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WAVELENGTH-DIVISION MULTIPLEXED 
OPTICAL TRANSMISSION SYSTEM 

BACKGROUND OF THE INVENTION 

[0001] 
[0002] The present invention relates to a Wavelength 
division multiplexed optical transmission system, more par 
ticularly, to a Wavelength-division multiplexed optical trans 
mission system Which is capable of reducing inter-channel 
correlation that may cause a serious transmission quality 
degradation. 
[0003] 2. Description of the Related Art 

[0004] In these days, according to digital standardized 
information communication used for an optical ?ber trans 
mission system, there is Widely utiliZed a frame synchronous 
communication system Which is called an SONET (Syn 
chronous Optical NetWork)/SDH (Synchronous Digital 
Hierarchy) 

[0005] According to the SONET/SDH standard, relative 
phase difference information betWeen a data signal and a 
frame phase, What is called a pointer, is given to an overhead 
area in a frame and transmitted, thereby enabling the change 
in phase difference betWeen the data signal and the frame 
phase. 

1. Field of the Invention 

[0006] Since signals transmitted from a plurality of dif 
ferent stations incur transmitting delay and jitter/Wander, the 
frame phases are made various. Then, a receiving station 
exchanges a pointer so as to match the transmitted frame 
phases With a frame phase of the station reference. The all 
of frame phases based on the SONET/SDH standard are as 
same as the frame phase based on the station reference after 
the pointer exchanging process and therefore signal pro 
cesses such as exchange can be executed easily. 

[0007] According to the SONET/SDH standard, a scram 
bling/descrambling method for suppressing the sequence of 
the same symbol(such as 0,0,0,0 . . . or l,l,l,l. . . ) is also 

de?ned. Speci?cally speaking, it is de?ned to use a binary 
NRZ (Non-Retum to Zero) format Which is scrambled and 
to set to be equal to (l +X6+X7), a polynomial for generating 
a pseudo random (PRBS: Pseudo Random Bit Sequence) 
pattern Which is used for scrambling. FIGS. 12 and 13 shoW 
a functional block of scrambling/descrambling and a con 
structional example of a PRBS pattern generator. 

[0008] That is, referring to FIG. 12, based on the PRBS 
pattern Which is generated by a PRBS pattern generator 
131a, input data is scrambled by a gate circuit 131!) on a 
transmitter 131 side, and the scrambled data is transmitted to 
a receiver 231 side via a transmitting line 500. Based upon 
the PRBS pattern generated by a PRBS pattern generator 
231a, data scrambled by the gate circuit 231!) is descrambled 
on a receiver 231 side. 

[0009] Referring to FIG. 13, the PRBS pattern generator 
131a comprises ?ip-?ops 41 to 47 and a gate circuit 48, and 
generates the PRBS pattern on the basis of a bit rate clock 
and a frame pulse Which are inputted and transmits the 
generated PRBS pattern to the gate circuit 131b. 

[0010] Incidentally, according to a recent optical transmis 
sion system, the introduction of a so-called Wavelength 
multiplex/demultiplex technique is started, Whereby a plu 
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rality of channels having different Wavelengths are trans 
mitted in a single optical ?ber, so as to respond to the 
increase in transmitting capacity demand. 

[0011] As for one merit of the Wavelength multiplexing 
method, it is exempli?ed to handle Wavelength channels as 
if they Were transmitted in an individual ?ber. Therefore, the 
Wavelength multiplexing technique is introduced and the 
capacity is increased, Without drastically changing the 
SONET/SDH standard Which took no account of the Wave 
length multiplex. As a result, generally, a plurality of 
SONET/SDH channels are simultaneously transmitted in a 
single optical ?ber as an operating form in these days. 

[0012] HoWever, a problem might arise, When Wave 
length-multiplexing the SONET/SDH signal Which took no 
account of the Wavelength multiplexing transmission as it is. 
In particular, according to a conventional SONET/SDH 
system, there is a problem to have no guarantee on no 
correlativity for data among a plurality of Wavelength chan 
nels Which are transmitted in parallel in the optical trans 
mitting line. In the case Where the data among the parallel 
transmitted channels is strongly correlative, it is dangerous 
to cause the serious deterioration in transmission. This 
dangerous point Will be described herein later. 

[0013] It is knoWn to degrade a signal Waveform due to a 
non-linear phase modulating effect which is caused in the 
optical ?ber upon transmitting the data in the optical ?ber. 
According to the non-linear phase modulating effect, the 
refractive index of optical ?ber is varied by depending on 
optical intensity, thereby phase modulating the optical signal 
Which is propagated in the optical ?ber. The phase modu 
lating component is converted into an intensity modulating 
component by GVD (Group Velocity Dispersion: chromatic 
dispersion) in the optical ?ber, and to thereby become a 
Waveform distortion. 

[0014] It is considered that there are a non-linear phase 
modulation caused by intensity change of a noticed channel 
itself (SUM: Self Phase Modulation) and a non-linear phase 
modulation caused by intensity change of a channel travel 
ling in parallel @(PM: Cross Phase Modulation), respec 
tively. Particularly, the XPM is phase modulation caused by 
a signal having no correlation With information Which the 
XPM itself has, and thus the transmitting characteristic is 
deteriorated certainly. 

[0015] The next description turns to a case of causing an 
abnormally large XPM. FIG. 11 is a schematic diagram of a 
typical Wavelength-division multiplexed optical transmis 
sion system. Referring to FIG. 11, a Wavelength-division 
multiplexed optical transmission system comprises: a trans 
mitting side including bit error rate measuring equipment 
101, terminals 111 to 126, optical transmitters 131 to 146, 
and a multiplexer 150; and a receiving side including bit 
error rate measuring equipment 201, terminals 211 to 226, 
optical receivers 231 to 246, and a optical demultiplexer 
250. Note that the optical transmitting line, Which connects 
the transmitting side to the receiving side and comprises 
optical ampli?ers 301 and 302 and optical ?bers 401 and 
402. 

[0016] If normally operating the Wavelength-division mul 
tiplexed optical transmission system, as shoWn in FIG. 14, 
data through Which Wavelength channels transmit has no 
correlation each other and data is never correlative. HoW 
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ever, if all of the channels except for any noticed channel 
(referred to as A3, herein) have the same data and same 
phase, as shown in FIG. 15, an abnormally large XPM 
occurs in the noticed channel. Although such a situation 
should be prevented as much as possible, there is a great of 
risk for the conventional apparatus to get into such a 
situation. 

[0017] First, the frame phase matching is caused by 
matching the frame phase With the reference frame phase 
Which is distributed from the station in a How of the signal 
process. The data matching hardly occurs upon normal 
operation and, hoWever, there is a possibility that the data 
matching is caused exceptionally, such as alarm transferring 
case. 

[0018] Atransmitter in the SONET/SDH system is de?ned 
to input dummy data into a data payload portion and 
continue to transmit the dummy data, even if no data to be 
communicated is inputted. This is the reason to continue to 
communicate the clock signal and communicate information 
in the overhead portion, Which is stored into a portion other 
than the data payload. 

[0019] There is a speci?c case of alarm transfer What is 
called an AIS-L based on the SONET/SDH standard. In this 
case, it is de?ned that the Whole data payload portion is full 
of “l”, scrambled normally, and transmitted. The data 
included in the data payload portion becomes a scrambling 
pattern itself. Consequently, transmitting patterns among the 
channels are the same and the correlativity is extremely 
strong. 

[0020] As another problem Which arises by making the 
frame phase similar, there is a cross gain modulation e?cect 
(XGM: Cross Gain Modulation) in an optical ampli?er in 
these days. There is typically used a laser ampli?er using an 
optical ?ber, to Which an active element (rare earth element 
such as erbium) is doped, as an optical ampli?er. Since the 
ampli?er ampli?es a Wave so as to collect light Which has 
been Wavelength-multiplexed as single light, the intensity 
change in any desired channel can be transferred to the 
intensity ?uctuation of another channel. That is called a 
cross gain modulation e?fect (XGM) and has a close relation 
to a relaxation oscillation frequency in the laser amplifying 
system. 

[0021] The transfer function has a loW pass ?lter charac 
teristic and the relaxation oscillation frequency is a cut-off 
frequency of loW-pass ?lter. Speci?cally speaking, the relax 
ation oscillation frequency is equal to l to 3 kHZ, in case of 
using a Erbium-doped ?ber ampli?er (EDFA) 

[0022] Corresponding thereto, there is a problem hoW loW 
frequency component is included in the transmitted signal. 
The frame frequency period of the SONET/SDH signal is 
equal to 8 kHZ, so that the 8 kHz-frequency component must 
be transmitted Without a problem. Although this value is 
?nely over a value of the cut-off frequency, it is understood 
that there is no alloWance for transmission. 

[0023] If the frame phases among the channels are ununi 
form upon amplifying the Wavelength-multiplexed light, it 
can be expected that the frame frequency components are 
made uniform and are not proportional to the number of 
channels, When seeing the ununiform frame phases as a 
Whole. On the contrary, if the frame phases are made 
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uniform, it is remarkably dangerous to transfer the intensity 
?uctuation to a channel of a channel except for the noticed 
channel. 

[0024] Actually, if making a channel excluding the noticed 
channel have the same data and the same frame phase in an 
examining system as shoWn in FIG. 11, a serious bit error 
rate degradation is observed in the noticed channel. 

SUMMARY OF THE INVENTION 

[0025] To solve the above-expressed problems, it is an 
object of the present invention to provide a Wavelength 
division multiplexed optical transmission system capable of 
keeping the correlation of data patterns among Wavelength 
channels to the loW level, preventing large XPM and XGM 
from occurring When the correlation is strong, and assuring 
a stable transmitting quality. 

[0026] According to the present invention, there is pro 
vided a Wavelength-division multiplexed optical transmis 
sion system for transmitting an optical signal consisting of 
a frame via an optical ?ber transmitting line, comprising a 
unit for mutually differing transmitting frame phases 
betWeen at least tWo or more Wavelength channels among a 
Wavelength channel group Which is transmitted through the 
same optical ?ber transmitting line. 

[0027] According to the present invention, there is pro 
vided another Wavelength-division multiplexed optical 
transmission system using a data scrambler based on a 
pseudo random pattern, comprising a unit for mutually 
differing scrambling patterns betWeen at least tWo or more 
Wavelength channels among a Wavelength channel group 
Which is transmitted through the same optical ?ber trans 
mitting line. 

[0028] According to the present invention, there is pro 
vided further another Wavelength-division multiplexed opti 
cal transmission system for transmitting an optical signal via 
an optical ?ber transmitting line, comprising a unit for 
mutually differing invalid data patterns betWeen at least tWo 
or more Wavelength channels among a Wavelength channel 
group Which is transmitted through the same optical ?ber 
When transmitting meaningless data. 

[0029] In other Words, the Wavelength-division multi 
plexed optical transmission system of the present invention 
has a system for mutually differing the frame phases among 
the Wavelength channels upon multiplexing the Wavelength. 

[0030] The Wavelength-division multiplexed optical trans 
mission system of the present invention also has a system for 
making it possible to select a pseudo random pattern used for 
scrambling from among a plurality of kinds of the pseudo 
random pattern, and for mutually differing data patterns 
transmitted upon inputting no transmitting data among 
Wavelength channels. 

[0031] Further, the Wavelength-division multiplexed opti 
cal transmission system of the present invention has a 
system for storing different dummy patterns among the 
Wavelength channels into a data payload portion, upon 
transmitting dummy data for some reason. 

[0032] Accordingly, according to the Wavelength-division 
multiplexed optical transmission system of the present 
invention, it is possible to decrease the correlativity among 
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the channels Whose Wavelengths are multiplexed and sup 
press the occurrence of abnormally large XPM and XGM. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] The above and other objects, features and advan 
tages of the present invention Will become more apparent 
from the following detailed description When taken in con 
junction With the accompanying draWings Wherein: 

[0034] FIG. 1 is a block diagram shoWing a construction 
on a transmitting side in a Wavelength-division multiplexed 
optical transmission system according to a ?rst embodiment 
of the present invention; 

[0035] FIG. 2 is a block diagram shoWing a constructional 
diagram of a frame phase updating circuit in FIG. 1; 

[0036] FIG. 3A is a timing chart shoWing a state in Which 
frame phases are the same; 

[0037] FIG. 3B is a timing chart shoWing a state in Which 
frame phases are different each other; 

[0038] FIG. 4 is an illustrative diagram of a frame phase 
control method according to the ?rst embodiment of the 
present invention; 

[0039] FIG. 5 is a block diagram shoWing another con 
structional example of the frame phase updating circuit in 
FIG. 1; 

[0040] FIG. 6 is a block diagram shoWing a construction 
on a transmitting side in a Wavelength-division multiplexed 
optical transmission system according to a second embodi 
ment of the present invention; 

[0041] FIG. 7 is a block diagram shoWing a construction 
of an intra-station device on a transmitting side in a Wave 
length-division multiplexed optical transmission system 
according to a third embodiment of the present invention; 

[0042] FIG. 8 is an illustrative diagram of a scrambling 
pattern control method according to the third embodiment of 
the present invention; 

[0043] FIG. 9 is a block diagram shoWing a construction 
of an intra-station device on a transmitting side in a Wave 

length-division multiplexed optical transmission system 
according to a fourth embodiment of the present invention; 

[0044] FIG. 10 is a diagram for illustrating a dummy data 
pattern control method according to the fourth embodiment 
of the present invention; 

[0045] FIG. 11 is a block diagram shoWing a construction 
of a conventional Wavelength-division multiplexed optical 
transmission system; 

[0046] FIG. 12 is a diagram for illustrating a conventional 
scrambling operation; 

[0047] FIG. 13 is a diagram for illustrating an operation 
for generating a conventional scrambling pattern; 

[0048] FIG. 14 is a diagram for illustrating the correlation 
of conventional data patterns betWeen Wavelength channels; 

[0049] FIG. 15 is a diagram for illustrating the correlation 
of conventional data patterns among Wavelength channels; 

[0050] FIG. 16 is a table shoWing an M-sequence in a 
generating polynomial With seven delay elements; 
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[0051] FIG. 17 is an illustrative diagram shoWing a con 
struction of an optical transmission system according to the 
present invention; 

[0052] FIG. 18A is an illustrative diagram shoWing a 
construction of an optical phase shifter using an optical 
delay lines as an example; and 

[0053] FIG. 18B is an illustrative diagram shoWing a 
construction of an optical phase shifter using optical delay 
lines and sWitch as another example. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0054] The next description turns to embodiments of the 
present invention With reference to the draWings. FIG. 1 is 
a block diagram shoWing a construction on a transmission 
side in a Wavelength-division multiplexed optical transmis 
sion system according to a ?rst embodiment of the present 
invention, and corresponds to the construction on a trans 
mitting side in an optical transmission system including a 
transmitter Tx100 and a receiver Rx200, Which is connected 
via an optical transmitting line 300 made up of an optical 
?ber shoWn in FIG. 17. 

[0055] Referring to FIG. 1, the transmitting side in the 
Wavelength-division multiplexed optical transmission sys 
tem according to the ?rst embodiment of the present inven 
tion comprises an inter-station transmitting device 1 and 
intra-station devices 2-1 to 2-3. It is noted to schematically 
indicate a portion Wherein optical signals outputted from the 
intra-station devices 2-1 to 2-3 are Wavelength-multiplexed 
and transmitted to an optical ?ber transmitting line (not 
shoWn) connecting among stations by only three channels 
(having three Wavelengths and Wavelength channels A1 to 
A3) in FIG. 1. 

[0056] The inter-station transmitting device 1 comprises 
frame phase updating units 11 to 13 and an optical multi 
plexer 14. The intra-station devices 2-1 to 2-3 comprise 
frame con?guration circuits 21-1 to 21-3 and E/Os (electric/ 
optical signal converting circuits) 22-1 to 22-3, respectively. 

[0057] The frame con?guration circuits 21-1 to 21-3 store 
data in the intra-station devices 2-1 to 2-3 into frames and 
output the stored data. The E/Os 22-1 to 22-3 convert the 
frames from the frame con?guration circuits 21-1 to 21-3 
into optical signals and output the optical signals to the 
inter-station transmitting device 1. 

[0058] Based on a reference frame signal generated by a 
reference frame signal generator 3, the frame phase updating 
units 11 to 13 in the inter-station transmitting device 1 
update transmitting frame phases of Wavelength channels of 
the optical signals from the intra-station devices 2-1 to 2-3 
so as to differ the transmitting frame phases each other. In 
this case, the frame phase updating units 11 to 13 update 
frame phases so that reference frame phases are delayed by 
preset time and the delayed phases become transmitting 
frame phases for themselves, respectively. 

[0059] The optical multiplexer 14 multiplexes the optical 
signals obtained by updating the transmitting frame phases 
by the frame phase updating units 11 to 13, and transmits the 
multiplexed optical signals to the optical ?ber transmitting 
line. 














