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(57) ABSTRACT 

The present invention relates to an optical transmission 
device and an optical communication system applied to 
Wavelength division multiplexing (WDM). The optical 
transmission device includes an optical multiplexer for 
Wavelength division multiplexing a plurality of optical sig 
nals to generate WDM signal light and outputting the WDM 
signal light to an optical transmission line; a detecting unit 
for detecting a break of each optical signal according to the 
poWer of each optical signal; and a compensator for adding 
light having a predetermined Wavelength to the WDM signal 
light When at least one of the optical signals is cut off. 
Through the structure of the present invention it becomes 
possible to prevent a deterioration in transmission quality in 
the case that the number of WDM channels is changed. 
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OPTICAL TRANSMISSION DEVICE AND 
OPTICAL COMMUNICATION SYSTEM 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates generally to Wave 
length division multiplexing (WDM) using a plurality of 
optical signals having different Wavelengths, and more par 
ticularly to an optical transmission device and an optical 
communication system applied to WDM. 

[0003] 2. Description of the Related Art 

[0004] In recent years, a manufacturing technique and 
using technique for a loW-loss (e.g., 0.2 dB/km) optical ?ber 
have been established, and an optical communication system 
using the optical ?ber as a transmission line has been put to 
practical use. Further, to compensate for losses in the optical 
?ber and thereby alloW long-haul transmission, an optical 
ampli?er for amplifying signal light has been put to practical 
use. 

[0005] An optical ampli?er knoWn in the art comprises an 
optical amplifying medium to Which signal light to be 
ampli?ed is supplied and means for pumping (exciting) the 
optical amplifying medium so that the optical amplifying 
medium provides a gain band including the Wavelength of 
the signal light. For example, an erbium doped ?ber ampli 
?er (EDFA) comprises an erbium doped ?ber (EDF) as the 
optical amplifying medium and a pumping source for sup 
plying pump light having a predetermined Wavelength to the 
EDF. By preliminarily setting the Wavelength of the pump 
light Within a 0.98 pm band (0.97 pm to 0.99 pm) or a 1.48 
pm band (1.47 pm to 1.49 pm), a gain band including a 
Wavelength of 1.55 pm can be obtained. Further, another 
type optical ampli?er having a semiconductor chip as the 
optical amplifying medium is also knoWn. In this case, the 
pumping is performed by injecting an electric current into 
the semiconductor chip. 

[0006] As a technique for increasing a transmission capac 
ity by a single optical ?ber, Wavelength division multiplex 
ing (WDM) is knoWn. In a system adopting WDM, a 
plurality of optical carriers having different Wavelengths are 
used. The plural optical carriers are individually modulated 
to thereby obtain a plurality of optical signals, Which are 
Wavelength division multiplexed by an optical multiplexer 
to obtain WDM signal light, Which is output to an optical 
?ber transmission line. On the receiving side, the WDM 
signal light received is separated into individual optical 
signals by an optical demultiplexer, and transmitted data is 
reproduced according to each optical signal. Accordingly, by 
applying WDM, the transmission capacity in a single optical 
?ber can be increased according to the number of WDM 
channels. 

[0007] Accordingly, by combining an optical ampli?er 
and WDM, the span and capacity of an optical communi 
cation system can be increased. 

[0008] In the case of combining an optical ampli?er and 
WDM, there is a possibility that a transmission quality may 
be deteriorated by automatic output level control (ALC) 
performed in the optical ampli?er. In general, ALC is control 
such that a total output level of an optical ampli?er is 
maintained constant. Accordingly, When an optical signal in 
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a certain one of WDM channels is cut off, for example, an 
optical output level in each of the other channels increases 
to cause a possibility that the transmission quality may be 
in?uenced by nonlinear effects (SPM: Self-Phase Modula 
tion, XPM: Cross-Phase Modulation, FWM: Four-Wave 
Mixing, etc.) occurring in an optical ?ber transmission line. 
It is knoWn that the in?uence of nonlinear effects is remark 
able particularly in the case of high-speed transmission at 10 
Gb/s or higher. 

SUMMARY OF THE INVENTION 

[0009] It is therefore an object of the present invention to 
provide an optical transmission device and an optical com 
munication system Which can eliminate the possibility of 
deterioration in transmission quality in the case that the 
number of WDM channels is changed. 

[0010] Other objects of the present invention Will become 
apparent from the folloWing description. 

[0011] In accordance With an aspect of the present inven 
tion, there is provided an optical transmission device com 
prising an optical multiplexer for Wavelength division mul 
tiplexing a plurality of optical signals to generate WDM 
signal light and outputting the WDM signal light to an 
optical transmission line; means for detecting a break of 
each of the plurality of optical signals according to the 
poWer of each optical signal; and compensating means for 
adding light having a predetermined Wavelength to the 
WDM signal light When at least one of the plurality of 
optical signals is cut off. 

[0012] With this con?guration, When at least one of the 
WDM channels is cut off, the light having the predetermined 
Wavelength is added to the WDM signal light. Accordingly, 
in the case of carrying out ALC (automatic output level 
control) for maintaining constant a total output level of an 
optical ampli?er for amplifying the WDM signal light, for 
example, a change in optical output level per channel can be 
suppressed, thereby achieving one of the objects of the 
present invention. 

[0013] In accordance With another aspect of the present 
invention, there is provided an optical transmission device 
comprising a plurality of optical senders for outputting a 
plurality of optical signals having different Wavelengths; an 
optical multiplexer for Wavelength division multiplexing the 
plurality of optical signals to generate WDM signal light and 
outputting said WDM signal light to an optical transmission 
line; and at least one light source for adding light having a 
predetermined Wavelength to the WDM signal light. 

[0014] In the case that ALC for maintaining a total output 
level constant is carried out in an optical ampli?er, the range 
of variation in optical output level per channel is dependent 
on the number of channels. For example, When the number 
of channels decreases from 2 to 1, an optical output level of 
3 dB is increased. In contrast thereWith, When the number of 
channels decreases from 8 to 7, a change in optical output 
level is as small as 0.58 dB. Accordingly, by adding the light 
having the predetermined Wavelength to the WDM signal 
light according to the present invention, the range of varia 
tion in optical output level in each of the remaining channels 
can be suppressed in the case that an optical signal in a 
certain one of the WDM channels is cut off. 

[0015] In accordance With a further aspect of the present 
invention, there is provided an optical communication sys 
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tem. This system includes a terminal station apparatus for 
transmission and an optical ?ber transmission line opera 
tively connected to the terminal station apparatus. The 
terminal station apparatus includes the optical transmission 
device according to the present invention. 

[0016] In this speci?cation, the Wording that an element 
and another element are operatively connected includes the 
case that these elements are directly connected, and also 
includes the case that these elements are so provided as to be 
related With each other to such an extent that an electrical 
signal or an optical signal can be mutually transferred 
betWeen these elements. 

[0017] The above and other objects, features and advan 
tages of the present invention and the manner of realiZing 
them Will become more apparent, and the invention itself 
Will best be understood from a study of the folloWing 
description and appended claims With reference to the 
attached draWings shoWing some preferred embodiments of 
the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a block diagram of an optical commu 
nication system to Which the present invention is applicable; 

[0019] FIG. 2 is a block diagram of another optical 
communication system to Which the present invention is 
applicable; 
[0020] FIG. 3 is a poWer diagram for illustrating an 
alloWable range of transmitted light output; 

[0021] FIG. 4 is a block diagram of an optical ampli?er 
applicable to the present invention; 

[0022] FIG. 5 is a graph for illustrating an increase in 
optical output poWer per channel due to a decrease in 
number of channels; 

[0023] FIG. 6 is a graph for illustrating a decrease in 
optical output poWer per channel due to an increase in 
number of channels; 

[0024] FIG. 7 is a block diagram shoWing a ?rst preferred 
embodiment of the optical transmission device according to 
the present invention; 

[0025] FIG. 8 is a block diagram shoWing a second 
preferred embodiment of the optical transmission device 
according to the present invention; 

[0026] FIG. 9 is a block diagram shoWing a third preferred 
embodiment of the optical transmission device according to 
the present invention; 

[0027] FIG. 10 is a block diagram shoWing a preferred 
embodiment of a channel number monitor applicable to the 
present invention; 

[0028] FIG. 11 is a block diagram shoWing another pre 
ferred embodiment of the channel number monitor appli 
cable to the present invention; 

[0029] FIG. 12 is a block diagram shoWing a fourth 
preferred embodiment of the optical transmission device 
according to the present invention; 

[0030] FIGS. 13A and 13B are block diagrams shoWing 
preferred embodiments of a Wavelength converter appli 
cable to the present invention; 
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[0031] FIG. 14 is a block diagram shoWing a ?fth pre 
ferred embodiment of the optical transmission device 
according to the present invention; 

[0032] FIG. 15 is a block diagram shoWing a sixth pre 
ferred embodiment of the optical transmission device 
according to the present invention, and 

[0033] FIG. 16 is a block diagram shoWing a seventh 
preferred embodiment of the optical transmission device 
according to the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0034] Some preferred embodiments of the present inven 
tion Will noW be described in detail With reference to the 
attached draWings. 

[0035] FIG. 1 is a block diagram of an optical commu 
nication system to Which the present invention is applicable. 
This system includes a ?rst terminal station 2 for transmit 
ting, a second terminal station 4 for receiving, and an optical 
?ber transmission line 6 for connecting the terminal stations 
2 and 4. The optical transmission device according to the 
present invention is applicable particularly to the ?rst ter 
minal station 2. 

[0036] The ?rst terminal station 2 has a plurality of optical 
senders (OS) 8 (#1 to #n) for outputting optical signals 
(original optical signals) having arbitrary Wavelengths, and 
a transponder 10 operatively connected to the optical send 
ers 8 (#1 to #n) and the optical ?ber transmission line 6. The 
transponder 10 includes a plurality of Wavelength converters 
12 (#1 to #n) for Wavelength converting the optical signals 
having arbitrary Wavelengths from the optical senders 8 (#1 
to #n) into optical signals having predetermined Wave 
lengths M to )tn, respectively, and an optical multiplexer 14 
for Wavelength division multiplexing the optical signals 
from the Wavelength converters 12 (#1 to #n) to generate 
WDM signal light. The WDM signal light from the optical 
multiplexer 14 is output to the optical ?ber transmission line 
6. 

[0037] A plurality of in-line optical ampli?ers 16 are 
provided in the optical ?ber transmission line 6. Each optical 
ampli?er 16 ampli?es the WDM signal light. That is, each 
optical ampli?er 16 provides a gain band including the 
Wavelengths of the WDM signal light. Depending on the 
length of the optical ?ber transmission line 6, a single optical 
ampli?er may be used. 

[0038] The second terminal station 4 has a transponder 18 
for separating the WDM signal light transmitted by the 
optical ?ber transmission line 6 into individual optical 
signals (original optical signals) having arbitrary Wave 
lengths, and a plurality of optical receivers (OR) 20 (#1 to 
#n) for receiving these optical signals, respectively. The 
transponder 18 includes an optical demultiplexer 22 for 
separating the input WDM signal light into a plurality of 
optical signals having Wavelengths )tl to km, and a plurality 
of Wavelength converters 24 (#1 to #n) for Wavelength 
converting these optical signals into optical signals having 
arbitrary Wavelengths. 

[0039] According to the con?guration shoWn in FIG. 1, a 
transmission capacity can be increased according to the 
number of Wavelengths because Wavelength division mul 
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tiplexing is applied. Further, the span of the optical ?ber 
transmission line 6 can be increased With a simple con?gu 
ration because the in-line optical ampli?ers 16 are provided 
in the optical ?ber transmission line 6. In particular, the 
Wavelengths of the optical signals on the input side of the 
transponder 10 are arbitrary in the ?rst terminal station 2, 
and the Wavelengths of the optical signals on the output side 
of the transponder 18 are arbitrary in the second terminal 
station 4. Accordingly, existing devices may be used both as 
the optical senders 8 (#1 to #n) and as the optical receivers 
20 (#1 to #n). 

[0040] An extended optical netWork system using a regen 
erative repeater instead of each of the optical senders 8 (#1 
to #n) or the optical receivers 20 (#1 to #n) may be provided. 

[0041] FIG. 2 is a block diagram of another optical 
communication system to Which the present invention is 
applicable. In this system, a ?rst terminal station 2‘ for 
transmission has a plurality of optical senders 8‘ (#1 to #n) 
for outputting optical signals having predetermined Wave 
lengths M to km for Wavelength division multiplexing, 
respectively. These optical signals are Wavelength division 
multiplexed by an optical multiplexer (MUX) 14, and result 
ant WDM signal light is output to an optical ?ber transmis 
sion line 6. In a second terminal station 41, the WDM signal 
light transmitted by the optical ?ber transmission line 6 is 
separated into individual optical signals having Wavelengths 
M to km by an optical demultiplexer (DMUX) 18, and these 
optical signals are supplied to a plurality of optical receivers 
20‘ (#1 to #n), respectively. 

[0042] According also to the system con?guration shoWn 
in FIG. 2, an increase in transmission capacity and an 
increase in span of the optical ?ber transmission line 6 can 
be achieved like the con?guration shoWn in FIG. 1. Par 
ticularly in the system con?guration of FIG. 2, the optical 
senders 8‘ (#1 to #n) and the optical receivers 20‘ (#1 to #n) 
are limited to devices dedicated for Wavelength division 
multiplexing. HoWever, it is possible to provide a system 
With a simpler con?guration at a loWer cost because any 
Wavelength converters as shoWn in FIG. 1 are not required. 

[0043] In each of the systems shoWn in FIGS. 1 and 2, 
another optical ampli?er as a postampli?er may be provided 
betWeen the optical multiplexer 14 and the optical ?ber 
transmission line 6. Furthermore, another optical ampli?er 
as a preampli?er may be provided betWeen the optical ?ber 
transmission line 6 and the optical demultiplexer 18. 

[0044] FIG. 3 is a poWer diagram for illustrating an 
alloWable range of transmitted light output. In FIG. 3, the 
vertical axis represents optical level (optical poWer), and the 
horiZontal axis represents distance (or position). The alloW 
able range of transmitted light output at the input of an 
optical ?ber span betWeen tWo optical ampli?ers is deter 
mined by a minimum received poWer (S/N limit) at the 
receiving optical ampli?er and nonlinear effects in the 
optical ?ber span. More speci?cally, the loWer limit of the 
alloWable range of transmitted light output is determined by 
a minimum received poWer and transmission line loss tilt, 
and the upper limit of the alloWable range is determined by 
nonlinear effects. Further, the loWer limit of a receivable 
range at the receiving optical ampli?er is given by the 
minimum received poWer, and the upper limit of the receiv 
able range is determined by the immunity of a photodetector 
such as a photodiode. 
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[0045] Accordingly, in the case that Wavelength division 
multiplexing is applied in the system as shoWn in FIG. 1 or 
2, it is important to make the optical levels of the optical 
signals in all the channels fall Within the alloWable range of 
transmitted light output in each optical ampli?er for the 
purpose of maintaining a good transmission quality. 

[0046] FIG. 4 is a block diagram of an optical ampli?er 
applicable to the present invention. The optical ampli?er 
includes an optical attenuator 30 having a variable attenu 
ation, an optical coupler 32, a WDM coupler 34, an erbium 
doped ?ber (EDF) 36, and an optical coupler 38 provided in 
this order in terms of a propagation direction of WDM signal 
light betWeen an input port 26 and an output port 28. The 
WDM signal light supplied to the input port 26 undergoes 
controlled attenuation by the optical attenuator 30 and is 
supplied through the optical coupler 32 and the WDM 
coupler 34 to the EDF 36. Pump light from a laser diode 
(LD) 40 as a pumping source is supplied through the WDM 
coupler 34 to the EDF 36. When the WDM signal light is 
supplied to the EDF 36 being pumped by the pump light, the 
WDM signal light is ampli?ed in accordance With the 
principle of stimulated emission, and the WDM signal light 
ampli?ed is passed through the optical coupler 38 and output 
from the output port 38. 

[0047] In this optical ampli?er, automatic gain control 
(AGC) is adopted to maintain a gain characteristic (Wave 
length dependence of gain) in the EDF 36 constant, and 
automatic output level control (ALC) is adopted to maintain 
a total output level constant. 

[0048] The WDM signal light to be supplied to the EDF 36 
and ampli?ed therein is branched by the optical coupler 32, 
and resultant branch light is converted into an electrical 
signal according to the optical poWer by a photodetector 
(PD) 42 such as a photodiode. Further, the ampli?ed WDM 
signal light is branched by the optical coupler 38, and 
resultant branch light is converted into an electrical signal 
according to the optical poWer by a photodetector 44. Output 
signals from the photodetectors 42 and 44 are supplied to an 
AGC circuit 46. The AGC circuit 46 controls a drive current 
to be supplied from a drive circuit 48 to the laser diode 40 
so that the gain of the EDF 36 becomes constant. The output 
signal from the photodetector 44 is supplied also to an ALC 
circuit 50. The ALC circuit 50 controls the attenuation of the 
optical attenuator 30 so that the total output level of the 
ampli?ed WDM signal light from the EDF 36 becomes 
constant. 

[0049] While the con?guration shoWn in FIG. 4 adopts 
forWard pumping such that the WDM signal light and the 
pump light propagate in the same direction in the EDF 36, 
the con?guration may be modi?ed to perform backWard 
pumping such that the WDM signal light and the pump light 
propagate in opposite directions in the EDF 36. Alterna 
tively, bidirectional pumping may be performed by using 
tWo pumping sources. 

[0050] In the case that the Wavelengths of the WDM signal 
light to be ampli?ed are included in a 1.55 pm band (1.50 pm 
to 1.60 pm), a substantially ?at gain band including the 
Wavelengths of the WDM signal light can be provided by 
setting the Wavelength of the pump light Within a 0.98 pm 
band or a 1.48 pm band and properly setting a target value 
for AGC. Further, high-density Wavelength division multi 
plexing can be achieved by suf?ciently narroWing Wave 
length spacings. 
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[0051] While the EDF 36 is used as an optical amplifying 
medium in this optical ampli?er, a doped ?ber doped With 
another rare earth element such as Yb or Nd. 

[0052] In the case of carrying out ALC for maintaining the 
total output level constant as shoWn in FIG. 4, there is a 
possibility that a change in number of channels of WDM 
signal light may cause a change in optical output poWer per 
channel to such an extent that the optical output poWer 
deviates from an alloWable range of transmitted light output. 
This Will noW be described more speci?cally. 

[0053] FIG. 5 is a graph for illustrating an increase in 
optical output poWer per channel due to a decrease in 
number of WDM channels. It is assumed that WDM signal 
light of four channels having a ?xed input level is input into 
an optical ampli?er as shoWn in a left upper portion of FIG. 
5. In the case that an optical signal in one of the four 
channels is cut off as shoWn in a right upper portion of FIG. 
5, an output spectrum corresponding to the input spectrum, 
as shoWn in a left loWer portion of FIG. 5 changes into a 
spectrum shoWn in a right loWer portion of FIG. 5. That is, 
the output level of the optical ampli?er is controlled by ALC 
so that the total output level is maintained constant. Accord 
ingly, When an optical signal in one channel is cut off, the 
output level in each of the remaining channels may exceed 
the upper limit of the alloWable range of transmitted optical 
output. In this case, Waveform distortion due to nonlinear 
effects may occur to cause a degradation in transmission 
quality. 
[0054] FIG. 6 is a graph for illustrating a decrease in 
optical output poWer per channel due to an increase in 
number of WDM channels. It is assumed that WDM signal 
light of three channels having a ?xed level is input into an 
optical ampli?er as shoWn in a left upper portion of FIG. 6. 
In the case that an optical signal in one channel is added as 
shoWn in a right upper portion of FIG. 6, an output spectrum 
corresponding to the input spectrum, as shoWn in a left loWer 
portion of FIG. 6 changes into a spectrum shoWn in a right 
loWer portion of FIG. 6. That is, ALC is performed to 
control the output level so that the total output level is 
maintained constant. Accordingly, When an optical signal in 
one channel is added, the output level in each channel may 
fall beloW the loWer limit of the alloWable range of trans 
mitted light output. In this case, the optical poWer of the 
optical signal in each channel on the receiving side may 
become loWer than a minimum received poWer, causing a 
deterioration in transmission quality. 

[0055] There Will noW be described some preferred 
embodiments of the optical transmission device for elimi 
nating the increase in optical output poWer per channel as 
described With reference to FIG. 5 or for eliminating the 
change in optical output poWer per channel as described 
With reference to FIGS. 5 and 6. 

[0056] FIG. 7 is a block diagram shoWing a ?rst preferred 
embodiment of the optical transmission device according to 
the present invention. In this preferred embodiment, the 
optical transmission device is applied to the ?rst terminal 
station 2‘ shoWn in FIG. 2. In this preferred embodiment, the 
optical multiplexer 14 has a plurality of input ports respec 
tively connected to the plural optical senders 8‘ (#1 to #n) for 
outputting optical signals having different Wavelengths, and 
an additional one input port connected to an additional light 
source 52. The light source 52 is turned on or off by a control 
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circuit 54 so as to output light having a predetermined 
Wavelength in accordance With a predetermined rule. For 
example, When all the operative channels are in normal 
operation, the light source 52 is turned off, Whereas When it 
is detected that an optical signal in one of the operative 
channels has been cut off, the light source 52 is turned on. 
Accordingly, in the case of carrying out ALC such that the 
total output poWer in each optical ampli?er 16 shoWn in 
FIG. 2 becomes constant, the optical output poWer per 
channel in each optical ampli?er 16 is prevented from being 
changed to thereby maintain a good transmission quality. 

[0057] To minimiZe the change in optical output poWer per 
channel, it is preferable that the poWer of light output from 
the light source 52 be substantially equal to the poWer of the 
optical signal cut off and that the Wavelength of light output 
from the light source 52 be included in the gain band of each 
optical ampli?er 16. 

[0058] The on/off operation of the light source 52 in 
accordance With the predetermined rule by the control 
circuit 54 is performed according to a control signal from a 
channel number monitor. Speci?c embodiments of the chan 
nel number monitor Will be hereinafter described. 

[0059] Further, it is preferable that the Wavelength of light 
output from the light source 52 be different from the 
Wavelength of the optical signal in each operative channel, 
so as to ensure a normal operation of each operative channel. 
For example, the Wavelength of light output from the light 
source 52 is the same as the Wavelength of the optical signal 
cut off or the same as a Wavelength for an inoperative 
channel. 

[0060] The light output from the light source 52 may be 
modulated light or unmodulated continuous Wave light (CW 
light). In the case of modulating the light output from the 
light source 52 by a modulating signal, information on the 
channel cut off can be transmitted to each optical ampli?er 
16 or to the second terminal station 4‘ by the modulating 
signal. 
[0061] In the preferred embodiment shoWn in FIG. 7, the 
light source 52 is dedicated for compensation such that the 
total poWer of WDM signal light to be obtained becomes 
substantially constant. Alternatively, any one of the optical 
senders 8‘ (#1 to #n) in an inoperative channel may be used 
in place of the light source 52. 

[0062] While the single light source 52 is used in the 
preferred embodiment shoWn in FIG. 7, a plurality of light 
sources may be used to cope With breaking of plural chan 
nels. 

[0063] FIG. 8 is a block diagram shoWing a second 
preferred embodiment of the optical transmission device 
according to the present invention. In contrast With the ?rst 
preferred embodiment shoWn in FIG. 7, the second pre 
ferred embodiment further includes a level adjusting unit 56 
betWeen the light source 52 and an input port of the optical 
multiplexer 14. The level adjusting unit 56 is provided by an 
optical attenuator having a variable attenuation or an optical 
ampli?er having a variable gain. The number of WDM 
channels cut off can be detected according to a control signal 
to be supplied to the control circuit 54. Accordingly, by 
adjusting the level adjusting unit 56 according to the result 
of the above detection, the total poWer of WDM signal light 
can be maintained constant irrespective of the number of 
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channels cut off, and the optical output power per channel is 
prevented from exceeding an allowable range of transmitted 
light output. While the level adjusting unit 56 is provided 
independently of the light source 52 in this preferred 
embodiment, a laser diode capable of outputting light having 
a controlled poWer according to a drive current may be used 
as the light source 52, and the drive current may be adjusted 
to thereby control the poWer of the light to be added to the 
WDM signal light. 

[0064] FIG. 9 is a block diagram shoWing a third preferred 
embodiment of the optical transmission device according to 
the present invention. In this preferred embodiment, any 
light source dedicated for compensation such that the total 
poWer of WDM signal light to be obtained becomes constant 
is not used, but a control unit 58 is used to sWitch on or off 
light supplied from an external light source and add the 
external light to the WDM signal light in the optical mul 
tiplexer 14. More speci?cally, When the operative channels 
are in normal operation, the external light is sWitched off by 
the control unit 58, Whereas When any one of the operative 
channels is cut off, the external light is sWitched on by the 
control unit 58 and added to the WDM signal light. Accord 
ingly, the total output poWer of the WDM signal light to be 
obtained can be maintained alWays constant, and the optical 
output poWer per channel can be made fall Within an 
alloWable range of transmitted light output. As a result, there 
is no possibility of degradation in transmission quality in the 
case that the number of WDM channels is changed. 

[0065] While the control unit 58 sWitches on or off the 
external light in this preferred embodiment, the control unit 
58 may be modi?ed to adjust the poWer of the external light 
and add the external light to the WDM signal light on the 
basis of the level adjusting unit 56 in the second preferred 
embodiment shoWn in FIG. 8. By applying such level 
adjustment to at least one channel, the total output poWer of 
WDM signal light can be maintained constant even When 
optical signals in plural channels are cut off. Further, even in 
the case that the level adjustment is not carried out, it is 
possible to cope With breaking of plural channels by apply 
ing the compensating means according to the present inven 
tion to plural channels, preferably, all the channels. 

[0066] While the optical transmission device is applied to 
the ?rst terminal station 2‘ of the system shoWn in FIG. 2 in 
each of the ?rst to third preferred embodiments, the device 
may be applied to the ?rst terminal station 2 of the system 
shoWn in FIG. 1. In this case, the Wavelength converters 12 
(#1 to #n) and another necessary Wavelength converter are 
provided on the input side of the optical multiplexer 14. 

[0067] FIG. 10 is a block diagram shoWing a preferred 
embodiment of the channel number monitor for monitoring 
the number of WDM channels cut off. Apostampli?er 60 for 
amplifying WDM signal light is provided at the output port 
of the optical multiplexer 14. The WDM signal light ampli 
?ed by the postampli?er 60 is branched by an optical coupler 
62, and resultant branch light is supplied to a channel 
number monitor 64. The channel number monitor 64 per 
forms monitoring on the number of WDM channels cut off 
or the like according to the input branch light. The result of 
monitoring is output as the above-mentioned control signal. 

[0068] According to this preferred embodiment, the moni 
toring is performed on the output side of the optical multi 
plexer 14. Accordingly, it is possible to detect a signal break 
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due to device failure, connector separation, package sepa 
ration, etc. both on the input side and on the output side of 
the optical multiplexer 14. Further, since the WDM signal 
light obtained after Wavelength division multiplexing is 
supplied to the channel number monitor 64, a signal break 
per channel can be detected by using a spectrum analyZer in 
the monitor 64. 

[0069] FIG. 11 is a block diagram shoWing another pre 
ferred embodiment of the channel number monitor appli 
cable to the present invention. In this preferred embodiment, 
an optical coupler 66 is provided at each input port of the 
optical multiplexer 14 to branch an optical signal in each 
channel. Aresultant branch optical signal is supplied directly 
to a channel number monitor 64. 

[0070] According to this preferred embodiment, the opti 
cal signals before Wavelength division multiplexing are 
supplied directly to the monitor 64. Accordingly, a signal 
break in a speci?c channel can be quickly detected Without 
use of a spectrum analyZer. Further, a circuit con?guration 
from break detection to control can be simpli?ed, thereby 
achieving a high response speed. 

[0071] FIG. 12 is a block diagram shoWing a fourth 
preferred embodiment of the optical transmission device 
according to the present invention. In this preferred embodi 
ment, the optical transmission device is applied to the ?rst 
terminal station 2 of the system shoWn in FIG. 1. In this 
preferred embodiment, an E/O converter (electro/optical 
converter) 68 included in a Wavelength converter 12 in 
an inoperative channel, of the plural Wavelength converters 
12 (#1 to #n) included in the transponder 10 is sWitched on 
or off by a control circuit 54. Alternatively, an E/O converter 
in a Wavelength converter in any channel Where an input 
optical signal is cut off rather than the E/O converter 68 in 
the inoperative channel may be sWitched on or off by the 
control circuit 54. 

[0072] According to this preferred embodiment, the com 
pensation such that the total poWer of WDM signal light to 
be obtained becomes constant can be performed by using the 
E/O converter in the existing Wavelength converter, thereby 
achieving the object of the present invention With a simple 
con?guration. 

[0073] While the detection of breaking of an optical signal 
in a certain one of the WDM channels can be performed by 
using the channel number monitor 64 shoWn in FIG. 10 or 
11, the breaking of an optical signal may be detected by the 
folloWing con?gurations. 

[0074] FIGS. 13A and 13B shoW preferred embodiments 
of the Wavelength converter for the detection of a signal 
break. In the preferred embodiment shoWn in FIG. 13A, the 
Wavelength converter 12 includes an O/E converter (opto/ 
electrical converter) 70 for converting an original optical 
signal supplied into an electrical signal and an E/O converter 
68 for converting the electrical signal output from the O/E 
converter 70 into an optical signal. When a signal break is 
detected in the E/O converter 68, the E/O converter 68 
immediately emits steady light. That is, both the detection of 
a signal break and the output of compensating light are 
completed in the E/O converter 68. In the preferred embodi 
ment shoWn in FIG. 13B, 21 break of input of an optical 
signal is detected in the O/E converter 70. When a signal 
break is detected according to the result of detection in the 






