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A digital coherent receiver that receives a first optical signal
in a WDM optical signal includes: a front-end circuit config-
ured to generate a digital signal indicating the first optical
signal; a waveform distortion corrector configured to gener-
ate a correction result signal indicating a first optical signal
whose waveform distortion has been corrected by performing
a digital arithmetic operation on the digital signal using at
least one dispersion compensators and at least one nonlinear
compensators; and a controller configured to adjust operation
states of specified dispersion compensators among the plu-
rality of dispersion compensators and specified nonlinear
compensators among the plurality of nonlinear compensa-
tors. The number of the specified dispersion compensators
and the number of the specified nonlinear compensators are
determined based on the number of spans of an optical trans-
mission line through which the first optical signal is transmit-
ted.
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DIGITAL COHERENT RECEIVER AND
RECEIVING METHOD OF OPTICAL SIGNAL

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based upon and claims the ben-
efit of priority of the prior Japanese Patent Application No.
2014-078779, filed on Apr. 7, 2014, the entire contents of
which are incorporated herein by reference.

FIELD

[0002] The embodiments discussed herein are related to a
digital coherent receiver and a method of receiving an optical
signal.

BACKGROUND

[0003] With the spread of a high-speed mobile communi-
cation service, a cloud service, a video distribution service,
etc., the amount of traffic over a network has greatly
increased. Therefore, a high-speed interface of 100 Gbps per
wavelength is requested for a transmission device on a back-
bone circuit of a network. Furthermore, the study and the
development of a technique of realizing 400 Gbps through 1
Tbps have been performed.

[0004] Digital coherent detection has recently attracted
attention as one of the techniques for transmitting an optical
signal exceeding 100 Gbps. A digital coherent receiver recov-
ers optical intensity information and phase information from
received light by coherent detection. The recovered optical
intensity information and phase information are digitalized
by an A/D converter, and demodulated by a digital signal
processing circuit. The digital signal processing circuit is
realized by, for example, a DSP (digital signal processor).
[0005] The waveform of an optical signal is distorted on an
optical transmission line. That is, a waveform distortion
occurs on the optical transmission line. The waveform distor-
tion is caused by the dispersion (for example, chromatic dis-
persion) of an optical transmission line. The waveform dis-
tortion includes a nonlinear distortion caused on the optical
transmission line. When a waveform of an optical signal is
degraded, there is the possibility of increasing an error rate of
recovered data.

[0006] Therefore, a digital signal processing circuit of a
digital coherent receiver may have a function of correcting the
waveform distortion of an optical signal. In this case, a wave-
form distortion correction circuit includes a plurality of dis-
persion compensators and a plurality of nonlinear compen-
sators. The plurality of dispersion compensators and the
plurality of nonlinear compensators are alternately con-
nected. That is, the dispersion compensating process and the
nonlinear compensating process are alternately performed on
areceived optical signal. A set of dispersion compensator and
nonlinear compensator may be referred to as a “stage”. If the
number of stages increases, the compensation accuracy
becomes higher.

[0007] A waveform distortion correction is performed
using, for example, a training signal. In this case, a transmitter
adds the training signal to a data signal. The data pattern of the
training signal is known. Then, in a receiver (that is, a digital
coherent receiver), the waveform distortion correction circuit
performs the waveform distortion correction on the training
signal. In this case, the parameters of the dispersion compen-
sator and the nonlinear compensator are adjusted until the
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training signal is detected. When the training signal is
detected, it is considered that the parameters of the dispersion
compensator and the nonlinear compensator have been
adjusted to the status close to the optimum values. Then, by
finely adjusting the parameters of the dispersion compensator
and the nonlinear compensator, the waveform distortion cor-
rection circuit is controlled into an appropriate operation
state.

[0008] An optical transceiver having an electronic disper-
sion compensation circuit has been proposed as a related
technique (for example, Japanese Laid-open Patent Publica-
tion No. 2008-54219). Also, an optical transmission system
which efficiently improves the waveform distortion of an
optical signal has been proposed (for example, Japanese
Laid-open Patent Publication No. 2009-239555). Further-
more, a coherent optical receiver which may control tap coef-
ficients of a digital filter and has a short tap coefficient setting
time without using a chromatic dispersion measuring instru-
ment has been proposed (for example, W0O2009/060526).
Furthermore, a device which detects the polarization disper-
sion and the chromatic dispersion of an optical signal has
been proposed (for example, W02009/144997).

[0009] As described above, a digital coherent receiver may
correct the waveform distortion of an optical signal using a
training signal added to a data signal in a transmitter. How-
ever, with the configuration in which a training signal is used,
it is necessary to provide a circuit for processing a training
signal in addition to a circuit for processing a data signal,
thereby increasing the scale of a digital signal processing
circuit. In addition, since a training signal is transmitted in
addition to the data signal, it is necessary to increase a trans-
mission rate of an optical signal. Thus, the higher the speed of
an optical device, the more the cost increases. Furthermore,
with an increasing speed of the optical signal, the transmis-
sion characteristic becomes easily degraded.

[0010] The problem may be solves by, for example, adjust-
ing the parameter of a waveform distortion correction circuit
by blind equalization without a training signal. However, in
the blind equalization, the digital coherent receiver does not
know the data pattern of a transmission signal. Therefore, it
may take a long time to converge the parameter of the wave-
form distortion correction circuit, or a parameter of the wave-
form distortion correction circuit does not converge.

[0011] The adjustment of the parameter of the waveform
distortion correction circuit is performed not only at the start
of'a communication service but also when an optical path is
switched by a fault etc. Therefore, the adjustment of the
parameter of the waveform distortion correction circuit is to
be completed in a short time.

SUMMARY

[0012] According to anaspect ofthe embodiments, a digital
coherent receiver receives a first optical signal in a wave-
length division multiplexed optical signal in an optical trans-
mission device that transmits the wavelength division multi-
plexed optical signal. The digital coherent receiver includes:
a front-end circuit configured to generate a digital signal
indicating the first optical signal; a waveform distortion cor-
rector configured to include a plurality of dispersion compen-
sators and a plurality of nonlinear compensators and generate
a correction result signal indicating a first optical signal
whose waveform distortion has been corrected by performing
a digital arithmetic operation on the digital signal using at
least one of the plurality of dispersion compensators and at
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least one of the plurality of nonlinear compensators; and a
controller configured to adjust operation states of specified
dispersion compensators among the plurality of dispersion
compensators and specified nonlinear compensators among
the plurality of nonlinear compensators, wherein the number
of the specified dispersion compensators and the number of
the specified nonlinear compensators are determined based
onthe number of spans of an optical transmission line through
which the first optical signal is transmitted.

[0013] The object and advantages of the invention will be
realized and attained by means of the elements and combina-
tions particularly pointed out in the claims.

[0014] Itisto be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the invention.

BRIEF DESCRIPTION OF DRAWINGS

[0015] FIG.1 illustrates an example of an optical transmis-
sion system according to an embodiment of the present inven-
tion;

[0016] FIG. 2 illustrates an example of a transmitter mod-
ule implemented in an optical transmission device;

[0017] FIG. 3 illustrates an example of a receiver module
implemented in an optical transmission device;

[0018] FIG. 4 illustrates an example of a configuration of a
digital coherent receiver;

[0019] FIG. Sillustrates an example of a configuration of a
waveform distortion corrector;

[0020] FIG. 6 illustrates an example of a parameter data-
base;
[0021] FIG. 7 illustrates an example of the dispersion char-

acteristic of an optical fiber;

[0022] FIG. 8 is a flowchart of a process for adjusting a
waveform distortion corrector according to a first embodi-
ment of the present invention;

[0023] FIG. 9 is a flowchart of a process for adjusting a
waveform distortion corrector according to a second embodi-
ment of the present invention;

[0024] FIG. 10 illustrates the relationship between the
number of stages of the waveform distortion corrector and the
improvement of a Q factor;

[0025] FIG. 11 is a flowchart of a process for adjusting a
waveform distortion corrector according to a third embodi-
ment of the present invention;

[0026] FIG.12illustrates an example ofa process of adjust-
ing an amount of dispersion compensation;

[0027] FIG. 13 illustrates an example of a receiver module
used in a fourth embodiment of the present invention;
[0028] FIGS. 14A and 14B are explanatory views of an
operation performed when an optical path is switched; and
[0029] FIG. 15 illustrates an example of a configuration of
anonlinear compensator corresponding to a polarization mul-
tiplexed optical signal.

DESCRIPTION OF EMBODIMENTS

[0030] FIG.1 illustrates an example of an optical transmis-
sion system according to an embodiment of the present inven-
tion. An optical transmission system 100 according to the
present embodiment includes a plurality of optical transmis-
sion devices. In the example illustrated in FIG. 1, an optical
transmission device is provided in each of nodes N1 through
N5. In the following descriptions, the optical transmission
devices provided in the nodes N1 through N5 may be respec-
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tively referred to as optical transmission devices N1 through
NS5. That is, the optical transmission system 100 includes the
optical transmission devices N1 through N5. Each of the
optical transmission devices N1 through N5 can transmit a
wavelength division multiplexed signal (WDM). That is, each
of'the optical transmission devices N1 through N5 is a WDM
transmission device. Note that each of the optical transmis-
sion devices N1 through N5 includes a transmitter module
which transmits an optical signal and a receiver module
which receives an optical signal.

[0031] The transmitter module includes a plurality of trans-
mitters 1 and a multiplexer 2 as illustrated in FIG. 2. Each
transmitter 1 includes an FEC encoder 3 and an optical trans-
mitter 4. The FEC encoder 3 generates encoded data by an
FEC process on transmission data. In this case, the FEC
encoder 3 adds an FEC code to the transmission data. The
optical transmitter 4 generates an optical signal for transmit-
ting the encoded data. The optical transmitter 4 includes, for
example, a laser light source and an optical modulator. In this
case, the optical transmitter 4 generates a modulated optical
signal. The transmitter 1 may generate a polarization multi-
plexed optical signal.

[0032] The wavelengths of a plurality of optical signals
generated by the plurality of transmitters 1 are different from
one another. The multiplexer 2 generates a WDM optical
signal by multiplexing the plurality of optical signals gener-
ated by the plurality of transmitter 1.

[0033] However, the transmitter module does not have to
include the multiplexer 2. For example, when an optical trans-
mission device includes an optical add-drop multiplexer
(OADM), an optical signal generated by each transmitter 1
may be input to the OADM. In this case, the OADM selects
one or more specified optical signals. Then, the optical signal
selected by the OADM is multiplexed on the WDM optical
signal and transmitted.

[0034] The receiver module includes a plurality of digital
coherent receivers 11 (11#1 through 11#m) and a device
controller 12 as illustrated in FIG. 3. In the example illus-
trated in FIG. 3, a plurality of optical signals Al-Am are
generated by demultiplexing a received WDM optical signal.
The optical signals Al-Am are respectively guided to the
digital coherent receivers 11#1 through 11#m. Each digital
coherent receiver 11 recovers transmission data from an input
optical signal. The device controller 12 manages the state of
the digital coherent receivers 11#1 through 11#m, and con-
trols the operation of the digital coherent receivers 11#1
through 11#m. The device controller 12 also includes a
parameter database 13. The parameter database 13 is
described later.

[0035] The optical transmission system 100 may provide a
specified optical path. The optical path is established by, for
example, a network management system not illustrated in the
attached drawings according to a request from a user. In the
example illustrated in FIG. 1, optical paths A1-A10 for trans-
mitting data from the node N1 to the node N3 through the
node N2 are established. Also, optical paths A11-A20 for
transmitting data from the node N4 to the node N3 through the
node N5 and the node N2 are established. The optical paths
A-A20 respectively transmit the optical signals A1-A20.
[0036] In the following descriptions, a connection or an
optical transmission line between adjacent nodes may be
referred to as a “span”. Also, the number of spans on the
optical transmission line between any two nodes may be
referred to as the “number of spans”. For example, in FIG. 1,



US 2015/0288458 Al

the number of spans of the optical path Al (optical transmis-
sion line of the optical signal A1) is 2. The number of spans of
the optical path A11 (optical transmission line of the optical
signal A11) is 3.

[0037] FIG. 4 illustrates an example of the configuration of
the digital coherent receiver 11. As illustrated in FIG. 4, the
digital coherent receiver 11 includes a front-end circuit 21, a
DSP 22, and a controller 23. Furthermore, one optical signal
extracted from a received WDM optical signal is input to the
digital coherent receiver 11 as explained above with reference
to FIG. 3. The optical signal is guided to the front-end circuit
21.

[0038] The front-end circuit 21 generates a digital signal
indicating an input optical signal by the coherent detection.
The digital signal includes the optical intensity information
and the phase information about the input optical signal. That
is, the digital signal indicates the I component and the Q
component of the input optical signal. When a polarization
multiplexed optical signal is input, the digital signal indicates
the I component and the Q component of the H polarization,
and the I component and the Q component of the V polariza-
tion. The front-end circuit 21 includes, for example, a local
light source, a 90 degree optical hybrid circuit, a photo detec-
tor circuit, an A/D conversion circuit, etc.

[0039] The digital signal processor (DSP) 22 includes a
waveform distortion corrector 224, a data recovery unit 225,
an FEC decoder 22¢, and a dispersion monitor 224. The DSP
22 demodulates the digital signal generated by the front-end
circuit 21, and recovers the transmission data. The DSP 22 is
an example of a digital signal processing circuit. The DSP 22
may also have other functions.

[0040] The waveform distortion corrector 22a generates a
correction result signal that indicates an optical signal whose
waveform distortion has been corrected by performing a digi-
tal arithmetic operation on a digital signal output from the
front-end circuit 21 (that is, a digital signal indicating an input
optical signal). The data recovery unit 225 recovers data from
the correction result signal output from the waveform distor-
tion corrector 22a. In this case, the data recovery unit 226
recovers data of the number of bits corresponding to a modu-
lating format for each symbol. Furthermore, the data recov-
ered by the data recovery unit 225 corresponds to the encoded
data generated by the FEC encoder 3 illustrated in FIG. 2.
[0041] The FEC decoder 22¢ detects an error in the recov-
ered data by performing an FEC process on the data recovered
by the data recovery unit 225. When the recovered data
includes an error, the FEC decoder 22¢ corrects the error. In
this case, the FEC decoder 22¢ counts the number of error
corrections and notifies the controller 23 of the count result.
The number of error corrections indicates the number of
errors corrected by the FEC process per unit time. Thus, an
error rate may be reported to the controller 23. The dispersion
monitor 22d calculates the residual dispersion of an optical
signal whose waveform distortion has been corrected based
on the correction result signal output from the waveform
distortion corrector 22a. Then, the dispersion monitor 22d
notifies the controller 23 of the calculated residual dispersion.
[0042] The controller 23 controls the waveform distortion
corrector 22a based on the residual dispersion calculated by
the dispersion monitor 224 and the number of error correc-
tions counted by the FEC decoder 22¢. Practically, the con-
troller 23 adjusts the parameter used in a digital arithmetic
operation by the waveform distortion corrector 22a. Note that
the controller 23 may acquire the initial value of the param-
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eter to be given to the waveform distortion corrector 22a from
the parameter database 13 of the device controller 12. Then
the controller 23 adjusts (or optimizes) the parameter given to
the waveform distortion corrector 22a based on the residual
dispersion calculated by the dispersion monitor 224 and the
number of error corrections counted by the FEC decoder 22c¢.
[0043] Next, the configuration and the operation of the
waveform distortion corrector 22a are described. In this
example, the waveform distortion corrector 22a corrects the
waveform distortion by an inverse propagation nonlinear
compensation.

[0044] The signal which propagates in an optical fiber is
expressed by the following nonlinear Schroedinger’s equa-
tion

dE . .
a—z=(D+N)E
~ B &
b=-l73 3
N =i |EP

[0045] D indicates a linear operator. N indicates a nonlinear
operator. o indicates a loss (or attenuation) in an optical fiber.
[, indicates the chromatic dispersion coefficient of the optical
fiber. y indicates the nonlinear coefficient of the optical fiber.
[0046] Whennoiseisignored, asignal atatransmissionend
is calculated by inversely solving the above-mentioned non-
linear Schroedinger’s equation from a reception end. The
inverse arithmetic operation of the nonlinear Schroedinger’s
equation is approximated by an arithmetic operation of alter-
nately repeating the linear compensation (that is, the chro-
matic dispersion compensation) and the nonlinear compen-
sation (that is, the self phase modulation compensation).
Especially, when the number of times of the repetition is
large, the inverse arithmetic operation of the nonlinear Schro-
edinger’s equation is equivalent to the operation of alternately
repeating the linear compensation and the nonlinear compen-
sation. The above-mentioned arithmetic operation is
described in the following Documents 1 and 2.

[0047] Document 1: Ezra Ip et al., “Compensation of Dis-
persion and Nonlinear Impairments Using Backpropaga-
tion”, Journal of Lightwave Technology, Vol. 26, pp 3416-
3425, 2008

[0048] Document 2: T. Tanimura, T. Hoshida, S. Oda, T.
Tanaka, H. Nakajima, et al., “Semi-blind Multi-Stage Dual-
Polarization Nonlinear Compensation in 112 Gb/s DP-QPSK
Coherent Receiver” The Institute of Electronics, Information
and Communication Engineers Technical Report OCS, Opti-
cal Communication System 110 (152), 57-62, 2010-07-22
[0049] Therefore, as illustrated in FIG. 5, the waveform
distortion corrector 22a includes a plurality of dispersion
compensators 31 (#1 through #N) and a plurality of nonlinear
compensators 32 (#1 through #N). The plurality of dispersion
compensators 31 and the plurality of nonlinear compensators
32 are connected alternately. That is, a digital signal gener-
ated by the front-end circuit 21 is processed alternately by the
dispersion compensator 31 and the nonlinear compensator
32. As a result, a correction result signal is generated. The
correction result signal indicates an input optical signal
whose waveform distortion has been corrected.

[0050] However, the waveform distortion corrector 22a is
not to use all dispersion compensators 31 and nonlinear com-
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pensators 32. That is, the waveform distortion corrector 22a
may process a digital signal using a part of the dispersion
compensators 31 (#1 through #N) and a part of a plurality of
nonlinear compensators 32 (#1 through #N).

[0051] Inthe following descriptions, a set of the dispersion
compensator 31 and the nonlinear compensator 32 may be
referred to as a “‘stage”. For example, a stage #1 is configured
by a dispersion compensator 31#1 and a nonlinear compen-
sator 32#1, and a stage #2 is configured by a dispersion
compensator 31#2 and a nonlinear compensator 32#2.
[0052] The dispersion compensator 31 compensates for
chromatic dispersion. In this example, the dispersion com-
pensator 31 is realized by a digital filter (for example an FIR
filter). In this case, each filter coefficient of the digital filter is
uniquely calculated from an amount of dispersion to be com-
pensated. Therefore, when an amount of dispersion to be
compensated is assigned in each stage, each filter coefficient
of'the dispersion compensator 31 of each stage is determined.
[0053] The nonlinear compensator 32 compensates for the
nonlinear effect of an optical transmission line. In this
embodiment, the nonlinear compensator 32 is realized by a
digital filter (for example, an FIR filter). In this case, each
filter coefficient of the digital filter is calculated according to,
for example, two parameters y and o y indicates the intensity
of'a nonlinear correction. Furthermore, o indicates the shape
of a filter (shape of an impulse response waveform). There-
fore, when the parameters y and o are assigned, each filter
coefficient of the nonlinear compensator 32 is determined.
[0054] FIG. 6 illustrates an example of the parameter data-
base 13. The parameter database 13 stores parameters to be
used for dispersion compensation and nonlinear compensa-
tion in each digital coherent receiver 11. The parameter data-
base 13 is provided in the device controller 12 as described
above.

[0055] A “receiver” identifies a plurality of digital coherent
receivers 11 provided in the optical transmission device. For
example, #1 indicates the digital coherent receiver 11#1. An
“optical signal” identifies the optical signal received by a
corresponding digital coherent receiver 11. In the example
illustrated in FIG. 6, the digital coherent receiver 11#1
receives a optical signal A1.

[0056] The “CDC#1” through “CDCHN” indicate the
amount of dispersion compensated by each stage. The filter
coefficient of the dispersion compensator 31 of each stage is
uniquely calculated for the amount of dispersion. For
example, the amount of dispersion to be compensated in the
stage #1 for the optical signal A1 is 50 ps/nm. In this case, in
the digital coherent receiver 11#1, the filter coefficient of the
dispersion compensator 31 of the stage #1 is calculated to
realize 50 ps/nm.

[0057] The “NLE#1” through “NLE#N” indicate the
parameters v and o corresponding to the nonlinear effect
compensated by the nonlinear compensator 32 of each stage.
The value in the upper row indicates v, and the value in the
lower row indicates c.. The filter coefficient of the nonlinear
compensator 32 of each stage is uniquely calculated for the
combination of y and a.. For example, the nonlinear effects to
be compensated in the stage #1 for the optical signal A1 are
v=0.3 and 0=0.05. In this case, in the digital coherent receiver
11#1, the filter coefficient of the nonlinear compensator 32 of
the stage #1 is calculated based on y=0.3 and a=0.05.
[0058] The “number of spans” indicates the number of
spans of the optical transmission line through which an opti-
cal signal is transmitted. In the example illustrated in FIG. 6,
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the number of spans of the optical signal A1 is 5. The “source”
identifies the source node of an optical signal. In the example
illustrated in FIG. 6, the source of the optical signal A1 is the
node 1.

[0059] The parameter database 13 is updated when a new
optical path is established. That is, when a new optical path is
established, a record corresponding to the new optical path is
added to the parameter database 13. In this case, the source
and the number of spans of the optical signal is given by, for
example, a network management system which manages the
optical transmission system.

[0060] Each of the parameters (CDC#1 through CDC#N,
NLE#1 through NLE#N) is received from a corresponding
digital coherent receiver 11. That is, the digital coherent
receiver 11 adjusts or optimizes the parameters of each stage
when a new optical path is accommodated. Then, the digital
coherent receiver 11 notifies the device controller 12 of
adjusted or optimized parameters of each stage. Then, the
device controller 12 stores the parameters notified from the
digital coherent receiver 11 in the parameter database 13.
[0061] Intheexample illustratedin FIG. 6, the parameter of
the dispersion compensator 31 is expressed as an amount of
dispersion, and the parameters of the nonlinear compensator
32 are expressed by y and a.. However, the present invention
is not limited to the configuration. That is, calculated filter
coefficients may be stored in the parameter database 13.
[0062] Next, the operation of the digital coherent receiver
11 when a new optical path is setup or when an optical path is
switched is described below. When a new optical path is
setup, or when an optical path is switched, the digital coherent
receiver 11 adjusts the parameters of the waveform distortion
corrector 22a. Some embodiments are described below.

First Embodiment

[0063] In the WDM transmission system, a plurality of
optical signals with different wavelengths may be transmitted
through an optical fiber. In the example illustrated in FIG. 1,
the optical signals A1-A10 multiplexed in a WDM optical
signal are transmitted from the node N1 to the node N3
through the same optical fiber transmission line.

[0064] The chromatic dispersion which occurs in an optical
fiber transmission depends on the wavelength of an optical
signal as illustrated in FIG. 7. FIG. 7 illustrates an example of
the dispersion characteristic of a single mode fiber. The
amount of dispersion is substantially in proportion to a wave-
length. That is, when optical signals A and B with different
wavelengths are transmitted through the same optical trans-
mission line, there is a close relationship between the amount
of dispersion of the optical signal A and the amount of dis-
persion of the optical signal B.

[0065] On the other hand, the nonlinear effect depends on
the state of an optical fiber, the input power of an optical
signal, etc. However, the nonlinear effect hardly depends on
the wavelength of an optical signal. Therefore, assuming that
the power of the optical signals A and B is the same when the
optical signals A and B with different wavelengths are trans-
mitted through the same optical transmission line, the non-
linear effect of the optical signal A is approximately the same
as or close to the nonlinear eftect of the optical signal B. Note
that the power of a plurality of optical signals multiplexed in
a WDM optical signal is equalized in many cases.

[0066] With the above-mentioned characteristics taken into
account, when the optical signals A and B with different
wavelengths are transmitted through the same optical trans-
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mission line, it is assumed that there is a close relationship
between the arithmetic operation of compensating for the
dispersion of the optical signal A and the arithmetic operation
of compensating for the dispersion of the optical signal B.
Furthermore, it is assumed that the arithmetic operation of
compensating for the nonlinear effect of the optical signal A
is similar to the arithmetic operation of compensating for the
nonlinear effect of the optical signal B. Thus, in the first
embodiment, when the digital coherent receiver in an optical
transmission device starts receiving an optical signal, the
controller 23 of the digital coherent receiver acquires the
value of the parameter of the waveform distortion corrector
22a which has been previously optimized in another digital
coherent receiver.

[0067] The value of the parameter which has been previ-
ously optimized in each digital coherent receiver is stored in
the parameter database 13 in the device controller 12 as
described above. Therefore, the controller 23 may acquire the
value of the parameter which has been previously optimized
in another digital coherent receiver by accessing the device
controller 12.

[0068] The controller 23 gives the filter coefficient corre-
sponding to the value of the parameter acquired from the
parameter database 13 as an initial value in the waveform
distortion corrector 22a. Then, the controller 23 optimizes the
filter coefficient given in the waveform distortion corrector
22a.

[0069] Thus, in the first embodiment, the filter coefficient
close to the optimum value is provided for the waveform
distortion corrector 22a as an initial value. Therefore, the time
period up to the optimization of the operation state of the
waveform distortion corrector 22q is short even without a
training signal. Furthermore, the state in which the filter coef-
ficient of the waveform distortion corrector 22a is not con-
verged is avoided.

[0070] FIG. 8is a flowchart of the process of adjusting the
waveform distortion corrector 224 in the first embodiment.
The process of the flowchart is performed when, for example,
an instruction to receive an optical signal is issued from a
network management system to an optical transmission
device. The instruction includes the information indicating
the transmission path of the optical signal (the information
about the number of spans of the optical signal, and the source
node of the optical signal).

[0071] In the following description, the digital coherent
receiver 11 which starts to receive an optical signal may be
referred to as a “target digital coherent receiver 11x”, and an
optical signal newly received by the target digital coherent
receiver 11x may be referred to as a “target optical signal Ax”.
[0072] InS1, the controller 23 of the target digital coherent
receiver 11x acquires the parameter previously optimized in
another digital coherent receiver 11. For example, the con-
troller 23 requests the device controller 12 to transmit the
optimized parameter. The request includes the information
for identifying the source node of the target optical signal Ax.
Then, the device controller 12 searches for an optical signal
transmitted from the same source node as the target optical
signal Ax. The optical signal specified in the search may be
hereafter referred to as a “reference optical signal Ar”. When
there are a plurality of optical signals transmitted from the
same source node as the target optical signal Ax, any one of
the signals is selected as a reference optical signal Ar. Then,
the device controller 12 extracts the parameter which has
been optimized for the reference optical signal Ar from the
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parameter database 13, and provides the parameter for the
controller 23 of the target digital coherent receiver 11x. Oth-
erwise, the device controller 12 may provide the target digital
coherent receiver 11x with the parameter which has been
optimized for the reference optical signal Ar without a request
from the target digital coherent receiver 11x.

[0073] The controller 23 of the target digital coherent
receiver 11x acquires corresponding amount of dispersion
compensation as the parameters for each of the dispersion
compensators 31#1 through 31#N, and acquires correspond-
ing amount of nonlinear compensation as the parameters for
the nonlinear compensators 32#1 through 32#N (that is, y and
a). For example, when the source of the target optical signal
Ax is node N1, the optical signal A1 is specified as the refer-
ence optical signal Ar in the embodiment illustrated in FIG. 6.
In this case, the controller 23 acquires “50 ps/nm”, “-70
ps/nm”, . . ., “20 ps/nm” respectively as the amounts of
dispersion compensation for the dispersion compensators
31#1,31#2, . .., 31#N. In addition, the controller 23 acquires
“0.3 and 0.05”, “0.2 and 0.02”, . . ., “0.3 and 0.04” respec-
tively as the amounts of nonlinear compensation for the non-
linear compensators 32#1, 32#2, .. ., 32#N.

[0074] In S2, the controller 23 gives an initial value for the
waveform distortion corrector 22a based on the parameter
(amount of dispersion compensation and amount of nonlinear
compensation) acquired from the device controller 12. In this
case, the controller 23 may convert the acquired parameter
into filter coefficients, and provide the filter coefficients for
the corresponding digital filters (dispersion compensators
31#1 through 31#N, and the nonlinear compensators 32#1
through 32#N).

[0075] In S3, the controller 23 adjusts the amount of dis-
persion compensation (that is, the filter coefficient) of the
dispersion compensators 31#1 through 31#N so that the chro-
matic dispersion detected by the dispersion monitor 224 may
be close to zero. The initial value of the amount of dispersion
compensation given to each of the dispersion compensators
31#1 through 31#N is the value for compensation of the
dispersion of the reference optical signal Ar. The target optical
signal Ax and the reference optical signal Ar have different
wavelengths and different amounts of dispersion. That is,
when a filter coefficient which compensates for the dispersion
of'the reference optical signal Ar is provided for the dispersion
compensators 31#1 through 31#N, the dispersion of the target
optical signal Ax is not appropriately compensated.

[0076] The chromatic dispersion is substantially propor-
tional with respect to the wavelength as illustrated in FIG. 7.
Therefore, an amount of dispersion compensation for appro-
priately compensating for the dispersion of the target optical
signal Ax is obtained by collectively shifting the initial values
given to the dispersion compensators 31#1 through 31#N
(that is, the amount of dispersion compensation for compen-
sation of the dispersion of the reference optical signal Ar) by
the same amount. For example, when the amounts of disper-
sion compensation “50 ps/nm”, “~70 ps/nm”, . . . , and “20
ps/nm” which have been optimized for the reference optical
signal Ar are acquired, the amounts of dispersion compensa-
tion for compensating for the dispersion of the target optical
signal Ax using the dispersion compensators 31#1 through
31#N are realized by “50 ps/nm+Ad”, “~70 ps/nm+Ad”, . . .,
and “20 ps/nm+Ad”.

[0077] Therefore, the controller 23 collectively adjusts by
the same amount the amounts of dispersion compensation of
the dispersion compensators 31#1 through 31#N so that the
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chromatic dispersion detected by the dispersion monitor 224
may be close to zero in S3. The controller 23 converts the
calculated amount of dispersion compensation into a filter
coefficient, and provides the result for the dispersion com-
pensators 31#1 through 31#N. As a result, the waveform
distortion corrector 22a is adjusted to the state in which the
dispersion of the target optical signal Ax is roughly compen-
sated.

[0078] In S4, the controller 23 adjusts the filter coefficient
of'the nonlinear compensators 32#1 through 32#N so that the
number of errors to be corrected (that is, the number of error
corrections) by the FEC decoder 22¢ may be minimized. That
is, the amount of nonlinear compensation of each stage is
adjusted. In this case, the controller 23 adjusts the filter coet-
ficient of the nonlinear compensators 32#1 through 32#N in
the steepest descent method. Otherwise, the controller 23
may adjust the filter coefficient of the nonlinear compensators
32#1 through 32#N so that the number of corrected errors
may be smaller than a specified threshold.

[0079] As described, in the first embodiment, the param-
eters previously optimized in another digital coherent
receiver (amount of dispersion compensation and amount of
nonlinear compensation) are given to the digital coherent
receiver which newly starts to receive an optical signal. Since
the chromatic dispersion is substantially proportional with
respect to the wavelength, the amount of dispersion compen-
sation of each stage of the waveform distortion corrector 22a
of the target digital coherent receiver may be easily obtained
from the amount of dispersion compensation previously opti-
mized by another digital coherent receiver. Furthermore,
since the power of the optical signals in the WDM optical
signal are substantially equalized, the preferable amount of
nonlinear compensation for each optical signal in the WDM
optical signal is substantially the same. Therefore, when the
parameter previously optimized in another digital coherent
receiver is provided as an initial value, the adjustment of the
filter coefficient is started from the value close to the optimum
value in the digital coherent receiver which newly starts to
receive an optical signal. Therefore, in a digital coherent
receiver which newly starts to receive an optical signal, the
adjustment of the operation state of the waveform distortion
corrector 22a may be completed in a short time. Furthermore,
since the adjustment of a filter coefficient is started from the
value close to the optimum value, there is a small possibility
that the state of the waveform distortion corrector 22a does
not converge.

Second Embodiment

[0080] Inthe first embodiment, the controller 23 adjusts the
filter coefficient of the nonlinear compensator 32 in each
stage after collectively adjusting the dispersion compensator
31 in each stage. On the other hand, in the second embodi-
ment, the controller 23 adjusts the filter coefficient of the
dispersion compensator 31 of each stage and the filter coet-
ficient of the nonlinear compensator 32 of each stage after
collectively adjusting the dispersion compensator 31 of each
stage.

[0081] FIG. 9 is a flowchart of the process of adjusting the
waveform distortion corrector 22a in the second embodi-
ment. Since S1-S3 are substantially the same in the first and
second embodiments, the descriptions are omitted here.
[0082] In S5, the controller 23 adjusts the filter coefficient
of the dispersion compensators 31#1 through 31#N and the
filter coefficient of the nonlinear compensators 32#1 through
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32#N so that the number of error corrections counted by the
FEC decoder 22¢ may be minimized. In this case, the nonlin-
ear compensator 32 alternately repeats the process of adjust-
ing the filter coefficient of the dispersion compensators 31#1
through 31#N, and the process of adjusting the filter coeffi-
cient of the nonlinear compensators 32#1 through 32#N. The
process of adjusting each filter coefficient is repeatedly per-
formed until, for example, the number of error corrections
may be smaller than a specified threshold.

[0083] Thus, in the second embodiment, not only the filter
coefficient of the nonlinear compensator 32 of each stage, but
also the filter coefficient of the dispersion compensator 31 of
each stage is finely adjusted. Therefore, as compared with the
first embodiment, the second embodiment improves the accu-
racy of the correction of a waveform distortion.

Third Embodiment

[0084] In the waveform distortion corrector 22a having a
plurality of dispersion compensators 31 and a plurality of
nonlinear compensators 32, the accuracy of a waveform dis-
tortion correction may be enhanced by increasing the number
of'stages. The relationship between the number of stages and
the improvement of a Q factor is described below with refer-
ence to FIG. 10. In FIG. 10, the horizontal axis indicates the
ratio of the number of spans of the optical transmission line to
the number of stages of the waveform distortion corrector
22a. Thatis, the horizontal axis indicates the number of stages
normalized by the number of spans. The vertical axis indi-
cates the amount of improvement of the Q factor.

[0085] Asillustrated in FIG. 10, when the number of stages
of the waveform distortion corrector 22a is smaller than the
number of spans of the optical transmission line, the amount
of improvement of the Q factor is small. That is, to improve
the Q factor, it is preferable that the number of stages of the
waveform distortion corrector 22a is larger than or equal to
the number of spans. However, in the area where the number
of'stages is larger than the number of spans, the improvement
effect of the Q factor is small. In the example illustrated in
FIG. 10, the amount of improvement of the Q factor is about
0.5 dB when the ratio of the number of stages to the number
of spans increases from 1 to 2.

[0086] In the third embodiment, in the digital coherent
receiver which newly starts to receive an optical signal, the
controller 23 adjusts the operation state of the number of the
stages corresponding to the number of spans of the optical
transmission line through which the optical signal is trans-
mitted. That is, the operation state of the number of the
dispersion compensators 31 corresponding to the number of
spans and the number of nonlinear compensators 32 corre-
sponding to the number of spans are adjusted in the dispersion
compensators 31#1 through 31#N and the nonlinear compen-
sators 32#1 through 32#N.

[0087] The ‘“number corresponding to the number of
spans” is equal to, for example, the number of spans. In this
case, if the number of spans of the transmission line of an
optical signal is 10, the operation state of ten dispersion
compensators 31 and ten nonlinear compensators 32 are
adjusted. However, the “number corresponding to the number
of spans” may be a value a little larger than the number of
spans, and also may be a value a little smaller than the number
of'spans. In the following descriptions, it is assumed that “the
number corresponding to the number of spans equals to the
number of spans”.
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[0088] FIG.11 is aflowchart of the process of adjusting the
waveform distortion corrector 22a in the third embodiment.
The meanings of the target digital coherent receiver 11x, the
target optical signal Ax, and the reference optical signal Ar are
the same in the first and third embodiments.

[0089] S1-S2 are substantially the same in the first and third
embodiments. That is, the controller 23 acquires the param-
eters (the amount of dispersion compensation and the amount
of'nonlinear compensation for compensation of the waveform
distortion of the reference optical signal Ar) optimized in
another digital coherent receiver. Then, the controller 23
gives the acquired parameters in the waveform distortion
corrector 22a.

[0090] In S11, the controller 23 sets in the waveform dis-
tortion corrector 22a the number of spans of the optical trans-
mission line through which the target optical signal Ax is
transmitted. The process of setting the number of spans in the
waveform distortion corrector 22a is realized by specitying
the same number of stages as the number of spans as the target
stage. For example, when the number of spans is 10, the
leading stages of the waveform distortion corrector 22a up to
the tenth stage are specified as the target stages. In this case,
the dispersion compensators 31#1 through 31#10 and the
nonlinear compensators 32#1 through 32#10 are specified as
an adjustment target (specified dispersion compensator and
specified nonlinear compensator).

[0091] The transmission line information indicating the
optical transmission line through which an optical signal is
transmitted is notified to corresponding optical transmission
device from the network management system when, for
example, an optical path is setup. In this case, the transmis-
sion line information includes the information for identifying
a start point node, a relay node, and an end point node. Then,
the optical transmission device specifies a corresponding
digital coherent receiver according to the received transmis-
sion line information. In this case, the transmission line infor-
mation is fed to the specified digital coherent receiver. There-
fore, the controller of the digital coherent receiver which
newly starts to receive an optical signal recognizes the num-
ber of spans of the optical signal.

[0092] S12 corresponds to S3 of the first embodiment illus-
trated in FIG. 8. However, in S12, the controller 23 adjusts the
amount of dispersion compensation (that is, the filter coeffi-
cient) only of the dispersion compensators 31 in the target
stages so that the chromatic dispersion detected by the dis-
persion monitor 22d may be close to zero, Practically, the
controller 23 collectively adjusts the amount of dispersion
compensation of the dispersion compensators 31 in the target
stages by the same amount so that the chromatic dispersion
detected by the dispersion monitor 22d may be close to zero.
The controller 23 converts the calculated amount of disper-
sion compensation into a filter coefficient and provides the
conversion result for the dispersion compensators 31 in the
target stages. In this case, the amount of dispersion compen-
sation of the other dispersion compensator 31 (that is, the
dispersion compensator 31 in a stage other than the target
stages) is maintained as an initial value.

[0093] FIG. 12 illustrates an example of the process of
adjusting the amount of dispersion compensation in S12. In
the example, it is assumed that the waveform distortion cor-
rector 22a in each digital coherent receiver includes 15 stages.
D1 through D15 indicate the amounts of dispersion compen-
sation of the corresponding dispersion compensators 31#1
and 31#15 which have been previously optimized in another
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digital coherent receiver. Therefore, in the dispersion com-
pensators 31#1 through 31#15 of the target digital coherent
receiver 11x, D1 through D15 (practically the filter coeffi-
cients corresponding to D1 through D15) are given as initial
values in S2. Furthermore, it is assumed that the number of
spans is 10.

[0094] In this case, the controller 23 in the target digital
coherent receiver 11x collectively corrects the amounts of
dispersion compensation D1 through D10 set in the disper-
sion compensators 31#1 through 31#10 based on the chro-
matic dispersion detected by the dispersion monitor 22d. In
this example, when the detected chromatic dispersion is sub-
stantially zero, the amounts of dispersion compensation D1
through D10 are adjusted respectively to D1+Ad through
D10+Ad. That is, the detected chromatic dispersion is cor-
rected to substantially be zero by adjusting the amounts of
dispersion compensation D1 through D10 to D1+Ad through
D10+Ad. During this operation, the controller 23 does not
adjust the amounts of dispersion compensation of the disper-
sion compensators 31#11 through 31#15. That is, the
amounts of dispersion compensation D11 through D15 set in
the dispersion compensators 31#11 through 31#15 remain
unchanged.

[0095] S13 corresponds to S5 in the second embodiment
illustrated in FIG. 9. However, in S13, the controller 23
adjusts the filter coefficient of the dispersion compensators 31
and the nonlinear compensators 32 only in the target stages so
that the number of error corrections to be counted by the FEC
decoder 22¢ may be minimized. That is, the amount of dis-
persion compensation and the amount of nonlinear compen-
sation of each stage in the target stages are adjusted. In this
case, the controller 23 adjusts the filter coefficient of the
dispersion compensator 31 and the nonlinear compensator 32
in the target stages in, for example, the steepest descent
method. Otherwise, the controller 23 may adjust the filter
coefficient of the dispersion compensator 31 and the nonlin-
ear compensator 32 only in the target stages so that the num-
ber of error corrections may be smaller than a specified
threshold.

[0096] Thus, in the third embodiment, parameters of all
stages are not adjusted, but parameters are adjusted in the
stages corresponding to the number of transmitted spans in
the waveform distortion corrector 22a. Therefore, in the third
embodiment as compared with the first embodiment, the
operation state of the waveform distortion corrector 22a may
be adjusted in a further shorter time. When the number of
stages in which parameters are adjusted is reduced, there is
the possibility that the accuracy of the waveform distortion
compensation becomes lower. However, as explained with
reference to FIG. 10, when parameters are adjusted in the
stages of substantially the same number as the number of
spans of the optical signal, the degradation of the waveform
distortion compensation accuracy is not severe.

[0097] There are various examples of the control method
according to the third embodiment. For example, in the
example illustrated in FIG. 11, the amount of dispersion
compensation and the amount of nonlinear compensation are
adjusted in S13, but the present invention is not limited to the
method. For example, when there is a margin for dispersion
tolerance, only an adjustment of an amount of nonlinear
compensation may be performed in S13. Furthermore,
although parameters acquired from another digital coherent
receiver are set in all stages in the waveform distortion cor-
rector 22a, the present invention is not limited to the method.
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For example, the dispersion compensator 31 and the nonlin-
ear compensator 32 in a stage other than the target stages may
be setto a state in which no operation is performed on an input
signal.

[0098] When the process of the flowchart illustrated in FIG.
11 is completed, the waveform distortion corrector 22a is
adjusted in the operation state in which the waveform distor-
tion of an input optical signal may be sufficiently compen-
sated. That is, when the above-mentioned adjusting process is
completed, the digital coherent receiver may start serving a
communication service. However, to further improve the
waveform distortion compensation accuracy, the controller
may continuously adjust the operation state of the dispersion
compensator 31 and the nonlinear compensator 32 in a stage
other than the target stages to minimize the number of error
corrections. In this case, a waveform distortion may be appro-
priately compensated although, for example, the state of the
optical transmission line is changed by a change of a tem-
perature. Otherwise, when sufficiently good quality is
acquired only by the adjustment illustrated in FIG. 11, a
power supply to the dispersion compensator 31 and the non-
linear compensator 32 in a stage other than the target stages
may be stopped. In this case, the power consumption of a
digital coherent receiver is reduced.

Fourth Embodiment

[0099] In the first through third embodiments, the param-
eters optimized in each digital coherent receiver 11 are stored
in the parameter database 13 of the device controller 12 as
described above. Then, the digital coherent receiver 11 which
newly starts to receive an optical signal acquires an optimized
parameters for another digital coherent receiver from the
device controller 12. On the other hand, in the fourth embodi-
ment, parameters for the waveform distortion corrector 22a is
transmitted between the digital coherent receivers.

[0100] FIG. 13 illustrates an example of a receiver module
used in an optical transmission device in the fourth embodi-
ment. Each digital coherent receiver 11 may transmit data to
another digital coherent receiver through the hub circuit 14.
Furthermore, each digital coherent receiver 11 may receive
data from another digital coherent receiver through the hub
circuit 14.

[0101] The configuration of the digital coherent receiver 11
according to the fourth embodiment is substantially the same
as the configurations according to the first through third
embodiments illustrated in FIG. 4. Also in the fourth embodi-
ment, the digital coherent receiver 11 optimizes parameters
(amount of dispersion compensation and amount of nonlinear
compensation) indicating the operation state of the waveform
distortion corrector 22a. However, in the fourth embodiment,
the controller 23 stores the optimized parameters in the
memory implemented in the digital coherent receiver. That is,
for example, the parameters optimized in the digital coherent
receiver 11#1 are stored in the digital coherent receiver 11#1.
[0102] The digital coherent receiver 11 which newly starts
to receive an optical signal (hereafter referred to as a target
digital coherent receiver 11x) requests the parameters from
the digital coherent receiver 11 which receives an optical
signal from the same source as the target optical signal Ax.
The request includes, for example, information for identify-
ing the source of the target optical signal Ax. The digital
coherent receiver 11 which has received the request transmits
the requested parameters to the target digital coherent
receiver 11x when receiving an optical signal from the same
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source as the target optical signal Ax. Thus, the target digital
coherent receiver 11x may acquire the parameters optimized
in another digital coherent receiver 11 as with the first through
third embodiments. Since the process of the controller 23
after acquiring the parameters is substantially the same as the
process in the first through third embodiments, the explana-
tion is omitted here.

[0103] When the adjustment of the waveform distortion
corrector 22a is performed depending on the number of spans
of'the optical signal as in the third embodiment, for example,
number-of-span information is set in advance in each digital
coherent receiver 11. Then, the number-of-span information
is communicated between the digital coherent receivers 11.
The number-of-span information is given to each digital
coherent receiver 11. Otherwise, the number-of-span infor-
mation may be stored in the overhead of an optical signal. In
this case, after the completion of the optimization of the
parameters, the digital coherent receiver 11 extracts the num-
ber-of-span information from the overhead of an optical sig-
nal, and stores the information in the memory implemented in
the digital coherent receiver 11.

Fifth Embodiment

[0104] The fifth embodiment is related to the operation
performed when the optical path is switched by a fault etc. In
the following explanation, as illustrated in FIG. 14A, an opti-
cal path through which the optical signal Al is transmitted
from the node A to the node C through the node B is estab-
lished. Also, an optical path through which the optical signal
A2 is transmitted from the node A to the node D through the
node B is established. Anode device provided in each node
includes a transmitter module illustrated in FIG. 2 and a
receiver module illustrated in FIG. 3 to transmit a WDM
optical signal.

[0105] In the node device D, a digital coherent receiver
which receives the optical signal A2 corrects the waveform
distortion of the optical signal A2 using the waveform distor-
tion corrector 22a. Therefore, the node device D holds the
parameters optimized for the optical signal A2 (amount of
dispersion compensation and amount of nonlinear compen-
sation).

[0106] As illustrated in FIG. 14B, it is assumed that a fault
occurs between the nodes B and C. After the occurrence of the
fault, it is assumed that the destination of the data from the
node A to the node C is changed to the node D. That is, the
optical path is switched.

[0107] In this case, the network management system not
illustrated in the attached drawings sets up an optical path
through which the optical signal A3 is transmitted from the
node A to the node D through the node B. Then, the digital
coherent receiver 11 which receives the optical signal A3
adjusts the waveform distortion corrector 22a so that the
waveform distortion of the optical signal A3 may be compen-
sated. The optical transmission lines of the optical signals A2
and A3 are the same. Therefore, the digital coherent receiver
11 which receives the optical signal A3 acquires parameters
previously optimized in the digital coherent receiver 11
which receives the optical signal A2. Then, the digital coher-
entreceiver 11 which receives the optical signal A3 adjusts the
operation state of the waveform distortion corrector 22a using
the acquired parameters as initial values. Therefore, the time
period taken from the occurrence of the switch of the optical
paths to the completion of the adjustment of the waveform
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distortion corrector 22a is short, and the recovery time from
the occurrence of a fault is short.

[0108] <Polarization Multiplexing>

[0109] The optical signal multiplexed on a WDM optical
signal may be a polarization multiplexed optical signal. That
is, the digital coherent receiver 11 may receive a polarization
multiplexed optical signal.

[0110] A polarization multiplexed optical signal which
propagates through an optical fiber is expressed by the fol-
lowing nonlinear Schroedinger’s equation.

dE, B
= =iy E? +lEPE +|-i= — - = |E
2 (Y1 E-" + 72| Ey |9 E, [ =g =7 B
0E, , B & a
B_Z =iy |E,|* + vl EXIP)E, + —ljﬁ -3 Ey

[0111] o« indicates a loss (or attenuation) in an optical fiber.
[, indicates a chromatic dispersion coefficient. y, and y, indi-
cate nonlinear coefficients of an optical fiber. When noise is
ignored, a signal at a transmission end is calculated by
inversely solving the nonlinear Schroedinger’s equation from
areception end. Therefore, although a received optical signal
is a polarization multiplexed optical signal, the waveform
distortion corrector 22a includes a plurality of dispersion
compensators 31 and a plurality of nonlinear compensators
32 as illustrated in FIG. 5.

[0112] Each dispersion compensator 31 performs an arith-
metic operation of compensating for chromatic dispersion on
each of H polarization and V polarization. In this case, the
dispersion compensator 31 may compensate for the chro-
matic dispersion in the time domain, and may compensate for
the chromatic dispersion in the frequency domain.

[0113] Each nonlinear compensator 32 provides a signal
with a phase rotation proportional to optical signal power.
Therefore, the nonlinear compensator 32 that compensates
for nonlinear effect of a polarization multiplexed optical sig-
nal is realized by, for example, the configuration illustrated in
FIG. 15.

[0114] All examples and conditional language provided
herein are intended for the pedagogical purposes of aiding the
reader in understanding the invention and the concepts con-
tributed by the inventor to further the art, and are not to be
construed as limitations to such specifically recited examples
and conditions, nor does the organization of such examples in
the specification relate to a showing of the superiority and
inferiority of the invention. Although one or more embodi-
ments of the present invention have been described in detail,
it should be understood that the various changes, substitu-
tions, and alterations could be made hereto without departing
from the spirit and scope of the invention.

What is claimed is:

1. A digital coherent receiver that receives a first optical
signal in a wavelength division multiplexed optical signal in
an optical transmission device that transmits the wavelength
division multiplexed optical signal, the digital coherent
receiver comprising:

a front-end circuit configured to generate a digital signal

indicating the first optical signal;

a waveform distortion corrector configured to include a
plurality of dispersion compensators and a plurality of
nonlinear compensators and generate a correction result
signal indicating a first optical signal whose waveform
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distortion has been corrected by performing a digital
arithmetic operation on the digital signal using at least
one of the plurality of dispersion compensators and at
least one of the plurality of nonlinear compensators; and
a controller configured to adjust operation states of speci-
fied dispersion compensators among the plurality of dis-
persion compensators and specified nonlinear compen-
sators among the plurality of nonlinear compensators,
wherein the number of the specified dispersion compen-
sators and the number of the specified nonlinear com-
pensators are determined based on the number of spans
of an optical transmission line through which the first
optical signal is transmitted.
2. The digital coherent receiver according to claim 1,
wherein
the controller acquires a parameter used for correcting
waveform distortion of a second optical signal in the
wavelength division multiplexed optical signal by
another digital coherent receiver which receives the sec-
ond optical signal in the optical transmission device, and
gives the acquired parameter to the specified dispersion
compensators and the specified nonlinear compensators.
3. The digital coherent receiver according to claim 2,
wherein
an optical transmission line of the second optical signal is
the same as the optical transmission line of the first
optical signal.
4. The digital coherent receiver according to claim 2, fur-
ther comprising
a dispersion monitor configured to detect residual disper-
sion according to the correction result signal output from
the waveform distortion corrector, wherein
the controller adjusts the parameter of the specified disper-
sion compensators so that the residual dispersion may be
close to zero.
5. The digital coherent receiver according to claim 4,
wherein
the controller adjusts the parameter of the specified non-
linear compensators until the number of errors in the
correction result signal becomes smaller than a specified
threshold after adjusting the parameter of the specified
dispersion compensators.
6. The digital coherent receiver according to claim 2, fur-
ther comprising
a dispersion monitor configured to detect residual disper-
sion according to the correction result signal output from
the waveform distortion corrector, wherein
the controller adjusts the parameter of the specified disper-
sion compensators so that the residual dispersion may be
close to zero, and then alternately performs a process of
adjusting the parameter of the specified dispersion com-
pensators and a process of adjusting the parameter of the
specified nonlinear compensators until the number of
errors in the correction result signal becomes smaller
than a specified threshold.
7. The digital coherent receiver according to claim 1,
wherein
the controller stops supplying power to a dispersion com-
pensator other than the specified dispersion compensa-
tors and a nonlinear compensator other than the speci-
fied nonlinear compensators.
8. A receiving method for receiving an optical signal in a
wavelength division multiplexed optical signal in an optical
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transmission device which transmits the wavelength division
multiplexed optical signal, the receiving method comprising:
generating a digital signal indicating the optical signal;
generating a correction result signal indicating an optical
signal whose waveform distortion has been corrected by
performing a digital arithmetic operation on the digital
signal using a waveform distortion correction circuit

including a plurality of dispersion compensators and a

plurality of nonlinear compensators;

adjusting operation states of specified dispersion compen-
sators among the plurality of dispersion compensators
and specified nonlinear compensators among the plural-
ity of nonlinear compensators; and

recovering data from the correction result signal, wherein

the number of the specified dispersion compensators and
the number of the specified nonlinear compensators are
determined based on the number of spans of an optical
transmission line through which the optical signal is
transmitted.

9. An optical transmission device comprising:

a plurality of digital coherent receivers configured to
receive respective optical signals multiplexed in a wave-
length division multiplexed optical signal, wherein each
digital coherent receiver includes:

a front-end circuit configured to generate a digital signal
indicating a corresponding received optical signal;

a waveform distortion corrector configured to include a
plurality of dispersion compensators and a plurality of
nonlinear compensators and generate a correction
result signal indicating the corresponding received
optical signal whose waveform distortion has been
corrected by performing a digital arithmetic operation
on the digital signal using at least one of the plurality
of dispersion compensators and at least one of the
plurality of nonlinear compensators;

a data recovery unit configured to recover data from the
correction result signal; and
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a controller configured to adjust a parameter used by the
plurality of dispersion compensators and the plurality
of nonlinear compensators in a digital arithmetic
operation of generating the correction result signal,
wherein

when a first digital coherent receiver starts to receive a first
optical signal in the wavelength division multiplexed
optical signal, the parameter which has been adjusted by
the controller in a second digital coherent receiver that
receives a second optical signal in the wavelength divi-
sion multiplexed optical signal is given to the waveform
distortion corrector of the first digital coherent receiver.
10. The optical transmission device according to claim 9,
further comprising
a storage unit configured to store a parameter which has
been adjusted by a controller for a corresponding digital
coherent receiver for corresponding optical signal in the
wavelength division multiplexed optical signal, wherein
the controller of the first digital coherent receiver acquires
the parameter adjusted for the second optical signal from
the storage unit.
11. The optical transmission device according to claim 9,
wherein
each of the digital coherent receivers includes a storage
unit which stores a parameter adjusted by the controller,
and
a controller of the first digital coherent receiver acquires
the parameter adjusted for the second optical signal from
the storage unit of the second digital coherent receiver.
12. The optical transmission optical transmission device
according to claim 9, wherein
an optical transmission line of the second optical signal is
the same as an optical transmission line of the first opti-
cal signal.



