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(57) ABSTRACT 

Optical systems of the present invention generally include 
an optical signal controller disposed along an optical link 
betWeen tWo optical nodes. The optical signal controller is 
con?gured to provide a monitoring signal from an optical 
signal passing betWeen the nodes as a plurality of Wave 
length sub-bands at least one of Which includes a plurality of 
signal channels. The controller generates a compensating 
channel having an optical poWer that is a function of the 
monitoring signal poWer in the plurality of Wavelength 
sub-bands or total poWer. The compensating channel is 
combined With the optical signal to compensate for poWer 
variations in the optical signal passing betWeen the nodes. In 
addition, the compensating channels can be used to transmit 
communication or system supervisory information betWeen 
monitoring points and/or nodes in the system. 
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OPTICAL TRANSMISSION SYSTEM AND 
AMPLIFIER CONTROL APPARATUSES AND 

METHODS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] Not Applicable 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[0002] Not Applicable 

BACKGROUND OF THE INVENTION 

[0003] The present invention is directed generally to opti 
cal transmission systems. More particularly, the invention 
relates to controlling optical signal characteristics in optical 
links including links containing optical ampli?ers, such as 
erbium doped ?ber ampli?ers (“EDF ”). 

[0004] Digital technology has provided electronic access 
to vast amounts of information. The increased access has 
driven demand for faster and higher capacity electronic 
information processing equipment (computers) and trans 
mission netWorks and systems to link the processing equip 
ment. 

[0005] In response to this demand, communications ser 
vice providers have turned to optical communication sys 
tems, Which have the capability to provide substantially 
larger information bandWidth transmission capacities than 
traditional electrical communication systems. Information 
can be transported through optical systems in audio, video, 
data, or other signal formats analogous to electrical systems. 
LikeWise, optical systems can be used in telephone, cable 
television, LAN, WAN, and MAN systems, as Well as other 
communication systems. 

[0006] Early optical transmission systems, knoWn as space 
division multiplex (SDM) systems, transmitted one infor 
mation signal using a single Wavelength in separate 
Waveguides, i.e. ?ber optic strand. The transmission capac 
ity of optical systems Was increased by time division mul 
tiplexing (TDM) multiple loW bit rate, information signals 
into a higher bit rate signals that can be transported on a 
single optical Wavelength. The loW bit rate information 
carried by the TDM optical signal can then be separated 
from the higher bit rate signal folloWing transmission 
through the optical system. 

[0007] The continued groWth in traditional communica 
tions systems and the emergence of the Internet as a means 
for accessing data has further accelerated the demand for 
higher capacity communications netWorks. Telecommunica 
tions service providers, in particular, have looked to Wave 
length division multiplexing (WDM) to further increase the 
capacity of their existing systems. 

[0008] In WDM transmission systems, pluralities of dis 
tinct TDM or SDM information signals are carried using 
electromagnetic Waves having different Wavelengths in the 
optical spectrum, i.e., far-UV to far-infrared. The pluralities 
of information carrying Wavelengths are combined into a 
multiple Wavelength WDM optical signal that is transmitted 
in a single Waveguide. In this manner, WDM systems can 
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increase the transmission capacity of existing SDM/TDM 
systems by a factor equal to the number of Wavelengths used 
in the WDM system. 

[0009] Optical WDM systems Were not initially deployed, 
in part, because of the high cost of electrical signal regen 
eration/ampli?cation equipment required to compensate for 
signal attenuation for each optical Wavelength throughout 
the system. The development of the erbium doped ?ber 
optical ampli?er (EDFA) provided a cost effective means to 
optically regenerate attenuated optical signal Wavelengths in 
the 1550 nm range. In addition, the 1550 nm signal Wave 
length range coincides With a loW loss transmission WindoW 
in silica based optical ?bers, Which alloWed EDFAs to be 
spaced further apart than conventional electrical regenera 
tors. 

[0010] The use of EDFAs essentially eliminated the need 
for, and the associated costs of, electrical signal regenera 
tion/ampli?cation equipment to compensate for signal 
attenuation in many systems. The dramatic reduction in the 
number of electrical regenerators in the systems, made the 
installation of WDM systems in the remaining electrical 
regenerators a cost effective means to increase optical net 
Work capacity. 

[0011] EDFAs have proven to be a versatile, dependable, 
and cost effective optical ampli?er in optical transmission 
system. EDFAs can amplify optical signals over a Wave 
length range spanning from approximately 1500 nm to 1600 
nm. In addition, the ampli?cation is polariZation indepen 
dent and introduces only loW levels of channel to channel 
crosstalk. 

[0012] HoWever, the characteristics that make EDFAs so 
useful, also have some negative side effects. For example, 
because EDFAs provide gain over a Wavelength range of the 
WDM signal, the ampli?cation of the each channel varies 
With the poWer of the channel, as Well as the total WDM 
signal poWer. Therefore, if a channel is added or dropped or 
a channel has a poWer variation, all of the channels Will 
experience a gain variation that adversely affects the signal 
quality. 

[0013] In addition, EDFAs do not equally amplify each 
channel Within the Wavelength range. Thus, When channels 
are added or dropped or a channel has a poWer variation, the 
remaining channels Will not only incur gain variations, but 
the gain variations Will generally be nonuniformly distrib 
uted across the remaining channels. 

[0014] The signal degradation resulting from nonuniform 
gain variations across the Wavelength range is compounded 
in systems having cascaded EDFAs as Would be expected. 
The gain variations, especially in cascaded ampli?er chains, 
can introduce system instability and noise that results in 
signal distortion, attenuation, and/or loss, and greatly dimin 
ish WDM system performance. 

[0015] Automatic gain control (“AGC”) and automatic 
poWer control (“APC”) techniques have been developed to 
compensate for or suppress channel gain variations in 
EDFAs. AGC and APC schemes for controlling ampli?ers 
are generally similar in operation oWing to the ampli?er 
relationship that PoWerOUT/PoWerIN=Gain. 

[0016] AGC and APC schemes can generally be catego 
riZed as feedback or feed-forWard ampli?er control schemes 
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depending upon Whether the signal is monitored after pass 
ing through the ampli?er or before entering the ampli?er. A 
general description of AGC and APC schemes can be found 
in “Erbium-Doped Fiber Ampli?ers, Principles and Appli 
cations” by Emmanuel Desurvire (1994), pp. 469-480 
(“EDFA94”), Which is incorporated herein by reference. A 
brief, more recent summary is provided in “Dynamic Effects 
in Optically Ampli?ed Networks”, Optical Ampli?ers and 
their Applications (“OAA”) July 21-23, 1997, MC4-1-4, 
(“OAA97-1”). 
[0017] Ampli?er control in either scheme is generally 
achieved by one of tWo methods. The ?rst method is to 
control the ampli?er gain or poWer by varying the ampli?er 
pump poWer in response to the monitored signal, such as 
described in US. Pat. No. 4,963,832 and 5,117,196. The 
second method is to introduce a compensating, or control, 
signal to control the ampli?er gain or poWer, such as 
described in US. Pat. No. 5,088,095 and “Dynamic Gain 
Compensation in Saturated Erbium-Doped Ampli?ers”, 
IEEE Photonics Technology Letters, v3, n5, pp. 453-455 
(1991) (“PT91-1”). 
[0018] Feedback control can be based on monitoring one 
or more signal channels or pilot tones, and/or optical noise 
at the eXit of the ampli?er, as described in the above 
referenced documents. Further eXamples of pilot tone moni 
toring can be found in Electronics Letters, Sep. 14, 1989, 
v25, n19, pp. 1278-1280, (“EL89-1”) and total optical poWer 
monitoring can be found more recently in OAA July 11-13, 
1996, PDP4-1-5 (“OAA96-1”). In US. Pat. No. 5,506,724, 
ASE associated With a counter-propagating compensating/ 
control channel is monitored to provide feedback control 
over the control channel. 

[0019] All optical gain control methods are described in 
Electronics Letters, Mar. 28, 1991, v27, n7, pp. 560-1, 
(“EL91-1”) and US. Pat. No. 5,239,607. The all optical 
AGC schemes couple ampli?ed spontaneous emission 
(“ASE”) from the ampli?er through a feedback loop, Which 
is injected into the ampli?er input to form a ring laser. The 
formation of the ring laser locks the gain of the ampli?er 
independent of the input poWer of the signal at other 
Wavelengths. 
[0020] Feedback schemes are generally desirable, because 
the schemes can also account for changes that occur in 
ampli?er performance over time, as Well as the input poWer 
changes. See “Automatic Gain Control in Cascaded Erbium 
Doped Fibre Ampli?er Systems”, Electronics Letters, Jan. 
31, 1991, v27, n3, pp. 193-195, (“EL91-2”). 
[0021] Conversely, feed-forWard schemes do not inher 
ently account for variations in ampli?er performance. HoW 
ever, feed-forWard schemes in ampli?er chains can indi 
rectly account for variations in preceding ampli?ers, 
because the variations Will generally evidence themselves in 
input poWer variations in successive ampli?ers. 

[0022] An advantage of feed-forWard schemes, as dis 
cussed in PT91-1, is that the schemes can be implemented 
Without feedback from remote ampli?er sites. Therefore, 
feed-forWard control loops can be deployed at logistically 
convenient locations in a netWork and operated indepen 
dently from the ampli?ers, as discussed in EL91-2. Also, 
feed-forWard schemes alloW the WDM signal to be moni 
tored before or after control channels are combined With the 
optical signals. 

Oct. 2, 2003 

[0023] As described in EDFA94 (pages 475-6), it is desir 
able to control input signal variations at optical sWitching 
nodes in optical netWorks to equaliZe signals originating 
from different stations. Either feedback or feed-forWard 
control can be provided to control the signal input poWer. 
For eXample, see Optical Fiber Communication (“OFC”) 
Conference Technical Digest 1997 TuP4, pp.84-5 (“OFC97 
1”), 22nd European Conference on Optical Communications 
1996 (“ECOC96”) 5 .49-52 and European Patent Application 
No. 0829981A2. 

[0024] While the signal input can be equaliZed at each 
node in a netWork, it generally remains necessary to provide 
individual ampli?er control along an ampli?er chain to 
account for ampli?er performance variations. In this regard, 
EDFA94 (page 472) cautions that “cancellation of transient 
saturation is achieved by keeping constant not the total 
EDFA input poWer, but the sum of all input poWers Weighted 
by their respective saturation poWers”. HoWever, the author 
concedes that in WDM systems, the required spectral analy 
sis to control ampli?ers based on balancing the ampli?er 
saturation is not practical. 

[0025] Another shortcoming of current control channel 
schemes is that the schemes can not be used to protect 
against large poWer variations, Which may occur in dense 
WDM systems. Large increases in the control channel poWer 
during gain transients can produce spectral hole burning in 
EDFAs that can degrade the system performance to a greater 
eXtent than the gain transients itself. As such, current control 
channel schemes have limited applicability in WDM sys 
tems. 

[0026] In vieW of the eXpanding use of WDM systems and 
the desire to perform optical netWorking, it is becoming 
increasingly necessary to provide more precise and versatile 
ampli?er control. The more highly controllable ampli?ers 
and systems Will help drive the further development of high 
capacity, more versatile, longer distance communication 
systems. 

BRIEF SUMMARY OF THE INVENTION 

[0027] The apparatuses and methods of the present inven 
tion address the above need for higher performance optical 
systems. Optical systems of the present invention generally 
include an optical signal controller disposed along an optical 
link betWeen tWo optical nodes. The optical signal controller 
is con?gured to provide a monitoring signal from an optical 
signal passing betWeen the nodes in a plurality of Wave 
length sub-bands at least one of Which includes a plurality of 
signal channels. The optical signal controller introduces 
poWer in a plurality of compensating channels the intensity 
of Which is a function of the monitoring signal poWer in the 
plurality of Wavelength sub-bands or the total poWer. The 
compensating channels are combined With the optical signal 
to compensate for poWer variations in the signal channels 
passing betWeen the nodes. 

[0028] In various embodiments, the optical signal control 
ler can be con?gured to provide analog or digital control 
over performance variations that occur in one or more 
optical ampli?ers in the link. Performance control is 
achieved by monitoring the input poWer to the ampli?er in 
tWo or more sub-bands of the ampli?er Wavelength range. 
The optical signal controller then varies either the poWer of 
one or more compensating channels and/or the ampli?er 
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power in response to the monitoring signals to minimize the 
gain variations Within each sub-band. 

[0029] Compensating, or control, channels can be pro 
vided to compensate for input poWer/gain variations Within 
each of the sub-bands. The compensating channels can be at 
Wavelengths Within or outside the Wavelength range of the 
compensated sub-band. The compensating channel sources 
can be responsive to poWer variations in more than one 
sub-band. In various embodiments, the poWer in tWo or 
more compensating channels can be varied to maintain an 
average gain in the remaining signal channels or total optical 
signal poWer. 

[0030] The compensating channels can be introduced at 
nodes, Which include optical components, such as transmit 
and/or receive terminals, optical routers, sWitches, and add/ 
drop devices, or at other monitoring points in the link 
including ampli?er sites. Likewise, the compensating chan 
nels can be removed at various monitoring points and 
reinserted to provide ?exibility in the control of each sub 
band throughout the optical link. 

[0031] In various embodiments, the compensating chan 
nels can be used to carry information signals betWeen tWo 
points. For example, one or more of the compensating 
channels can be used to carry communication traf?c (pay 
load) betWeen nodes and/or monitoring points on the link. In 
this manner, dedicated add/drop capacity can be provided 
Within the link Without sacri?cing system signal channel 
capacity. Similarly, one or more of the compensating chan 
nels can be used to carry system supervisory information 
through the link directly betWeen tWo points. 

[0032] Optical systems of the present invention can 
include a plurality of nodes and links interconnected opti 
cally and/or electrically to form an optical netWork. The 
optical systems can also include netWork management to 
provide monitoring, provisioning and control of various 
netWork nodes and elements, such as ampli?ers, etc., Wave 
length allocation and provisioning in the optical system. 

[0033] The controller can generally be operated employ 
ing optical—electrical control loops and all-optical loops 
depending upon the system con?guration. In various 
embodiments, an optical splitter is used to provide the 
monitoring signal in a Wavelength range of interest from the 
optical signal passing through transmission ?ber in the link. 
In embodiments, the monitoring signal can be provided 
before or after the insertion of the compensating channels at 
the input to an ampli?er. Alternatively, the poWer in the 
sub-bands can be monitored and controlled based on the 
output of an ampli?er. 

[0034] The Wavelength range can be partitioned into sub 
bands based on the gain pro?le of the optical ampli?er(s) 
being used in the system. Each sub-band monitoring signal 
can be used to control its corresponding compensating 
channel source to maintain a gain pro?le Within the sub 
bands as the optical signals pass through optical ampli?ers. 
It is generally desirable to partition the Wavelength range 
into sub-bands over Which the gain pro?le of the optical 
ampli?er(s) is substantially constant or does not greatly vary. 
In this manner, the variation in the compensating channel 
poWer Will generally track the variation of the input signal 
poWer in that sub-band. 

[0035] Compensating channels can be used in combina 
tion With pump control to compensate for input signal 
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variations in the ampli?ers. In some instances, it may be 
desirable to provide for control in the link using both 
compensating channels to minimiZe input poWer variations 
and pump control. Alternatively, the monitoring signals can 
be used to control the gain of the ampli?er by varying the 
pump poWer, drive current, etc. provided to the ampli?er. 

[0036] In an embodiment, the optical signal controller is 
positioned before a ?rst of one or more EDFAs. The Wave 
length range is divided into four contiguous sub-bands 
spanning the Wavelength range of a WDM signal being 
ampli?ed in the link. One compensating channel at a Wave 
length Within each sub-band is used to compensate for gain 
variation Within the sub-band. The compensating channels 
are controlled based on the poWer Within the sub-band to 
substantially compensate for poWer variations introduced 
into the optical link. The compensating channels of the 
present invention can also be used in combination With 
various AGC and APC schemes at the individual ampli?ers. 
The AGC or APC schemes can use either the signal channels 
or the compensating channels to control the ampli?er per 
formance. 

[0037] Thus, the apparatuses and methods of the present 
invention provide for control of the gain pro?le over a range 
of Wavelengths in optical transmission systems. Accord 
ingly, the present invention addresses the aforementioned 
problems and provides apparatuses, methods, and optical 
systems that provide increased control over optical signal 
characteristics in the system. These advantages and others 
Will become apparent from the folloWing detailed descrip 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0038] Embodiments of the present invention Will noW be 
described, by Way of eXample only, With reference to the 
accompanying draWings for the purpose of illustrating 
embodiments only and not for purposes of limiting the same; 
Wherein like members bear like reference numerals and: 

[0039] FIGS. 1-4 shoW optical systems of the present 
invention; 

[0040] FIGS. 5-8 shoW controller embodiments of the 
present invention; and, 

[0041] FIGS. 9-10 shoW various optical source embodi 
ments of the present invention. 

DESCRIPTION OF THE INVENTION 

[0042] FIG. 1 shoWs an embodiment of an optical system 
10 including an optical controller 12 positioned to control 
one or more characteristics of an optical signal passing 
betWeen tWo optical processing nodes 14 in an optical link 
15. The system 10 can be embodied using one or more 
serially connected point to point links (FIG. 1) or in a 
netWork, Which can be con?gured in various architectures 
(FIG. 2) and controlled by a netWork management system 
16. 

[0043] The optical signal controller 12 can be disposed at 
various monitoring points along a transmission ?ber 18 in 
the optical link 15 betWeen tWo nodes 14, as shoWn in FIG. 
2. For eXample, the signal controller 12 can be selectively 
positioned relative to one or more optical ampli?ers 20 
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disposed along the transmission ?ber 18 to control the 
characteristics of the optical signal being ampli?ed in the 
link 15. 

[0044] It is often desirable to position the signal controller 
12 at the same physical site as one or more of the nodes 14 
at the beginning of the optical link 15. In this con?guration, 
the optical signal characteristics can be controlled through 
the entire link from a logistically convenient location. 

[0045] As shoWn in FIG. 3, the optical system 10 Will 
generally include at least one transmitter 22 for transmitting 
optical signals including at least one information carrying 
signal Wavelength )ti, “signal Wavelength or channel”, 
through the optical transmission ?ber 18. Furthermore, the 
optical system 10 Will generally include at least one optical 
signal receiver 24 for receiving the optical signals from the 
?ber 18. Also, the controller 12 can be included near or 
Within the node 14 as shoWn in FIG. 3. 

[0046] The system 10 shoWn in FIG. 3 can be deployed as 
a WDM system including a plurality of transmitters 22i for 
providing a plurality of information carrying Wavelength km 
to a plurality of receivers 241-. Wavelength selective or 
nonselective optical combiners 26 can be used to combine 
the optical signals produced by the transmitters 22i into a 
WDM optical signal that is transmitted through the trans 
mission ?ber 18. Optical distributors 28 are provided to 
distribute, either selectively or non-selectively, the WDM 
signal to the receivers 24]-. 

[0047] The transmitters 22 used in the system 10 Will 
generally include a laser optical source, but can include 
other coherent as Well as suitable incoherent optical sources 
as appropriate. Information can be imparted to an optical 
carrier either by directly modulating a laser or by external 
modulating an optical carrier emitted by the laser. Alterna 
tively, the information can be imparted to an electrical 
carrier that can be upconverted onto an optical Wavelength 
to produce the optical signal. Similarly, the optical receiver 
24 used in the present invention can include optical receivers 
knoWn in the art employing various detection techniques, 
such coherent detection, optical ?ltering and direct detec 
tion, and combinations thereof. Additional versatility in 
systems 10 con?gured as netWorks, such as in FIG. 3, can 
be provided by employing tunable transmitters 22 and 
receivers 24 in optical nodes 14. 

[0048] An embodiment of the optical signal controller 12, 
shoWn in FIG. 3, includes one or more optical compensation 
sources 30 for providing poWer in one or more compensat 
ing, or control, channel Wavelengths )tci, “compensating 
channels”. The compensating channels are combined With 
the optical signal channels )ti via the combiner 26 and 
transmitted through the ?ber 18 in the link 15. The controller 
12 also includes an optical distributor 28, such as a loW ratio 
splitter/tap, to provide a monitoring signal Within a Wave 
length range of interest from the optical signal passing 
through the transmission ?ber 18. 

[0049] The optical combiners 26 and distributors 28 can 
include Wavelength selective and non-selective (“passive”), 
?ber and free space devices, as Well as polariZation sensitive 
devices. Standard or WDM couplers/splitters, circulators, 
dichroic devices, prisms, gratings, etc., Which can be used 
alone or in combination With various tunable or ?Xed 
Wavelength transmissive or re?ective ?lters, such as Bragg 
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gratings 34, Fabry-Perot devices, etc. in various con?gura 
tions of the optical combiners 26 and distributors 28. Fur 
thermore, the combiners 26 and distributors 28 can include 
one or more stages incorporating various devices to multi 
pleX, demultipleX, or broadcast signal Wavelengths M in the 
optical systems 10. 
[0050] Source controllers 32 are con?gured to receive the 
monitoring signal Within respective sub-bands and control 
the optical compensation sources 30 in response to the 
monitoring signals. Alternatively, the source controllers 32 
can be con?gured to control the plurality of compensation 
sources 30 in response to the total optical signal poWer or a 
combination of the sub-band and total poWers. 

[0051] The absolute and relative locations Where the com 
pensating channels )tci are introduced into the ?ber 18 and 
the monitoring signal is provided from the ?ber 18 can be 
varied as appropriate. The monitoring signal can include 
both the compensating channels and the signal channels to 
provide feedback control over the compensating channel 
poWers. 

[0052] LikeWise, the compensating channels )tci can either 
be removed before or at the end of the link 15 depending 
upon the system con?guration. It is generally desirable to 
separate and reinsert compensating channels )tci respectively 
before and after combining signal channels from different 
links 15 to provide increased system control and ?exibility. 

[0053] The optical signal controller 12 can also be used to 
transmit communication traf?c (payload) and/or system 
supervisory information via the compensating channels 
betWeen nodes 14 or various monitoring points Within the 
link 15. When used to transmit communications traf?c, 
transmitters 22 can generally be used as the optical com 
pensating sources 30. It Will be appreciated that appropriate 
modi?cation of the transmitter 22 to provide for variable 
poWer in the signal carrying compensating channels may be 
necessary. 

[0054] FIG. 4 shoWs an embodiment of the optical system 
10 including a plurality of optical signal controller 12 
embodiments. The controllers 12 can be embodied as feed 
forWard or feedback control schemes. The source controller 
32 can include an optical to electrical converter, such as a 
Wavelength selective or non-selective optical receiver 24 to 
receive the monitoring signal. The optical to electrical 
converter can be a photodiode 34 that provides an electrical 
monitoring signal to the source controller 32, Which is used 
to control one or more optical compensation sources 30 
and/or optical ampli?ers 20. As shoWn in FIG. 4, the 
ampli?er 20 can include doped, i.e., erbium, or Raman ?ber 
ampli?ers 36 supplied With pump energy supplied by a 
pump source 38, as Well as other optical ampli?ers. The 
source controller 32 can be con?gured to control the pump 
source 38 in response to the monitoring signal. 

[0055] The optical signal controller 12 can be con?gured 
to maintain a substantially constant optical signal poWer 
distribution in optical links 15. A constant optical poWer 
distribution in the links 15, facilitates substantially constant 
optical ampli?er gain performance. Thus, the gain of the 
individual signal channel being transmitted through the link 
15 can be controlled to a substantially constant value, if 
desired. In addition, the poWer of the individual signal 
channels can be controlled to maintain uniform and non 
uniform gain pro?les over the Wavelength range as may be 
desired. 
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[0056] In various embodiments, the optical signal control 
ler 12 employs a plurality of compensating channels to 
maintain a substantially constant gain pro?le for the optical 
signal in the link 15. The compensating channel Wavelengths 
)tci can be Within or outside corresponding sub-band Wave 
length ranges of the optical signals being transmitted in the 
link 15. For example, the Wavelength range of the signal 
channels in the link 15 could be divided into four adjacent 
sub-bands, each of Which include a compensating channel at 
a Wavelength Within the sub-band. The compensating chan 
nels can be controlled in feed-forWard or feedback schemes 
and can also be used in various AGC and APC schemes used 
to control the individual ampli?ers. 

[0057] The optical signal controller 12 is generally con 
?gured to compensate for poWer changes Within the sub 
bands of the optical signal before the ampli?er gain pro?le 
is substantially impacted. For example, the optical signal 
controller 12 responds to a sudden reduction of the optical 
poWer Within a sub-band by increasing the optical poWer 
supplied by the optical compensating source 30 associated 
With that sub-band. Likewise, if an increase in optical poWer 
is detected in the sub-band, the controller 12 must decrease 
the optical poWer output supplied by the compensating 
source 30 on a similar time scale. 

[0058] The required response time of the controller 12 is 
a function of the number of cascaded ampli?ers in the link 
15. One of ordinary skill Will appreciate that the required 
response time affects the choice of electronics to practice 
various embodiments of the invention. 

[0059] FIGS. 5(a-c) shoW an exemplary layouts of a 
digital and analog sub-band control loops that can be used in 
the controller 12 to control the sub-band compensating 
channel poWer. Generally, the controller 12 includes a 
sub-band demultiplexer 28d to separate the monitoring sig 
nal into sub-band optical signals. Optical to electrical con 
verters, such as photodiodes 34, are used to detect the 
sub-band optical signal and generate electrical monitoring 
sub-band input signals Si. The sub-band source controller 32 
uses the electrical monitoring input signals Si to vary the 
compensating channel poWer provided by the sub-band 
compensating source 30 in response to ?uctuations in the 
sub-band input signal poWer. A loW loss combiner 26, such 
as a circulator 40 and Bragg grating 42 arrangement, can be 
used to combine compensating channels With the WDM 
signal channel in the transmission ?ber 18. 

[0060] As further shoWn in FIG. 5(a), the sub-band source 
controller 32 Will generally include an analog to digital 
(“A/D”) converter 44 to provide the sub-band input signal Si 
as a digital signal to a sub-band input comparator differenc 
ing circuit 46. A setpoint poWer SPi, Which can be program 
mable, is provided for each sub-band to the differencing 
circuit 46 and a monitor input error Ei is generated. The 
differencing circuit 46 can provide the absolute error calcu 
lated or apply an error threshold to the calculated error. The 
error threshold can be programmably set to minimiZe jitter 
or other noise in the signal from causing unnecessary, and 
possibly destabiliZing, poWer variations in the control loop. 

[0061] An error accumulator circuit 48 is used to provide 
a digital bias drive signal Bi in response to the monitor error 
signal Ei to a digital to analog (“D/ ”) converter 50 to 
control the compensating channel poWer supplied by the 
sub-band optical source 30. An exemplary error accumulator 
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circuit 48 for a sub-band control loop is shoWn in FIG. 5(b) 
as an overall high-pass ?lter arrangement. It Will be appre 
ciated that other ?lter arrangements can be used in the error 
accumulator circuit 48. The arrangement shoWn in FIG. 5(b) 
is con?gured to drive detected signal channel input poWer 
variations to Zero by varying the output poWer of the source 
30 in response to the detected variations. The bandWidth of 
the high-pass ?lter response generally establishes the length 
of time during Which the control laser output level is 
perturbed before the correction occurs. 

[0062] In the error accumulator circuit 48, the setpoint 
poWer input error Ei is ampli?ed using a ?rst signal ampli?er 
521 and provided to a summing circuit 56, Which accumu 
lates the error. Afeedback loop including a second ampli?er 
522 and an addressable memory 54 is used to implement the 
necessary bias signal value storage function of the error 
accumulator. The stored bias signal value is fed back to the 
summing circuit 56. The bias signal can be used to directly 
vary the output poWer of the sources 30 and thereby the 
compensating channel poWer. Alternatively, the output of the 
error accumulator circuit 48 can be used to control an 
external modulator or optical attenuator to vary the com 
pensating channel poWer being introduced into the trans 
mission ?ber 18. 

[0063] The response of the controller 12 shoWn in FIG. 
5(b) can be modeled using a sampled-time analysis, Where 
the Z-transform of the control loop transfer function can be 
derived as: 

(62-61)) 
[0066] Bin and Bout=input and output bias signal, 

respectively, 

[0067] G1 & G2=gain of ampli?ers 521 and 522, 
respectively, 

[0068] T=sample time, 
[0069] u)=frequency, 
[0070] Z=ejmT (transform of the frequency) 

[0071] In the embodiments shoWn FIG. 5(a), a monitoring 
signal is removed from the input transmission ?ber 18I after 
the compensating channel signal has been inserted into the 
?ber 18. Thus, the monitoring signal includes both the signal 
channels and the compensating channels. As previously 
discussed, the monitoring signal can be removed before the 
compensating channels are introduced, so as to include only 
the signal channels, if so desired. Also, the monitoring signal 
can be passively or actively removed from the ?ber in either 
a Wavelength selective or non-selective manner. Typically, 
the monitoring signal Will be removed by employing a loW 
coupling ratio, non-Wavelength selective tap coupler to split 
off a small percentage of the total signal. 

[0072] The control loops can alternatively be implemented 
as an analog circuit, an example of Which is shoWn in FIG. 
5(c). The output from the sub-band photodetectors 345 are 
provided to respective analog differencing ampli?ers 53i, 
either directly or via a ?xed or variable attenuator 55i, Which 
can be used to provide additional control the sub-band loop. 
AWideband detector photodiode 34W can be used to measure 
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the total input power of the monitoring signal. The total 
input power can be compared to a total poWer set point in 
one of the differencing ampli?ers 53 and a total input poWer 
correction provided to the sub-band differencing ampli?ers 
53. 

[0073] Similarly, in various digital embodiments generally 
shoWn by FIG. 6, the Wideband detector photodiode 34W can 
also be incorporated to provide a Wideband monitoring 
signal SW for input poWer error correction. The electrical 
sub-band monitoring input signals Si are summed in another 
summing circuit 56 into a composite sub-band input signal 
Sc, Which is compared to the Wideband monitoring signal SW 
in another comparator/differencing circuit 46. An input 
offset signal Is is generated by the differencing circuit 46 and 
sent to each of the sub-band control loops. A multiplying 
circuit 58 allocates the input offset Ie based on sub-band 
error allocation setpoints K. The input offset Ie can be added 
to either the sub-band monitoring input signal Si or the 
setpoint poWer input error signal Ei depending upon the 
control loop con?guration. 
[0074] A mismatch betWeen the composite sub-band sig 
nals Sc and the Wideband detector signal SW is indicative of 
variations in the frequency demultipleXer 28d, the sub-band 
detectors 34S, or the Wideband detector 34W. Error allocation 
in the controller 12 can be performed via numerous algo 
rithms and statically or dynamically allocated in various 
distributions depending on the controller 12 con?guration. 
For example, individual setpoints Ki and multiplying circuits 
58 can be provided for each sub-band or a common multi 
plying circuit 58 can be used to equally distribute various 
errors in the controller 12. 

[0075] The signal controller 12 can include one or more 
central processors 60 to monitor and control the sub-band 
control loops. The processors 60 can communicate With the 
netWork management system 16 to receive instructions and 
provide performance information, such as When non-Zero 
input offset Ie or other performance variations that occur in 
the controller 12. 

[0076] Analogous to the input offset monitoring, fault 
monitoring and remediation can be provided using an error 
distribution loop, as shoWn in FIG. 7, to redirect sub-band 
gain control to other-viable loops in the event of a sub-band 
loop failure. In various embodiments, the set point input 
error Ei is compared With the set point poWer SPi to deter 
mine Whether a sub-band control loop has failed. When a 
sub-band control loop failure is detected, a line sWitch 62 
passes a failure error signal, typically the set point value SPi, 
to another summing circuit 56, Which accumulates the 
failure error signals from the sub-bands. The control loop 
failure determination can be performed using the central 
processor 60 or a locally employed decision circuit in the 
line sWitch 62. The central processor 60 can also be used to 
make appropriate modi?cations to the correction set points 
for the remaining control loops depending upon the failure. 
In addition, the failure determination decision threshold can 
be programmably implemented to provide ?exibility in the 
controller 12. 

[0077] Alternatively, the decision circuit 62 can compare 
the input set point SPi directly With the sub-band input Si, as 
in FIG. 8. A common multiplying circuit 58 is also shoWn 
in the embodiment of FIG. 8, in Which the error from a 
failed sub-band loop is evenly distributed among the sur 
viving loops. 
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[0078] The various errors in the control loops can be 
distributed using any number of schemes. For eXample, the 
error can be distributed among the surviving sub-band loops 
to maintain the gain pro?le of the optical signal. Alternately, 
the cumulative failure error signals may be divided among 
the remaining loops according to the inverse proportion of 
the current laser bias of each loop. This method Would lessen 
the probability that any one of the surviving sub-band loops 
Would be overloaded upon the failure of an adjacent sub 
band loop. The central processor 60 can be used to monitor 
the redistribution of the error and modify the redistribution 
to equaliZe or balance the poWer output from the sub-band 
loops depending upon the channel pro?le to be maintained. 

[0079] The accuracy and speed of response of the con 
troller 12 depends on a stable response from the optical 
compensating sources 30 to the bias drive level. The speed 
and accuracy of the response Will generally vary over time; 
therefore, recalibration of the controller 12 Will most likely 
be required to maintain performance levels. 

[0080] As shoWn in FIG. 8, one or more of the central 
processors 60 in the controller 12 can be used to oversee the 
operation and perform calibration of the sub-band control 
loops. Each control loop can include a calibration device 64 
for controlling the drive signal applied to the optical source 
30. The calibration device 64 can be a digital device, such 
as a calibration table, or an analog device, such as a linear 
circuit. 

[0081] During calibration, a sWitch 66 is used to by-pass 
the calibration device 64 and alloW the central processor 60 
to apply one or more test bias signal to the sub-band sources 
30. As shoWn in FIG. 8, the position of the sWitch 66 Will 
depend on Whether an analog or digital calibration device 64 
is implemented in the optical signal controller 12. The error 
distribution loop and fault control techniques previously 
described Will adjust the compensating channel sources 30 
that remain in operation to compensate for the variation in 
the compensating channel from the source 30 being cali 
brated. 

[0082] The optical poWer of the source 30 can be cali 
brated by various knoWn methods, for eXample by using a 
series of stepped bias levels. An optical spectrum analyZer 
(“OSA”) or other Wavelength selective receiver 68 can be 
used to measure the test output poWer of the selected source 
30 independently of the photodiode 34 associated With a 
particular sub-band. Alternatively, the test output poWer can 
be detected using the sub-band photodiode 345 in the sub 
band loop being calibrated. When used in combination, the 
OSA 68 can be used to calibrate the sub-band photodiode 
34S, as Well as the sub-band source 30 and other components 
in the sub-band control loop. 

[0083] The detected test output poWer from either the OSA 
68 or sub-band photodiode 34 is fed back to the central 
processor 60 for characteriZation of the source 30 being 
calibrated. The characteriZation can be used to develop a 
neW calibration table for the source 30, Which can be 
implemented When the source 30 is brought back on-line. In 
this manner, each source 30 in the controller 12 can be 
calibrated Without removing the controller 12 from on-line 
operation. While it is possible to con?gure the controller 12 
to perform simultaneous multiple calibrations, it is generally 
not desirable given the poWer distribution that may be 
necessary in the remaining operational sub-band control 
loops. 
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[0084] In embodiments exempli?ed in FIG. 8, the OSA 68 
is positioned to calibrate the sources 30 based on the 
sub-band signal in the transmission ?ber 18. It Will be 
appreciated that the OSA 68 can be included Within the 
controller 12 to more speci?cally calibrate the optical 
sources 30. In some embodiments, it may be possible to 
substitute the OSA 68 for the Wideband photodiode 34W used 
to determine the sub-band input poWer offset. 

[0085] The optical sources 30 used in the present inven 
tion can be conventional diode lasers as knoWn in the art. As 
previously discussed, communication traf?c or system 
supervisory information can be sent using the compensating 
channel, if an appropriate transmitter 22 is used as the source 
30. 

[0086] The optical source 30 used in the controller 12 
generally have to be capable of operation over a Wide poWer 
range to maintain the optical signal gain pro?le upon the 
failure of one or more sub-band control loops. The band 
Width of the source 30 must therefore be suf?ciently broad 
to prevent Stimulated Brillouin Scattering (“SBS”) during 
high poWer operation and suf?ciently narroW not to interfere 
With adjacent signal channels. Broad band optical sources or 
narroW band sources that have been broadened, via dither 
ing, external cavity gratings, or other techniques, can be 
used as the optical sources 30. 

[0087] For example, the optical source 30 can be embod 
ied as semiconductor optical ampli?er (“SOA”), or ?ber 
laser, 70 operated in a lasing mode and stabiliZed to a desired 
Wavelength as shoWn in FIG. 9(a-a) The SOA 70 can 
provide compensating channels over a Wide poWer range 
and Bragg gratings 42, or other re?ective elements 78, can 
be used to control the lasing Wavelength and bandWidth. For 
example, in FIG. 9(a), a high re?ectivity Bragg grating 42H 
and a loWer re?ectivity grating 42L can be Written into ?ber 
pigtails on the SOA 70 to control the lasing Wavelength. In 
FIG. 9(b), a Bragg grating is provided on an output port of 
a passive or Wavelength selective coupler 72 in a ring 
con?guration With the SOA 70. In various embodiments, the 
re?ective element 78, i.e., Bragg grating 42, can be tuned to 
vary the output Wavelength of the SOA source 30. 

[0088] As shoWn in FIGS. 9(c-a'), the optical source 30 
can include the SOA 70, or a ?ber laser, that is frequency 
stabiliZed using a feedback loop incorporating a saturable 
absorber 74, such as an unpumped erbium ?ber. In embodi 
ments exempli?ed by FIG. 9(c), an external cavity is formed 
using a three port circulator 40 in a feedback ring con?gu 
ration and a Wideband re?ective device 78. Course mode 
selection in the feedback ring can be made using a narroW 
pass ?lter 76, such as a Fabry-Perot ?lter. The saturable 
absorber 74 serves to lock the lasing mode of the SOA 70 or 
?ber laser Within the passband of the ?lter 76. 

[0089] Similarly, the circulator 40 can be replaced by a 
Wavelength selective or passive coupler 72 and the SOA 70, 
or ?ber laser, can be incorporated into the ring as shoWn in 
FIG. Furthermore, an isolator 80 can be employed to 
provide a unidirectional propagation in the ring embodi 
ments. 

[0090] Course Wavelength selection in saturable absorber 
embodiments Will generally provide one or more lasing 
modes Within the desired Wavelength range, one of Which 
Will tend to become the dominant mode. As the dominant 
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mode or modes emerge, the saturable absorber 74 Will act to 
prevent mode hopping because of the high loss associated 
With modes outside the saturating dominant modes. Also, an 
external frequency source can be used in place of the narroW 
band ?lter 76 to select the saturating mode/frequency emit 
ted by the source 30. The embodiments of FIGS. 9(a-LD have 
been described With respect to providing compensating 
channels, but can also be deployed as ?xed or tunable 
Wavelength optical sources in optical transmitters, local 
oscillators, and other optical source applications. 

[0091] In another embodiment, the compensating channel 
provided by the optical source 30 can be broadened using 
embodiments shoWn in FIGS. 10(a&b). For example, the 
compensating channel can be phase modulated to maintain 
the compensating channel poWer, While broadening the 
signal by creating sidebands (FIG. 10(a)). A phase modu 
lator 82 can be driven at multiple frequencies to control SBS 
in ?bers having different core siZes and susceptibilities to 
SBS. The Wavelength of the source 30, such as provided by 
a DFB laser, can be controlled using frequency locking 
devices 84 and schemes as is knoWn in the art. LikeWise, 
narroW band re?ective devices 78, such as narroW band 
Bragg gratings 42, can be employed to further control the 
Wavelength of the laser. 

[0092] Similarly, the optical source 30, such as a DFB 
laser, can be dithered or modulated directly to broaden the 
lineWidth of the source 30, as shoWn in FIG. 10(b). The 
amplitude of the dithering or modulating of the laser drive 
current can be varied With poWer to further decrease the 
susceptibility to SBS. As in FIG. 10(a) embodiments, the 
Wavelength of the optical source 30 can be controlled using 
various narroW band Wavelength selective devices 78, such 
as Bragg gratings. 

[0093] Those of ordinary skill in the art Will appreciate 
that numerous modi?cations and variations that can be made 
to speci?c aspects of the present invention Without departing 
from the scope of the present invention. It is intended that 
the foregoing speci?cation and the folloWing claims cover 
such modi?cations and variations. 

What is claimed is: 
1. An apparatus comprising: 

an optical signal controller con?gured to provide a moni 
toring signal from an optical signal in a plurality of 
sub-band signals at least one of Which includes a 
plurality of optical signal channels, and control the 
characteristics of the optical signal based on the sub 
band signal characteristics. 

2. The apparatus of claim 1, Wherein said optical signal 
controller is con?gured to combine a compensating channel 
having a poWer based on the sub-band signal poWers to 
control the characteristics of the optical signal. 

3. The apparatus of claim 2, Wherein said controller 
includes a plurality of compensating channel sources pro 
viding compensating channels having poWers based on the 
sub-band signal poWers. 

4. The apparatus of claim 3, Wherein at least one of said 
plurality of compensating channel sources is con?gured to 
compensate for poWer variations in said other compensating 
sources. 

5. The apparatus of claim 2, Wherein said controller 
includes at least one compensating channel source for each 
of the plurality of sub-bands. 
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6. The apparatus of claim 5, wherein said controller 
includes one compensating channel source for each sub 
band and each of said compensating sources provides a 
sub-band compensating channel at a Wavelength Within the 
sub-band and the poWer of the sub-band compensating 
channel is controlled to maintain an optical signal gain 
pro?le Within the sub-bands. 

7. The apparatus of claim 2, Wherein said controller 
includes: 

an optical distributor con?gured to provide the monitor 
ing signal from an optical transmission ?ber carrying 
the optical signal; 

a sub-band demultipleXer con?gured to separate the moni 
toring signal and provide the plurality of sub-band 
signals to sub-band control loops, Wherein each sub 
band control loop includes: 

an optical to electrical converter con?gured to receive 
one of the sub-band signals and provide a sub-band 
input signal; 

a sub-band input comparator con?gured to compare the 
sub-band input signal poWer to a set point poWer 
level and provide a sub-band input error; 

a source controller con?gured to vary the optical poWer 
of a sub-band compensating channel provided by a 
sub-band compensating source in response to the 
sub-band input error; 

a multiplexer con?gured to combine the sub-band com 
pensating channels from said control loops into a 
compensating channel; and, 

an optical combiner con?gured to combine the compen 
sating channel With the optical signal channels in said 
transmission ?ber. 

8. The apparatus of claim 7, Wherein said optical com 
biner combines the compensating channel With the optical 
signal before said optical distributor provides the monitoring 
signal. 

9. The apparatus of claim 7, Wherein said optical com 
biner includes an optical circulator having a ?rst port 
con?gured to receive the compensating channel from said 
multiplexer, a second port con?gured to receive the optical 
signal from an input portion of said transmission ?ber and 
including at least one re?ective element positioned to re?ect 
the compensating channel back to the second port, and a 
third port con?gured to provide the optical signal and the 
compensating channel to an output portion of said transmis 
sion ?ber. 

10. The apparatus of claim 7, Wherein said demultipleXer 
is con?gured to provide a plurality of sub-band signals in 
non-overlapping Wavelength ranges. 

11. The apparatus of claim 7, Wherein said signal con 
troller includes: 

a Wideband detector con?gured to receive a portion of the 
monitoring signal and provide Wideband monitoring 
signal; 

a summing circuit con?gured to receive a portion of the 
sub-band input signal and provide a composite sub 
band signal; and, 

an input offset comparator con?gured to compare the 
composite sub-band signal and the Wideband signal and 
provide an input offset error to each of said control 
loops. 
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12. The apparatus of claim 11, Wherein said input com 
parator provides the input offset error equally to each of said 
control loops. 

13. The apparatus of claim 11, Wherein said input com 
parator provides the input offset error to each of said control 
loops based on the set point poWer levels of said sub-band 
control loop. 

14. The apparatus of claim 7, Wherein: 

each of said sub-band control loops is con?gured to detect 
a sub-band control loop failure and provide a failure 
error signal; and, 

said signal controller includes a fault summing circuit 
con?gured to receive the failure error signal from said 
sub-band control loops and provide a cumulative fail 
ure error signal to said sub-band control loops. 

15. The apparatus of claim 14, Wherein the cumulative 
failure error is distributed to each of the sub-band control 
loops and combined With the sub-band input signal. 

16. The apparatus of claim 14, Wherein the cumulative 
failure error is distributed to each of the sub-band control 
loops and combined With the sub-band input error signal. 

17. The apparatus of claim 7, Wherein said source con 
troller is con?gured to calibrate said sub-band source. 

18. The apparatus of claim 7, Wherein said source con 
troller is con?gured to apply at least one test bias to said 
sub-band source in lieu of said input error, detect a corre 
sponding sub-band compensating channel poWer provided 
by said sub-band source, and calibrate said sub-band source 
in response to the detected sub-band compensating channel 
poWer. 

19. The apparatus of claim 18, Wherein said signal con 
troller includes: 

an optical spectrum analyZer con?gured to detect at least 
a portion of the sub-band compensating channel from 
said sub-band source being calibrated and provide a 
detected sub-band compensating channel poWer; and, 

a central processor con?gured to receive the detected 
sub-band compensating channel poWer and the corre 
sponding test bias and provide a sub-band source 
calibration to said source controller. 

20. The apparatus of claim 7, Wherein said source con 
troller is con?gured to vary the poWer provided by said 
sub-band source by directly modulating the optical poWer 
provided by said sub-band source. 

21. An optical system comprising: 

at least tWo optical nodes con?gured to pass an optical 
signal via an optical transmission ?ber betWeen said at 
least tWo nodes; and, 

an optical signal controller con?gured to provide a portion 
of an optical signal as a monitoring signal in a plurality 
of sub-band signals at least one of Which includes a 
plurality of optical signal channels, and control the 
characteristics of the optical signal based on the sub 
band signal characteristics. 

22. The optical system of claim 21, Wherein said optical 
signal controller is con?gured to combine a compensating 
channel having a poWer based on the sub-band signal 
poWers to control the characteristics of the optical signal. 

23. The optical system of claim 21, Wherein: 

said system includes at least one optical ampli?er dis 
posed along said transmission ?ber; and, 
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said optical signal controller is con?gured to separate a 
portion of the optical signal into a plurality of Wave 
length sub-band signals and combine a compensating 
channel having a poWer suf?cient to maintain a gain 
pro?le in the optical signal ampli?ed by said at least 
one optical ampli?er. 

24. The optical system of claim 23, Wherein said signal 
controller is con?gured to receive a feedback signal from 
said at least one ampli?er and control the poWer of at least 
one of the compensating channels. 

25. The optical system of claim 21, Wherein: 

said system includes at least one optical ampli?er dis 
posed along said transmission ?ber; and, 

said optical signal controller is con?gured to separate a 
portion of the optical signal into a plurality of sub-band 
signals and control the gain pro?le of the optical signal 
being ampli?ed by said at least one ampli?er based on 
the sub-band signal poWers. 

26. The optical system of claim 25, Wherein said optical 
signal controller controls the ampli?cation of the optical 
signals by varying the optical energy supplied by a pump 
source to said at least one ampli?er based on the sub-band 
signal poWers. 

27. The optical system of claim 21, Wherein: 

said system includes at least one optical ampli?er to 
amplify the optical signal Within a Wavelength range; 

said controller is con?gured to control variations in the 
ampli?cation of the optical signal over the Wavelength 
range by varying the compensating channel poWers 
based on the sub-band signal poWers. 

28. The optical system of claim 27, Wherein said control 
ler is con?gured to maintain a gain pro?le in the optical 
signal over the Wavelength range. 

29. The optical system of claim 27, Wherein said control 
ler is con?gured to maintain a gain pro?le in the optical 
signal in the sub-band Wavelength range by varying the 
poWer of a compensating channel at a Wavelength Within the 
sub-band Wavelength range. 

30. The optical system of claim 21, Wherein: 

a ?rst of said optical nodes includes at least an optical 
transmitter con?gured to transmit the optical signal in 
the optical transmission ?ber; 

a second of said optical nodes includes at least an optical 
receiver con?gured to receive the optical signal trans 
mitted in said optical transmission ?ber; and, 

at least one optical ampli?er disposed along said trans 
mission ?ber and con?gured to amplify the optical 
signal Within a Wavelength range; and, 

said optical signal controller is con?gured to combine a 
compensating channel having a poWer to maintain a 
constant ampli?cation of the optical signal by said 
ampli?er. 
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31. The optical system of claim 21, Wherein: 

said system includes a netWork management system in 
communication With said signal controller; and, 

said signal controller includes at least one central proces 
sor con?gured to control said sub-band control loops 
and communicate With said netWork management sys 
tem. 

32. The optical system of claim 21, Wherein said nodes 
include optical components selected from the group con 
sisting of optical transmitters, optical receivers, optical 
routers, optical add/drop devices, optical sWitches, and com 
binations thereof. 

33. The optical system of claim 21, Wherein said signal 
controller provides a compensating channel carrying at least 
one of communication signals and system supervisory sig 
nals. 

34. The optical system of claim 33, Wherein said control 
ler provides a compensating channel carrying supervisory 
signals betWeen said nodes. 

35. A method of controlling optical signal characteristics 
comprising: 

providing an monitoring signal from an optical signal; 

separating the monitoring signal into a plurality of sub 
band signals, one of Which includes a plurality of 
optical signal channels; 

controlling the characteristics of the optical signal based 
on characteristics of the sub-band signals. 

36. The method of claim 35, Wherein said controlling 
includes: 

generating at least one compensating channel to control at 
least one characteristic of the optical signal based on 
the at least one characteristic in the sub-band signals; 

combining the at least one compensating channel With the 
optical signal. 

37. The method of claim 36, Wherein: 

said method includes amplifying the optical signal; and, 

said generating includes generating a compensating chan 
nel for each of the sub-band signals to maintain a 
constant ampli?cation of each channel in the optical 
signals being ampli?ed. 

38. The method of claim 37, Wherein said controlling 
includes clamping the gain of at least one compensating 
channel being ampli?ed. 

39. The method of claim 36, Wherein said generating 
includes generating at least one compensating channel to 
maintain a constant poWer in the optical signal based on the 
sub-band signal poWers. 

40. The method of claim 36, Wherein said generating 
includes generating at least one compensating channel for 
each of the sub-band signals to maintain a constant poWer in 
each sub-band of the optical signal. 

* * * * * 


