicate that the protection channel is in use.

Thus, when the protection channel is alfeady In use, in the single segment
embodiment of Fig. 7A, the supervisory channel 559 operates to prevent a second initiation
of the protection sequence. In an alternate embodiment, not illustrated, using module control
circuits, such as 507-1, 509-1, a second, non-overlapping initiation of the protection

sequence, using a different portion of the protection ring, could be implemented.

With reference to Fig. 7A, if the failure has been detected for the exemplary 10
microseconds, and the protection channel is not in use, in step 718, the transponder on the
respective PIOB, such as PIOB 533 is activated by control circuits 509-1 but not placed in
service. In step 720, the respective control circuitry, control circuits 509-1, transmits a
message on out-going supervisory channel 559’ to all other nodes in network 10 that the

protection channel is being placed into service and informing the failed node, node 507, of

the failure.
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In step 722, the state of switch A, switch 521, is changed. Control circuits 509-1 for

example, 1n step 724, disable and deactivate the transponder in respective WIOB, such as

WIOB 531. Switch 555 is also activated to feed incoming signals to PIOB 533.

In step 730, control circuits at the failed node, circuits 507-1 deactivate the
transponder at that node, WIOB 527. In step 732, the transponder on PIOB 529, is the
respective PIOB, activate but not yet placed in service. Element 551 is switched to direct

incoming signals from element 553 to PIOB 529 for transmission.

When PIOB 529 1s ready, it so informs the respective control circuit, circuit 507-1,
step 734. In response thereto, circuit 507-1 step 736, changes the state of switches A, B,
switches 513, 539.

In step 738, the respective protection transponder on the PIOB, such as PIOB 529, is
placed 1n service. An information carrying protection signal is coupled via switch B and

multiplexer 517 to fiber 510.

The protection signal is received from fiber 510, from the failed node, node 507,
condition 740. In step 742, the received protection signal, from the failed node, node 507,
from PIOB 529 1s coupled, via respective switch A, switch 521, and protection lambda drop,
such as protection lambda drop filter 545, to the respective PIOB, such as PIOB 533.

In step 744, the failure detection node, node 509 and PIOB 533, verifies the presence
of an "acceptable" signal on the protection path from the failed node 507 and notifies
respective control circuits, circuits 509-1. In step 746, the respective control circuits change
the state of Switch B, switch 547 and place the respective transponder, PIOB 533, into

service.

When PIOB 533 1s placed into service, it transmits a signal on the protection channel
switch B, switch 547, and respective multiplexer, such as 525, via fibers 510a, b to the failed
node, node 507. In step 750, the protection channel lambda, is coupled via switch A, switch
513 and protection lambda drop 537, to the respective PIOB, PIOB 529, thus completing the
process of placing the protection ring into service to carry traffic between nodes 507, 509. As
noted above, vanations of the process of Figs. 7A, B come within the spirit and scope of the

present invention.

-13-



CA 02448641 2003-11-24

WO 02/097479 PCT/US02/16542
Fig. 8 1llustrates an embodiment of a portion of a network 200 for providing

protection for a cut fiber. The network 200 includes nodes 507" and 509' which correspond
structurally to and functionally to nodes 507, 509 previously discussed.

To provide cable cut protection; fiber 510 can be coupled to splitter 204. The split
optical signal can be coupled to a working fiber 510-1 and a protection fiber 510-2. Splitter

204 would normally be at or near node 507"

At the receiving end, at or near node 509', a switch 206 and an associated controller
select, for example working fiber 510-1 during normal operation. Signals from that fiber are
coupled to the optical input for node 509' via fiber 510-3. If the controller for switch 206
detects a loss of all signals from fiber 510-1 it changes the state of switch 206 and feeds

signals from protection filer 510-2 to node 509"

Fig. 5A illustrates an alternate embodiment to the add/drop multiplexers of Fig. 5.
Elements of Fig. SA which are the same as the corresponding elements of Fig.5 have been

identified with the same numerals.

In F1g. 5A, the protection lambda drops 537, 545 (of Fig. 5) have been deleted. The
tratfic lambda drops 511', 519' now always drop the protection lambda. The dropped

protection lambda is directed, via Switch A', 513', 521' to combiner 515, 523 unless there is a

failure at node 507'.

In the event of a failure at node 507, the nodes 507", 509' carry out a failure TECOVEry
process as in Figs. 7A, B. As part of this process, Switches A' 513" and 521' change state and
the dropped lamba 1s fed to PIOB 529 or 533. The add/drop multiplexers of Fig. 5A should
provide a more cost effective implementation than the configuration of Fig. 5. It will be
understood that other variations are possible and come within the spirit and scope of the

mvention.

While various embodiments of the present invention have been described above, it
should be understood that they have been presented by way of example only, and not

limitation. Thus, for example, while some of the above-described embodiments use a single
protection channel to provide protection to all channels on a ring network, the protection
channel 1nitiation sequence of this invention can be used in networks having more than one

protection channel. Accordingly, the breadth and scope of the present invention should not
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be limited to any of the above-described exemplary embodiments, but should be defined only

in accordance with the following claims and their equivalents.
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What is claimed is:
1. An optical add/drop multiplexer comprising:
at least one normally active traffic channel transponder;
at least one normally mactive protection channel transponder;

control circuits, coupled to the transponders to terminate operatioh of the

traffic channel transponder in response to a detected traffic channel failure and to place the

protection channel transponder into service transmitting traffic.

2. A multiplexer as in claim 1 which includes at least one traffic channel signal

detector, coupled to the control circuits for sensing a traffic channel signal failure.

3. A multiplexer as 1n claim 1 which includes a protection channel signal
detector coupled to the control circuits with the control circuits responsive to a received
protection channel signal to place the protection channel transponder into service carrying

traffic that otherwise would be carried by a working traffic channel.

4, A multiplexer as 1n claim 1 that which includes an optical input port that
rece1ves traffic channels and the protection channel, and, an optical drop that delivers

protection channel signals for use by the control circuits.

. A multiplexer as in claim 4 which includes optical combining elements that

combine locally added traffic, through traffic and protection channel signals.

6. A multi-node optical communication system comprising:

a closed, inactive protection path which includes at least some of the nodes;
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first and second substantially identical protection path circuits at respective,

spaced apart receiving and transmitting nodes having a portion of the protection path
therebetween, wherein circuitry in the receiving node in response to a detected transmission
failure signals the respective circuitry at the transmitting node and the portion of the

protection path extending therebetween is then placed into service overcoming the failure.

7. A system as 1n claim 6 wherein the protection path circuits include a radiant
energy emitting transponder as a replacement for a failed working transponder at the

respective node.

8. A system as in claim 6 wherein each node includes control circuits coupled to
respective protection path circuits wherein the control circuits, in response to the detected

failure, disable a selected local working channel radiant energy transponder.

9. A system as in claim 6 wherein at least a traffic channel and a protection

channel extend between the transmitting and receiving nodes with the protection channel

included in the closed protection path, and the detected transmission failure comprises one of
a loss of signal from the traffic channel at the receiving node, and degradation of the signal

received from the traffic channel.

10. A system as in claim 9 which includes circuitry, at each of the nodes to disable
a working transponder, associated with the failed traffic channel, and to place into service a

transponder associated with the protection path.

11. A system as in claim 10 which includes additional circuitry at each of the
nodes to receive a signal via the protection path from an upstream node subsequent to a

communications failure thereat.

12. A multi-node optical network comprising:
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a normally 1nactive, closed, protection communication path which includes a

plurality of network nodes;

a working communication path for communicating traffic between first and

second nodes;

first and second substantially identical modules located in respective first and
second nodes of the network with each module incorporating first and second monochromatic

sources of light, and at least one detector of the monochromatic light;

control circuitry in each node coupled to the respective detector and sources,
the control circuitry at the first node is responsive to a detected loss of monochromatic light
on at least a portion of the working communication path wherein the light originated at the

second node;

the control circuit at the first node including circuitry to initiate a switching
process to transfer traffic on at least a portion of the working communication path between

nodes to at least a portion of the protection path.

13. A system as in claim 12 wherein the control circuitry, at the first node in
responding to the loss of light, activates the second source communicating traffic, via at least

a portion of the protection path, instead of via the corresponding working communication
path.

14. A system as in claim 13 wherein the control circuitry includes verification

circuitry which determines that the protection path is not already in use.

5. Asystem as in claim 13 wherein the second node responds to a control signal

from the first node by placing a protection source into service.
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16. A system as in claim 15 wherein the module at the first node responds to the

In-service protection source at the second node by placing a local protection source into

Service.

7. A method for providing protection for a fiber optic ring network comprising a

plurality of nodes, the method comprising:

establishing a single, closed, normally inactive protection channel for a ring;

upon a failure at a first node, detecting the failure at a second node:

establishing a protection signal path only between the nodes using a part of the

protection channel; and

routing traffic from the first node to the second node via the protection signal
path.

18. A method as in claim 17 which includes transmitting control signals between

the nodes.

19. A method as in claim 17 which includes:

receiving, at the second node, a signal from protection circuitry for the first

node, and receiving, at the first node, a signal from protection circuitry for the second node.

20. A method as in claim 17, further comprising sending a signal to a supervisory

channel indicating that a protection channel has been placed into service.

-19-



CA 02448641 2003-11-24

WO 02/097479 PCT/US02/16542
21. A system for providing protection against failure, in a communications system
comprising;:

a normally 1active protection ring which links a plurality of system nodes;

a first interface, located at a first node, the first interface is in communication
with a second interface located at a second node with a first communications path coupled
therebetween, and, in normal operation, the first interface transmits a signal to the second

working interface over the first communications path; and

circuitry that detects a failure of the first signal and that places a part of the

protection ring into service to transmit traffic between the nodes.
22. A system as in claim 21 wherein the interfaces are substantially identical.

23. A system as in claim 22 wherein the interfaces include at least one normal

working transponder and a normally inactive protection transponder.

24. A system as in claim 23 wherein the interfaces each include a plurality of

working transponders.

25. A system for recovery from one of a failed channel and a failed fiber

comprising:
a first fiber and a second fiber;

first and second add/drop multiplexers spaced apart from one another and

coupled to the fibers;
control circuits for one of activating a protection channel between multiplexers

In response to a working channel failure, and, switching fibers in response to a loss of

substantially all signals from the first fiber.
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