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(57) ABSTRACT

An optical add-drop apparatus dropping a signal in input
optical fibers in an optical cross-connect apparatus or adding
a signal into output optical fibers from the cross-connect
apparatus, optical cross-connect portions of the cross-con-
nect apparatus connected such that a cross-connect portion
internal connection output port is directly connected to an
internal connection input port of another cross-connect
portion and is indirectly connected via the other cross-
connect portion to an internal connection output port of a
further cross-connect portion, the add-drop apparatus hav-
ing: photocouplers connected to part or all of the input fibers
connected to each cross-connect portion; and drop signal
receiving apparatuses each having optical switches each
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receiving and alternately selecting a signal output from
photocouplers connected to respective different cross-con-
nect portions of the cross-connect portions out of the pho-
tocouplers, the drop signal receiving apparatuses selecting a
signal of a wavelength for each signal respectively output
from the optical switches.

8 Claims, 15 Drawing Sheets
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1
OPTICAL CROSS-CONNECT

TECHNICAL FIELD

The present invention relates to an optical cross-connect
apparatus disposed in an optical network and capable of
outputting an input wavelength division multiplexing light
from a desired output port on the basis of a wave band or a
wavelength.

BACKGROUND ART

An optical network is known that transmits wavelength
division multiplexing (WDM) light acquired by multiplex-
ing (combining) optical signals of a predetermined bit rate
on the order of GHz to THz for each of multiple wavelengths
respectively corresponding to multiple wavelength channels
(wave channels or light paths) divided by, for example, 100
GHz in a predetermined communication wavelength band,
from a predetermined optical node to a plurality of other
optical nodes through one or more optical input fibers (e.g.,
m fibers) and one or more optical output fibers (e.g., n fibers)
(the number of fibers may be or may not be constant between
optical nodes) in parallel among the optical nodes. The
number of the optical input fibers, for example, m, includes
the number of optical fibers from a plurality of optical nodes,
and the number of the optical output fibers, for example, n,
includes the number of optical fibers to a plurality of optical
nodes. In such an optical network, an optical cross-connect
apparatus making up each optical node performs routing of
wavelength division multiplexing optical signals transmitted
through optical fibers directly in the form of optical signals
on the basis of a wavelength, thereby implementing large-
capacity transmission with low power consumption. For
example, this corresponds to an optical cross-connect appa-
ratus described in Patent Document 1.

Because a traffic amount is predicted to increase at an
accelerated rate in the optical network due to the recent
spread of ADSL and FTTH and the spread of services such
as high-definition moving image distribution, it is desired to
increase the numbers of wavelength paths and optical fibers,
i.e., to further increase the scale of the optical cross-connect
apparatuses making up the optical nodes.

PRIOR ART DOCUMENT
Patent Document

Patent Document 1: Japanese Laid-Open Patent Publication
No. 2008-252664

SUMMARY OF THE INVENTION
Problem to Be Solved by the Invention

Although, for example, a conventional optical cross-
connect apparatus described in Patent Document 1 has a
configuration using a wavelength selective switch (WSS),
the scale thereof is limited to at most about 1*20, which
makes it difficult to configure a large-scale optical cross-
connect apparatus. In particular, when the wavelength selec-
tive switch (WSS) using MEMS mirrors used in the optical
cross-connect apparatus is functioned as, for example, a
demultiplexer (wave separator), the switch employs a con-
figuration in which a wavelength is selected from a wave-
length division multiplexing light by a diffraction grating
dispersing the light output from an end surface of an input
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2

optical fiber, a condensing lens condensing the light dis-
persed by the diffraction grating onto MEMS miirrors of the
same number as the demultiplexed (split) wavelengths, and
a three-dimensionally configured spatial optical system
making the light selectively reflected by the MEMS mirrors
incident on one of end surfaces of a plurality of output
optical fibers through the condensing lens and the diffraction
grating and, therefore, because an increase in the number of
output ports not only makes the wavelength selective switch
expensive due to the necessity of high-precision processing
but also increases an optical loss, the maximum number of
the ports is limited to at most about 20 without considering
the price in existing wavelength selective switches, and it is
practically difficult to implement a larger scale of the optical
cross-connect apparatus. Although 1*9 wavelength selective
switches are widely used in reality, even the wavelength
selective switches of this scale cost about one million yen
each.

A wavelength multiplexing signal in an optical fiber input
to the optical cross-connect apparatus is made up of, for
example, about 100 wavelength units and if the signals are
transmitted through, for example, 20 input optical fibers, an
optical signal drop apparatus requires an extremely large-
scale optical switch for extracting and dropping a desired
signal out of 2000 signals at a predetermined optical node
and this is difficult to implement. Similarly, when a desired
signal is added to a wavelength multiplexing signal trans-
mitted through an optical fiber of a desired path among, for
example, 20 output optical fibers at a predetermined optical
node, an optical signal add apparatus requires an extremely
large-scale optical switch and this is difficult to implement.

The present invention was conceived in view of the
situations and it is therefore an object of the present inven-
tion to significantly reduce a hardware scale of an optical
add-drop apparatus dropping a desired signal in an input
optical fiber input to an optical cross-connect apparatus or
adding a desired signal into an output optical fiber output
from the optical cross-connect apparatus at an optical node
in an optical network.

Means for Solving the Problem

To achieve the above object, a first aspect of the invention
provides an optical add-drop apparatus (a) dropping a
desired signal in a plurality of input optical fibers input to an
optical cross-connect apparatus disposed in an optical node
in an optical network or adding a desired signal into a
plurality of output optical fibers output from the optical
cross-connect apparatus, (b) the optical cross-connect appa-
ratus including multiple optical cross-connect portions each
having internode connection input ports and internode con-
nection output ports respectively connected to a part of the
plurality of input optical fibers and a part of the plurality of
output optical fibers, as well as an internal connection input
port and an internal connection output port, (c) the multiple
optical cross-connect portions each being connected such
that an internal connection output port of a predetermined
optical cross-connect portion is directly connected to an
internal connection input port of another optical cross-
connect portion and is indirectly connected via said another
optical cross-connect portion to an internal connection out-
put port of a further optical cross-connect portion, the optical
add-drop apparatus (d) comprising: a plurality of photocou-
plers connected to a part of or all of the input optical fibers
connected to each of the multiple optical cross-connect
portions; and a plurality of drop signal receiving apparatuses
each having a group of optical switches each receiving and
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alternately selecting a signal output from a group of photo-
couplers connected to respective different optical cross-
connect portions of the multiple optical cross-connect por-
tions out of the plurality of photocouplers, the plurality of
drop signal receiving apparatuses each selecting a signal of
a desired wavelength for each of signals respectively output
from the group of optical switches.

To achieve the above object, a second aspect of the
invention provides an optical add-drop apparatus (a) drop-
ping a desired signal in a plurality of input optical fibers
input to an optical cross-connect apparatus disposed in an
optical node in an optical network or adding a desired signal
into a plurality of output optical fibers output from the
optical cross-connect apparatus, (b) the optical cross-con-
nect apparatus including multiple optical cross-connect por-
tions each having internode connection input ports and
internode connection output ports respectively connected to
a part of the plurality of input optical fibers and a part of the
plurality of output optical fibers, as well as an internal
connection input port and an internal connection output port,
(c) the multiple optical cross-connect portions each being
connected such that an internal connection output port of a
predetermined optical cross-connect portion is directly con-
nected to an internal connection input port of another optical
cross-connect portion and is indirectly connected via said
another optical cross-connect portion to an internal connec-
tion output port of a further optical cross-connect portion,
the optical add-drop apparatus (d) comprising: a plurality of
photocouplers connected to a part of or all of the output
optical fibers connected to each of the multiple optical
cross-connect portions; and a plurality of add signal sending
apparatuses each having a group of optical switches output-
ting a signal of a desired wavelength to any one of photo-
couplers in a group of photocouplers connected to respective
different optical cross-connect portions of the multiple opti-
cal cross-connect portions out of the plurality of photocou-
plers.

Effects of the Invention

The optical add-drop apparatus recited in the first aspect
of the invention, constructed as described above includes a
plurality of the photocouplers connected to a part of or all of
the input optical fibers respectively connected to the mul-
tiple optical cross-connect portions; and a plurality of the
drop signal receiving apparatus each having a group of the
optical switches each receiving and alternatively selecting a
signal output from a group of photocouplers connected to
respective different optical cross-connect portions of the
multiple optical cross-connect portions out of the plurality of
the photocouplers, the plurality of drop signal receiving
apparatus each selecting a signal of a desired wavelength for
each of signals respectively output from the group of the
optical switches and, therefore, as compared to a conven-
tional optical drop apparatus that includes multiple-stage
photocouplers whose number is several times larger than the
number of input optical fibers because of a multiple-stage
configuration for extracting an arbitrary wavelength out of
the wavelengths transmitted through each of the input opti-
cal fibers and optical switches selecting the light from the
multiple-stage photocouplers whose number is acquired by
multiplying the number of all the waves (=the number of
fibers*the number of multiplexed wavelengths per fiber) by
a drop rate so as to selectively extract a light of a predeter-
mined wavelength from the output lights from the optical
switches, the number of the photocouplers is made smaller
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4

and the scale of the optical switches is significantly reduced,
so that the scale of the optical add-drop apparatus can
significantly be reduced.

The optical add-drop apparatus recited in the second
aspect of the invention includes a plurality of the photocou-
plers connected to a part of or all of the output optical fibers
respectively connected to the multiple optical cross-connect
portions; and a plurality of the add signal sending appara-
tuses each having a group of the optical switches outputting
a signal of a desired wavelength to any one of photocouplers
in a group of photocouplers connected to respective different
optical cross-connect portions of the multiple optical cross-
connect portions out of the plurality of the photocouplers
and, therefore, as compared to a conventional optical add
apparatus that includes multiple-stage photocouplers whose
number is several times larger than the number of input
optical fibers because of a multiple-stage configuration for
adding an arbitrary wavelength into a desired output optical
fiber and optical switches selecting and outputting a desired
optical signal to the multiple-stage photocouplers whose
number is acquired by multiplying the number of all the
waves (=the number of fibers*the number of multiplexed
wavelengths per fiber) by a drop rate so as to selectively
output a light of a predetermined wavelength from the
output lights from the optical switches to a desired output
optical fiber, the number of the photocouplers is made
smaller and the scale of the optical switches is significantly
reduced, so that the scale of the optical add-drop apparatus
can significantly be reduced.

The optical cross-connect apparatus recited in the first and
second aspects of the invention includes the multiple optical
cross-connect portions (sub-systems) each having internode
connection input ports and the internode connection output
ports respectively connected to multiple internode connec-
tion optical fibers as well as the internal connection input
ports and the internal connection output ports and, since
each of the multiple optical cross-connect portions is con-
nected such that an internal connection output port of a
predetermined optical cross-connect portion is directly con-
nected to an internal connection input port of another optical
cross-connect portion and is indirectly connected via said
another optical cross-connect portion to an internal connec-
tion input port of a further optical cross-connect portion, the
routing can mutually be performed among the optical cross-
connect portions and, therefore, as compared to a conven-
tional optical cross-connect apparatus having the same
blocking rate at the same number of fibers, the scale of
hardware such as the optical cross-connect portions or the
wavelength selective switches can significantly be reduced
while a path accommodation capacity is maintained at the
same level.

Preferably, the number of the multiple groups of the
optical switches is equal to the number of the input optical
fibers input to each of the optical cross-connect portions or
the number of the output optical fibers output from the
optical cross-connect portions. Consequently, the number of
the photocouplers is preferably made smaller and the scale
is reduced.

Preferably, the drop of the optical signal is limited by a
predefined add-drop rate for each of the groups of input
optical fibers respectively input to the multiple optical
cross-connect portions out of the plurality of input optical
fibers, i.e., for each of the optical cross-connect portions.
The addition (add) of the optical signal is limited by a
predefined add-drop rate for each of the groups of output
optical fibers respectively output from the multiple optical
cross-connect portions out of the plurality of output optical
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fibers, i.e., for each of the optical cross-connect portions.
Since the drop-limited input optical fibers or the add-limited
output optical fibers is disposed with an optical branch
element such as a photocoupler or a 1*2-wavelength selec-
tive switch branching a light to a photocoupler or adding a
light from the photocoupler in accordance with a predeter-
mined drop rate, the number or the scale of the optical
branch elements can be made smaller.

Preferably, the number of droppable wavelengths is lim-
ited to a predefined add-drop rate for each of the multiple
transponder banks in accordance with a drop rate determined
in advance from a multiplexing signal input to the transpon-
der bank. For each of the multiple transponder banks, the
number of wavelengths added to the multiplexing signal
output from each of the transponder banks is limited in
accordance with a predefined add-drop rate. This limitation
for each of transponder banks the is convenient for reducing
the scale of the add-drop portions.

Preferably, the total number of droppable wavelengths is
limited by a predefined add-drop rate in accordance with a
drop rate determined in advance on the basis of the plurality
of input optical fibers. The total number of addable wave-
lengths is limited by a predefined add-drop rate in accor-
dance with an add rate determined in advance on the basis
of the plurality of output optical fibers. In this case, the
limitation by the predetermined drop and add rates can
easily be set for each of the multiple groups of the optical
switches. If it is attempted to put limitations by the prede-
termined drop and add rates on the entire node, a wasteful
configuration is required and the design is complicated
because wavelengths are different in each of the optical
cross-connect portions.

Preferably, the total number of droppable wavelengths is
limited in accordance with a predetermined add-drop rate on
the basis of the wavelengths making up the multiplexing
signals transmitted through the plurality of input optical
fibers. The total number of addable wavelengths is limited in
accordance with a predetermined add-drop rate on the basis
of the wavelengths making up the multiplexing signals
added to the plurality of output optical fibers. In this case,
the number or the scale can be made smaller in wavelength
selective elements selecting a drop wavelength or wave-
length selective elements outputting an add wavelength in
the drop signal receiving apparatuses or the add signal
sending apparatuses.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a conceptual diagram for explaining an example
of an optical network in which optical nodes using optical
cross-connect apparatuses of an embodiment of the present
invention are connected through optical fibers.

FIG. 2 is a schematic for explaining a configuration of the
optical node in the optical network of FIG. 1.

FIG. 3 is a diagram for more specifically explaining the
configurations of the optical node of FIG. 2.

FIG. 4 is a diagram for explaining a configuration of a
main portion of one of multiple optical cross-connect por-
tions making up the optical cross-connect apparatus of FIG.
3.

FIG. 5 is a schematic for explaining multiple wavelength
selective switches WSS used in the optical cross-connect
portion of FIG. 4 by using a configuration example using
MEMS.

FIG. 6 is a schematic for explaining multiple wavelength
selective switches WSS used in the optical cross-connect

10

15

20

25

30

35

40

45

50

55

60

65

6

portion of FIG. 4 by using a configuration example using a
demultiplexer, optical switches, and multiplexers (wave
combiners).

FIG. 7 is a diagram for explaining a configuration scale of
the multiple optical cross-connect portions making up the
optical cross-connect apparatus of FIG. 3 in comparison
with the apparatus consisting of one conventional large-
scale wavelength selective switch WSS shown in FIG. 8.

FIG. 8 is a diagram for explaining a configuration of a
conventional optical cross-connect apparatus consisting of
one large-scale wavelength selective switch WSS.

FIG. 9 is a diagram of an example of a configuration using
four 1*9-wavelength selective switches WSS when it is
assumed that a 1*28-wavelength selective switch WSS is
realistically made up of the smallest number of switches so
as to realistically construct the conventional optical cross-
connect apparatus shown in FIG. 8.

FIG. 10 is a diagram of a configuration example of an
optical add-drop apparatus disposed at a node having the
conventional optical cross-connect apparatus shown in FIG.
9 when a 40-wavelength multiplexing signal is input from
each optical fiber of four sets of seven input optical fibers.

FIG. 11 is a diagram for explaining an example of a
1*560-photocoupler PC of FIG. 10 in a realistic three-stage
configuration made up of one 1*7-photocoupler PC on a first
stage, seven optical amplifiers PA on a second stage, and
seven 1*80-photocouplers PC on a third stage.

FIG. 12 is a diagram for explaining another example of a
1*560-photocoupler PC of FIG. 10 in a realistic three-stage
configuration made up of one 1*9-wavelength selective
switches WSS on a first stage, seven optical amplifiers PA on
a second stage, and seven 1*80-photocouplers PC on a third
stage.

FIG. 13 is a diagram of a configuration example of the
optical add-drop apparatus shown in FIG. 3 when a
40-wavelength multiplexing signal is input from each opti-
cal fiber of four sets of seven input optical fibers as is the
case with FIG. 10.

FIG. 14 is a diagram for explaining a logical configuration
of an optical network used in a simulation conducted by the
present inventors.

FIG. 15 is a diagram of a simulation result for the logical
configuration topology of FIG. 9 in two-dimensional coor-
dinates with the horizontal axis indicative of a rate of
normalized traffic and the vertical axis indicative of a
blocking ratio (probability) in terms of a relation between
the traffic rate and the blocking ratio by using the number k
of fibers connected from sub-systems to the same transpon-
der bank as a parameter.

FIG. 16 is a diagram of a relation between the number of
required optical amplifiers PA for the 1*560 photocouplers
PC configured in multiple stages shown in FIG. 11 or 12, for
example, and the number k of fibers connected from the
subsystems to the same transponder bank in comparison
with the conventional type of FIG. 10

FIG. 17 is a schematic for explaining that the number of
wavelengths is limited for each of the transponder banks in
accordance with an add-drop rate determined in advance.

FIG. 18 is a schematic for explaining that the number of
wavelengths is limited in accordance with an add-drop rate
determined in advance on the basis of the input optical
fibers.

FIG. 19 is a schematic for explaining that the number of
wavelengths is limited in accordance with a predetermined
add-drop rate on the basis of the wavelengths in the input
optical fibers.
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FIG. 20 is a diagram for explaining another configuration
example of the optical add-drop apparatus to which the
present invention is applied, corresponding to FIG. 10.

FIG. 21 is a diagram for explaining another configuration
example of a plurality of the optical cross-connect portions
included in the optical cross-connect apparatus, correspond-
ing to FIG. 4.

FIG. 22 is a diagram for explaining a further configuration
example of a plurality of the optical cross-connect portions
included in the optical cross-connect apparatus, correspond-
ing to FIG. 4.

MODES FOR CARRYING OUT THE
INVENTION

Embodiments of the present invention will now be
described in detail with reference to the drawings.

First Embodiment

FIG. 1 shows a portion of an optical network NW made
up of multiple optical nodes NDO to NDd and optical fibers
F connecting the optical nodes. It is noted that d denotes an
arbitrary positive integer and, although d is four indicative
of the number of optical nodes adjacent to the optical node
NDO in this embodiment, d may be another integer.

The optical node NDO is connected to each of the optical
nodes ND1 to NDd through a set of (n-2) input optical fibers
Fil to Fi(n-2) and a set of (n-2) output optical fibers Fol to
Fo(n-2) each acting as a set of (n-2) internode connection
fibers. Since all the optical nodes NDO to ND4 are config-
ured in the same way, the optical node NDO will be
described as a representative with reference to FIG. 2 and
following figures.

As shown in FIG. 2, the optical node NDO includes an
optical cross-connect apparatus OXC routing (switching
paths of) wavelength division multiplexing signals respec-
tively transmitted through the input optical fibers Fil to
Fi(n-2) from the optical nodes ND1 to ND4 located around
the optical node NDO, on the basis of a wavelength or on the
basis of a wave band, to send the signals to desired output
optical fibers connected to any one of the optical nodes ND1
to ND4; an optical drop apparatus SDD positioned on the
preceding stage of the optical cross-connect apparatus OXC
and dropping a desired wavelength-based signal included in
the wavelength division multiplexing signals respectively
transmitted through the input optical fibers Fil to Fi(n-2)
from the optical nodes ND1 to ND4 so that the signal is
received by a transponder on an electric layer not shown;
and an optical add apparatus SAD adding a predetermined
wavelength-based signal sent from a transponder on the
electric layer into an output optical fiber of a desired path
connected to any one of the optical nodes ND1 to ND4.
Although having the same configuration as each other, the
optical drop apparatus SDD and the optical add apparatus
SAD drop an optical signal of a desired wavelength and add
an optical signal of a desired wavelength into an output
optical fiber of a desired path when light is transmitted in
directions opposite to each other. In this embodiment, the
optical drop apparatus SDD and the optical add apparatus
SAD make up an add-drop apparatus.

The input side of the optical cross-connect apparatus
OXC is connected to (n-2) fibers from each of the optical
nodes ND1 to NDd adjacent to the optical node NDO, i.e., a
total of d*(n-2) fibers of d sets of the optical input fibers Fil
to Fi(n-2). The arrangement of the input fibers is not limited
to the order of FIG. 2 and is free. The output side of the
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optical cross-connect apparatus OXC is connected to (n-2)
fibers toward each of the optical nodes ND1 to NDd adjacent
to the optical node NDO, i.e., d sets of a total of 4*(n-2)
fibers of the output optical fibers Fol to Fo(n-2). The
arrangement of the output fibers is not limited to the order
of FIG. 2 and is free. From the input optical fibers Fil to
Fi(n-2), respective wavelength division multiplexing lights
are transmitted and input to the optical cross-connect appa-
ratus OXC. The wavelength division multiplexing lights
having paths switched by the optical cross-connect appara-
tus OXC are respectively transmitted through the output
optical fibers Fol to Fo(n-2) to the optical nodes ND1 to
NDd. The d sets of the input optical fibers Fil to Fi(n-2) and
the output optical fibers Fol to Fo(n-2) act as internode
connection optical fibers. The input/output fibers may not be
arranged based on the sets as in FIG. 2 and the fibers of each
set may be arranged in a separated manner.

This embodiment includes the case that each wave band
WB is formed by multiplexing lights of multiple wave-
lengths, e.g., 16 wavelengths, respectively corresponding to
multiple wavelength channels (wave channels or light paths)
divided by, for example, 100 GHz in a predetermined
communication wavelength band; one wavelength division
multiplexing (WDM) light is formed by multiplexing the
wave bands WB; and the wavelength division multiplexing
lights are transmitted through respective optical fibers in
parallel. Therefore, the signals may be treated on the basis
of'a wave band instead of a wavelength. The wavelengths of
the wavelength channels included in the wave bands WB of
the wavelength division multiplexing light may sequentially
continuously increase or may be dispersive. The wavelength
division multiplexing light may be consisting of sequen-
tially-arranged wave bands set as multiple wave bands
sequentially selected such that each band is made up of 16
wavelengths continuous to each other selected out of con-
tinuous wavelength channels. Alternatively, the wavelength
division multiplexing light may be consisting of disper-
sively-arranged wave bands having each wave band set as
wavelengths dispersively selected from each of sets of
multiple continuous wavelengths. The wavelength channels
constituting the wavelength division multiplexing signals
may be optical signals having the same bit rate as each other
regardless of whether a wave band is used or not, or may be
optical signals having bit rates partially or entirely different
from each other. The wavelength channels may not neces-
sarily be at equal intervals and may partially or entirely be
wavelength channels at unequal intervals.

FIG. 3 shows configurations of the optical cross-connect
apparatus OXC, the optical drop apparatus SDD, and the
optical add apparatus SAD. In FIG. 3, the optical cross-
connect apparatus OXC is made up of multiple optical
cross-connect portions (sub-systems) OXC1 to OXCs (s is
an integer indicative of the number). Because of d=4 in FIG.
1, the optical cross-connect apparatus OXC may include s
optical cross-connect portions OXC1 to OXC4 in the same
number as the number d of the other optical nodes ND1 to
ND4 adjacent to the optical node NDO0; however, the number
s of the optical cross-connect portions OXC1 to OXCs may
not be identical to the number d of the adjacent optical nodes
ND1 to NDd and may be set independently of the number d
of the other adjacent optical nodes ND1 to NDd.

In FIG. 3, the optical cross-connect portions OXC1 to
OXCs have an n*m-input/output configuration; however,
since n=m is frequently used in general, the optical cross-
connect portions OXC1 to OXCs in this embodiment will be
described as having an n*n-input/output configuration in
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which each optical cross-connect portion has n input ports
Pil to Pin and n output ports Pol to Pon.

Each of the optical cross-connect portions OXC1 to
OXCs has the n input ports Pil to Pin and the n output ports
Po1 to Pon except a pair of the input ports Pil and Pin and
a pair of the output ports Pol and Pon for internal connec-
tion, i.e., the input ports Pi2 to Pi(n-1) and the output ports
Po2 to Po(n-1), respectively connected through a total of
4*(n-2) fibers of the d sets of the input optical fibers Fil to
Fi(n-2) and a total of s*(n-2) fibers of the d sets of the
output optical fibers Fol to Fo(n-2) to the output side and
the input side of the optical nodes ND1 to NDd adjacent to
the optical node NDO.

Out of the n input ports Pil to Pin and the n output ports
Pol to Pon of each of the optical cross-connect portions
OXC1 to OXCs, a pair of the input ports Pil and Pin and a
pair of the output ports Pol and Pon are used as internal
connection ports connected to the other adjacent optical
cross-connect portions. For example, if a predetermined
optical cross-connect portion is the optical cross-connect
portion OXC1 in FIG. 3, the output port Pol of the optical
cross-connect portion OXC1 is directly connected through
an internal connection optical fiber Fnls to the input port Pin
of another optical cross-connect portion OXCs adjacent to
one side of the optical cross-connect portion OXC1, and is
indirectly connected through said another optical cross-
connect portion OXCs and an internal connection optical
fiber Pnsx to the input port Pin of a further optical cross-
connect portion OXCx not shown. The output port Pon of
the optical cross-connect portion OXC1 is directly con-
nected through an internal connection optical fiber Fnls to
the input port Pil of another optical cross-connect portion
OXC2 adjacent to the other side of the optical cross-connect
portion OXC1, and is indirectly connected through said
another optical cross-connect portion OXC2 and an internal
connection optical fiber Fn2x to the input port Pil of a
further optical cross-connect portion OXCx not shown.
Therefore, the optical cross-connect portions OXC1 to
OXCs are connected such that an output port of a predeter-
mined optical cross-connect portion is directly internally
connected to an input port of another optical cross-connect
portion adjacent thereto and is indirectly internally con-
nected via said another adjacent optical cross-connect por-
tion to an input port of a further optical cross-connect
portion. As a result of such connection, the optical cross-
connect portions OXC1 to OXCs are arranged like a ring and
bi-directionally internally connected. The internal connec-
tion of each of the optical cross-connect portions may not
necessarily be configured as a ring as shown in FIG. 3, and
OXC1 and OXCs may not directly be connected in the case
of FIG. 3. Although the optical cross-connect portions are
connected through multiple (two) fibers in FIG. 3, the
optical cross-connect portions may be connected through
one fiber.

In the optical cross-connect apparatus OXC having the
optical cross-connect portions OXC1 to OXCs intercon-
nected through the internal connection optical fibers in this
way, a wavelength output from a predetermined optical
cross-connect portion of the optical cross-connect portions
OXC1 to OXCs is also input to any other optical cross-
connect portions and, therefore, a path of a wave band or a
wavelength input from any fiber of s groups of the input
optical fibers Fil to Fi(n-2) can be switched to any fiber of
s groups of the output optical fibers Fol to Fo(n-2). In the
case of using a plurality of the small-scale optical cross-
connect portions OXC1 to OXCs having the input terminals
smaller in number as compared to the number (n-2) of fibers
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in one group of the input optical fibers Fil to Fi(n-2), a
predetermined wavelength output from any one of the
optical cross-connect portions OXC1 to OXCs can be input
to the other optical cross-connect portions to cause the
predetermined wavelength to go and return so that the
routing can repeatedly be performed in the optical cross-
connect portions to switch the path of the predetermined
wavelength.

Since the optical cross-connect portions OXC1 to OXCs
have substantially the same configuration as shown in FIG.
4 in that n 1*n-photocouplers PC and n n*1-wavelength
selective switches WSS are included, an example of the
configuration will hereinafter be described in detail with
reference to FIG. 4 by using the optical cross-connect
portion OXC1 as a representative.

In FIG. 4, the photocouplers PC of the optical cross-
connect portion OXC1 are well-known photocouplers such
as branch couplers formed by branching optical fibers or
waveguides. The photocouplers PC branch, distribute, and
input respective wavelength division multiplexing lights,
wave bands, or wavelengths input from the input optical
fibers Fil to Fin, directly to the n wavelength selective
switches WSS. The wavelength selective switches WSS
select and alternatively output predetermined wavelengths
from the wavelength division multiplexing lights, wave
bands, or wavelengths distributed from the photocouplers
PC, to the respective output optical fibers Fol to Fon (=Po4).

Each of the wavelength selective switches WSS is made
up of, for example, a three-dimensional MEMS optical
switch shown in a schematic of FIG. 6 or a planer wave-
length selective switch shown in FIG. 5. In FIG. 5, a
three-dimensional MEMS optical switch is described in 1*4
or 4*1 scale by using one input optical fiber Fin and four
output optical fibers Foutl to Fout4 connected to the pho-
tocoupler PC, for example. This three-dimensional MEMS
optical switch includes a spectral grating (diffraction grat-
ing) G that is a spectral element dispersing the wavelength
division multiplexing light input from the input optical fiber
Fin on the basis of a wavelength, m (the number of wave-
lengths, simplified to four in FIG. 5) micromirrors MM
subjected to the position control by an actuator not shown,
and a condensing lens L. disposed between the spectral
grating and the micromirrors to condense a dispersed wave-
length onto one of the micromirrors MM, and is driven such
that a wavelength division multiplexing light or a wave band
input from the input optical fiber Fin is dispersed by the
spectral grating G on the basis of a wavelength and is then
condensed by the condensing lens L. onto the micromirrors
MM for respective wavelengths and that a reflected light
from the micromirrors MM is incident on a desired one of
the output fibers Foutl to Foutd, so as to provide a wave-
length selective switch function. Such a three-dimensional
MEMS optical switch may practically be configured up to
about 1*9 scale.

The wavelength selective switch WSS shown in FIG. 6
may be configured as a planer type by integrating wave-
guides and elements on a common semiconductor or quartz
substrate with a planar lightwave circuit (PLC) technique,
for example. This planer type wavelength selective switch
WSS may be made up of, for example, one 1*q-(q is the
number of wavelengths per fiber) demultiplexer (arrayed-
waveguide grating) AWG connected to an optical fiber from
a photocoupler PC and demultiplexing the wavelength divi-
sion multiplexing light input therefrom into each wave-
length, q 1*n-optical switches PWC switching a path for
each of the wavelengths demultiplexed by the 1*q demul-
tiplexer AWG, and g*1-multiplexers (arrayed-waveguide
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gratings) AWG each receiving and multiplexing the output
wavelengths from the 1*n-optical switches PWC for out-
putting to n output ports Pol, Po2, . . . Pon.

Returning to FIG. 3, the optical drop apparatus SDD
includes s*(n-2) optical branch elements SE consisting of
1*2-photocouplers or 1*2-wavelength selective switches
respectively disposed on (n-2) optical fibers from each of
the optical nodes ND1 to NDd adjacent to the optical node
NDO, i.e., a total of s*(n-2) input optical fibers Fil to
Fi(n-2) so as to branch transmitted light; s*(n-2) 1%*20s-
photocouplers PC branching respective optical signals
branched by the optical branch elements SE; and (n-2)
transponder banks TBK1 to TBKs connected to respective
multiple groups, i.e., (n-2) groups of 1*20s-photocouplers
PC formed out of the s*(n-2) 1*20s-photocouplers PC in the
order of the (n-2) input optical fibers Fil to Fi(n-2) input to
each of the optical cross-connect portions OXC1 to OXCs.
These transponder banks TBK1 to TBKs act as drop signal
receiving apparatuses. Each of the transponder banks TBK1
to TBKs includes 20s s*1-optical switches PS receiving
signals from all the s 1*20s-photocouplers PC making up
each of the (n-2) groups; and 20s tunable wavelength filters
(tunable filters) TF acing as wavelength selective elements
respectively extracting a desired wavelength from the output
lights of the 20s s*1-optical switches PS. An optical signal
(drop signal) of a predetermined wavelength output from the
tunable wavelength filters TF is dropped to a predetermined
router on the electric layer not shown and is converted into
an electric signal by a photoreceiver. In the case of coherent
reception, the tunable wavelength filters TF are not neces-
sarily required and the photoreceiver may be given a wave-
length filter function.

The s*1-optical switches PS are switches selecting a
single fiber from which a signal is dropped out of the (n-2)
input optical fibers Fil to Fi(n-2) input to each of the optical
cross-connect portions OXC1 to OXCs and are divided into
(n-2) groups. Since the s*1-optical switches PS are divided
into the (n-2) groups (sets) and signals limited by a prede-
termined drop rate are dropped thereto, the photocouplers
PC and the optical switches PS are consequently reduced in
scale as described later. The 20s reflects the drop rate.

The 1*2-optical branch elements SE, the 1%*20s-photo-
couplers PC, the s*1-optical switches PS, and the tunable
wavelength filters (tunable filters) TF making up the optical
drop apparatus SDD have optical reversibility in which an
optical path is established not only in a forward direction
described above but also in a backward direction, the optical
add apparatus SAD is made up of optical components
connected in the same way as the optical drop apparatus
SDD as shown in FIG. 3. As a result, an add signal converted
from an electric signal into an optical signal in the electric
layer not shown is added as a wavelength-based add signal
in the reversed route of the optical drop apparatus SDD to
the output optical fiber in the desired path out of the output
optical fibers Fol to Fo(n-2) and added to the wavelength
division multiplexing light of the desired path. The tran-
sponder banks TBK1 to TBKs of the optical add apparatus
SAD act as add signal sending apparatuses.

FIG. 7 shows the optical node NDO and the optical
cross-connect apparatus OXC included therein, and an opti-
cal cross-connect portion OXC2 representative of the con-
figuration of optical cross-connect portions OXC1 to OXC4
making up the optical cross-connect apparatus OXC, when
the total number of input or output fibers is 28 for each of
the optical nodes NDO to ND4. In this case, because of
m=n=7, both the number of the input optical fibers Fil to
Fi(n-2) and the number of the output optical fibers Fol to
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Fo(n-2) are seven and, since the two internal connection
optical fibers Fns1 and Fn21 are connected to the input side
and the two internal connection optical fibers Fnls and Fn12
are connected to the output side, the optical cross-connect
portion OXC2 has the scale of 9%9. As a result, the optical
cross-connect portion OXC2 is made up of nine 1%9-
photocouplers PC and nine 1*9-wavelength selective
switches WSS. Therefore, the optical cross-connect appara-
tus OXC is made up of 36 1*9-photocouplers PC and 36
1*9-wavelength selective switches WSS as a whole. Thus,
the optical cross-connect apparatus OXC in this embodiment
has the number of required 1*9-wavelength selective
switches WSS reduced to about %3 as compared to a con-
ventional optical cross-connect apparatus OXC consisting of
one large-scale wavelength selective switch WSS as shown
in FIG. 8.

In contrast, in the conventional case that the optical
cross-connect apparatus OXC included in the optical node
NDO is made up of a single optical cross-connect portion in
the same optical network NW, since no interconnection is
made and the scale of the optical cross-connect portion is
28*28 as shown in FIG. 8, the optical cross-connect appa-
ratus OXC is made up of 28 1*28-photocouplers PC and 28
1*28-wavelength selective switches WSS. Since the scale of
the 1*28-wavelength selective switches WSS is unrealistic
as described above, if it is attempted to achieve a realistic
configuration with the number reduced as small as possible,
the 1*28-wavelength selective switch WSS is configured by
using four 1*9 wavelength selective switches WSS as shown
in FIG. 9, for example. Although the scale in this case is
1*33, the wavelength selective switch WSS can be used in
the 1*28 scale by using the necessary ports. The optical
cross-connect apparatus OXC with such a conventional
configuration requires (4*28=112) 1*9-wavelength selective
switches WSS.

FIG. 10 shows a conventional optical drop apparatus SDD
in the case that the optical cross-connect apparatus included
in the optical node NDO is made up of a single large-scale
optical cross-connect portion when it is assumed that seven
input optical fibers Fil to Fi(n-2) and seven output optical
fibers Fol to Fo(n-2) are connected to each of the optical
nodes ND1 to ND4 adjacent to the optical node NDO, that
multiplexing signals include 40 wavelengths per fiber, and
that an add-drop rate is 50%. The optical drop apparatus
SDD in this case drops signals from the input optical fibers
to all the transponders and is made up of 28 1*560-
photocouplers PC, 560 28*1-optical switches PS, and 560
tunable wavelength filters TF. The numbers of the 28*1-
optical switches PS and the 560 tunable wavelength filters
TF are derived from the number of multiplexed
wavelengths*the add-drop rate*the number of fibers. The
1*560-photocouplers PC have an unrealistic scale due to a
large loss and is therefore configured with a three-staged
cascade connection as shown in FIG. 11 or 12, for example.
A 1*#560-photocoupler shown in FIG. 11 is made up of one
1*7 photocoupler on a first stage, optical amplifiers PAon a
second stage, and seven 1%80-photocouplers on a third
stage. A 1*560-photocoupler shown in FIG. 12 is configured
in the same way except that the first stage is made up of one
1*9 wavelength selective switches WSS. Because of a large
loss of the 1*80-photocouplers on the third stage, the optical
amplifiers PA on the second stage have a gain at the level
compensating the loss, for example, the gain of 20 dB. For
example, the 28 1*560-photocouplers in the case shown in
FIG. 11 are made up of 196 1*80-photocouplers, 28 1*7-
photocouplers and 196 optical amplifiers PA. The optical
amplifiers PA are made up of, for example, erbium doped
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optical fiber amplifiers (EDFA) having a gain of about 20 dB
corresponding to the attenuation of the 1*80-photocouplers.

On the other hand, in the optical drop apparatus SDD of
this embodiment to which the same conditions as above are
applied, the fibers connectable to the transponder banks are
limited for each of the optical cross-connect portions (sub-
systems), and a signal from none, one, or a plurality of fibers
of each of the optical cross-connect portions (sub-systems)
can be dropped to the transponder banks. FIG. 13 shows an
example in which a signal can be dropped from one fiber of
each of the optical cross-connect portions (sub-systems) to
each of the transponder banks TBK1 to TBK7. In particular,
the optical cross-connect apparatus OXC is made up of four
(s) optical cross-connect portions OXC1 to OXC4. The
optical drop apparatus SDD is made up of 28 1*80-photo-
couplers PC, 28 optical amplifiers PA disposed on the
preceding stage of the 28 1*80-photocouplers PC, and 560
in total 4*1-optical switches PS forming seven groups such
that each of seven transponder banks TBK1 to TBK7 is
made up of 80 optical switches PS, and 560 tunable wave-
length filters TF. As is clear from the above, the optical drop
apparatus SDD of this embodiment reduces both the num-
bers of the 1*80-photocouplers PC and the optical amplifiers
PA to 4, eliminates the need for the 28 1*8-photocouplers
PC, and reduces the scale of the 560 optical switches PS
from 28%*1 to 4*1, thereby significantly reduces the overall
scale.

In a 5*5-square grid network NW having 25 optical nodes
ND interconnected into a square shape by a plurality of
optical fibers F as shown in FIG. 14, the inventers obtained
a relation between a blocking ratio (rate) and a traffic rate by
using the number k of fibers connected from subsystems to
the same transponder bank as a parameter under the follow-
ing simulation conditions when the optical cross-connect
apparatus OXC and the optical drop apparatus SDD of each
of the optical nodes ND were the optical cross-connect
apparatus OXC including the multiple interconnected opti-
cal cross-connect portions and the optical drop apparatus
SDD having the transponder banks each disposed with
multiple groups of optical switches PS selecting a plurality
of input optical fibers input to each of the optical cross-
connect portions (configuration of the present invention) as
shown in FIGS. 3 and 13, for example. FIG. 15 shows the
calculation results.

(Simulation Conditions)

Topology: 5*5 square grid network (FIG. 14)

Multiplexing light per fiber: multiplexing light of 80

wavelengths

Maximum size of one optical cross-connect portion: 9%9

Traffic: internode average path demand=14
traffic distribution=uniformly random
occurrence of demand=Poisson distribution

In FIG. 15, CDC represents a configuration dropping
signals from all the input optical fibers to all the transpon-
ders without using a transponder bank as shown in FIG. 13.
As is apparent from FIG. 15, as the number k of fibers
connected from the subsystems to the same transponder
bank becomes smaller, the traffic rate at the blocking rate of
1.E-0.3 is more reduced. At k=4, k=3, k=2, and k=1, the
traffic rate is reduced by 4%, 10%, 13%, and 26%, respec-
tively. Even the case of k=1 may practically be used depend-
ing on the purpose.

FIG. 16 shows a relation between the number of required
optical amplifiers PA for the 1*560 photocouplers PC con-
figured in multiple stages shown in FIG. 11 or 12, for
example, and the number k of fibers connected from the
subsystems to the same transponder bank in comparison
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with the conventional type of FIG. 10 when the optical
cross-connect apparatus OXC includes the multiple inter-
connected optical cross-connect portions and the optical
drop apparatus SDD has the transponder banks each dis-
posed with multiple groups of optical switches PS selecting
a plurality of input optical fibers input to each of the optical
cross-connect portions (configuration of the present inven-
tion) as shown in FIGS. 3 and 13, for example. According
to this relation, the 47% reduction effect is acquired even at
k=4.

The effect of the optical drop apparatus SDD is also
acquired from the optical add apparatus SAD configured in
the same way.

As described above, the optical add-drop apparatus, i.e.,
the optical drop apparatus SDD of this embodiment includes
a plurality of the 1*20s-photocouplers PC connected to a
part of or all of the input optical fibers Fil to Fi(n-2) of each
of'the s groups respectively connected to the multiple optical
cross-connect portions OXC1 to OXCs; and a plurality of
the transponder banks (drop signal receiving apparatuses)
TBK that each include a group of the s*1-optical switches
PS each receiving and alternatively selecting a signal output
from a group of photocouplers PC connected to respective
different optical cross-connect portions of the multiple opti-
cal cross-connect portions OXC1 to OXCs out of the plu-
rality of the photocouplers PC and a plurality of the tunable
wavelength filters TF each selecting and supplying a signal
of a desired wavelength to a transponder not shown for each
of signals respectively output from the group of the optical
switches PS and, therefore, as compared to a conventional
optical drop apparatus that includes multiple-stage photo-
couplers whose number is several times larger than the
number of input optical fibers because of a multiple-stage
configuration for extracting an arbitrary wavelength out of
the wavelengths transmitted through each of the input opti-
cal fibers Fil to Fi(n-2) and optical switches selecting the
light from the multiple-stage photocouplers whose number
is acquired by multiplying the number of all the waves (=the
number of fibers*the number of multiplexed wavelengths
per fiber) by a drop rate so as to selectively extract a light of
a predetermined wavelength from the output lights from the
optical switches, the number of the photocouplers PC is
made smaller and the scale of the optical switches PS is
significantly reduced, so that the scale of the optical add-
drop apparatus can significantly be reduced.

The optical add-drop apparatus, i.e., the optical add
apparatus SAD of this embodiment includes a plurality of
the photocouplers PC connected to a part of or all of the
output optical fibers Fol to Fo(n-2) of each of the s groups
respectively connected to the multiple optical cross-connect
portions OXC1 to OXCs; and a plurality of the transponder
banks (add signal sending apparatuses) TBK1 to TBKs that
include multiple groups of the s*l-optical switches PS
outputting a signal of a desired wavelength to any one of
photocouplers in a group of photocouplers PC connected to
respective different optical cross-connect portions of the
multiple optical cross-connect portions out of the plurality of
the photocouplers PC and multiple groups of the tunable
wavelength filters TF disposed respectively for the s*1-
optical switches PS and extracting a desired wavelength
from lights output from transponders not shown to output
respective add signals to the s*1-optical switches PS and,
therefore, as compared to a conventional optical add appa-
ratus that includes multiple-stage photocouplers whose
number is several times larger than the number of output
optical fibers because of a multiple-stage configuration for
adding an arbitrary wavelength into a desired output optical
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fiber and optical switches selecting and outputting a desired
optical signal to the multiple-stage photocouplers whose
number is acquired by multiplying the number of all the
waves (=the number of fibers*the number of multiplexed
wavelengths per fiber) by a drop rate so as to selectively
output a light of a predetermined wavelength from the
output lights from the optical switches to a desired output
optical fiber, the number of the photocouplers PC is made
smaller and the scale of the optical switches PS is signifi-
cantly reduced, so that the scale of the optical add-drop
apparatus can significantly be reduced.

The optical cross-connect apparatus OXC disposed with
the optical add-drop apparatus of this embodiment includes
the multiple optical cross-connect portions (sub-systems)
OXC1 to OXCs each having internode connection input
ports Pi2 to Pi(n-1) and the internode connection output
ports Po2 to Po(n-1) respectively connected to multiple
internode connection optical fibers as well as the internal
connection input ports Pil, Pin and the internal connection
output ports Pol, Pon and, since each of the multiple optical
cross-connect portions OXC1 to OXCs is connected such
that an internal connection output port of a predetermined
optical cross-connect portion is directly connected to an
internal connection input port of another optical cross-
connect portion and is indirectly connected via said another
optical cross-connect portion to an internal connection input
port of a further optical cross-connect portion, the routing
can mutually be performed among the optical cross-connect
portions OXC1 to OXCs and, therefore, as compared to a
conventional optical cross-connect apparatus having the
same blocking rate at the same number of fibers, the scale of
hardware such as the optical cross-connect portions or the
wavelength selective switches can significantly be reduced
while a path accommodation capacity is maintained at the
same level. Additionally, since a wavelength can be trans-
mitted from a predetermined optical cross-connect portion
bi-directionally to a pair of one and the other optical
cross-connect portions adjacent thereto in the optical cross-
connect apparatus OXC, the optical cross-connect apparatus
OXC is advantageous in that a path switching process time
can be shortened as compared to the case of transmitting a
wavelength in one direction.

According to the present embodiment, since the number
(n-2) of the multiple groups of the optical switches PS of the
optical drop apparatus SDD is equal to the number (n-2) of
the input optical fibers Fil to Fi(n-2) input to each of the
optical cross-connect portions OXC1 to OXCs or the num-
ber (n-2) of the output optical fibers Fol to Fo(n-2) output
from the optical cross-connect portions OXC1 to OXCs, the
number of the photocouplers PC is preferably made smaller
and the scale is reduced.

In the optical drop apparatus SDD, the drop of optical
signals may be limited for each of the groups of input optical
fibers respectively input to the multiple optical cross-con-
nect portions OXC1 to OXCs among the multiple groups (s
groups) of the input optical fibers Fil to Fi(n-2), i.e., for
each of the optical cross-connect portions OXC1 to OXCs.
In the optical add apparatus SAD, the addition (add) of
optical signals may be limited for each of the groups of
output optical fibers respectively output from the multiple
optical cross-connect portions OXC1 to OXCs out of the
multiple groups (s groups) of the output optical fibers Fol to
Fo(n-2), i.e., for each of the optical cross-connect portions
OXC1 to OXCs. Since the predetermined drop-limited
group of the input optical fibers Fil to Fi(n-2) or the
predetermined add-limited group of the output optical fibers
Fol to Fo(n-2) is not disposed with an optical branch
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element SE such as a photocoupler or a 1*2-wavelength
selective switch branching a light to a photocoupler PC or
adding a light from the photocoupler as well as the photo-
coupler PC connected thereto in accordance with a prede-
termined drop rate or add rate, the number of the optical
branch elements SE and the photocouplers PC can be made
smaller. The limitation for each of the optical cross-connect
portions OXC1 to OXCs is convenient for the routing.

As conceptually shown in FIG. 17, in the optical drop
apparatus SDD, the number of droppable wavelengths may
be limited for each of the multiple transponder banks TBK
in accordance with an add-drop rate determined in advance
on the basis of a wavelength signal input thereto. In the
optical add apparatus SAD, the number of addable wave-
lengths may be limited for each of the multiple transponder
banks TBK in accordance with an add-drop rate determined
in advance from a wavelength signal output therefrom. This
limitation for each of the transponder banks TBK is conve-
nient for design. Determining an overall add-drop rate is
disadvantageous in terms of design since the numbers of
added and dropped wavelengths are different in each of the
transponder banks TBK. FIG. 17 shows the case of the
add-drop rate of 4.

As conceptually shown in FIG. 18, in the optical drop
apparatus SDD, the total number of droppable wavelengths
may be limited in accordance with a drop rate determined in
advance on the basis of a plurality of the input optical fibers
Fil to Fi(n-2). In the optical add apparatus SAD, the total
number of addable wavelengths is limited in accordance
with an add rate determined in advance on the basis of a
plurality of the output optical fibers. In this case, the
limitation by the predetermined drop and add rates can
easily be set for each of the multiple groups of the optical
switches. If it is attempted to put limitations by the prede-
termined drop and add rates on the entire node, a wasteful
configuration is required and the design is complicated
because wavelengths are different in each of the optical
cross-connect portions. FIG. 18 shows the case of the
add-drop rate of V4.

As conceptually shown in FIG. 19, the total number of
droppable wavelengths may be limited in accordance with a
predetermined drop rate on the basis of the wavelengths
making up the multiplexing signals transmitted through the
plurality of the input optical fibers Fil to Fi(n-2). The total
number of addable wavelengths may be limited in accor-
dance with a predetermined add rate on the basis of the
wavelengths making up the multiplexing signals added into
the plurality of the output optical fibers Fol to Fo(n-2). In
this case, the number or the scale can be made smaller in the
tunable wavelength filters TF selecting a drop wavelength or
the tunable wavelength filters TF outputting an add wave-
length in the drop signal receiving apparatuses or the add
signal sending apparatuses. FIG. 19 shows the case of the
add-drop rate of V4.

Second Embodiment

FIG. 20 is a diagram of another configuration example of
the optical drop apparatus SDD, corresponding to FIG. 13.
In the optical drop apparatus SDD shown in FIG. 20, the
number of the transponder banks TBK is set independently
of'the number of the input optical fibers Fil to Fi(n-2) or the
number of the optical cross-connect portions OXC1 to
OXCs. In the example of FIG. 20, five transponder banks
TBK1 to TBKS5 are disposed, and the input optical fibers Fil
to Fi(n-2) connected to the transponder banks TBK1 to
TBKS are randomly assigned such that the numbers of fibers



US 9,788,089 B2

17

become equal. The number of transponders included in the
transponder banks TBK1 to TBKS is arbitrarily set. In the
optical drop apparatus SDD shown in FIG. 20, 28 1*80- or
1*100-photocouplers PC input multiplexing signals from
any one of groups of input optical fibers Fil to Fi7 into any
one of 112 5*1- or 4*1-optical switches PS in each of the
transponder banks TBK1 to TBKS5. Also in this embodiment,
28 optical amplifiers PA may be disposed on the input side
of the 28 1*80- or 1*100-photocouplers PC. The optical
drop apparatus SDD of this embodiment significantly
reduces the numbers of the 1#*80-photocouplers PC and the
optical amplifiers PA, eliminates the need for the 28 1*8-
photocouplers PC, and reduces the scale of the 560 optical
switches PS from 28%*1 to 4*1, thereby significantly reduces
the overall scale.

Third Embodiment

FIG. 21 shows another example of the optical cross-
connect portion OXC1 shown in FIG. 3. This optical cross-
connect portion OXC1 of a third embodiment has multiple
(n) 1*n-input-side wavelength selective switches WSS
respectively connected to the internal connection optical
fiber Fnsl, the internode connection input optical fibers Fil
to Fi(n-2), and the internal connection optical fiber Fn21
and receiving the input wavelength division multiplexing
light to select a wavelength included in the wavelength
division multiplexing light, and multiple (n) n*1-photocou-
plers PC respectively connected to the internal connection
optical fiber Fnls, the internode connection output optical
fibers Fol to Fo(n-2), and the internal connection optical
fiber Fn12 and receiving and multiplexing wavelength sig-
nals or wave band signals input from the 1*n input-side
wavelength selective switches WSS to respectively output
the signals to the internal connection optical fiber Fnls, the
internode connection output optical fibers Fol to Fo(n-2),
and the internal connection optical fiber Fnl2. In this way,
the number of the expensive wavelength selective switches
WSS can be reduced by half as is the case with the optical
cross-connect portion OXC1 shown in FIG. 3.

Fourth Embodiment

FIG. 22 shows a further example of the optical cross-
connect portion OXC1 shown in FIG. 3. This optical cross-
connect portion OXC1 of a fourth embodiment has multiple
(n) 1*n-input-side wavelength selective switches WSS
respectively connected to the internal connection optical
fiber Fnsl, the internode connection input optical fibers Fil
to Fi(n-2), and the internal connection optical fiber Fns21
and receiving the input wavelength division multiplexing
light to select a wavelength included in the wavelength
division multiplexing light, and multiple (n) n*1-output-side
wavelength selective switches WSS respectively connected
to the internal connection optical fiber Fnls, the internode
connection output optical fibers Fol to Fo(n-2), and the
internal connection optical fiber Fnl2 and receiving and
multiplexing wavelength signals or wave band signals input
from the 1*n input-side wavelength selective switches WSS
to respectively output the signals to the internal connection
optical fiber Fnls, the internode connection output optical
fibers Fol to Fo(n-2), and the internal connection optical
fiber Fnl2. In this way, the optical loss is reduce in the
optical cross-connect portion OXC1 since no photocoupler
is used.
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Although the embodiments of the present invention have
been described with reference to the drawings, the present
invention is applicable in other forms.

For example, although the optical drop apparatus SDD
and the optical add apparatus SAD are included in the node
NDO as the optical add-drop apparatus in the embodiments,
either the optical drop apparatus SDD or the optical add
apparatus SAD may be included.

The number of the multiple optical cross-connect portions
making up the optical cross-connect apparatus OXC may be
any number including two, three, and four. Although the
multiple optical cross-connect portions are internally con-
nected like a ring, the optical cross-connect portions may
internally be connected like a chain.

Although not exemplarily illustrated one by one, the
present invention may variously be modified without depart-
ing from the spirit thereof.

NOMENCLATURE OF ELEMENTS

NW: optical network

NDO to NDd: optical node

SDD: optical drop apparatus (optical add-drop apparatus)

SE: optical branch element (a 1*2-photocoupler or a
1*2-wavelength selective switch)

SAD: optical add apparatus (optical add-drop apparatus)

TBK1 to TBKs: transponder banks (drop signal receiving
apparatuses, add signal receiving apparatuses)

OXC: optical cross-connect apparatus

OXC1 to OXC4: optical cross-connect portion

OXC1 to OXCs: optical cross-connect portion

WSS: wavelength selective switch

PC: photocouplers

PS: optical switch

Fil to Fin: input optical fibers (internode connection
optical fibers)

Fol to Fon: output optical fibers (internode connection
optical fibers)

Pi2 to Pi(n-1): internode connection input ports

Po2 to Po(n-1): internode connection output ports

Pil, Pin: internal connection input port

Pol, Pon: internal connection output port

The invention claimed is:
1. An optical apparatus disposed in an optical node of a
network comprising:
an optical add-drop apparatus that drops a desired signal
from a plurality of input optical fibers input to an
optical cross-connect apparatus disposed in the optical
node in the optical network or adds a desired signal into

a plurality of output optical fibers output from the

optical cross-connect apparatus, the optical add-drop

apparatus comprising:
a plurality of photocouplers connected to a part of or all
of the input optical fibers connected to each of
multiple optical cross-connect portions; and
a plurality of drop signal receiving apparatuses each:
having a group of optical switches each receiving
signal outputs from a group of photocouplers
connected to respective different optical cross-
connect portions of the multiple optical cross-
connect portions out of the plurality of photocou-
plers and alternately selecting a signal output; and

selecting a signal of a desired wavelength for each of
signals respectively output from the group of
optical switches; and
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the optical cross-connect apparatus including the multiple
optical cross-connect portions, each optical cross-con-
nect portion:

having wavelength selective switches routing wave-
length division multiplexing signals on the basis of
wavelength,

having internode connection input ports, and internode
connection output ports respectively connected to a
part of the plurality of input optical fibers and a part
of the plurality of output optical fibers;

having an internal connection input port and an internal
connection output port; and,

being connected such that an internal connection output
port of a predetermined optical cross-connect portion
is directly connected to an internal connection input
port of another optical cross-connect portion and is
indirectly connected via said another optical cross-
connect portion to an internal connection output port
of a further optical cross-connect portion.

2. An optical apparatus disposed in an optical node of a
network comprising:
an optical add-drop apparatus that drops a desired signal
from a plurality of input optical fibers input to an
optical cross-connect apparatus disposed in the optical
node in the optical network or adds a desired signal into

a plurality of output optical fibers output from the

optical cross-connect apparatus, the optical add-drop

apparatus comprising:

a plurality of photocouplers connected to a part of or all
of the output optical fibers connected to each of
multiple optical cross-connect portions; and

a plurality of add signal sending apparatuses each
having a group of optical switches
outputting a signal of a desired wavelength to any

one of photocouplers in a group of photocouplers
connected to respective different optical cross-
connect portions of the multiple optical cross-
connect portions out of the plurality of photocou-
plers, and
alternatively selecting a signal output; and
the optical cross-connect apparatus including the multiple
optical cross-connect portions, each optical cross-con-
nection portion:

having wavelength selective switches routing wave-
length division multiplexing signals on the basis of
wavelength,
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having internode connection input ports, and internode
connection output ports respectively connected to a
part of the plurality of input optical fibers and a part
of the plurality of output optical fibers;

having an internal connection input port and an internal
connection output port; and

being connected such that an internal connection output
port of a predetermined optical cross-connect portion
is directly connected to an internal connection input
port of another optical cross-connect portion and is
indirectly connected via said another optical cross-
connect portion to an internal connection output port
of a further optical cross-connect portion.

3. The optical apparatus according to claim 1, wherein the
number of groups of optical switches is equal to the number
of the input optical fibers input to the optical cross-connect
portion or the number of the output optical fibers output
from the optical cross-connect portion.

4. The optical apparatus according to claim 2, wherein the
number of groups of optical switches is equal to the number
of the input optical fibers input to the optical cross-connect
portion or the number of the output optical fibers output
from the optical cross-connect portion.

5. The optical apparatus according to claim 3, wherein the
number of fibers connected from the input optical fibers of
the optical cross-connect portion to a drop signal receiving
apparatus is common to all the optical cross-connect por-
tions.

6. The optical apparatus according to claim 4, wherein the
number of fibers connected from an add signal sending
apparatus to the output optical fibers of the optical cross-
connect portion is common to all the optical cross-connect
portions.

7. The optical apparatus according to claim 5, the number
of the fibers to the drop signal receiving apparatus from the
optical cross-connect portion is determined based on a rate
of normalized traffic and/or a blocking rate of the optical
node when a drop rate of the optical node is fixed to a
predetermined value.

8. The optical apparatus according to claim 6, the number
of the fibers from the add signal sending apparatus to the
optical cross-connect portion is determined based on a rate
of normalized traffic and/or a blocking rate of the optical
node when an add rate of the optical node is fixed to a
predetermined value.



