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ABPBSTRACT

The present invention relates to a WDM transmission
system and the like suitable for optical communications
between local stations having a relatively short repeater
interval. 1In particular, the WDM transmission repeater
employed in the WDM transmission system demultiplexes a
pluralityofsignal lights propagatingthroughatransmission
line into first and second groups, takes out the second group,
comprises a multiplexer for sending into the transmission
line a new WDM signal group in which the first group thus
demultiplexed and a third group of signal lights different
from those of the first group are multiplexed, and has a
special structure for reducing the influence of the
not-demultiplexed crosstalk components within the second

group upon the optical communications.
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DESCRIPTION

WDM Transmission Repeater, WDM Transmission System, and WDM

Transmission Method

Technical Field

The present invention relates to a WDM (Wavelength
Division Multiplexing) transmission system which transmits
a plurality of signal lights having wavelengths different
from each other, a WDM transmission repeater provided in
an optical transmission line in the WDM transmission system,
and a WDM transmission method in such a WDM transmission

system.

Background Art

By transmittingaWDMsignal group including aplurality
of signal lights with wavelengths different from each other
through an optical fiber line as a transmission line, a WDM
transmission system enables high-speed, large-capacity
optical communications. It enables large-capacity optical
communications, e.g., 32 channels (utilizing 32 signal
lights) at 2.5 Gb/s, even 1n the case where an existing
single-mode optical fiber line network 1is employed. As a
consequence, the introduction of WDM transmission system
has recently been under way in order to respond to rapid
increases 1n communication demands such as those in Internet

or the like.
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InsuchaWDMtransmissionsystem, there are cases where
a repeater base station having a WDM transmission repeater
is disposed somewhere in the transmission line from a
transmitter within a transmitter base station to a rece'iver
within a receiver base station. The WDM transmission
repeater is equipped with an optical amplifier, an optical
ADM (Add-Drop Multiplexer), and the like. The optical
amplifier functions to collectively optically amplify the
WDM signal group propagating through the transmission line.
The optical ADM functions todemultiplex the WDM signal group
into a first group of signal lights and a second group of
signal lightsdifferent fromthoseof the first group, receive
the second group of signal lights, multiplex a separate third
group of signal lights with the first group of signal lights,

and send the resulting new WDM signal group 1nto the

transmission line again.

Disclosure of the Invention

As a result of studies of the conventional WDM

transmission systems thus configured, the inventors have

found the problems as follows.

Namely, the conventional WDM transmission systems and
WDM transmission repeaters aredesigned so as tobeapplicable
to long-haulmainlines, sothat thedistancebetween adjacent
repeaters is long, e.g., on the order of 60 km to 80 km,

in such a WDM transmission system. As a consequence, the
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optical amplifier within each WDM transmission repeater is
required to have such properties as a wide band and high
gain, a minimum gain deviation (fluctuation in galn between
individual signal lights having their respective
wavelengths), and the like 1n order to collectively
compensate for the transmission loss of the whole signal
lights propagating between the repeaters having such a long
distance therebetween. However, not only such a
high-performance optical repeater 1s expensive, but also
its reliability 1s hard to secure.

In the local inter-station transmission, by contrast,
the distance between the adjacent repeaters 1s relatively
short, 1.e., a few km to ten plus several km, and the received
signal light level at each repeater is high, whereby it is
often unnecessary to utilize optical amplifiers having a
high gain or any optical amplifiersatall. Also, ingeneral,
since signal lights are recelived and transmitted by each
repeater, it is often unnecessary for all the signal lights
having wavelengths different from each other to be optically
amplified with a uniform gain. Consequently, the
conventional WDM transmission repeaters for long-haul main
lines, equipped with high-performance expensive optical
repeaters, arenot suitablyapplicabletolocal inter-station
WDM transmission systems in terms of cost and equipment.

It is not so economical to apply such conventional WDM

transmission repeaters to the local inter-station WDM
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transmission system as 1n the case of applying the WDM
transmission system with a long-haul main line.

In order to overcome the problems such as those
mentioned above, 1t 1s an object of the present invention
to provide a WDM transmission system suitable as optical
communication means between local stations, a WDM
transmission repeater suitable for the WDM transmission
system, and a WDM transmission method in such a WDM
transmission system.

The WDM transmission system according to the present
inventioncomprisesapluralityofWDMtransmissionrepeaters,
whereas theinterval betweentheseWDMtransmissionrepeaters
is not greater than 20 km, thereby enabling optical
communications suitable for relatively short inter-station
transmission.

In such a WDM transmission system, it is unnecessary
to use a wide-band optical amplifier which can amplify all
of a plurality of signal lights, and a narrow-band amplifier
which can optically amplify a small number of demultiplexed
signal lights 1ssufficiently applicable thereto. Here, the
distance between the respective center wavelengths of the
individual signal lights 1s not greater than a few nm.
SpecifiCally, there are transmission modes of 1.6 nm, 0.8
nm, 0.6 nm, and the like. As aconsequence, though the number
of employed WDM transmission repeaters, 1.e., the number

of optical amplifiers, increases, these optical amplifiers
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canutilize inexpensive products, and theoptical amplifiers
become unnecessary in some instances, whereby the system
as a whole can be realized at a low cost. Also, since the
distance between the repeaters 1s relatively short, i.e.,
20 km or less, no high output 1s required for the optical
amplifiers employed, whereby a sufficient degree of
reliability is secured. In addition, since only a small
number of signal lights in the WDM signal group propagating
through the transmission line are optically amplified by
each WDM transmission repeater, the risk of all the channels
(all the signal 1lights) failing to establish communications
is low in the event of failure of an optical amplifier in
any of the WDM transmission repeaters.

The WDM transmission repeater according to the present
invention has a configuration suitable for the
above-mentioned WDM transmission system and 1s i1nstalled
in a transmission line through which a WDM signal group
including a plurality of signal lights having wavelengths
different from each other within a usable wavelength band
propagates. The WDM transmission repeater comprises an
optical ADM having an entrance end for receiving the WDM
signal group from the transmission line; a first port for
taking out, from first and second groups each composed of
one or more signal lights and separated from the WDM signal
group taken in by way of the entrance end, the second group

of signal lights; a second port for receiving a third group
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of signal lights composed of one or more signal 1ights within
the usable wavelength band, each having a wavelength
different from those of the first group; and an output end
for sending to the transmission line a new WDM signal group
including the first group of signal lights and the third
group of signal lights taken in by way of the second port.

Also, the WDM transmission repeater according to the
present invention may be configured so as to comprise, 1in
addition to the optical ADM, at least one of a first optical
amplifier for amplifying the second group of signal lights
taken out from the first port of the optical ADM and a second
optical amplifier for amplifying the third group of signal
lights to be received from the second port of the optical
ADM.

In a configuration such as that mentioned above, the
taken-out second group of signal lights 1s amplified by the
first optical amplifier, whereby a sufficient receiving

sensitivity 1s assured in the WDM transmission repeater at

the next stage. On the other hand, as the newly introduced

thirdgroupofsignal l1ights isamplified by thesecondoptical
amplifier, the light intensity of the crosstalk component
in each of the signal lights i1n the not-demultiplexed second
group can be lowered relative to the light intensity of the
WDM signal group (mainly including the first and third groups
of signal lights). Namely, 1t becomes more likely to

determine that signal lights in the second group are signal
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lights each having a level not higher than a permissible
crosstalk level at which the WDM transmission repeater at
the next stage does not receive the second group of signal
lights as a significant optical signal.

Further, the WDM transmission repeater according to
the present invention may be configured so as to comprise
ademultiplexer (1ncluded in a wavelength separatingdevice)
having an input port, optically connected to the first port
of the optical ADM, for receiving the second group of signal
lights from the first port, and at least one output port,
each prepared for evry signal light in the second group taken
in by way of the i1nput port, for taking out a signal light
associated therewith; and a multiplexer (included in a
wavelength multiplexing device) having at least one input
port, each prepared for every signal light in the third group
tobenewly introduced tothetransmissionline, for receiving
a signal light associatedd therewith, and an output port,
optically connected to the second port of the optical ADM,
for sending the third group of signal lights to the second
port. In such a configuration, the first and second ports
of the optical ADM may be connected to the input port of
the demultiplexer and the output port of the multiplexer,
respectively, either directly or by way of the first and
second optical amplifiers, respectively.

In a configuration such as that mentioned above, each

of the demultiplexer and multiplexer is preferably provided
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with a structure for enabling attachment and detachment of
a respective end portion of a branch line for optically
connecting a selected output port 1in the output ports of
the demultiplexer to a selected input port in the 1nput ports
of the multiplexer, in order to effectively respond to an
increase or decrease 1n the number of subscribers to be
connected. Inthiscase, aselectedoutput port in the output
ports of the demultiplexer has a first joint structure for
enabling attachment and detachment of a first end of the
branch line for Optiéally connecting the selected output
port of the demultiplexer to a selected input port 1in the
input ports of themultiplexer. Also, a selected input port
of themultiplexer has a second joint structure for enabling
attachment and detachment of a second end of the branch line
opposed to the first end thereof.

In this configuration, when one selected output port
of the demultiplexer and one input port of the multiplexer
are optically connected to each other by way of a bypass
line, part of thesignal 1ights (included in the second group)
taken out from the output port of the demultiplexer is taken
into the multiplexer from the input port thereof by way of
the bypass line, so as to constitute part of the third group
of signal lights. When this bypass line 1s removed from
between the demultiplexer and the multiplexer, each of the
wave number of signal l1ight receivableby theWDMtransmission

repeater and the signal lights transmittable thereby would
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increase. Consequently, wave number control can easilly be
carried out in response to an 1increase or decrease 1n
subscribers for each repeater base station, as the bypass
line is attached thereto and detached therefrom.
Further, the WDM transmission repeater according to
the present invention may have a configuration which can
tolerate a certain degree of propagation of a crosstalk
component in the signal lights (1n second group) to be taken
out (a relatively inexpensive optical ADM having a low
demultiplexing performance can be used). Namely, this WDM
transmission repeater has a structure 1n which at least two
optical ADMs having the same functionareoptically connected
to each other by a bridge line. 1In this configuration, the

optical ADM at the first stage for receiving the WDM signal

group from the transmission line does not use the port for
inputting the third group of signal lights. Also, 1n the
optical ADM at the second or later stage for sending a new
WDM signal group into the transmission line, the port for
taking out the second group of signal 1lights from the received
WDM signal gj:oup is not used (the optical ADM at the second
or later stage functioning as an optical filter for blocking
the second group of signal lights 1n this case). As a

plurality of optical ADMs optically connected to each other
by way of the bridge line areutilized to realize theoriginal
function of the optical ADM, the crosstalk component of the

second group of signal lights to be taken out can be reduced
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to a receiving sensitivity level in the WDM transmission
repeater at the next stage or lower (i.e., permissible
crosstalk level or lower).

Here, the WDM transmission repeater equipped with a
plurality of optical ADMs asmentioned abovemay also comprise
the above-mentioned demultiplexer and multiplexer, and the
demultiplexer and multiplexer can be provided with a
structure for enabling attachment and detachment of a bypass
line for optically connecting one selected output port in
thedemultiplexer and a selected input port inthemultiplexer
to each other. Also, the WDM transmission repeater may be
configured such that a first optical amplifier 1s installed
between the demultiplexer and the port for taking out the
second group of signal 1lights for amplifying the second group
thus taken-out of signal lights, whereas a second optical
amplifier is installed between the multiplexer and the port
for receiving the third group of signal lights for amplifying
the third group of signal lights.

In a WDM transmission repeater having a structure
suitable for a WDM transmission system which can be realized
by various kinds of structures mentioned above, the WDM
transmission repeater being selected from a plurality of
WDM transmission repeaters in the WDM transmission system,
the WDM transmission method according to the present
invention is characterized in that the signal level of each

signal light in the second group is individually adjusted

10
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so as to satisfy both of a first condition that 1t exceeds
a receiving sensitivity level of the WDM transmission
repeater at an entrance end thereof and a second condition
that it is lower than a receiving sensitivity level of the
adjacently downstream WDM transmission repeater at the next
stage at an entrance end thereof.

Preferably, intheconfigurationsuchas thatmentioned
above, signal level adjustment for the second group of signal
lights is carried out 1in the WDM transmission repeater
(including the transmitting station), positioned upstream,
for amplifying the second group of signal lights. Namely,
the WDM transmission repeater positioned upstreamseparately
amplifies the individual signal lights in the second group
so that their respective signal levels satisfy both the
above-mentioned first and second conditions.

In this WDM transmissionmethod, the respective signal
levels of the individual lights 1n the second group are
appropriately adjusted in the WDM transmission repeater (any
of thetransmitting station and the WDM transmission repeater
positioned upstream) sending out the second group.
Consequently, of the propagating WDM signal group, each of
the individual signal lights in the second group to be taken
out by the WDM transmission repeater has a signal level not
lower than the receiving sensitivity level of the WDM
transmission repeater, so as to be reliably received. Also,

of the second group of signal lights to be taken out, the

11
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crosstalkcomponentdirectedtotheWDMtransmissionrepeater
(any of the receiving station and the WDM transmission
repeater positioned downstream) at the next stage 1s not
higher than a permissible crosstalk level, whereby the signal
lights to bé taken out from the signal lights 1n the first
and third groups is reliably received by the WDM transmission
repeater at this next stage.

Further, the WDM transmission method according to the
present invention 1s characterized 1n that, 1n a WDM
transmission repeater selected from a plurality of WDM
transmission repeaters 1in the above-mentioned WDM
transmission system, the center wavelength of each signal
light in the introduced third group exists between the center
wavelengths of two signal lights adjacent to each other in
a plurality of signal lights included in a WDM signal group,
and 1is set so as to not to be lower than a predetermined
crosstalk suppressing ratio with respect to each of the two
wavelengths.

Specifically, intheWDMtransmission systemaccording
to the present invention, it is preferred that the respective
intensities of signal lights in the first group at the
respective center wavelengths of signal lights in the third
group be set lower than the respective peak intensities of
the signal lights in the first group by 25 dB or more. Also,
the respective center wavelengths of signal lights in the

third group are preferably set so as to exist between the

12
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respective center wavelengths of two signal lights adjacent
to each other in the second group of signal lights, whereas
the respective intensities of the signal lights in the second
group at the respective center wavelengths of signal lights
in the third group are set so as to be lower than the respective
peak 1ntensities of signal lights in the second group by
10dBormore. 1Inanyof thesecases, thecrosstalk comporient
of eachsignal 11ght 1n the second group is kept from affectirig
the system.

Here, the respective center wavelengths of signal
lights 1n the third group may be identical to the respective
center wavelengths of signal lights in the second group,
totally different from the respective center wavelengths
of signal lights 1n the second group, or exist between the
respective center wavelengths of received signal lights
(1ncluded in the WDM signal group that has propagated through

the transmission line). Also, each of the first, second,

"and third groups includes one or more signal lights.

According to an aspect of the present invention
there is provided a WDM transmission  repeater
comprising:

a demultiplexer for capturing a plurality of signal
lights having wavelengths different from each other,
said wavelengths existing within predetermined one
wavelength band, said demultiplexer demultiplexing
said plurality of signal lights into a first group of

signal lights and a second group of signal lights;

13
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a multiplexer for multiplexing a third group of signal
lights and said first group of signal 1lights, said third
group of signal 1lights comprising a plurality of signal
lights each having a wavelength, included 1n said
predetermined one wavelength band, different from
wavelengths of said first group of signal lights;

a wavelength separating device for dividing said second
group of signal 1lights from said demultiplexer every
wavelength, said wavelength separating device having a
plurality of output ports for respectively outputting said
second group ©of signal lights every wavelength;

a wavelength multiplexing device for multiplexing said
third group of signal 1lights to be fed into said
multiplexer, said wavelength multiplexing device having a
plurality of inpﬁt ports for respectively capturing said
third group of signal lights every wavelength;

an optical amplifier provided at least at one of
locations between said wavelength multiplexing device and
said multiplexer and between said wavelength separating
device and said demultiplexer; and

a bypass line for linking one of said plurality of output
ports to one of said plurality of input ports, both ends of
salid bypass line having structures detachable/attachable to
said one of said plurality of output ports and said one of

salid plurality of input ports.

According to another aspect of the present invention
there 1s provided a WDM repeater transmission system, in
which a plurality of repeaters are provided at an interval
of 20 km or less, for transmitting a plurality of signal
lights having wavelengths different from each other, said
wavelengths existing within predetermined one wavelength

band,
13a
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wherein at least one of said plurality of repeaters has
the same structure as the WDM repeater according to claim
1, and
5 - wherein said multiplexer leaks part of said second group

of signal lights as crosstalk.

Brief Description of the Drawings

Fig. 1 is a schematic configurational diagram showing
10 the overall configuration of a WDM transmission system

according to the present invention;

Fig. 2 is adiagram showing the schematic configurat ion
of a first embodiment of the WDM transmission repeater

according to the present invention;

13b
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Fig. 3 1s a diagram showing, as a specific example of
optical ADM, a Mach-Zehnder interferometer constituted by
an optical fiber coupler and a fiber grating;

Fig. 4 1s adiagram showing the schematic configuration

of a second embodiment of the WDM transmission repeater

‘according to the present invention;

Figs. 5A to 5C are graphs for explaining a third group
of signal 1light sent out from the WDM transmission repeater
shown 1n Fig. 4;

Fig. 6 is adiagram showing the schematic configuration
of a third embodiment of the WDM transmission repeater
according to the present invention; and

Fig. 7 is adiagram showing the schematic configuration
of a fourth embodiment of the WDM transmission repeater

according to the present invention.

Best Modes for Carrying Out the Invention

In the following, the WDM transmission system, WDM

‘transmissionrepeater, and WbDMtransmissionmethod according

to the present invention will be explained with reference
toFigs. 1 to 7. Among the drawings, structures and elements
identical to each other will be referred to with numerals
or letters identical to each other without repeating their
overlapping explanations. Also, thoughtheWDMsignal group
transmitted by the WDM transmission system is explained as

the one including 32 waves (32 channels) of signal light

14
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in the followling, cases with different wave numbers are

similar thereto.

First, a WDM transmission system according to the

present invention will be explained. Fig. 1 is a diagram
showing the schematic configuration of this WDM transmission
system.

As shown 1n Fig. 1, the WDM transmission system
according to the present invention comprises a transmitter
10 provided in a transmitting base station; a receiver 20
disposed 1nareceivingbasestation; aplurality of repeaters
31 to 34 disposed between the transmitter 10 and the receiver
20; andoptical fiberlines 41 to 45 connecting these members,
through which a WDM signal group including a plurality of
signal lights (32 waves Al to A32 in this embodiment)
propagates.

The transmitter 10 sends 32 waves of a WDM signal group

(A1l to A32) to the optical fiber line 41, while each wave

1s at 1ts predetermined signal level. The WDM transmission
repeater 31 receives the WDM signal group (Al to A32)
including 32 waves having arrived by way of the optical fiber

line 41 from the transmitter 10, and demultiplexes it into

a first group of signal lights (A9 to A32) and a second

groupof signal lights (Al1to A8). Thesecondgroupofsignal

lights thus obtained of signal lights is received by the
WDM transmission repeater 31. On the other hand, the WDM

transmission repeater 31 multiplexes the first group of

15
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signal lights and a third group of signal lighté including
no wavelength common with those of the first group, and sends
the resulting new WDM signal group to the optical fiber line
42. Here, in this embodiment, the signal lights in the third
group are identical to the respective signal 1ights‘in the

second group.

The WDM transmission repeater 32 at the next stage
receives the WDM signal group (A1l to A32) including 32 waves
having arrived by way of the optical fiber line 42 from the
WDM transmission repeater 31 at the previous stagepositioned

upstream thereof, and demultiplexes it into a first group

of signal lights (A1l to A8, A17 to A32) and a second group

of signal 1ights (A9to A16). Thesecondgroup thusobtained

of signal lights 1s received by the WDM transmission repeater
32. On the other hand, the WDM transmission repeater 32
multiplexes the first group of signal lights and a-third
group of signal lights including no wavelength common with
those of the first group, and sends the resulting new WDM
signal group to the optical fiber line 43. Here, in this
embodiment, the signal lights inthe third group are identical
to the respective signal lights in the second group.
Further, theWDMtransmissionrepeater 33 feeds therein
the WDM signal group ( Al to A32) including 32 waves having
arrived by way of the optical fiber line 43 from the WDM
transmission repeater 32 at the previous stage positioned

upstream thereof, and demultiplexes it into a first group

16
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of signal 1lights (A1l to A16, A25 to A32) and a second group

of signal lights (A17 to A24). The second group thus

obtained of signal 1ights is received by the WDM transmission
repeater33. Ontheotherhand, theWDMtransmissionrepeater
33 multiplexes the first group of signal lights and a third
group of signal lights including no wavelength common with
those of the first group, and sends the resulting new WDM
signal group to the optical fiber line 44. Here, in thié
embodiment, thesignal 1ights inthethird group are identical
to the respective signal lights in the second group.

The WDM transmission repeater 34 feeds therein the WDM

signal group (Al to A32) including 32 waves having arrived

by way of the optical fiber line 44 from the WDM transmission
repeater 33 at the previous stage positioned upstreamthereof,

and demultiplexes it into a first group of signal lights

(A1l to A24) and a second group of signal lights (A25 to

A32). The second group thus obtained of signal lights is

received by the WDM transmission repeater 34. On the other
hand, the WDM transmission repeater 34 multiplexes the first
group of signal lights and a third group of signal lights
including no wavelength common with those of the first group,
and sends the resulting new WDM signal group to the optical
fiber line 45. Here, in this embodiment, the signal lights
in the third group are identical to the respective signal

lights in the second group. Then, the receiver 20 feeds

therein the WDM signal group (A1l to A32) including 32 waves

17
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having arrived by way of the optical fiber line 45 from the
WDM transmission repeater 34, and receives each signal l1ight.
As a consequence, 1in the WDM transmission system

according to this embodiment, of the WDM signal group (32

waves of A1 to A32) sent out from the transmitter 10, eight

signal 1lights (A1l to A8) arereceived by the WDM transmission

repeater 31 at the first stage. Subsequently, the WDM
transmission repeater 32 at the second stage receives, of
the WDM signal group having arrived, eight signal lights

(A9 to A16). The WDM transmission repeater 33 at the third

stage receives, of the WDM signal group having arrived, eight

signal 1ights (A 17 to A24). The WDM transmission repeater

34 at the fourth stage receives, of the WDM signal group

having arrived, eight signal lights (A25 to A32).

Eventually, the receiver 20 receives the eight signal 1lights

(Al to A8) sént out from the WDM transmission repeater 31,
the eight signal lights (A9 to A16) sent out from the WDM
transmission repeater 32, the eight signal lights (A17 to
A24) sent out f.rom the WDM transmission repeater 33, and

the eight signal lights (A25 to A32) sent out from the WDM

transmission repeater 34.

In each of the WDM transmission repeaters 31 to 34,
the third group of signal lights multiplexed with the signal
lights passing therethrough may not necessarily be identical
to the demultiplexed second group of signal lights.

Nonetheless, it is necessary that each signal light of the
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WDM signal group transmitted by the WDM transmission system

~according to this embodiment be included in an amplification

band of an optical amplifier when the latter 1s provided,
and also in a wavelength band where transmission loss 1s
low in the optical fiber lines 41 to 45.

In the WDM transmission system according to this
embodiment, each of the distances between the individual
WDM transmission repeaters 31 to 34, i.e., the respective
lengths L1 to L5 of the optical fiber lines 41 to 45, 1s
designed to be relatively short, i.e., 20 km or less.
Therefore, the transmission loss of WDM signal group 1s small
in each of the optical fiber lines 41 to 45, whereby, as
will be explained in the following, the WDM transmission
repeater according to the present invention has a simpler
configuration and can be manufactured less expensively as
compared with the conventional WDM transmission repeater.

(First Embodiment of WDM Transmission Repeater)

Fig. 2 isadiagramshowing the schematic configuration
of a first embodiment of the WDM transmission repeater
according to the present invention. Though the following
explanation relates to the WDM transmission repeater 31 (the
part indicated by A in Fig. 1) at the first stage in the
WDM transmission system shown in Fig. 1, the other WDM
transmission repeaters have similar configurations.

As shown in Fig. 2, the WDM transmission repeater 31

according to the first embodiment comprises a demultiplexer
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311, an optical amplifier 312, a demultiplexer 313 (included
in a wavelength separating device), a multiplexer 314
(included in a wavelength multiplexing device), an optical
amplifier 315, a multiplexer 316, and optical lines
connecting these members.

The demultiplexer 311 demultiplexes 32 waves of a WDM
signal group (Al to A32) having entered there by way of
an entrance end 101, which 1s optically connected to the

optical fiber line 41 via a connector 105, into a first group

of signal lights (A9 to A32) and a second group of signal

lights (A1l to A8) which are different from those of the

first group. The second group of signal lights to be taken
out is guided to the optical amplifier 312 by way of an output
port 103. The optical amplifier 312 collectively optically
amplifies the second group of signal lights demultiplexed
from the demultiplexer 311. Further, the demultiplexer 313
receives, by way of an input port 313a, the second group
of signal lights amplified by the optical amplifier 312,
demultiplexes respective lights of the second group, and
guides them to their respective output ports 313b. A
photodetector device such as photodiode (not illustrated),
for example, is connected to each output port 313b, and the
individual signal lights in the second group emitted from
the respective output ports 313b are detected by their

corresponding photodetector devices.

The multiplexer 314 receives the individual signal
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lights (A1to A8) inthe third group from their corresponding

input ports 314b, multiplexes these signal 1ights, and emits

the lights thus multiplexed to the optical amplifier 315

by way of the output port 314a. The optical amplifier 315

collectively optically amplifies the third group of signal

lights emitted from the multiplexer 314. The multiplexer

316 receives the first groupofsignal lightsandalsoreceives,

by way of the input port 104, the third group of signal lights

amplified by the optical amplifier 315, so as to multiplex

them into a new WDM signal group, which 1s emitted into the

optical fiber line 42 by way of an exit end 102. The exit

end 102 is optically connected to the optical fiber line

42 by way of a connector 106.

The demultiplexer 311 and the multiplexer 316

constitute an optical ADM 310 (Add-Drop Multiplexer).

Applicable examples of the optical ADM 310 include an AWG

(Arrayed Waveqguide Grating), an optical circulator, and the

like. Since these optical devices are expensive, however,

an inexpensive Mach-Zehnder interferometer constituted by

an optical fiber coupler 1 and a fiber grating 2, as shown

inFiqg. 3, isemployedas thedemultiplexer 311 andmultiplexer

316 of the optical ADM 310 1in this embodiment. When the

demultiplexer 311 and multiplexer 316 are constituted by

the above-mentioned Mach-Zehnder interferometer, however,

a problem of crosstalk may occur (see, for example, The

Institute of Electronics,

Information and Communication
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Engineers, Communication Society Convention 1995, SB-9-5).
Namely, though the major part of the second group of signal
lights (Al to A8) is demultiplexed by the demultiplexer
311 and outputted to theoptical amplifier 312, a part thereof
may leak from the demultiplexer 311 to the multiplexer 316
as crosstalk. Therefore, the WDM transmission repeater
according to this embodiment solves this problemof crosstalk
in the followling manner.

Let the intensity of each of 32 waves of the WDM signal
group having arrived at the demultiplexer 311 of the WDM
transmission repeater 31 be PO (dBm), and the intensity of
eachofsignal lightsinthethirdgroup fed into t.he respective
input ports of the multiplexer 314 be P30 (dBm). Also, let
the transmission loss with respect to each signal light in
the second group leaking from the entrance end 101 of the
demultiplexer 311 to the exit end 102 of the multiplexer
316 be ax (dB), the transmission loss with respect to each
signal light in the second group from the entrance end 101
of the demultiplexer 311 to the respective output port 313b
of the demultiplexer 313 be a2 (dB), and the transmission
loss with respect to the third group of signal lights from
each input port to the exit end 102 of the multiplexer 316
be a3 (dB).

Then, for each of the signal lights (A1l to A8) in
the second group, the 1intensity Px of the crosstalk component

leaking from the demultiplexer 311 to the multiplexer 316
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is represented by the followling expression (1):

Px = PO - ax (1)

The intensity P2 of each of signal lights (A1l to A 8)
in the second group emitted from the respective output port
313bof thedemultiplexer 313 is represented by the following
expression (2):

P2 =P0-a?2 (2)

Also, the intensity P of each of signal lights (Al
to A8) in the third group emitted from the multiplexer 316
1s represented by the followling expression (3):

P3 = P30 -a3 (3)

It 1s necessary that the 1intensity P2 of each of signal

lights (Al to A8) in the second group emitted from the

respective output port 313b of the demultiplexer 313 be not
lower than the receiving sensitivity 4 (dBm) of the

photodetector device connected to the respective output port
313b of the demultiplexer 313. Namely, it is necessary for

the intensity P2 and the receiving sensitivity G to satisfy

the relationship of the following expression (4):

P2=p (4)

Further, inviewof the above-mentioned expression (2),
1t 1s also necessary to satisfy the following expression
(0):

POza2+ p (5)

Also, since the signal lights of the third group are

ldentical to those of the second group in this embodiment,
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it is necessary that the intensity Pxof each of the

signal lights (A1l to A8) in the second group leaking from

the demultiplexer 311 to the multiplexer 316 be not greater

than the permissible crosstalk level (not greater than the

receiving sensitivity level in theWDM transmission repeater

at the next stage). Further, 1t is necessary that the
intensity of the crosstalk component in each signal light

in the second group be lower than the crosstalk suppressing

ratio ¥ (dB) with respect to the intensity P3 of each of

signal lights (A1l to A8) in the third group emitted from

the multiplexer 316. Namely, 1t is necessary for the
crosstalk component of each signal light in the second group
to satisfy the relationship of the following expression (6):

Px<P3-y (6)

Further, in view of the above-mentioned expressions
(1) and (3), it 1is necessary to satisfy the following
expression (7):

PO<sP30-a3+ox-y (7)

For example,_ the above-mentioned crosstalk
suppressing ratio Y ié‘25 dB.

Therefore, it is necessary that the intensity PO of
eéch of 32 waves of signal lights (included in the WDM signal
group) entering thedemultiplexer 311 of theWDMtransmission
repeater 31 be within the range satisfying both of the
above-mentioned expressions (5) and (7). Hence, in order

to satisfy these conditions, the intensity of each of 32
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signal lights sent out from the transmitter 10 1s adjusted
inviewof the intensity POof eachof 32 signal lights entering
the demultiplexer 311 of the WDM transmission repeater 31,
i.e., transmission loss in the optical fiber line 41. Also,
the configuration may be such that the respective optical
amplification gains of the optical amplifiers 312, 315 are
adjusted so as to regulate the values of transmission loss
a2, &3, or such that the intensity P30 of each signal 1light
in the third group taken in from the respective input port
314b of the multiplexer 314 1s adjusted.

As explained inthe foregoing, by appropriately setting
the intensity of each signal light, the WDM transmission
system, WDM transmission repeater, and WDM transmission
method according to the first embodiment can overcome the
problem of crosstalk. Also, an optical ADM comprising
inexpensive demultiplexer and multiplexer such as that shown
in Fig. 3 may be employed, whereby inexpensive optical
amplifiers can be used though the number thereof increases.
Further, the optical amplifier is unnecessary 1n some
instances, whereby the system as a whole becomes inexpensive.
The optical amplifier has a high reliability since no high
gain is required therefor. Also, since it does notoptically
amplify the whole WDM signal group including 32 waves
collectively but 8 waves by 8 waves, the risk of all the
waves simultaneously failing to establish communications

is low. Therefore, this embodiment can sultably be used
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between local stations.

(Second Embodiment of WDM Transmission Repeater)

Fig. 4 is adliagram showing the schematic configuration
of a second embodiment of the WDM transmission repeater
according to the present 1nvention. In the WDMtransmission

repeater according to the second embodiment, the signal

lights (A33to A40) inthethird group fed into the respective

input ports 314bof themultiplexer 314 differ fromthe signal
lights (A1l to A8) in the second group emitted from their
corresponding output ports 313b of the demultiplexer 313.
The second embodiment comprises a structure for overcoming
the problem of crosstalk by appropriately setting the signal
lights (A33 to A40) in the third group. Here, if the
intensity of each signal light 1s sufficient, then it is
not necessary to provide the optical amplifiers 312, 315.
In the WDM transmission repeater 31 according to the

second embodiment, the multiplexer 316 emits not only the

signal lights (A9 to A32) in the first group demultiplexed

by the demultiplexer 311 and the signal lights (A33 to A

40) in the third group taken in from the respective input

ports 314b of the multiplexer 314, but also the crosstalk

component in each of the signal lights (A1l to A8) that have

propagated from the demultiplexer 311 to the multiplexer

316. Therefore, in the second embodiment, the signal 1lights

(A33 to A40) in the third group is set so as to have the

following relationship with respect to the signal lights
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(A9 to A32) in the first group and the signal lights (A

1 toA8) in the second group. The optical ADM 310 employed
in the second embodiment has the structure shown in Fig.

3.

Figs. 5A to 5C are graphs explaining the third group
of signal lights to be sent out from the WDM transmission

repeater according to the second embodiment shown in Fig.

4. In Fig. 5A, the respective center wavelength positions

of signal lights (A9 to A32) in the first group gl and the
respective center wavelength positions of signal lights (A

1 toA8) in the second group are indicated by solid lines,

whereas the respective center wavelength positions of signal

lights (A33 to A40) in the third group g3 are indicated
by broken lines. As depicted, the signal lights (A33 to
A40) in the third group g3 are set between their respective
adjacent two wavelengths within the signal lights (A9 to

A32) in the first group and signal lights (A1l to A8) in

the second group, while causing no problem of crosstalk.
For example, according to ANNEX-A of ITU Standards, the
distance (wavelength difference) between two adjacent

wavelengths within the band of 100 GHz is 0.78 nm to 0.82

nm, and the center wavelength of the the signal lights (A

33to A40) in the third group is set so as not to cause a

problem of crosstalk between these wavelengths.
Here, at the output end 102 of the multiplexer 316,

the intensity of each of the signal lights (A9 to A32) in
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the first groupgl isrelatively strong, whereas the intensity

of each of the signal 1lights (Al to A8) in the second group

g2 1s relatively weak. Therefore, in view of this point,
the center wavelengths of the signal lights (A33 to A40)
in the third.group g3 are specifically set as follows.

Fig. 5B shows, at the output end 102 of themultiplexer

316, one wavelength spectrum within the signal lights (A
9to A32) inthe first groupgl by asolid line and one spectrum
within the signal lights (A33 to A40) in the third group

g3 by abrokenline. Sincetheintensity of eachof thesignal

lights (A9 to A32) in the first group gl at the output end

102 of the multiplier 316 1is relatively strong, the center

wavelength of each of the signal lights (A33 to A40) in

the third group g3 1s set to a wavelength where the intensity

of each of the signal lights (A9 to A32) in the first group

gl 1s lower than the intensity (peak intensity) at its center
wavelength by at least 25 dB as depicted.

Fig. 5C shows, at the output end 102 of themultiplexer

316, one wavelength spectrum within the signal lights (A
1to A8) inthe second group g2 by a solid line and one spectrum
within the signal lights (A33 to A40) in the third group

g3 by abrokenline. Sincetheintensityof eachof thesignal

lights (A1l to A8) in the second group g2 at the output end

102 of the multiplier 316 1s relatively weak, the center

wavelength of each of the signal lights (A33 to A40) in

the third group g3 1s set to a wavelength where the intensity
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of each of the signal lights (A1l to A8) in the second group

_g2 is lower than the intensity (peak intensity) at its center
wavelength by at least 10 dB as depicted.

As explained inthe foregoing, by appropriatelysetting
the intensity of each signal light, the WDM transmission
system, WDM transmission repeater, and WDM transmission
method according to the second embodiment can overcome the
problemofcrosstalkaswell. Also, anoptical ADMcomprising
inexpensivedemultiplexer and multiplexer such as that shown
in Fig. 3 may be employed, whereby i1nexpensive optical
amplifiers can be used though the number thereof increases.
Further, the optical amplifier is unnecessary 1n some
instances, whereby the system as a whole becomes 1nexpensive.
The optical amplifier has a high reliability since no high
gain is required therefor. Also, since it does notoptically
amplify the whole WDM signal group including 32 waves
collectively but 8 waves by 8 waves, the risk of all the
waves simultaneously failing to establish communications
is low. Therefore, this embodiment can suitably be used
between local stations.

(Third Embodiment of WDM Transmission Repeater)

Fig. 6 is adiagram showing the schematic configuration
of a third embodiment of the WDM transmission repeater
according to the present invention. The WDM transmission
repeater according to the third embodiment will also be

explained in the following as the repeater at the position
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indicated by A in Fig. 1.

In this drawing, the WDM transmission repeater 35
according to the third embodiment comprises a demultiplexer
351, anoptical amplifier 352, a demultiplexer 353 (included
in a wavelength separating device), a multiplexer 354
(1ncluded in a wavelength multiplexing device), an optical
amplifier 355, and a multiplexer 356. Though the
demultiplexer 351 and the multiplexer 354 constifute an
optical ADM350 aswiththe first embodiment, they are equipped
with joint structures 353c, 354c, respectively, for
connecting bypass lines 357, 358. Here, when the intensity
of each signal light is sufficient, it is not necessary to
provide the optical amplifiers 352, 355.

The bypass line 357 is detachably disposed, by way of

the joint structures 353c, 354c, between the output port

353b foremittingthesignal l1ight A7withinthesignal 1ights

(Al to A8) in the second group introduced from the

demultiplexer 351 to the demultiplexer 353 and its

corresponding input port 354c in themultiplexer 354, whereas

the signal 1light A7 propagates through the bypass line 357.

Similarly, thebypass line 358 is detachably disposed between

the output port 353b for emitting the signal 1light A8 within

the signal lights (A1l to A8) in the second group introduced

from the demultiplexer 351 to the demultiplexer 353 and its

corresponding input port 354c inthemultiplexer 354, whereas

the signal 1light A8 propagates through the bypass line 358.
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Therefore, while the WDM transmission repeater 35
according to the third embodiment in the state where the
bypass lines 357, 358 are removed therefrom acts like the
WDM transmission repeater 31 according to the first
embodiment, i1t acts as follows 1in the state where the bypass
lines 357, 358 are connected thereto.

Namely, the WDM signal group (Al to A32) including
32 waves having arrived 1s taken into the optical ADM 350

by way of an entrance end 201, and 1s demultiplexed into

signal 1ights (A9 to A32) ina first grouup and signal lights

(Al to A8) in a second group by the demultiplexer 351. The

entrance end 201 1s optically connected to the optical
transmission line 41 by way of a connector 205. The second
group of signal lights demultiplexed by the demultiplexer
351 is gquided to the optical amplifier 352 by way of an output
port 203. Theoptical amplifier 352 optically amplifies the
second group of signal lights as a whole, and emits the second
group thus amplified of signal lights to the demultiplexer
353 by way of an entrance port 353a. In the demultiplexer
353, the individual signal lights are demultiplexed and
outputted to their associatedoutput ports 353b. Amongthem,

the signal 1lights A1l to A6 are received by a light-receiving

device or the like. On the other hand, by way of the bypass

lines 357, 358, the signal lights A7, A8 are introduced

into the multiplexer 354 via their associated input ports

354c of themultiplexer 354. The signal 1lights A7, A8 taken
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in by way of therespective 1nput ports 354bof themultiplexer
354 and the signal lights A1l to A6 to be newly sent out
are multiplexed by the multiplexer 354 into a third group
of signal lights, which 1s emitted to the optical amplifier
355 by way of an output port 354a. Then, the third group
of signal lights optically amplified as a whole by theoptical
amplifier 355 is multiplexed by.the multiplexer 356 together
with the first group of signal lights emitted from the
demultiplexer 351, and the signal lights thus multiplexed
are sent to the optical fiber line 42 by way of an exit end
202. Here, the exit end 202 1s optically connected to the
optical fiber line 42 by way of a connector 206.

As explained inthe foregoing, by appropriately setting
the intensity of each signal light, the WDM transmission
system, WDM transmission repeater, and WDM transmission
method according to the third embodiment can overcome the
problemof crosstalkaswell. Also, anoptical ADMcomprising
inexpensive demultiplexer and multiplexer such as that shown
in Fig. 3 may be employed, whereby inexpensive optical
amplifiers can be used though the number thereof increases.
Further, the optical amplifier 1is unnecessary 1in some
instances, whereby the systemas a whole becomes 1nexpensive.
Also, the wave number of signal light received by each WDM
transmission repeater and the wave number of signal light
sent out thereby can be increased and decreased as the bypass

lines are attached thereto and detached therefromas required.
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The optical amplifier has a high reliability since no high

.gain is required therefor. Also, since it does not optically

amplify the whole WDM signal group including 32 waves
collectively but 8 waves by 8 waves, the risk of all the
waves simultaneously failing to establish communications
is low. Therefore, this embodiment can suitably be used
between local stations.

(Fourth Embodiment of WDM Transmission Repeater)

Fig. 7 is adiagram showing the schematic configuration
of a fourth embodiment of the WDM transmission repeater
according to the present invention. The WDM transmission
repeater according to the fourth embodiment will also be
eXplained in the following as the repeater at the position
indicated by A in Fig. 1.

In this drawing, the WDM transmission repeater 36
according totheseventhembodiment comprises ademultiplexer
361, an optical amplifier 362, a demultiplexer 363 (included
in a wavelength separating device), a multiplexer 364, an
optical amplifier 365, a multiplexer 366, a demultiplexer
371, an optical amplifier 372, a demultiplexer 373, a
multiplexer 374 (included in a wavelength multiplexing
device), an optical amplifier 375, and a multiplexer 376,
while being provided with structures for enabling attachment
and detachment of bypass lines 367, 368. The demultiplexer
361 and the multiplexer 366 constitute a first optical ADM

360, whereas the demultiplexer 371 and the multiplexer 376
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constitute a second ADM 370. Here, when the intensity of

signal light from the optical fiber line 41 is sufficient,

it 1s not necessary to provide the optical amplifiers 362,

365, 372, 375.
The demultiplexer 361 demultiplexes the 32 waves (A
1 to A32) of WDM signal group taken in by way of an entrance

end 301 into signal lights (A9 to A32) in a first group

and signal lights (A1l to A8) in a second group which are

different from each other. Here, the entrance end 301 is
optically connected to the optical fiber line 41 by way of
a connector 305. The optical amplifier 362 collectively
optically amplifies the second group of signal lights
introduced from the demultiplexer 361 by way of the output
port 303. Then, the second group thus amplified of signal
lights is taken into the demultiplexer 363 by way of an input
port 363a. The demultiplexer 363 demultiplexes the
amplified signal lights in the second group that have arrived
from the demultiplexer 361, and emits the resulting
individual signal lights by way of their associated output
ports 363b.

In this embodiment, it is assumed that there is no input
to the individual ports of the multiplexer 364, whereby the
multiplexer 364 and optical amplifier 365 indicated by the
part B in the drawing do not function as the aimed multiplexing
and optical amplifying means. Also, there is no input to

the input port 304 of the multiplexer 366 from the optical
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amplifier 365.

The demultiplexer 371 outputs the signal lights (A

9 to A32) in the first group that have arrived by way of

an input port 401, as it is, to themultiplexer 376. 1In this
embodiment, the optical amplifier 372 (optically éonnected
to an output port 403) and demultiplexer 373 in the part
C 1n the drawing are not used. Since the demultiplexer 371
also functions to demultiplex the first and second groups
of signal lights from each other, it acts to block the second
group of signal lights, thus being able to block at least
the crosstalk component of each signal light in the second
group from the first optical ADM 360. Also, the input port
401 1s optically connected to one end of a bridge line 500
by way of a connector 405, whereas the other end of the bridge
line 500 is optically connected to the input port 302 of
the multiplexer 366 by way of a connector 306. Thus, 1in the
fourth embodiment, the first optical ADM 360 and the second
ADM 370 are optically connected to each other by way of the

bridge line 500.

On the other hand, the multiplexer 374 feeds the
individual signal lights (Al to A8) in the third group to
thelr corresponding input ports 374b, multiplexes them, and
outputs the signal lights thus multiplexed to the optical
amplifier 375 by way of an output port 374a. The optical
amplifier 375 collectively optically amplifies the third

group of signal lights emitted from the multiplexer 374.
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The multiplexer 376 multiplexes the amplified third group
of signal lights taken in by way of an input port 404, and
the first group of signal lights passed through the

demultiplexer 371, and sends the resulting new WDM signal
group to the optical fiber line 42 by way of an exit end
402. Here, the exit end 402 is optically connected to the

optical fiber line 42 by way of a connector 406.

Further, 1n this embodiment, the output port 363b of

the demultiplexer 363 outputting the signal light A7 within

thesignallights (Alto A8) inthesecondgroupdemultiplexed

by the demultiplexer 361 and its associated input port 374b
of the multiplexer 374 are equipped with joint structures
363c, 374c, respectively, for enabling attachment and

detachment of the bypass line 367 (the transmission line

for signal light A7). Similarly, the output port 363b of
the demultiplexer 363 outputting the signal 1ight A8 within

thesignallights (A1to A8) inthesecond groupdemultiplexed

by the demultiplexer 361 and its associated input port 374b
of the multiplexer 374 are equipped with joint structures
363c, 374c, respectively, for enabling attachment and

detachment of the bypass line 368 (the transmission line

for signal light A8).

Therefore, the WDM transmission repeater 36 according
to the fourth embodiment acts as follows in the state where

the bypass lines 367, 368 are removed therefrom.

Namely, the WDM signal group (Al to A32) including
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32 waves that has arrived by way of the entrance end 301

is demultiplexed into signal lights (A9 toA32) in a first

group and signal lights (Al to A8) in a second group by

the demultiplexer 361. The demultiplexed signal lights in
the second group are optically amplified as a whole by the
optical amplifier 362, and 1s guided to the demultiplexer
363 bywayof theinput port 363a. Then, theindividual signal
lights in the second group are outputted to their

corresponding output ports 363b. The signal lights thus
outputted are received by photodetector devices separately
connected to the respective output ports 363b. On the other
hand, the first groupof signal lights reaches themultiplexer

376 after passing through the multiplexer 366 and

demultiplexer 371. Thesignallights (Al1lto A8) inthethird

group are taken in from the respective input ports 374b of
the multiplexer 374, and the multiplexed signal lights in
the third group are guided to the optical amplifier 375 by
way of the output port 374a. After beingoptically amplified
as a whole by the optical amplifier 375, the second group
of signal lights is taken into the multiplexer 376 by way
of the input port 404. The multiplexer 376 sends the new
WDM signal group composed of the first and third groups of
signal lights to the optical fiber line 42 by way of the
exit end 402. Here, the exit end 402 1is optically connected
to the optical fiber line 42 by way of the connector 406.

On the other hand, the WDM transmission repeater 36
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acts as follows in the state where the bypass lines 367,

368 are connected thereto. Namely, the WDM signal group ( A

1 toAd32) including 32 waves that has arrived by way of the
entrance end 301 is demultiplexed into the signal lights
(A9 to A32) in the first group and the signal lights (A
1 to A8) in the second group by the demultiplexer 361. After
beingoptically amplified as awhole by the optical amplifier
362, the second group of signal lights is taken into the
demultiplexer 363 by way of the input port 363a. In the
demultiplexer 363, among the received signal lights in the

second group, the signal lights (Al to A6) are received

by their associated photodetector devices by way of the output
ports 363b, whereas the signal lights A7, A8 are guided
to the input ports 374b of the multiplexer 374 through the
bypass lines 367, 368, respectively. The first group of
signal light demultiplexed by the demultiplexer 371

successlively passes through the demultiplexers 366, 371,

so as to reach the multiplexer 376. The signal lights A
7, A8 taken in from the respective input ports 374b of the

multiplexer 374 and the signal lights (A1l to A6) newly taken

in by way of the input ports 374b are multiplexed by the
multiplexer 374 into a third group of signal lights. Then,
the third group of signal lights is guided to the'0ptica1
amplifier 375 by way of the output port 374a, and is optically
amplified as a whole by the optical amplifier 375. The

multiplexer 376 multiplexes the third group of signal lights
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taken in by way of the input port 404 and the ‘first group
of signal lights, and the resulting new WDM signal group
is sent to the optical fiber line 42 by way of the exit end
402. Here, the exit end 402 1is optically connected to the
optical fiber line 42 by way of the connector 406.

In the fourth embodiment, regardless of whether the
bypass lines 367, 368 are conﬁected thereto or not, the
crosstalk component of each signal light outputted as
crosstalk passes through the two cascaded optical ADMs 360,
370, so as to be finally sent from the exit end 402 to the
optical fiber line 42, whereby the unnecessary crosstalk
components in the second group become very weak, and the
problem of cross talk is overcome. Also, as themultiplexer
364 is provided in addition to themultiplexer 374, the wave
number of the WDM signal group sent out from the WDM
transmission repeater 36 can be increased. Further, as the
demultiplexer 373 1s provided in addition to the
demultiplexer 363, while the wavelength of each signal 1light
demultiplexed from the demultiplexer 371 into the
demultiplexer 373 1s made different from the wairelength of
each signal light demultiplexed from the demultiplexer 361
into the demultiplexer 363, the number,0of signal lights
received by theWDMtransmission repeater 36 can be increased.

As explained in the foregoing, by cascading two optical
ADMs, theWDMtransmissionsystem, WDMtransmissionrepeater,

and WDM transmission method according to the fourth
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embodiment can overcome the problem of crosstalk as well.
Also, an optical ADM comprising inexpensive demultiplexer
and multiplexer such as that shown 1n Fig. 3 may be employed,
and the optical amplifier is unnecessary in some instances,
whereby the system as a whole becomes 1nexpensive. Also,
the wave number of signal light received by each WDM

transmission repeater and the wave number of signal light
sent out thereby can be 1ncreased and decreased as the bypass
lines are attached thereto and detached therefromas required.
The optical amplifier has a high reliability since no high
gain is required therefor. Also, since 1t does not optically
amplify the whole WDM signal group including 32 waves

collectively but 8 waves by 8 waves, the risk of all the
waves simultaneously failing to establish communications

is low. Therefore, this embodiment can suitably be used

between local stations.

Industrial Applicability

In accordance with the present invention, as explained
in the foregoing, since it 1s provided with various kinds
of confiqgurations for effectively restraining the crosstalk
component of each signal light received at each repeater
station from propagating and so forth, a relatively
inexpensive optical device can be utilized as an optical
ADM employed for demultiplexing necessary signal light,

whereby a WDM transmission system suiltable for optical
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communications between local stations having a relatively
short repeater distance can be provided. Also, when each
Of repeater stations having a short repeater distance
therebetween 1is provided with an optical amplifier, the
optical amplification is carried out with a low gain while
beingrestrictedtoapartof signal light propagating through
the transmission line. Therefore, it is possible to provide
a WDM transmission system in which the risk of all the waves
simultaneously failing to establish communications is low,
and 1n which a sufficient reliability can be obtained even

with inexpensive optical amplifiers.
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The embodiments of the invention 1n which an exclusive

property or privilege 1s claimed are defined as follows:

1. A WDM transmission repeater comprising:

a demultiplexer for capturing a plurality of signal
lights having wavelengths different from each other, said
wavelengths existing within predetermined one wavelength
band, said demultiplexer demultiplexing said plurality of
signal 1lights 1into a first group of signal 1lights and a
second group of signal lights;

a multiplexer for multiplexing a third group of signal
lights and said first group of signal 1lights, said third
group o0f signal 1lights comprising a plurality of signal
lights each having a wavelength, included 1in said
predetermined one wavelength band, different from
wavelengths of said first group of signal lights;

a wavelength separating device for dividing said second
group o0f signal 1lights from said demultiplexer every
wavelength, said wavelength separating device having 'a
plurality of output ports for respectively outputting said
second group of signal lights every wavelength;

a wavelength multiplexing device for multiplexing said
third group of signal 1lights to be fed into said
multiplexer, said wavelength multiplexing device having a
plurality of 1input ports for respectively capturing said
third group of signal lights every wavelength;

an optical amplifier provided at least at one of
locations between said wavelength multiplexing device and
said multiplexer and between said wavelength separating
device and said demultiplexer; and

a bypass line for linking one of said plurality of output
ports to one of said plurality of input ports, both ends of

salid bypass line having structures detachable/attachable to

42



CA 02325580 2007-12-11

said one of said plurality of output ports and said one of

said plurality of 1input ports.

2. A WDM repeater transmission system, 1in which a
plurality of repeaters are provided at an interval of 20 km
or less, for transmitting a plurality of signal 1lights

» g
oy

having wavelengths different from each other, said

wavelengths existing within predetermined one wavelength

band,
wherein at least one of said plurality of repeaters has

the same structure as the WDM repeater according to claim

1, and

wherein said multiplexer leaks part of said second group

of signal lights as crosstalk.

3. A WDM repeater transmission according to claim 2,
wherein said optical amplifier 1s provided between said

wavelength multiplexing device and said multiplexer.
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