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(57) Abstract: A method of controlling a network (115) through which information is transmitted in channels (A, As,...A;) among
nodes includes: (a) providing at a node a device (108) for removing from the network (115) and replacing on the network (115) a
selected one (A;) of the channels, the device (108) including a first input port from the network (115) to the node and a first output port

~~ from the node to the network (115); (b) taking a measure of the strength (P3;prop) of the received channel (Aiprop); () regenerating

1/82516 Al

the channel (Aqy); (d) adjusting (114) the strength (Pyapp) of the regenerated channel (Aqy) to approximate the strengths of the

remaining channels ((A1, Az,...A4)-A;); and (e) combining the regenerated and strength-adjusted channel (Aiapp) with the remaining
channels (A1, Ay,...-Ap)-A;) at the output port. The method further or alternatively includes (f) calculating an average signal strength
(Paveracg) for each active channel; (g) establishing a target signal strength (Pirarcer) for each channel; (h) determining a required
change (A P)) in signal strength; and, (i) sending the node a message to adjust the strength of a signal coupled to the first output port.
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GAIN EQUALIZATION IN DWDM NETWORKS

Field of the Invention

This invention relates to networks. It is disclosed in the context of
Dense Wavelength-Division Multiplexed (DWDM) networks, but is believed to be

useful in other applications as well.

Cross-Reference to Related Applications

This application claims priority to U. S. S. N. 60/199,145, filed April

24, 2000, the disclosure of which is hereby incorporated herein by reference.

Backeround of the Invention

DWDM networks carry diverse types of traffic such as, for example,
SONET, ATM, IP, and so on. These networks are capable of mixing different types
of traffic in the same physical medium. A typical DWDM network includes an
arbitrary number of nodes interconnected in a ring topology by a pair of optical fibers.
Some of these nodes are regenerating interfaces, where the optical transmissions are
converted to electrical signals, information from them is processed, the electrical
signals are reconverted to optical signals, and the optical signals placed on the optical
fibers again for circulation to other nodes.

The optical portion of a transmission network coupling two
regenerating interfaces is known as the optical layer segment. A general overall
description of a typical optical layer segment follows. The description is applicable
for a variety of DWDM network topologies including: point-to-point DWDM
networks with Wavelength Add/Drop Multiplexers (WADMs) along the optical path;
single-hub, ring-based DWDM networks; and, multiple-hub, ring-based DWDM
networks. In the case of single-hub, ring-based DWDM networks, the originating hub
is also the terminating hub. In this case, the ring includes only one folded segment.
In the case of multiple-hub, ring-based DWDM networks, "regeneration nodes" are
dispersed along the ring. In this case, the ring is a concatenated series of two or more

optical segments.
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Disclosure of the Invention

According to one aspect of the invention, a method is provided for
controlling a network through which information is transmitted in channels among
nodes. The method includes: (a) providing at a node a device for removing from the
network and replacing on the network a selected one or more of the channels, the
device including a first input port from the network to the node and a first oﬁtput port
from the node to the network; (b) taking a measure of the strength of the received
channel; (c) regenerating the channel; (d) measuring the strength of the regenerated
channel; (e) adjusting the strength of the regenerated channel to approximate the
strengths of the remaining channels; and (f) combining the regenerated and strength-
adjusted channel with the remaining channels at the output port.

IMustratively according to this aspect of the invention, providing the
device includes providing a device whose effects on the strengths of the removed
channel, the regenerated and strength-adjusted channel and the remaining channels
approximate known values.

Further illustratively according to this aspect of the invention,
providing the device includes providing on the device a second output port at which
the removed channel is recovered and a second input port at which the regenerated
and strength-adjusted channel is recombined with the remaining channels.

Additionally illustratively according to this aspect of the invention,
adjusting the strength of the regenerated channel to approximate the strengths of the
remaining channels includes coupling the regenerated channel to an input port of an
attenuator including a third input port, a control port and a third output port, coupling
the third output port to the second input port, and providing at the control port a signal
based, at least in part, upon the measured strength of the regenerated channel.

According to another aspect of the invention, or additionally according
to this aspect of the invention, the method further includes: (g) calculating an average
signal strength for each active channel; (h) establishing a target signal strength for
each channel; determining a required change in signal strength; and, sending the node

a message to adjust the strength of a signal coupled to the first output port.
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Tustratively according to this aspect of the invention, taking a
measure of the strength of the received channel includes taking a measure of the
received power.

Further illustratively according to this aspect of the invention,
establishing a target signal strength for each channel includes establishing a target
power for each channel.

Additionally illustratively according to this aspect of the invention,
establishing a target power for each channel includes establishing a target power
Pirarcer =Pi T Y (Paverace - P1), 0.25 < v < 0.75.

Ilustratively according to this aspect of the invention, determining a
required change in signal strength includes determining a required change in signal
power.

Further illustratively according to this aspect of the invention, sending
anode a message to adjust its power level includes sending the node a message to
adjust its signal power.

Additionally illustratively according to this aspect of the invention,
determining a required change in signal power includes determining the required
signal change in decibels. .

lustratively according to this aspect of the invention, sending a node a
message to adjust its power level includes sending the node a message to adjust its
optical signal power.

Further illustratively according to this aspect of the invention,
determining a required change in signal strength includes determining a required
change in optical signal power.

Tllustratively according to this aspect of the invention, the method
further including removing a channel from the determinations of elements (b), (g) and
(h) and sending a node a message not to adjust its power level if the channel is not
being received at a node.

Additionally illustratively according to this aspect of the invention,
elements (b) - (e) are performed in a first time, and elements (g) - (j) are performed in

a second time, the second time being longer than the first time.



WO 01/82516 PCT/US01/13121

10

15

20

25

30

4

According to another aspect of the invention, apparatus is provided for
controlling a network through which information is transmitted in channels among
nodes. The apparatus includes a first device for (a) removing from the network and
replacing on the network a selected one of the channels, (b) taking a measure of the
strength of the received channel, (c) regenerating the channel, (d) adjusting the
strength of the regenerated channel to approximate the strengths of the remaining
channels, and (e) combining the regenerated and strength-adjusted channel with the
remaining channels at the output port. The first device is coupled to an input port
from the network to the node and to an output port from the node to the network.

Tustratively according to this aspect of the invention, the first device
includes a first device whose effects on the strengths of the removed channel, the
regenerated and strength-adjusted channel and the remaining channels approximate
known values.

Further illustratively according to this aspect of the invention, the first
device includes a first device having a second output port at which the removed
channel is recovered and a second input port at which the regenerated and strength-
adjusted channel is recombined with the remainin‘g channels.

Additionally illustratively according to this aépect of the invention, he
apparatus includes an attenuator having a third input port, a control port and a third
output port. The the regenerated channel is coupled to the third input port, the third
output port is coupled to the second input port, and the control port is provided with a
signal based upon the measured strength of the regenerated channel.

According to another aspect of the invention, or additionally according
to this aspect of the invention, the apparatus further includes a second device for (f)
calculating an average signal strength for each active channel, (g) establishing a target
signal strength for each channel, (h) determining a required change in signal strength,
and, (1) sending the node a message to adjust the strength of a signal coupled to the
first output port.

Illustratively according to this aspect of the invention, the first device
takes a measure of the received power.

Further illustratively according to this aspect of the invention, the

second device establishes a target power for each channel.
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Additionally illustratively according to this aspect of the invention, the
second device establishes a target power Pirarger =Pi+ Y (Paverace - Pi), 0.25 <y <
0.75.

lustratively according to this aspect of the invention, the second
device determines a required change in signal power.

Further illustratively according to this aspect of the invention, the
second device sends the node a message to adjust its signal power.

Additionally illustratively according to this aspect of the invention, the
second device determines the required signal change in decibels.

Illustratively according to this aspect of the invention, the second
device sends the node a message to adjust its optical signal power.

Further illustratively according to this aspect of the invention, the
second device determines a required change in optical signal power.

Additionally illustratively according to this aspect of the invention, the
second device removes a channel from the determinations of elements (b), (f) and (g)
and sends a node a message not to adjust its power level if the channel is not being
received by the second device.

Tllustratively according to this aspect of the invention, the first device
performs elements (b) - (d) in a first time, and the second device performs elements (f)

- (1) in a second time longer than the first time.

Brief Description of the Drawings

The invention may best be understood by referring to the following
detailed description and accompanying drawings. In the drawings:

Fig. 1 illustrates a block diagram of an end-to-end optical layer
segment incorporating the present invention;

Fig. 2. illustrates an enlarged block diagram of a detail of the segment
illustrated in Fig. 1; and,

Fig. 3 illustrates an enlarged block diagram of a detail of the segment

illustrated in Fig. 1.

Al
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Detailed Descriptions of Illustrative Embodiments
Referring now generally to Fig. 1, an optical layer segment 115

includes the following six Optical Network Elements (ONEs): an optical channel
multiplexer 100 at the transmitting termination 102 of the segment 115; an optical
channel demultiplexer 104 at the receiving termination 106 of the segment 115; a
WADM 108; an equalization protocol; (an) optical amplifier(s) 116; and, an optical
fiber 118.

The first ONE is the optical channel multiplexer 100 at the transmitting
termination 102 of the segment 115. The optical channel multiplexer 100 may or may
not be used in conjunction with a post amplifier 116 to amplify its output signal. The
optical channel multiplexer 100 includes optical transmitters103, which generate the
optical channels A, , A, , . .. A, , and a multiplexer 105, which aggregates channels A, ,
Az, ... A, onto optical fiber 118. The optical transmitters 103 each include a power
level control mechanism, for example, an optical attenuator.

The second ONE is the optical channel demultiplexer 104 at the
receiving termination 106 of the segment 115, with or without a preamplifier 116.

The optical channel demultiplexer 104 includes a demultiplexer 107 which separates
the optical channels A, , A, , . .. A, , and optical receivers 109, which terminate the
optical channels A;, A, , ... A,.

The third ONE is the WADM 108. One or more WADMs 108 may be
placed along the optical network 115 between regenerating interfaces100, 104. A
WADM 108 isolates transmissions of a designated wavelength A, to be dropped from
the multiplexed transmission A, , A, , . . . A,,, but permits transmissions at other
wavelengths (A, , A, , ... A,) - A; to pass through, attenuated, but otherwise
unaffected. The dropped transmissions A;ppop On Wavelength A; are routed to an
optical receiver 110, where they are detected and decoded. The WADM 108 also
adds back to the through transmission (A, , A, , . .. A, ) - A; whatever information is to
proceed through the fiber away from the node 108 on the dropped, and now readded,
wavelength Ajpp. An optical transmitter 112, configured to transmit on the
wavelength A; that was dropped, illustratively provides the signal A,,pp to be added to
an optical attenuator 114. A, pp is multiplexed in WADM 108 with the through

transmissions (A; , A, ... A, ) - A The attenuator 114 is configured so that its output
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power level P,;,pp, (the power level of the added transmission) is equal to the power
levels (Pyy, Pya, - - . Pyy) - Piiapp Of the through transmissions (A, , A, , ... Ay - A,
which, it must be remembered, were attenuated simply by passing through the
WADM 108.

The fourth ONE is the equalization protocol, the algorithm by which
performance of the network 115 is optimized. The equalization protocol optimizes
signal power levels, or Optical Signal-to-Noise Ratio (OSNR) for each node 108. It
also optimizes the performance of the entire network 115.

The fifth ONE is the optical amplifier 116. A plurality of optical
amplifiers 116 typically are located along the network 115. Amplifiers 116 maintain
the power budget along the network 115. Other ONEs may include optical pre-
amplifiers 116 (see, for example, optical channel demultiplexer 104), optical post-
amplifiers 116 (see, for example, optical channel multiplexer 100), or some
combination of the two, all as previously noted. An optical amplifier 116 may also
exist as a stand-alone element along the optical path. In practice, optical amplifiers
116 are deployed at designated locations along the network 115 according to the
network 115 power budget.

The sixth ONE is the fiber 118 itself. The fiber 118 is the transmission
medium between any other two ONEs. Because of the gain equalization mechanism
discussed above, a fiber 118 may be of any suitable type(s), such as SMF, DSF,
NZ-DSF, and so on.

Nodes which contain either optical multiplexers 100 or optical
demultiplexers 104 are sometimes referred to as hub nodes 120. Specifically, a hub
node containing an optical multiplexer 100 is referred to as a generating hub 120-1
and a hub node éontaining an optical demultiplexer 104 is referred to as a terminating
hub 120-2.

A problem in optically amplified DWDM networks 115 is optimizing
gain equalization for network 115 performance. Owing at least in part to the
non-uniform spectral response of Erbium-Doped Fiber Amplifiers (EDFAs) 116, each
optical channel A, , A, , ... A, experiences a different optical gain. However, the
distributed nature of DWDM networks 115, where WADMSs 108 are distributed along

the network 115, exacerbates the problem. In long-distance amplified systems, this
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can result in high Bit Error Rates (BERs) for some of the optical channels A, , A, , . ..
A, There are at least two reasons for this. The first is the OSNR that arises from
crosstalk between stronger and weaker channels A, , A, , . .. A,. The second is an
increase in the noise level due to Amplified Spontaneous Emissions (ASEs). It is
therefore desirable to control and equalize either the optical powers or the OSNRs of
the DWDM channels A, , A, , ... A, in order to meet BER requirements. It is further
desirable for this control and equalization to take place on a network 115 scale, for
example, at detection planes.

The telemetry system of the present invention can perform at least the
following three functions. First, the system can provide gain equalization of a
channel A;spp added by a WADM 108. Second, the system can adjust the gains of all
optical amplifiers 116 in the system to an optimal level. Third, the system can
transfers nodal messages between network 115 nodes. Each of these functions is
described in detail below.

The method of the invention can be implemented as follows. Several
laser transmitter 103 power control schemes could be exploited for the optical channel
Ay Ay, ... A, power level control without any impact on the upper layer of the
equalization protocol. Such schemes include direct control of laser driving current
and wavelength stabilization, use of an optical attenuator, for example, using step-
motor technology or the like, integrated devices with Mach-Zender interferometer-
based attenuators for power control, and other technologies suitable for optical power
level control. The only qualification on the transmitter 103 power control mechanism
is that it be transparent to the gain equalization mechanism.

The power level control loop is based on the corrective message from
the hub node 120-2 that a particular WADM 108 terminal i needs to set the power
level of its added optical channel A;,pp appropriately. Detailed implementation is
subject to the laser power level control technique that is used, and the desired
performance. Automatic control can be implemented with hardware, for example,
electronic circuitry, or by a software-based control loop, in order to obtain the desired
performance. Again, implementation of the control strategy should be transparent to

the equalization protocol.
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The optical amplifier 116 AGC is based on a manual setting or a
network 115 management system (NMS) automatic command. Optical amplifiers
116 along the network 115 should set and maintain an appropriate gain level of the
optical signal, regardless of its power level, that is, regardless of the number of active
channels A, , A, , ... A, , the locations of the optical amplifiers 116 along the optical
path, and so on.

The telemetry channel 122 provides network 115-level communication
between the hub node 120 and the WADM 108 terminals along the network 115. The
telemetry channel 122, or layer, thus permits transmission of any required
measurements, reports, controls and commands necessary to support the gain
equalization protocol. Implementation is a function of network 115 architecture and
the types of communications transmitted. Options include an Optical Supervisory
Channel (OSC) for inter-nodal communication. The format of the communication is a
function of, among other things: the wavelength being used, for example, 1310nm,
1510nm, and so on; line rate, for example, 2Megabits per second (Mb/s), 10Mb/s,
155Mb/s, and so on; and, higher layer protocols, such as, for example, ATM, TCP/IP,
and the like. The telemetry channel 122 could also be carried over any virtual
supervisory channels between the hub node 120-2 and the various WADM 108
terminals. These could be, for example, ATM VPI/VCI connections, SONET/SDH
message-based data communication channels, TCP/IP messages, and so on, again,
based upon the network 115 configuration. Whatever the network 115 configuration
and protocols that are being used, for the gain equalization protocol, only parameters
such as bandwidth, message delay, and the like, are of consequence in order for the
telemetry communications channel 122 to meet its performance requirements.

The general configuration of an illustrative gain equalization control
loop at the network 115 level is illustrated in Fig. 2. The general configuration of an
illustrative gain equalization control loop at the module 108 level is illustrated in Fig.
3. At the network 115 level, or external loop control level, the function of the hub
node 120-2 is to measure the power level or OSNR of each received channel A, , A, , .
.. A,. Once the hub node 120-2 receives these measurements, it generates corrective
messages and transmits these corrective messages to each terminal 108 in order to

effect in that terminal 108 to which each specific corrective message is addressed an



WO 01/82516 PCT/US01/13121

10

15

20

25

30

-10-

adjustment of that terminal 108’s specific wavelength A; power level with respect to
the average power level within the network 115. It should be recognized that this
control is not restricted to power level control alone, or to an implementation in
hardware or software only.

The function of the telemetry system is to perform the optical
measurement of the received power level or OSNR within the hub node 120-2 in
order to monitor, indirectly, the received channel A; quality. The hub node 120
performs the optical power or OSNR measurement on each DWDM channel A, , 4, , .
.. Ay, and compares that measurement to a defined target level. The result of each
comparison is the generation of a correction message to the respective WADM 108
terminal. Each WADM 108 terminal receives its designated messages and adjusts the
power level of the wavelength A; that it drops and adds using an Automatic Power
Control (APC) loop to control its optical attenuator 114.

The control scheme maintains average optical power in order to
equalize received power levels. Importantly, the scheme permits other predefined
target power levels to be set, manually or automatically, based on (an)other weighting
function(s). The hub node 120-2’s tasks within the scheme are to: measure received
optical power P;, at an input port of each applicable DWDM receiver 109; calculate
average optical power per channel,

Paverage = (I/N) 2 P;, 1 <i<n,
over all active channels, that is, excluding inactive channels and those that have failed
for whatever reason; set a new target power level for each channel,

Pirarcer = Pi + Y (Paverace - P
wherein v is a convergence parameter having a value, for example, 0.25 < y < 0.75;
calculate the change A P, in optical power required,

AP; =10 x log (Pirarcer/Py), in dB;

and, send each terminal 108 a message to adjust its power level by AP; dB. As noted,
in case of a failure, for example, an optical fiber cut, transmitter failure or the like,
where there is no power on a specified channel A;, that channel will not be considered
in the calculation and its AP; message will be set to zero dB in order to maintain it at

its level prior to its becoming inactive.
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The WADM 108 terminal, illustrated schematically in Fig. 3, drops
and adds a single channel, or wavelength, 4, WADM 108 terminal includes a passive
optical element 124 and an optical attenuator 114. The optically dropped channel
Aiprop 18 terminated by an optical receiver 110, while the added channel A,,pp, is
regenerated by an optical transmitter 112. Although other schemes are equally
workable, in the illustrative embodiment, the optical attenuator 114 is used to adjust
the added channel A;’s power level Py;pp, to equalize it with the power levels of the
passed-through channels (A,, A, . . . A,) - A4;. During normal operation, equalization is
performed independently at the module 108 level and at the network 115 level. Each
module 108 activates an attenuator 114 control loop in an APC mode. Ignoring for
purposes of explanation network 115 level control, the power level Py;,pp, of the added
channel A;,pp should be adjusted to the power level Py;prop Of the dropped channel
Aiprop after digital low-pass filtering. That is:

$AiDROP(m) =X JI;M prop(t-1) + (1-a) X Pyippop(m); 0<a<1
P;iapp(m) =?’MDR0P(111) + ILjiprop + Ihpiapp - IL((M, A2,...An)- A)THROUGH
where all channel A; , A, , ... A, power levels are in dB, and where o is a tracking
parameter that determines certain properties of the algorithm. As will be appreciated,
this algorithm implements a unity gain low pass filter in the Z-plane. Thus, the
reference output power of the APC loop should be gu app- However, in order to take
into account network 115 level control, the output reference power from the optical
attenuator 114 should be:
Pjirer =?)AiADD + enpr(k) in dB
where ey 1S a network 115 level gain equalization control message that is sent via
the optical telemetry channel 122 after processing of WADM 108 terminal i, and k is
the number of the corrective message being sent. ey is initially set to zero. Then,
whenever a corrective message is received by the telemetry system, eyzr is updated as
follows:
exer (0) = (0);
exer(k) = B % exer(k-1) + (1-f) x APy(k), 0 < p < 1
where B is a tracking parameter that helps establish network 115 level convergence
properties of the algorithm. Thus, this algorithm also implements a unity gain low

pass filter in the Z-plane.
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Abnormal operations that might occur and affect the gain equalization
process include loss of Pyprop due, for example, to fiber cuts, remote transmitter
failure and the like. In such cases, the algorithm will stop updating Pprop, Since
P,iprop 18 no longer valid. The algorithm will continue channel i attenuator 114
control and use the last valid value for 1(;\,“ app When calculating Py;zgr. Control based
upon Pj;prop Will resume when Ajprop is again available. An initial value for f’u ADD
should be defined, in case there is no dropped channel during power up.

Abnormal operations that might occur and affect the gain equalization
process also include loss of Pum, due, for example, to local transmitter 112 failure or
the like. In such cases, the algorithm continues to update IQM app ad Pyirer, but ignores
further telemetry messages and stops adjusting the attenuator 114. Again, control
resumes when A is again available.

Abnormal operations that might occur and affect the gain equalization
process also include loss of Py;4pp, due, for example, to attenuator 114 failure, monitor
failure, or the like. In such cases, the algorithm continues to update the above
equations, but ignores further telemetry messages. Again, the algorithm stops

adjusting the attenuator 114. Control resumes when A;,pp is again available.
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What is claimed is:

1. A method of controlling a network through which information
is transmitted in n channels among nodes, the method including (a) providing at a
node a device for removing from the network and replacing on the network a selected
one of the channels, the device coupled to an input port from the network to the node
and to an output port from the node to the network, (b) taking a measure of the
strength of the received channel, (c) determining an average signal strength for each
active channel, (d) establishing a target signal strength for each channel, (¢)
determining a required change in signal strength, and, (f) sending the node a message

to adjust the strength of a signal coupled to the output port.

2. The method of claim 1 wherein taking a measure of the

strength of the received channel includes taking a measure of the received power.

3. The method of claim 2 wherein establishing a target signal

strength for each channel includes establishing a target power for each channel.

4. The method of claim 3 wherein establishing a target power for
each channel includes establishing a target power Pirarger =Pi + Y (Paverace - Pi)s

0.25 <y <0.75.

5. The method of claim 4 wherein calculating a required change in

signal strength includes calculating a required change in signal power.

6. The method of claim 5 wherein sending a node a message to

adjust its power level includes sending the node a message to adjust its signal power.

7. The method of claim 5 wherein calculating a required change in

signal power includes calculating the required signal change in decibels.
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8. The method of claim 7 wherein sending the node a message to
adjust its power level includes sending the node a message to adjust its optical signal

power.

9. The method of claim 1 wherein calculating a required change in

signal strength includes calculating a required change in optical signal power.

10.  The method of claim 1 further including removing a channel
from the calculations of elements (b) — (d) and sending a node a message not to adjust

its power level if the channel is not being received at a node.

11. A method of controlling a network through which information
is transmitted in n channels among nodes, the method including (a) providing at a
node a device for removing from the network and replacing on the network a selected
one of the channels, the device including a first input port from the network to the
node and a first output port from the node to the network, (b) taking a measure of the
strength of the received channel, (c) regenerating the channel, (d) adjusting the
strength of the regenerated channel to approximate the strengths of the remaining
channels, and (e) combining the regenerated and strength-adjusted channel with the

remaining channels at the output port.

12.  The method of claim 11 wherein providing the device includes
providing a device whose effects on the strengths of the removed channel, the
regenerated and strength-adjusted channel and the remaining channels approximate

known values.

13.  The method of claim 12 wherein providing the device includes
providing on the device a second output port at which the removed channel is
recovered and a second input port at which the regenerated and strength-adjusted

channel is recombined with the remaining channels.
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14.  The method of claim 13 wherein adjusting the strength of the
regenerated channel to approximate the strengths of the remaining channels includes
coupling the regenerated channel to an input port of an attenuator including a third
input port, a control port and a third output port, coupling the third output port to the
second input port, and providing at the control port a signal based upon the measured

strength of the regenerated channel.

15.  The method of claim 11 further including (f) calculating an
average signal strength for each active channel, (g) establishing a target signal
strength for each channel, (h) determining a required change in signal strength, and,
(1) sending the node a message to adjust the strength of a signal coupled to the first
output port.

16.  The method of claim 15 wherein taking a measure of the

strength of the received channel includes taking a measure of the received power.

17.  The method of claim 16 wherein establishing a target signal

strength for each channel includes establishing a target power for each channel.

18.  The method of claim 17 wherein establishing a target power for
each channel includes establishing a target power Pirarger = Pi+ Y (Paveracs - Pi),

0.25 < vy < 0.75.

19.  The method of claim 18 wherein determining a required change

in signal strength includes determining a required change in signal power.

20.  The method of claim 19 wherein sending a node a message to

adjust its power level includes sending the node a message to adjust its signal power.

21.  The method of claim 19 wherein determining a required change

in signal power includes determining the required signal change in decibels.
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22.  The method of claim 21 wherein sending a node a message to
adjust its power level includes sending the node a message to adjust its optical signal

power.

23.  The method of claim 15 wherein determining a required change

in signal strength includes determining a required change in optical signal power.

24,  The method of claim 15 further including removing a channel
from the determinations of elements (b), (f) and (g) and sending a node a message not

to adjust its power level if the channel is not being received at a node.

25.  The method of claim 15 wherein elements (b) - (d) are
performed in a first time, and elements (f) - (1) are performed in a second time, the

second time being longer than the first time.

26.  Apparatus for controlling a network through which information
is transmitted in n channels among nodes, the apparatus including a device at a node
for (a) removing from the network and replacing on the network a selected one of the
channels, the device coupled to an input port from the network to the node and to an
output port from the node to the network, the device (b) taking a measure of the
strength of the received channel, (c) determining an average signal strength for each
active channel, (d) establishing a target signal strength for each channel, (e)
determining a required change in signal strength, and, (f) sending the node a message

to adjust the strength of a signal coupled to the output port.

27.  The apparatus of claim 26 wherein the device for taking a
measure of the strength of the received channel includes a device for taking a measure

of the received power.

28.  The apparatus of claim 27 wherein the device for establishing a
target signal strength for each channel includes a device for establishing a target

power for each channel.
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29.  The apparatus of claim 28 wherein the device for establishing a
target power for each channel includes a device for establishing a target power

Pirarcer =Pi + ¥ (Paveracs - Pi), 0.25 <y < 0.75.

30.  The apparatus of claim 29 wherein the device for calculating a
required change in signal strength includes a device for calculating a required change

in signal power.

31.  The apparatus of claim 30 wherein the device for sending a
node a message to adjust its power level includes a device for sending the node a

message to adjust its signal power.

32.  The apparatus of claim 30 wherein the device for calculating a
required change in signal power includes a device for calculating the required signal

change in decibels.

33.  The apparatus of claim 32 wherein the device for sending the
node a message to adjust its power level includes a device for sending the node a

message to adjust its optical signal power.

34.  The apparatus of claim 26 wherein the device for calculating a
required change in signal strength includes a device for calculating a required change

in optical signal power.

35. The apparatus of claim 26 wherein the device further includes a
device for removing a channel from the calculations (b) — (d) and sending a node a

message not to adjust its power level if the channel is not being received at a node.

36.  Apparatus for controlling a network through which information
is transmitted in channels among nodes, the apparatus including a first device for (a)
removing from the network and replacing on the network a selected one of the

channels, (b) taking a measure of the strength of the received channel, (c) regenerating
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the channel, (d) adjusting the strength of the regenerated channel to approximate the
strengths of the remaining channels, and () combining the regenerated and strength-
adjusted channel with the remaining channels at the output port, the first device

coupled to an input port from the network to the node and to an output port from the

node to the network.

37.  The apparatus of claim 36 wherein the first device includes a
first device whose effects on the strengths of the removed channel, the regenerated

and strength-adjusted channel and the remaining channels approximate known values.

38.  The apparatus of claim 37 wherein the first device includes a
first device having a second output port at which the removed channel is recovered
and a second input port at which the regenerated and strength-adjusted channel is

recombined with the remaining channels.

39.  The apparatus of claim 38 further including an attenuator
having a third input port, a control port and a third output port, and wherein the first
device for adjusting the strength of the regenerated channel to approximate the
strengths of the remaining channels includes a first device for coupling the
regenerated channel to the third input port, the third output port coupled to the second
input port, and the control port being provided with a signal based upon the measured

strength of the regenerated channel.

40.  The apparatus of claim 36 further including a second device for
(f) calculating an average signal strength for each active cheinnel, (g) establishing a
target signal strength for each channel, (h) determining a required change in signal
strength, and, (i) sending the node a message to adjust the strength of a signal coupled
to the first output port.

41.  The apparatus of claim 40 wherein the first device for taking a
measure of the strength of the received channel includes a first device for taking a

measure of the received power.



WO 01/82516 PCT/US01/13121

10

15

20

25

30

-19-

42.  The apparatus of claim 41 wherein the second device for
establishing a target signal strength for each channel includes a second device for

establishing a target power for each channel.

43, The apparatus of claim 42 wherein the second device for
establishing a target power for each channel includes a second device for establishing

a target power Pirarger = Pi + Y (Paverace - Py, 0.25 < v < 0.75.

44,  The apparatus of claim 43 wherein the second device for
determining a required change in signal strength includes a second device for

determining a required change in signal power.

45.  The apparatus of claim 44 wherein the second device for
sending a node a message to adjust its power level includes a second device for

sending the node a message to adjust its signal power.

46.  The apparatus of claim 44 wherein the second device for
determining a required change in signal power includes a second device for

determining the required signal change in decibels.

47.  The apparatus of claim 46 wherein the second device for
sending a node a message to adjust its power level includes a second device for

sending the node a message to adjust its optical signal power.

48.  The apparatus of claim 40 wherein the second device for
determining a required change in signal strength includes a second device for

determining a required change in optical signal power.

49.  The apparatus of claim 40 wherein the second device further
includes a second device for removing a channel from the determinations of elements
(b), (f) and (g) and sending a node a message not to adjust its power level if the

channel is not being received by the second device.
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50.  The apparatus of claim 40 wherein the first device includes a
first device for performing elements (b) - (d) in a first time, and the second device
includes a second device for performing elements (f) - (1) in a second time longer than

the first time.
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