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(54) COMMUNICATION SYSTEM AND FAULT LOCATION IDENTIFICATION METHOD

(57) A communication system includes three or more
nodes, and a multi-core fiber having a plurality of cores,
the multi-core fiber being used in at least a partial seg-
ment of a connection between the nodes, wherein each
of nodes includes: a fault information transmitting device
configured to transmit fault information indicating that a
fault has occurred in a communication path between one
node and another node of the nodes when it is detected
that it is not possible to perform communication between
the one node and the another node; and a fault location
specifying device configured to specify a section between
nodes in which a fault has occurred on the basis of the
fault information received from the fault information trans-
mitting device provided in each of the nodes.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a communica-
tion system and a fault location specifying method.
[0002] Priority is claimed on Japanese Patent Applica-
tion No. 2015-230875, filed November 26, 2015, the con-
tent of which is incorporated herein by reference.

BACKGROUND ART

[0003] A communication network that uses optical fib-
ers is constructed in a core network that connects togeth-
er metropolises and a metro network that connects to-
gether bases in an area. In such a network, a plurality of
optical fibers are used in a bundle. Wavelength division
multiplexing (WDM) transmission that involves multiplex-
ing a plurality of optical signals having different wave-
lengths is performed on respective individual optical fib-
ers to realize high-capacity signal transmission (for ex-
ample, see Non-Patent Literature 1). In order to further
increase the transmission capacity, the use of a multi-
core fiber (MCF) which is an optical fiber having a plurality
of cores instead of an optical fiber (single core fiber: SCF)
having one core has been discussed (for example, see
Non-Patent Literatures 2 and 3).
[0004] In a network configured using an MCF, since a
transmission volume in one MCF is large, a fault in an
MCF may have an influence on communication between
a plurality of nodes. Due to this, when a fault occurs in a
network configured using an MCF, it is necessary to
quickly detect the fault and specify a faulty MCF.

CITATION LIST

[Non-Patent Literature]

[0005]

[Non-Patent Literature 1]
Shinji Matsuoka, "Ultrahigh-speed Ultrahigh-capac-
ity Transport Network Technology for Cost-effective
Core and Metro Networks," NTT Technical Journal,
March 2011, pages 8-12
[Non-Patent Literature 2]
Yutaka Miyamoto and Hirokazu Takenouchi, "Dense
Space-division-multiplexing Optical Communica-
tions Technology for Petabit-per-second Class
Transmission," NTT Technical Journal, August
2014, pages 52-56
[Non-Patent Literature 3]
Kazuyuki Shiraki, "R&D Trends in Optical Fiber and
Cable Technology," NTT Technical Journal, January
2015, pages 59-63

SUMMARY OF INVENTION

[Technical Problem]

[0006] In view of the above-described problems, an
object of the present invention is to provide a communi-
cation system and a fault location specifying method ca-
pable of detecting faults and specifying fault locations in
a network configured using a multi-core fiber.

[Solution to Problem]

[0007] A communication system of a first aspect of the
present invention is a communication system includes:
three or more nodes, and a multi-core fiber having a plu-
rality of cores, the multi-core fiber being used in at least
a partial segment of a connection between the nodes,
wherein each of nodes includes: a fault information trans-
mitting device configured to transmit fault information in-
dicating that a fault has occurred in a communication
path between one node and another node of the nodes
when it is detected that it is not possible to perform com-
munication between the one node and the another node;
and a fault location specifying device configured to spec-
ify a section between nodes in which a fault has occurred
on the basis of the fault information received from the
fault information transmitting device provided in each of
the nodes.
[0008] According to a second aspect of the present
invention, in the communication system according to the
first aspect, the fault location specifying device is config-
ured to specify the section in which the fault has occurred
on the basis of a combination of communication paths in
which the fault has occurred, indicated by the fault infor-
mation received from each of the fault information trans-
mitting devices.
[0009] According to a third aspect of the present inven-
tion, in the communication system according to the sec-
ond aspect, the fault location specifying device includes
a table in which a combination of the presence of faults
in the respective communication paths formed between
the nodes and a combination of the presence of faults in
the connection between the nodes are associated,
wherein the fault location specifying device is configured
to detect a combination identical to the combination of
the communication paths in which the fault has been de-
tected indicated by the fault information received from
each of the fault information transmitting devices from
the table, and specify the section between the nodes in
which the fault has occurred.
[0010] According to a fourth aspect of the present in-
vention, in the communication system according to the
third aspect, the fault information transmitting device is
configured to transmit fault information including infor-
mation indicating the communication path in which the
fault has not occurred among communication paths be-
tween the one node and the other nodes of the nodes to
the fault location specifying device, and the fault location
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specifying device is configured to detect a combination
identical to a combination of the presence of faults in the
communication paths indicated by the fault information
received from each of the fault information transmitting
devices from the table and specify the section between
the nodes in which the fault has occurred.
[0011] According to a fifth aspect of the present inven-
tion, in the communication system according to the sec-
ond aspect, the fault information transmitting device is
configured to transmit fault information including infor-
mation indicating the communication path in which the
fault has not occurred among communication paths be-
tween the one node and the other nodes of the nodes to
the fault location specifying device, and the fault location
specifying device is configured to specify the section be-
tween the nodes in which the fault has occurred using a
predetermined logical formula on the basis of the con-
nection between the nodes and a communication path
between the nodes.
[0012] A fault location specifying method of a sixth as-
pect of the present invention is a fault location specifying
method in a communication system includes three or
more nodes, and a multi-core fiber having a plurality of
cores, the multi-core fiber being used in at least a partial
segment of a connection between the nodes, the fault
location specifying method includes: a first step of trans-
mitting fault information indicating that a fault has oc-
curred in a communication path between one node and
another node of the nodes when a fault information trans-
mitting device, which is provided in each of the nodes,
detects that it is not possible to perform communication
between the one node and the another node; and a sec-
ond step of specifying, by the fault location specifying
device, a section between nodes in which a fault has
occurred on the basis of the fault information received
from the fault information transmitting device provided in
each of the nodes.

[Advantageous Effects of Invention]

[0013] According to the present invention, it is possible
to detect faults and specify fault locations in a network
configured using a multi-core fiber.

BRIEF DESCRIPTION OF DRAWINGS

[0014]

Fig. 1 is a diagram showing a first configuration ex-
ample of a communication system according to the
present invention.
Fig. 2A is a diagram showing a first configuration
example of a connector used in a communication
system.
Fig. 2B is a diagram showing the first configuration
example of a connector used in a communication
system.
Fig. 3A is a diagram showing a second configuration

example of a connector used in a communication
system.
Fig. 3B is a diagram showing the second configura-
tion example of a connector used in a communication
system.
Fig. 4A is a diagram showing a third configuration
example of a connector used in a communication
system.
Fig. 4B is a diagram showing the third configuration
example of a connector used in a communication
system.
Fig. 5 is a diagram showing a first configuration ex-
ample of an Add/Drop node when WDM transmis-
sion is performed in a communication system.
Fig. 6 is a diagram showing a second configuration
example of the communication system according to
the present invention.
Fig. 7 is a diagram showing a third configuration ex-
ample of the communication system according to the
present invention.
Fig. 8 is a diagram showing a fourth configuration
example of a communication system according to
the present invention.
Fig. 9 is a diagram showing a first configuration ex-
ample of the communication system shown in Fig.
1, in which a plurality of SCFs is used in a partial
segment of the connection between Add/Drop
nodes.
Fig. 10 is a diagram showing a second configuration
example of the communication system shown in Fig.
1, in which a plurality of SCFs is used in the connec-
tion between Add/Drop nodes.
Fig. 11A is a diagram showing physical connection
between nodes of a communication system accord-
ing to an embodiment of the present invention.
Fig. 11B is a diagram showing logical connection
between nodes in a communication system.
Fig. 12A is a first diagram showing a correspondence
between a fault location and a combination of pres-
ence of a fault indicated by respective pieces of fault
information collected from respective nodes.
Fig. 12B is a second diagram showing a correspond-
ence between a fault location and a combination of
presence of a fault indicated by respective pieces of
fault information collected from respective nodes.
Fig. 13A is a third diagram showing a correspond-
ence between a fault location and a combination of
presence of a fault indicated by respective pieces of
fault information collected from respective nodes.
Fig. 13B is a fourth diagram showing a correspond-
ence between a fault location and a combination of
presence of a fault indicated by respective pieces of
fault information collected from respective nodes.
Fig. 14 is a block diagram showing a configuration
example of a communication system according to
the present embodiment.
Fig. 15 is a diagram showing an example of a fault
determination table stored in a fault location speci-
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fying device of the present embodiment.

DESCRIPTION OF EMBODIMENTS

[0015] Hereinafter, a communication system and a
fault location specifying method according to an embod-
iment of the present invention will be described with ref-
erence to the drawings. In the following embodiments,
elements denoted by the same reference numerals per-
form similar operations and redundant description there-
of will be omitted appropriately.
[0016] First, an example of a communication system
to which an embodiment of the present invention can be
applied and which uses a multi-core fiber (MCF) will be
described. Fig. 1 is a diagram showing a configuration
example of a communication system 100 which uses an
MCF according to the present invention. The communi-
cation system 100 includes a transceiving node 110 and
n Add/Drop nodes 120, n being an integer of 1 or more.
Fig. 1 shows a configuration example of the communi-
cation system 100 when n=3. In the following description,
the respective n Add/Drop nodes 120 will be referred to
as Add/Drop nodes 120-1 to 120-n. Moreover, the trans-
ceiving node 110 and the Add/Drop node 120 will be col-
lectively referred to as a "node." In the following descrip-
tion, a transmitting device, a receiving device, a trans-
ceiving device, and the like that perform communication
using optical signals and nodes will be described as in-
dividual configurations. However, a node may include a
transmitting device, a receiving device, a transceiving
device, and the like.
[0017] Nodes are connected together by multi-core fib-
ers (MCFs) 200-1 to 200-4. The communication system
100 has a physical topology of a single-system one-way
ring configuration in which the nodes are connected to-
gether by the MCFs 200-1 to 200-4. The transceiving
node 110 and the Add/Drop node 120-1 are connected
together by the MCF 200-1. The Add/Drop node 120-1
and the Add/Drop node 120-2 are connected together by
the MCF 200-2. The Add/Drop node 120-2 and the
Add/Drop node 120-3 are connected together by the
MCF 200-3. The Add/Drop node 120-3 and the trans-
ceiving node 110 are connected together by the MCF
200-4. Each of the MCFs 200-1 to 200-4 of the commu-
nication system 100 has three cores 201, 202, and 203.
[0018] To generalize the description of the configura-
tion of the communication system 100, an Add/Drop node
120-i (1≤i≤n-1) is connected to an Add/Drop node
120-(i+1) by an MCF 200-(i+1). The MCF 200-1 connects
together the transceiving node 110 and the Add/Drop
node 120-1. The MCF 200-(n+1) connects together the
Add/Drop node 120-n and the transceiving node 110.
[0019] Each node of the communication system 100
includes a transmitting device (Tx) and a receiving device
(Rx) that perform communication between the nodes.
Transmitting devices 111-1 to 111-3 and receiving de-
vices 112-1 to 112-3 are provided in the transceiving
node 110. A transmitting device 121-1 and a receiving

device 122-1 are provided in the Add/Drop node 120-1.
A transmitting device 121-2 and a receiving device 122-2
are provided in the Add/Drop node 120-2. A transmitting
device 121-3 and a receiving device 122-3 are provided
in the Add/Drop node 120-3. The transmitting devices
111-1 to 111-3 generate optical signals to be transmitted
to the Add/Drop nodes 120-1 to 120-3, respectively. The
receiving devices 112-1 to 112-3 receive optical signals
transmitted from the Add/Drop nodes 120-1 to 120-3 and
acquire information included in the optical signals. The
transmitting devices 121-1 to 121-3 generate optical sig-
nals to be transmitted to the transceiving node 110. The
receiving devices 122-1 to 122-3 receive optical signals
transmitted from the transceiving node 110 and acquire
information included in the optical signals.
[0020] The transmitting devices 111-1 to 111-3 gener-
ate optical signals addressed to the Add/Drop nodes
120-1 to 120-3, respectively. The three optical signals
generated by the transmitting devices 111-1 to 111-3 are
added to the cores 201-1 to 203-1 of the MCF 200-1,
respectively. The receiving devices 112-1 to 112-3 re-
ceive optical signals transmitted from the Add/Drop
nodes 120-1, 120-2, and 120-3 to nodes included in the
receiving devices, respectively. The receiving devices
112-1 to 112-3 receive optical signals from the Add/Drop
nodes 120-1 to 120-3 via the cores 201-4 to 203-4 of the
MCF 200-4. A fan-in device or a fan-out device is used
for adding optical signals to the MCF 200 and dropping
optical signals from the MCF 200 in the transceiving node
110.
[0021] The fan-in device is a device which is connected
to each of the cores in a multi-core fiber and which adds
optical signals to the cores. The fan-out device is a device
which is connected to each of the cores in a multi-core
fiber and which drops each of optical signals propagating
through the cores. Since the only difference between the
devices is that the propagating directions of optical sig-
nals are different, input and output of optical signals to
and from a multi-core fiber may be performed using any
one of the fan-in device and the fan-out device. Moreover,
adding of optical signals addressed to a multi-core fiber
and dropping of optical signals from the multi-core fiber
may be performed simultaneously using one device.
[0022] Connectors 150-1 to 150-3 are provided in the
Add/Drop nodes 120-1 to 120-3, respectively. A connec-
tor 150-i of an Add/Drop node 120-i (i=1, 2, 3) is connect-
ed to an MCF 200-i and an MCF 200-(i+1). A connector
150-i drops an optical signal addressed to a subject node
among the optical signals added in the transceiving node
110 from the MCF 200-i. Moreover, the connector 150-i
adds optical signals addressed to the transceiving node
110 to the cores of the MCF 200-(i+1).
[0023] In the Add/Drop node 120-1, the connector
150-1 drops an optical signal addressed to the subject
node from the core 201-1 of the MCF 200-1. The con-
nector 150-1 connects the dropped optical signal to the
receiving device 122-1. Moreover, the connector 150-1
adds an optical signal generated by the transmitting de-

5 6 



EP 3 364 561 A1

5

5

10

15

20

25

30

35

40

45

50

55

vice 121-1 to the core 201-2 of the MCF 200-2. The optical
signal added to the core 201-2 is an optical signal trans-
mitted from the Add/Drop node 120-1 to the transceiving
node 110.
[0024] The connector 150-1 connects the cores 202-1
and 203-1 among the cores of the MCF 200-1 to the cores
202-2 and 203-2 among the cores of the MCF 200-2. The
connector 150-1 relays optical signals between the MCF
200-1 and the MCF 200-2. The connector 150-1 relays
optical signals transmitted through cores other than the
cores 201-1 and 201-2 that add or drop optical signals.
[0025] In the Add/Drop node 120-2, the connector
150-2 drops an optical signal addressed to the subject
node from the core 202-2 of the MCF 200-2. The con-
nector 150-2 connects the dropped optical signal to the
receiving device 122-2. Moreover, the connector 150-2
adds an optical signal generated by the transmitting de-
vice 121-2 to the core 202-3 of the MCF 200-3. The optical
signal added to the core 202-3 is an optical signal trans-
mitted from the Add/Drop node 120-2 to the transceiving
node 110.
[0026] The connector 150-2 connects the cores 201-2
and 203-2 among the cores of the MCF 200-2 to the cores
201-3 and 203-3 among the cores of the MCF 200-3. The
connector 150-2 relays optical signals between the MCF
200-2 and the MCF 200-3. The connector 150-2 relays
optical signals transmitted through cores other than the
cores 201-2 and 201-3 that add or drop optical signals.
[0027] In the Add/Drop node 120-3, the connector
150-3 drops an optical signal addressed to the subject
node from the core 203-3 of the MCF 200-3. The con-
nector 150-3 connects the dropped optical signal to the
receiving device 122-3. Moreover, the connector 150-3
adds an optical signal generated by the transmitting de-
vice 121-3 to the core 203-4 of the MCF 200-4. The optical
signal added to the core 203-4 is an optical signal trans-
mitted from the Add/Drop node 120-3 to the transceiving
node 110.
[0028] The connector 150-3 connects the cores 201-3
and 202-3 among the cores of the MCF 200-3 to the cores
201-4 and 202-4 among the cores of the MCF 200-4. The
connector 150-3 relays optical signals between the MCF
200-3 and the MCF 200-4. The connector 150-3 relays
optical signals transmitted through cores other than the
cores 203-3 and 203-4 that add or drop optical signals.
[0029] Figs. 2A and 2B are diagrams showing a first
configuration example of the connector 150 used in the
communication system 100. The connector 150 includes
a fan-in/fan-out portion including a plurality of small-di-
ameter single-mode fibers (SMFs) and a plurality of
SMFs. As shown in Fig. 2A, the connector 150 includes
a small-diameter SMF for each of the cores of a connec-
tion target MCF 200. One set of ends of the plurality of
small-diameter SMFs are provided at positions facing the
cores of the MCF 200. Moreover, the other set of ends
of the plurality of small-diameter SMFs are provided at
positions facing one set of ends of the SMFs. Each of
the small-diameter SMFs connects together the SMF and

the core of the MCF 200. The connector 150 can drop
optical signals transmitted through the respective cores
of the MCF 200 via the small-diameter SMF and the SMF.
Moreover, by inputting optical signals to the SMF, it is
possible to input optical signals to the cores of the MCF
200.
[0030] The connector 150-i shown in Fig. 2B connects
the MCF 200-i and the MCF 200-(i+1). The other set of
ends of SMFs corresponding to cores that transmit opti-
cal signals that are an Add/Drop target are drawn out to
a side surface of the connector 150-i. At the other set of
ends of the SMFs drawn out to the side surface of the
connector 150-i, adding and dropping (Add/Drop) of the
optical signal can be performed.
[0031] The other set of ends of the SMFs correspond-
ing to cores that transmit optical signals which are not
the Add/Drop target among the cores of the MCF 200-i
and the other set of ends of the SMFs corresponding to
cores that transmit optical signals which are not the
Add/Drop target among the cores of the MCF 200-(i+1)
are provided at positions facing each other. In the con-
nector 150-i, optical signals that are not the Add/Drop
target are relayed from the MCF 200-i to the MCF
200-(i+1) via the small-diameter SMFs and the SMFs.
[0032] Figs. 3A and 3B are diagrams showing a second
configuration example of the connector 150 used in the
communication system 100. Figs. 3A and 3B show a con-
figuration example different from the configuration exam-
ple of the connector 150 shown in Figs. 2A and 2B. The
connector 150 shown in Figs. 3A and 3B includes an
optical waveguide including a plurality of waveguide
cores formed on a glass substrate as a fan-in/fan-out
portion. As shown in Fig. 3A, in the connector 150, the
plurality of waveguide cores are provided at positions
facing the cores of a connection target MCF 200. Optical
signals transmitted through the respective cores of the
MCF 200 are split via the waveguide cores. Moreover,
by adding optical signals to the waveguide cores, it is
possible to input optical signals to the respective cores
of the MCF 200.
[0033] In the connector 150-i shown in Fig. 3B, one set
of ends of waveguide cores corresponding to the cores
that transmit optical signals which are the Add/Drop tar-
get among the cores of the MCF 200-i and the MCF
200-(i+1) connected by the connector 150-i are provided
at positions facing the cores of the MCFs. The other set
of ends of the waveguide cores are provided on a side
surface of the connector 150-i. At the other set of ends
of the waveguide cores positioned on the side surface of
the connector 150-i, adding and dropping of optical sig-
nals can be performed.
[0034] One set of ends of the waveguide cores corre-
sponding to the cores that transmit optical signals that
are not the Add/Drop target among the cores of the MCF
200-i are provided at positions facing the cores of the
MCFs. The other set of ends of the waveguide cores are
provided at positions facing the cores that transmit optical
signals that are not the Add/Drop target among the cores
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of the MCF 200-(i+1). The cores that transmit optical sig-
nals that are not the Add/Drop target in the MCF 200-i
and the MCF 200-(i+1) are connected to waveguide
cores in a one-to-one relationship. In the connector 150-
i, the optical signals that are not the Add/Drop target are
relayed from the cores of the MCF 200-i to the cores of
the MCF 200-(i+1) via the waveguide cores.
[0035] The waveguide cores may be formed in a three-
dimensional space as disclosed in Reference Document
1 as well as being formed in a two-dimensional space of
a substrate plane.

[Reference Document 1]

[0036] R. R. Thomson, et al., "Ultrafast-laser inscrip-
tion of a three dimensional fan-out device for multicore
fiber coupling applications," Optics Express, OSA Pub-
lishing, 2007, Vol. 15, Issue 18, p. 11691-11697
[0037] Figs. 4A and 4B are diagrams showing a third
configuration example of the connector 150 used in the
communication system 100. Figs. 4A and 4B show a con-
figuration example different from the configuration exam-
ple of the connector 150 shown in Figs. 2A, 2B, 3A, and
3B. The connector 150 shown in Figs. 4A and 4B causes
optical signals transmitted through the respective cores
of the MCF 200 to be output to a free space and causes
the optical signals of the respective cores in the free
space to be split by an optical system. For example, as
shown in Fig. 4A, the connector 150 includes a fan-in/fan-
out portion formed of two lenses. The optical signals
transmitted through the respective cores of the MCF 200
are output to the free space and are split by being re-
fracted by the two lenses. Add/Drop of optical signals is
performed using an optical system. Connection together
of two MCFs 200 via a free space is disclosed in Refer-
ence Document 2, for example.

[Reference Document 2]

[0038] W. Klaus, et al., "Free-Space Coupling Optics
for Multicore Fibers," Photonics Technology Letters,
IEEE, September 2012, Volume 24, Issue 21, p.
1902-1905
[0039] Fig. 4B is a diagram showing a configuration
example of the connector 150-i. In the connector 150-i
shown in Fig. 4B, the optical signals output from the re-
spective cores of the MCF 200-i are collimated by an
optical system (a collimator) formed by combining two
lenses. Moreover, the collimated optical signals are input
to the respective cores of the MCF 200-(i+1). A mirror
that changes an optical path toward a side surface of the
connector 150-i is disposed in an optical path of optical
signals which are the Add/Drop target. A splitting target
optical signal among the optical signals which are con-
verted to parallel light by the optical system is reflected
from a mirror and is dropped to the outside of the con-
nector 150-i, whereby the splitting target optical signal
can be obtained. Moreover, by causing optical signals

input from the outside of the connector 150-i to strike the
mirror, the optical signals reflected from the mirror are
incident on the optical system obtained by combining two
lenses together with the collimated optical signals. When
the optical signals incident on the optical system are con-
nected to the cores of the MCF 200-(i+1), Add target
optical signals can be added to the cores.
[0040] Optical signals that are not the Add/Drop target
are bundled together with the added optical signals after
being split by the optical system and are input to the re-
spective cores of the MCF 200-(i+1). In the connector
150-i, the optical signals that are not the Add/Drop target
are relayed from the MCF 200-i to the MCF 200-(i+1) via
a free space. Although two lenses are used for collimating
light output from the fiber and a mirror is used for changing
the propagating direction of light in the free space in the
drawings, an optical device having the same function
may be used.
[0041] Although Figs. 2A, 2B, 3A, 3B, 4A, and 4B show
a configuration example of the connector 150, the con-
nector 150 may be realized using a medium and a method
other than those described above. For example, a planar
lightwave circuit (PLC) having an optical waveguide
formed on a silicon may be used as a connector.
[0042] In the communication system 100, optical sig-
nals generated by the transmitting device 111-1 of the
transceiving node 110 are received by the receiving de-
vice 122-1 of the Add/Drop node 120-1 via the core 201-1
of the MCF 200-1 and the connector 150-1. The optical
signals generated by the transmitting device 111-2 are
received by the receiving device 122-2 of the Add/Drop
node 120-2 via the core 202-1 of the MCF 200-1, the
connector 150-1, the core 202-2 of the MCF 200-2, and
the connector 150-2. The optical signals generated by
the transmitting device 111-3 are received by the receiv-
ing device 122-3 of the Add/Drop node 120-3 via the core
203-1 of the MCF 200-1, the connector 150-1, the core
203-2 of the MCF 200-2, the connector 150-2, the core
203-3 of the MCF 200-3, and the connector 150-3.
[0043] Moreover, the optical signals generated by the
transmitting device 121-1 of the Add/Drop node 120-1
are received by the receiving device 112-1 of the trans-
ceiving node 110 via the connector 150-1, the core 201-2
of the MCF 200-2, the connector 150-2, the core 201-3
of the MCF 200-3, the connector 150-3, and the core
201-4 of the MCF 200-4. The optical signals generated
by the transmitting device 121-2 of the Add/Drop node
120-2 are received by the receiving device 112-2 of the
transceiving node 110 via the connector 150-2, the core
202-3 of the MCF 200-3, the connector 150-3, and the
core 202-4 of the MCF 200-4. The optical signals gener-
ated by the transmitting device 121-3 of the Add/Drop
node 120-3 are received by the receiving device 112-3
of the transceiving node 110 via the connector 150-3 and
the core 203-4 of the MCF 200-4.
[0044] In the communication system 100, the trans-
ceiving node 110 has communication paths for transmit-
ting and receiving signals to and from the Add/Drop
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nodes 120-1 to 120-3. The communication system 100
has a star-type logical topology around the transceiving
node 110.
[0045] For example, by connecting together the MCFs
200 at each node using any one of the connectors 150
shown in Figs. 2A, 2B, 3A, 3B, 4A, and 4B, it is possible
to add and drop optical signal to and from predetermined
core among a plurality of cores included in the MCF 200.
In the communication system 100, by connecting the
MCF 200-i and the MCF 200-(i+1) via the connector 150-
i, it is possible to easily drop optical signals addressed
to the Add/Drop node 120-i and add optical signals ad-
dressed to the transceiving node 110. Since a process
of dividing multiplexed optical signals having different
wavelengths in respective wavelengths is not required in
adding or dropping optical signals, it is possible to reduce
the time and labor for installation and maintenance of
devices in the Add/Drop node 120.
[0046] Although a case in which the MCF 200 has three
cores has been described, the MCF 200 may have four
or more cores. When the MCF 200 has four or more
cores, optical signals may be added and dropped for two
or more cores of the Add/Drop node 120.
[0047] Moreover, WDM transmission may be per-
formed in each core of the MCF 200. When WDM trans-
mission is performed, optical signals of respective wave-
lengths need to be split and combined in the Add/Drop
node 120. Fig. 5 is a diagram showing a configuration
example of the Add/Drop node 120-1 when the commu-
nication system 100 performs WDM transmission. The
Add/Drop node 120-1 includes a connector 150-1, a split-
ter 124-1, a combiner 123-1, a plurality of receiving de-
vices 122-1, and a plurality of transmitting devices 121-1.
[0048] An optical signal dropped from the core 201-1
of the MCF 200-1 of the connector 150-1 is input to the
splitter 124-1. The splitter 124-1 splits the input optical
signal in respective wavelengths. The optical signals ob-
tained by splitting are received by the receiving devices
122-1, respectively. The optical signals having different
wavelengths generated by the plurality of transmitting
devices 121-1 are input to the combiner 123-1. The com-
biner 123-1 combines the input optical signals and out-
puts the combined optical signal to the connector 150-1.
The connector 150-1 connects the optical signal input
from the combiner 123-1 to the core 201-2 of the MCF
200-2 to add the optical signal addressed to the trans-
ceiving node 110 to the MCF 200-2.
[0049] Even when WDM transmission is performed,
the optical signals of the cores 202-1 and 203-1 of the
MCF 200-1, which are not the Add/Drop target, are re-
layed to the cores 202-2 and 203-2 of the MCF 200-2.
Due to this, as for optical signals to be relayed, it is not
necessary to split and combine optical signals in respec-
tive wavelengths at each Add/Drop node. When WDM
transmission is performed, the other Add/Drop nodes 120
have a configuration similar to that of the Add/Drop node
120-1.
[0050] A communication system having a different

configuration from the communication system 100 shown
in Fig. 1 will be described. Fig. 6 is a diagram showing a
configuration example of a communication system 100A
which uses the MCF according to the present invention.
The communication system 100A includes transceiving
nodes 110a and 110b and n Add/Drop nodes 120. Fig.
6 shows a configuration example of the communication
system 100A when n=3. The communication system
100A is different from the communication system 100 in
that the communication system 100A has a physical to-
pology of a dual-system one-way ring configuration.
[0051] Nodes are connected together by MCFs 210-1
to 210-4. The transceiving node 110a and the Add/Drop
node 120-1 are connected together by the MCF 210-1.
The Add/Drop node 120-1 and the Add/Drop node 120-2
are connected together by the MCF 210-2. The Add/Drop
node 120-2 and the Add/Drop node 120-3 are connected
together by the MCF 210-3. The Add/Drop node 120-3
and the transceiving node 110b are connected together
by the MCF 210-4. The MCFs 210-1 to 210-4 of the com-
munication system 100A include six cores 211 to 216.
[0052] When the description of the configuration of the
communication system 100A is generalized, an
Add/Drop node 120-i (1≤i≤n-1) is connected to an
Add/Drop node 120-(i+1) by an MCF 210-(i+1). The MCF
210-1 connects together the transceiving node 110a and
the Add/Drop node 120-1. The MCF 210-(n+1) connects
together the Add/Drop node 120-n and the transceiving
node 110b.
[0053] Each node of the communication system 100A
includes either a transmitting device (Tx) and a receiving
device (Rx) that perform communication between nodes
or a transceiving device (Tx/Rx). Transmitting devices
111-1 to 111-3 and receiving devices 112-1 to 112-3 are
provided in the transceiving node 110a. Transceiving de-
vices 125-1 and 126-1 are provided in the Add/Drop node
120-1. Transceiving devices 125-2 and 126-2 are pro-
vided in the Add/Drop node 120-2. Transceiving devices
125-3 and 126-3 are provided in the Add/Drop node
120-3. Transmitting devices 111-4 to 111-6 and receiving
devices 112-4 to 112-6 are provided in the transceiving
node 110b. In the configuration example of the commu-
nication system 100A shown in Fig. 6, a configuration in
which the transmitting device 111 and the receiving de-
vice 112 are provided in the transceiving nodes 110a and
110b, and the transceiving devices 125 and 126 are pro-
vided in the Add/Drop nodes 120-1 to 120-3 will be de-
scribed. However, the transceiving devices 125 and 126
have the functions of both a transmitting device and a
receiving device therein, and there is no great difference
between the transceiving device and a combination of
the transmitting device and the receiving device. Either
a transmitting device and a receiving device or a trans-
ceiving device may be provided in the transceiving nodes
110a and 110b and the Add/Drop nodes 120-1 to 120-3.
[0054] The transmitting devices 111-1 to 111-3 gener-
ate optical signals to be transmitted to the Add/Drop
nodes 120-1 to 120-3, respectively. The optical signals
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generated by the transmitting devices 111-1 to 111-3 are
added to the cores 211-1, 213-1, and 215-1 of the MCF
210-1, respectively. The receiving devices 112-1 to 112-3
receive optical signals transmitted from the Add/Drop
nodes 120-1 to 120-3 to the transceiving node 110a, re-
spectively. The receiving devices 112-1 to 112-3 receive
optical signals from the cores 212-1, 214-1, and 216-1
of the MCF 210-1, respectively.
[0055] The transmitting devices 111-4 to 111-6 gener-
ate optical signals to be transmitted to the Add/Drop
nodes 120-1 to 120-3, respectively. The optical signals
generated by the transmitting devices 111-4 to 111-6 are
added to the cores 211-4, 213-4, and 215-4 of the MCF
210-4, respectively. The receiving devices 112-4 to 112-6
receive optical signals transmitted from the Add/Drop
nodes 120-1 to 120-3 to the transceiving node 110b, re-
spectively. The receiving devices 112-4 to 112-6 receive
optical signals from the cores 212-4, 214-4, and 216-4
of the MCF 210-4, respectively. In the transceiving nodes
110a and 110b, a fan-in device or a fan-out device is
used for adding optical signals to the MCF 200 and drop-
ping optical signals from the MCF 200.
[0056] A connector 160-i is provided in each Add/Drop
node 120-i (i=1, 2, 3). The connector 160-i is connected
to the MCF 210-i and the MCF 210-(i+1). The connector
160-i drops optical signals addressed to the subject node
among the optical signals added in the transceiving
nodes 110a and 110b from the MCF 210-i and the MCF
210-(i+1). The connector 160-i adds an optical signal ad-
dressed to the transceiving node 110a to the cores of the
MCF 210-i. The connector 160-i adds an optical signal
addressed to the transceiving node 110b to the cores of
the MCF 210-(i+1).
[0057] In the Add/Drop node 120-1, the connector
160-1 drops an optical signal addressed to the subject
node from the core 211-1 of the MCF 210-1. The con-
nector 160-1 connects the dropped optical signal to the
transceiving device 125-1. Moreover, the connector
160-1 adds an optical signal generated by the transceiv-
ing device 125-1 to the core 212-1 of the MCF 210-1.
The optical signal added to the core 212-1 is an optical
signal which is transmitted from the subject node to the
transceiving node 110a.
[0058] Furthermore, the connector 160-1 drops an op-
tical signal addressed to the subject node from the core
211-2 of the MCF 210-2. The connector 160-1 connects
the dropped optical signal to the transceiving device
126-1. Moreover, the connector 160-1 adds an optical
signal generated by the transceiving device 126-1 to the
core 212-2 of the MCF 210-2. The optical signal added
to the core 212-2 is an optical signal that is transmitted
from the subject node to the transceiving node 110b.
[0059] The connector 160-1 connects the cores 213-1
to 216-1 among the cores of the MCF 210-1 to the cores
213-2 to 216-2 among the cores of the MCF 210-2, re-
spectively. The connector 160-1 relays optical signals
between the MCF 210-1 and the MCF 210-2. The con-
nector 160-1 relays optical signals transmitted through

cores other than the cores 211-1, 212-1, 211-2, and
212-2 through which optical signals are added or
dropped.
[0060] In the Add/Drop node 120-2, the connector
160-2 drops an optical signal addressed to the subject
node from the core 213-2 of the MCF 210-2. The con-
nector 160-2 connects the dropped optical signal to the
transceiving device 125-2. Moreover, the connector
160-2 adds an optical signal generated by the transceiv-
ing device 125-2 to the core 214-2 of the MCF 210-2.
The optical signal added to the core 214-2 is an optical
signal which is transmitted from the subject node to the
transceiving node 110a.
[0061] Furthermore, the connector 160-2 drops an op-
tical signal addressed to the subject node from the core
213-3 of the MCF 210-3. The connector 160-2 connects
the dropped optical signal to the transceiving device
126-2. Moreover, the connector 160-2 adds an optical
signal generated by the transceiving device 126-2 to the
core 214-3 of the MCF 210-3. The optical signal added
to the core 214-3 is an optical signal that is transmitted
from the subject node to the transceiving node 110b.
[0062] The connector 160-2 connects the cores 211-2,
212-2, 215-2, and 216-2 among the cores of the MCF
210-2 to the cores 211-3, 212-3, 215-3, and 216-3 among
the cores of the MCF 210-3, respectively. The connector
160-2 relays optical signals between the MCF 210-2 and
the MCF 210-3. The connector 160-2 relays optical sig-
nals transmitted through cores other than the cores
213-2, 214-2, 213-3, and 214-3 through which optical
signals are added or dropped.
[0063] In the Add/Drop node 120-3, the connector
160-3 drops an optical signal addressed to the subject
node from the core 215-3 of the MCF 210-3. The con-
nector 160-3 connects the dropped optical signal to the
transceiving device 126-3. Moreover, the connector
160-3 adds an optical signal generated by the transceiv-
ing device 126-3 to the core 216-3 of the MCF 210-3.
The optical signal added to the core 216-3 is an optical
signal that is transmitted from the subject node to the
transceiving node 110a.
[0064] Furthermore, the connector 160-3 drops an op-
tical signal addressed to the subject node from the core
215-4 of the MCF 210-4. The connector 160-4 connects
the dropped optical signal to the transceiving device
125-3. Moreover, the connector 160-3 adds an optical
signal generated by the transceiving device 125-3 to the
core 216-3 of the MCF 210-4. The optical signal added
to the core 216-4 is an optical signal that is transmitted
from the subject node to the transceiving node 110b.
[0065] The connector 160-3 connects the cores 211-3
to 214-3 among the cores of the MCF 210-3 to the cores
211-4 to 214-4 among the cores of the MCF 210-4, re-
spectively. The connector 160-3 relays optical signals
between the MCF 210-3 and the MCF 210-4. The con-
nector 160-3 relays optical signals transmitted through
cores other than the cores 215-3, 216-3, 215-4, and
216-4 through which optical signals are added or
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dropped.
[0066] The connectors 160-1 to 160-3 of the commu-
nication system 100A can be configured similarly to the
connectors 150-1 to 150-3 of the communication system
100 by using the small-diameter fiber, the optical
waveguide, the optical system, and the like as shown in
Figs. 2A, 2B, 3A, 3B, 4A, and 4B.
[0067] In the communication system 100A, a transmis-
sion communication path and a reception communication
path are formed between the transceiving nodes 110a
and 110b and the Add/Drop nodes 120-1 to 120-3. The
transceiving nodes 110a and 110b can communicate
with the Add/Drop nodes 120-1 to 120-3 individually. In
this manner, the communication system 100A has a tree-
type logical topology in which the transceiving nodes
110a and 110b are used as root nodes.
[0068] The Add/Drop nodes 120-1 to 120-3 may use
any one of the communication paths between the two
transceiving nodes 110a and 110b as an active system
(0-system) and use the other as a standby system (1-
system). Moreover, the Add/Drop nodes 120-1 to 120-3
may use a communication path of the shorter transmis-
sion path as the 0-system and use a communication path
of the longer transmission path as the 1-system. In the
Add/Drop nodes 120-1 to 120-3, since a process of di-
viding multiplexed optical signals having different wave-
lengths in respective wavelengths is not required in add-
ing or dropping optical signals, it is possible to reduce
the time and labor for installation and maintenance of
devices.
[0069] Although a case in which each MCF 210 has
six cores 211 to 216 has been described, the MCF 210
may have seven or more cores. When the MCF 210 has
seven or more cores, optical signals may be added and
dropped for two or more cores of the Add/Drop node 120.
[0070] Moreover, WDM transmission may be per-
formed in each core of the MCF 210. When WDM trans-
mission is performed, as shown in Fig. 5, a splitter or a
combiner for optical signals to be added or dropped is
provided in each Add/Drop node 120.
[0071] Moreover, the transceiving node 110a and the
transceiving node 110b may be connected together using
the MCF 210 or a MCF having seven or more cores. In
the communication system 100A, when the roles of the
transceiving nodes 110a and 110b and the Add/Drop
nodes 120-1 to 120-3 are changed, a logical topology
can be easily changed by attaching a connector to the
transceiving nodes 110a and 110b and replacing the con-
nector 150 of each of the Add/Drop nodes 120-1 to 120-3
with another connector. In this way, it is possible to flex-
ibly cope with a change in the network configuration.
[0072] A communication system having a different
configuration from the communication systems shown in
Figs. 1 and 6 will be described. Fig. 7 is a diagram show-
ing a configuration example of a communication system
100C which uses the MCF according to the present in-
vention. The communication system 100C includes a
transceiving node 110 and n Add/Drop nodes 120. Fig.

7 shows a configuration example of the communication
system 100C when n=3. In the communication system
100C, the connection of MCFs 200-1 to 200-4 between
nodes is similar to the connection in the communication
system 100 shown in Fig. 1. In the communication system
100C, communication from the transceiving node 110 to
the respective Add/Drop node 120 and communication
from the respective Add/Drop nodes 120 to the trans-
ceiving node 110 are performed using the same core.
When optical signals of which the transmission directions
are different are transmitted using the same core, the
strength of optical signals may be suppressed to a certain
level or lower in order to suppress the influence of differ-
ent optical signals of which the transmission directions
are different and the wavelengths of optical signals may
be different in respective transmission directions. The
communication system 100C is different from the com-
munication system 100 of the first embodiment in that
the communication system 100C has a physical topology
of a single-system two-way ring configuration.
[0073] Each node of the communication system 100C
includes a transceiving device (Tx/Rx) that performs
communication between nodes. Transceiving devices
113-1 to 113-3 are provided in the transceiving node 110.
Transceiving devices 125-1 to 125-3 are provided in the
Add/Drop nodes 120-1 to 120-3, respectively. The trans-
ceiving devices 113-1 to 113-3 generate optical signals
to be transmitted to the Add/Drop nodes 120-1 to 120-3,
respectively. Moreover, the transceiving devices 113-1
to 113-3 receive optical signals transmitted from the
Add/Drop nodes 120-1 to 120-3, respectively, and ac-
quire information included in the optical signals. The
transceiving devices 125-1 to 125-3 generate optical sig-
nals to be transmitted to the transceiving node 110. More-
over, the transceiving devices 125-1 to 125-3 receive op-
tical signals transmitted from the transceiving node 110
and acquire information included in the optical signals.
[0074] The transceiving devices 113-1 to 113-3 gen-
erate optical signals to be transmitted to the Add/Drop
nodes 120-1 to 120-3, respectively. Three optical signals
generated by the transceiving devices 113-1 to 113-3 are
added to the cores 201-1 to 203-1 of the MCF 200-1,
respectively. Moreover, the transceiving devices 113-1
to 113-3 receive optical signals from the Add/Drop nodes
120-1 to 120-3 via the cores 201-1 to 203-1 of the MCF
200-1, respectively. A fan-in device or a fan-out device
is used for adding optical signals to the MCF 200-1 and
dropping optical signals from the MCF 200-1.
[0075] A connector 180-i is provided in each Add/Drop
node 120-i (i=1, 2, 3). The connector 180-i is connected
to the MCF 200-i and the MCF 200-(i+1). The connector
180-i drops an optical signal from the core 20i-i of the
MCF 200-i and connects the dropped optical signal to
the transceiving device 125-i. Moreover, the connector
180-i adds an optical signal generated by the transceiving
device 125-i to the core 20i-i of the MCF 200-i. The optical
signal generated by the transceiving device 125-i is an
optical signal transmitted from the Add/Drop node 120-i
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to the transceiving node 110. The connector 180-i con-
nects the cores 20i-i and 20i-(i+1) other than the
Add/Drop target cores among the cores of the MCF 200-
i and the cores of the MCF 200-(i+1) to relay optical sig-
nals.
[0076] The transceiving node 110 and the Add/Drop
node 120-1 perform two-way communication using a
communication path formed by the core 201-1. The trans-
ceiving node 110 and the Add/Drop node 120-2 perform
two-way communication using a communication path
formed by the cores 202-1 and 202-2. The transceiving
node 110 and the Add/Drop node 120-3 perform two-way
communication using a communication path formed by
the cores 203-1, 203-2, and 203-3. The core 201-2 of the
MCF 200-2, the cores 201-3 and 202-3 of the MCF 200-3,
and the cores 201-4 to 203-4 of the MCF 200-4 are cores
that are not used in communication.
[0077] In the communication system 100C, the
Add/Drop node 120-3 may perform communication with
the transceiving node 110 using the core 201-4 of the
MCF 200-4 to shorten a communication path. In this case,
a fan-in device and fan-out device are necessary in a
connecting portion with the MCF 200-4 in the transceiving
node 110.
[0078] Moreover, in the communication system 100C,
WDM transmission may be performed between the trans-
ceiving node 110 and each of the Add/Drop nodes 120-1
to 120-3. When WDM transmission is performed, in the
respective Add/Drop nodes 120, an optical signal
dropped from a core is split into optical signals of respec-
tive wavelengths and the split optical signals are demod-
ulated and decoded. Moreover, as for transmission, after
the optical signals of a plurality of different wavelengths
are combined into one optical signal, and the optical sig-
nal obtained by the combining is added to a core via a
connector.
[0079] A communication system having a different
configuration from the communication systems shown in
Figs. 1, 6, and 7 will be described. Fig. 8 is a diagram
showing a configuration example of a communication
system 100D that uses the MCF according to the present
invention. The communication system 100D includes
transceiving nodes 110a and 110b and n Add/Drop
nodes 120. Fig. 8 shows a configuration example of the
communication system 100D when n=3. In the commu-
nication system 100D, the connection of the MCFs 200-1
to 200-4 between nodes is similar to the connection of
the MCFs 210-1 to 210-4 in the communication system
100A. In the communication system 100D, communica-
tion from the transceiving nodes 110a and 110b to the
respective Add/Drop nodes 120 and communication from
the respective Add/Drop nodes 120 to the transceiving
nodes 110a and 110b are performed using the same
cores. The communication system 100D has a physical
topology of a dual-system two-way ring configuration.
[0080] Each node of the communication system 100D
includes a transceiving device (Tx/Rx) that performs
communication between nodes. Transceiving devices

113-1 to 113-3 are provided in the transceiving node
110a. Transceiving devices 113-4 to 113-6 are provided
in the transceiving node 110b. Transceiving devices
125-1 to 125-3 and 126-1 to 126-3 are provided in the
Add/Drop nodes 120-1 to 120-3, respectively. The trans-
ceiving devices 113-1 to 113-6 generate optical signals
to be transmitted to the Add/Drop nodes 120-1 to 120-3,
respectively. The transceiving devices 125-1 to 125-3
generate optical signals to be transmitted to the trans-
ceiving node 110a. The transceiving devices 126-1 to
126-3 generate optical signals to be transmitted to the
transceiving node 110b. Moreover, the transceiving de-
vices 113-1 to 113-6 receive optical signals transmitted
from the Add/Drop nodes 120-1 to 120-3, respectively,
and acquire information included in the optical signals.
The transceiving devices 125-1 to 125-3 receive optical
signals transmitted from the transceiving node 110a and
acquire information included in the optical signals. The
transceiving devices 126-1 to 126-3 receive optical sig-
nals transmitted from the transceiving node 110b and
acquire information included in the optical signals.
[0081] In the transceiving node 110a, the transceiving
devices 113-1 to 113-3 generate optical signals to be
transmitted to the Add/Drop nodes 120-1 to 120-3, re-
spectively. Three optical signals generated by the trans-
ceiving devices 113-1 to 113-3 are added to the cores
201-1 to 203-1 of the MCF 200-1, respectively. Moreover,
the transceiving devices 113-1 to 113-3 receive optical
signals from the Add/Drop nodes 120-1 to 120-3 via the
cores 201-1 to 203-1 of the MCF 200-1, respectively. A
fan-in device or a fan-out device is used for adding optical
signals to the MCF 200-1 and dropping optical signals
from the MCF 200-1.
[0082] In the transceiving node 110b, the transceiving
devices 113-4 to 113-6 generate optical signals to be
transmitted to the Add/Drop nodes 120-1 to 120-3, re-
spectively. Three optical signals generated by the trans-
ceiving devices 113-4 to 113-6 are added to the cores
201-4 to 203-4 of the MCF 200-4, respectively. Moreover,
the transceiving devices 113-4 to 113-6 receive optical
signals from the Add/Drop nodes 120-1 to 120-3 via the
cores 201-4 to 203-4 of the MCF 200-4, respectively. A
fan-in device or a fan-out device is used for adding optical
signals to the MCF 200-4 and dropping optical signals
from the MCF 200-4 similarly to the transceiving node
110a.
[0083] A connector 185-i is provided in each Add/Drop
node 120-i (i=1, 2, 3). The connector 185-i is connected
to the MCF 200-i and the MCF 200-(i+1). The connector
185-i drops an optical signal from the core 20i-i of the
MCF 200-i and connects to the dropped optical signal to
the transceiving device 125-i. The connector 185-i adds
an optical signal generated by the transceiving device
125-i to the core 20i-i of the MCF 200-i. The optical signal
generated by the transceiving device 125-i is an optical
signal that is transmitted from the Add/Drop node 120-i
to the transceiving node 110a.
[0084] Moreover, the connector 185-i drops an optical
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signal from the core 20i-(i+1) of the MCF 200-(i+1) and
connects the dropped optical signal to the transceiving
device 126-i. The connector 185-i adds an optical signal
generated by the transceiving device 126-i to the core
20i-(i+1) of the MCF 200-(i+1). The optical signal gener-
ated by the transceiving device 126-i is an optical signal
that is transmitted from the Add/Drop node 120-i to the
transceiving node 110b.
[0085] Moreover, the connector 185-i connects togeth-
er the core 20i-i and the core 20i-(i+1) other than the
cores that are the Add/Drop target among the cores of
the MCF 200-i and the cores of the MCF 200-(i+1) to
relay optical signals.
[0086] The transceiving node 110a and the Add/Drop
node 120-1 perform two-way communication using a
communication path formed by the core 201-1. The trans-
ceiving node 110a and the Add/Drop node 120-2 perform
two-way communication using a communication path
formed by the cores 202-1 and 202-2. The transceiving
node 110a and the Add/Drop node 120-3 perform two-
way communication using a communication path formed
by the cores 203-1, 203-2, and 203-3.
[0087] The transceiving node 110b and the Add/Drop
node 120-1 perform two-way communication using a
communication path formed by the cores 201-4, 201-3,
and 201-2. The transceiving node 110b and the Add/Drop
node 120-2 perform two-way communication using a
communication path formed by the cores 202-4 and
202-3. The transceiving node 110b and the Add/Drop
node 120-3 perform two-way communication using a
communication path formed by the core 203-4.
[0088] In this manner, the communication system
100D has a tree-type logical topology in which the trans-
ceiving nodes 110a and 110b are used as root nodes
and can communicate with each of the Add/Drop nodes
120-1 to 120-3. In the communication system 100D, the
Add/Drop nodes 120-1 to 120-3 each can communicate
with the transceiving nodes 110a and 110b. The
Add/Drop nodes 120-1 to 120-3 may use any one of the
communication paths between the two transceiving
nodes 110a and 110b as an active system (0-system)
and use the other as a standby system (1-system). More-
over, the Add/Drop nodes 120-1 to 120-3 may use a com-
munication path of the shorter transmission path as the
0-system and use a communication path of the longer
transmission path as the 1-system.
[0089] In the communication system 100D, the trans-
ceiving node 110a and the transceiving node 110b may
be connected together using the MCF 200 or an MCF
having four or more cores. In the communication system
100D, when the roles of the transceiving nodes 110a and
110b and the Add/Drop nodes 120-1 to 120-3 are
changed, a logical topology can be easily changed by
attaching a connector to the transceiving nodes 110a and
110b and replacing the connector 185 of the respective
Add/Drop nodes 120-1 to 120-3 with another connector.
In this way, it is possible to flexibly cope with a change
in the network configuration.

[0090] Four communication systems 100, 100A, 100C,
and 100D have been described as a communication sys-
tem to which the connector according to an embodiment
of the present invention can be applied. In the respective
communication systems, a configuration in which an
MCF is used for connection between nodes has been
described. However, the fault location specifying method
described in the respective embodiments may be applied
to a communication system in which SCF (Single Core
Fiber) is used for one or more connections between
nodes. When the SCF is used for connection between
nodes, a conversion connector for connecting together
the MCF and a plurality of SCFs or a conversion connec-
tor for connecting together a connector and a plurality of
SCFs is used.
[0091] Fig. 9 is a block diagram showing a first config-
uration example of the communication system 100
shown in Fig. 1 in which a plurality of SCFs 451, 452,
and 453 are used in a partial segment of the connection
between the Add/Drop node 120-1 and the Add/Drop
node 120-2. The SCFs 451, 452, and 453 are used be-
tween an MCF 200-21 connected to a connector 150-1
and an MCF 200-22 connected to a connector 150-2.
[0092] A conversion connector 400-1 is used for con-
nection between the MCF 200-21 and the SCFs 451 to
453. The conversion connector 400-1 connects cores
201-21, 202-21, 203-21 of the MCF 200-21 and the SCFs
451, 452, and 453, respectively. A conversion connector
400-2 is used for the connection between the MCF
200-22 and the SCFs 451 to 453. The conversion con-
nector 400-2 connects cores 201-22, 202-22, and 203-22
of the MCF 200-22 and the SCFs 451, 452, and 453,
respectively.
[0093] The conversion connectors 400-1 and 400-2
have a configuration similar to that of a fan-in device or
a fan-out device. By using the conversion connectors
400-1 and 400-2, it is possible to use the SCF in a partial
segment of the connection between nodes.
[0094] Fig. 10 is a block diagram showing a second
configuration example of the communication system 100
shown in Fig. 1 in which a plurality of SCFs 451, 452,
and 453 are used in the connection between the
Add/Drop node 120-1 and the Add/Drop node 120-2. The
SCFs 451, 452, and 453 are used for the connection
between the connector 150-1 and the connector 150-2.
The configuration example shown in Fig. 10 is different
from the configuration example shown in Fig. 9 in that an
MCF is not used for the connection between the
Add/Drop nodes 120-1 and 120-2.
[0095] The Add/Drop node 120-1 further includes a
conversion connector 410-1. The conversion connector
410-1 is attached to a side of the connector 150-1 close
to the Add/Drop node 120-2. The Add/Drop node 120-2
further includes a conversion connector 410-2. The con-
version connector 410-2 is attached to a side of the con-
nector 150-2 close to the Add/Drop node 120-1. The
SCFs 451 to 453 of the same number as the number of
cores of the MCF 200 are used for the connection be-
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tween the conversion connectors 410-1 and 410-2.
[0096] The conversion connector 410-1 connects to-
gether the SCFs 451, 452, and 453 and the connector
150-1. The connector 150-1 performs input/output of op-
tical signal to/from the conversion connector 410-1 in-
stead of the MCF 200-2. The connector 150-1 connects
together the cores 202-1 and 203-1 of the MCF 200-1
and the SCFs 452 and 453, respectively, via the conver-
sion connector 410-1. The conversion connector 410-1
adds an optical signal generated by the transmitting de-
vice 121-1 to the SCF 451 via the connector 150-1.
[0097] The conversion connector 410-2 connects to-
gether the SCFs 451, 452, and 453 and the connector
150-2. The connector 150-2 performs input/output of op-
tical signal to/from the conversion connector 410-2 in-
stead of the MCF 200-2. The connector 150-2 connects
together the SCF 451 and 453 and the cores 201-3 and
203-3 of the MCF 200-3, respectively, via the conversion
connector 410-2. The connector 150-2 connects an op-
tical signal dropped from the SCF 453 to the receiving
device 122-2 via the conversion connector 410-2.
[0098] The conversion connectors 410-1 and 410-2
has a configuration similar to that of a fan-in device or a
fan-out device. By using the conversion connectors
410-1 and 410-2, it is possible to use the SCF for the
connection between nodes.
[0099] Fig. 9 and 10 show a configuration example in
which nodes are connected together using the SCF in-
stead of the MCF 200 having three cores. A SCF may
be used for the connection between nodes instead of the
MCF having two cores or four or more cores. In this case,
similarly, a conversion connector is used.
[0100] Figs. 9 and 10 show an example in which a SCF
is used for the connection between the Add/Drop nodes
120-1 and 120-2 of the communication system 100
shown in Fig. 1. The SCF may be used for the connection
between other nodes. In this case, the conversion con-
nector 400 may be used for the connection between one
set of nodes and the conversion connector 410 may be
used for the connection between the other set of nodes.
Moreover, a combination of the conversion connector
400 that is configured to connect an MCF and a SCF and
the conversion connector 410 connected to the connec-
tor 150 may be used for the connection between one set
of nodes. For example, the conversion connector 400
may be used in the Add/Drop node 120-1, and the con-
version connector 410 may be used in the Add/Drop node
120-2.
[0101] MCF and SCF may be switched a plurality of
times for the connection between one set of nodes. For
example, MCF and SCF may be used for the connection
between the Add/Drop nodes 120-1 and 120-2 in the or-
der of MCF, SCF, MCF, SCF, and MCF. In this case, a
conversion connector is used for each between the MCF
and the SCF.
[0102] The connector 150-1 and the conversion con-
nector 410-1 described in Fig. 10 may be configured as
one connector. Similarly, the connector 150-2 and the

conversion connector 410-2 may be configured as one
connector. That is, a connector connected to the MCF
and the plurality of SCFs may add or drop optical signal
to or from the MCF or the SCF and may relay optical
signals between the MCF and the SCF.
[0103] As described above, the SCF may be used in
one or a plurality of connections between the nodes in
the communication system 100 shown in Fig. 1 and the
other communication systems.

[Embodiments of present invention]

[0104] In a communication system of an embodiment
according to the present invention, in a network that com-
municably connects together nodes using an MCF, fault
information related to problems, faults, or the like for com-
munication in respective nodes is collected is a fault lo-
cation specifying device. The fault location specifying de-
vice specifies an MCF in which a fault has occurred
among MCFs that connect together a plurality of nodes
on the basis of the collected fault information. A config-
uration in which an MCF can be applied to the above-
described communication system, a fault can be detect-
ed and a fault location in the MCF can be specified, will
be described. The fault detected in the present embodi-
ment is a fault that is caused by disconnection completely
of an MCF, for example.
[0105] Figs. 11A and 11B are diagrams showing con-
nection of respective nodes of a communication system
500 according to an embodiment of the present invention.
Fig. 11A is a diagram showing physical connection of the
communication system 500. The communication system
500 includes transceiving nodes 510a and 510b and
Add/Drop nodes 520-1 to 520-3. The transceiving nodes
510a and 510b and the Add/Drop nodes 520-1 to 520-3
are connected together by four MCFs 200-1 to 200-4.
The communication system 500 has the transceiving
nodes 510a and 510b that handle the communication of
0-system (active system) and the communication of 1-
system (standby system). The communication system
500 has a physical topology in which the Add/Drop nodes
520-1 to 520-3 are connected together in a ring form.
The physical topology of the communication system 500
is the same as the physical topology of the communica-
tion system 100D shown in Fig. 8.
[0106] The communication system 500 further in-
cludes a data communication network (DCN) 710 and a
fault location specifying device 720. Respective nodes
and the fault location specifying device 720 are connect-
ed to the DCN 710. The respective nodes and the fault
location specifying device 720 perform communication
via the DCN 710. Each node transmits fault information
related to a problem, a fault, or the like for communication
to the fault location specifying device 720 via the DCN
710. The fault location specifying device 720 specifies
an MCF in which a fault has occurred among the MCFs
200-1 to 200-4 on the basis of the fault information re-
ceived from the respective nodes.
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[0107] Fig. 11B is a diagram showing a logical topology
between respective nodes of the communication system
500 of the present embodiment. The network of the com-
munication system 500 formed by connecting together
the MCFs 200-1 to 200-4 and the respective nodes has
a tree-type logical topology in which each of the trans-
ceiving nodes 510a and 510b is used as root node. The
logical topology of the communication system 500 is the
same as the logical topology of the communication sys-
tem 100D shown in Fig. 8.
[0108] Figs. 12A, 12B, 13A, and 13B are diagrams
showing a correspondence between a fault location and
a combination of presence of a fault indicated by respec-
tive pieces of fault information collected from respective
nodes. The tables shown in Figs. 12A, 12B, 13A, and
13B have columns corresponding to communication
counterpart nodes and rows corresponding to fault de-
tection source nodes. For each combination of a com-
munication counterpart node and a fault detection source
node, either "X" indicating that a fault has been detected
or "O" indicating that a fault has not been detected is
shown. Since no communication path is formed between
the transceiving node 510a and the transceiving node
510b, "-" is shown to indicate that the presence of a fault
is not detected for that node combination. Moreover,
since no communication path is formed between the re-
spective Add/Drop nodes 520-1 to 520-3, "-"is shown to
indicate that the presence of a fault is not detected for
that node combination.
[0109] The table shown in Fig. 12A shows a combina-
tion of presence of faults indicated by the fault information
collected to the fault location specifying device 720 when
a fault has occurred in the MCF 200-1. When a fault has
occurred in the MCF 200-1, since an optical signal is not
transmitted via the MCF 200-1, communication cannot
be performed between the transceiving node 510a and
each of the Add/Drop nodes 520-1 to 520-3. Upon de-
tecting a failure to perform communication, the transceiv-
ing node 510a and the Add/Drop nodes 520-1 to 520-3
transmit the disabled communication counterpart and
fault information indicating that a fault has occurred be-
tween the node and the communication counterpart to
the fault location specifying device 720. On the other
hand, even when a fault occurs in the MCF 200-1, since
the transceiving node 510b and each of the Add/Drop
nodes 520-1 to 520-3 can perform communication, no
fault is detected in that communication.
[0110] The table shown in Fig. 12B shows a combina-
tion of presence of faults indicated by the fault information
collected in the fault location specifying device 720 when
a fault has occurred in the MCF 200-2. When a fault has
occurred in the MCF 200-2, since an optical signal is not
transmitted via the MCF 200-2, communication cannot
be performed between the transceiving node 510a and
the Add/Drop nodes 520-2 and 520-3. Furthermore, the
transceiving node 510b and the Add/Drop node 520-1
cannot perform communication. Other node combina-
tions can perform communication, and no fault is detect-

ed in that communication.
[0111] The table shown in Fig. 13A shows a combina-
tion of presence of faults indicated by the fault information
collected in the fault location specifying device 720 when
a fault has occurred in the MCF 200-3. When a fault has
occurred in the MCF 200-3, since an optical signal is not
transmitted via the MCF 200-3, communication cannot
be performed between the transceiving node 510a and
the Add/Drop node 520-3. Furthermore, the transceiving
node 510b and the Add/Drop nodes 520-1 and 520-2
cannot perform communication. Other node combina-
tions can perform communication, and no fault is detect-
ed in that communication.
[0112] The table shown in Fig. 13B shows a combina-
tion of presence of faults indicated by the fault information
collected to the fault location specifying device 720 when
a fault has occurred in the MCF 200-4. When a fault has
occurred in the MCF 200-4, since an optical signal is not
transmitted via the MCF 200-4, communication cannot
be performed between the transceiving node 510b and
each of the Add/Drop nodes 520-1 to 520-3. The trans-
ceiving node 510a and each of the Add/Drop nodes 520-1
to 520-3 can perform communication, and no fault is de-
tected in that communication.
[0113] The fault location specifying device 720 speci-
fies which MCF 200 a fault has occurred when a fault
occurs in the MCFs 200-1 to 200-4 that connect together
nodes by combining fault information notified of by the
respective nodes. A combination pattern of the presence
of faults is determined on the basis of a physical topology
and a logical topology of a network that connects together
nodes using the MCF 200. The fault location specifying
device 720 can specify the MCF 200 in which a fault has
occurred by detecting a pattern identical to the combina-
tion of fault information notified of by respective nodes.
[0114] Fig. 14 is a block diagram showing a configu-
ration example of the communication system 500 of the
present embodiment. As described above, the commu-
nication system 500 includes the transceiving nodes
510a and 510b, the Add/Drop nodes 520-1 to 520-3, the
MCFs 200-1 to 200-4 that connect together the nodes,
the data communication network (DCN) 710, and the fault
location specifying device 720. A transceiving device
(Tx/Rx) for communicating with other nodes and a fault
information transmitting device are included in each
node. The fault information transmitting device transmits
fault information on a fault in communication with other
nodes to the fault location specifying device 720. More-
over, each Add/Drop node 520-i (i=1, 2, 3) includes a
connector 185-i. The connector 185-i is connected to the
MCF 200-i and the MCF 200-(i+1). Since the connection
between each connector 185 and each MCF 200 and
allocation of the respective cores 201 to 204 to the MCF
200 in the communication system 500 are the same as
those of the communication system 100D shown in Fig.
8, redundant description will be omitted.
[0115] Three transceiving devices 513-1 to 513-3 and
a fault information transmitting device 518-1 are provided
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in the transceiving node 510a. Each of the transceiving
devices 513-1 to 513-3 generates optical signals includ-
ing information addressed to the Add/Drop nodes 520-1
to 520-3. Three optical signals generated by the trans-
ceiving devices 513-1 to 513-3 are added to the cores
201-1 to 203-1 of the MCF 200-1, respectively. Moreover,
each of the transceiving devices 513-1 to 513-3 receives
optical signals from the Add/Drop nodes 520-1 to 520-3
via the cores 201-1 to 203-1 of the MCF 200-1. A fan-in
device and a fan-out device are used for adding an optical
signal to the MCF 200-1 and dropping an optical signal
from the MCF 200-1.
[0116] Moreover, the transceiving devices 513-1 to
513-3 detect a fault in a communication path on the basis
of whether an optical signal can be received from the
Add/Drop nodes 520-1 to 520-3 and whether a response
to the transmitted optical signal can be received. The
transceiving devices 513-1 to 513-3 may perform the de-
termination of occurrence of a fault at predetermined pe-
riods. Upon detecting a fault, the transceiving devices
513-1 to 513-3 output information indicating detection of
a fault to the fault information transmitting device 518-1.
The fault information transmitting device 518-1 gener-
ates fault information upon receiving information from the
transceiving devices 511-1 to 513-3. The fault informa-
tion transmitting device 518-1 transmits the generated
fault information to the fault location specifying device
720 via the DCN 710. Here, the fault information includes
information indicating a subject node as a fault detection
source, information indicating a communication counter-
part node in a communication path in which a fault was
detected, and information indicating detection of a fault
in the communication path.
[0117] Three transceiving devices 513-4 to 513-6 and
a fault information transmitting device 518-2 are provided
in the transceiving node 510b. Each of the transceiving
devices 513-1 to 513-3 generates optical signals includ-
ing information addressed to the Add/Drop nodes 520-1
to 520-3. Three optical signals generated by the trans-
ceiving devices 513-1 to 513-3 are added to the cores
201-4 to 203-4 of the MCF 200-4, respectively. Moreover,
the transceiving devices 513-4 to 513-6 receive optical
signals from the Add/Drop nodes 520-1 to 520-3 via the
cores 201-4 to 203-4 of the MCF 200-4, respectively. A
fan-in device and a fan-out device are used for adding
an optical signal to the MCF 200-4 and dropping an op-
tical signal from the MCF 200-4.
[0118] Moreover, the transceiving devices 513-4 to
513-6 detect a fault in a communication path on the basis
of whether an optical signal can be received from the
Add/Drop nodes 520-1 to 520-3 and whether a response
to the transmitted optical signal can be received. The
transceiving devices 513-4 to 513-6 may perform the de-
termination of occurrence of a fault at predetermined pe-
riods. Upon detecting a fault, the transceiving devices
513-4 to 513-6 output information indicating detection of
a fault to the fault information transmitting device 518-2.
The fault information transmitting device 518-2 gener-

ates fault information upon receiving information from the
transceiving devices 511-4 to 513-6. The fault informa-
tion transmitting device 518-2 transmits the generated
fault information to the fault location specifying device
720 via the DCN 710.
[0119] A connector 185-i, transceiving devices 525-i
and 526-i, and a fault information transmitting device 528-
i are provided in each Add/Drop node 520-i (i=1, 2, 3).
The transceiving device 525-i receives an optical signal
that is dropped by the connector 185-i and is transmitted
from the transceiving node 510a to the subject node and
demodulates and decodes the optical signal. The trans-
ceiving device 525-i generates an optical signal including
information addressed to the transceiving node 510a and
outputs the generated optical signal to the connector 185-
i. The transceiving device 526-i receives an optical signal
that is dropped by the connector 185-i and is transmitted
from the transceiving node 510b to the subject node and
demodulates and decodes the optical signal. The trans-
ceiving device 526-i generates an optical signal including
information addressed to the transceiving node 510b and
outputs the generated optical signal to the connector 185-
i.
[0120] Each of the transceiving devices 525-i and 526-
i detects occurrence of a fault in a communication path
on the basis of whether an optical signal can be received
from the communication counterpart transceiving nodes
510a and 510b, and whether a response to the transmit-
ted optical signal can be received. The transceiving de-
vices 525-i and 526-i may perform the determination on
occurrence of a fault at predetermined periods. Upon de-
tecting a fault, the transceiving devices 525-i and 526-i
output information indicating detection of a fault to the
fault information transmitting device 528-i. Upon receiv-
ing information from the transceiving devices 525-i and
526-i, the fault information transmitting device 528-i gen-
erates fault information. The fault information transmit-
ting device 528-i transmits the generated fault informa-
tion to the fault location specifying device 720 via the
DCN 710.
[0121] Fig. 15 is a diagram showing an example of a
fault determination table stored in the fault location spec-
ifying device 720 of the present embodiment. The pres-
ence of a fault in three communication paths between
the transceiving node 510a and each of the Add/Drop
nodes 520-1 to 520-3 and the presence of a fault in the
communication paths between the transceiving node
510b and the Add/Drop nodes 520-1 to 520-3 are indi-
cated by "0" and "1," and sixteen combinations of the
presence of faults in the respective communication paths
are shown. The communication paths between the trans-
ceiving node 510a and each of the Add/Drop nodes 520-1
to 520-3 are represented by A0, B0, and C0. Moreover,
the communication paths between the transceiving node
510b and each of the Add/Drop nodes 520-1 to 520-3
are represented by A1, B1, and C1. Moreover, F1, F2,
F3, and F4 in the table of Fig. 15 represent the MCFs
200-1 to 200-4, respectively. The presence of faults in
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the respective MCFs 200 is represented by "0" and "1."
"0" represents that there is no fault, and "1" represents
that there is a fault. In the table, a combination of pres-
ence of faults in the respective communication paths be-
tween nodes is correlated with information indicating the
MCF 200 in which a fault has occurred.
[0122] For example, in the table, the pattern shown on
the second row (No. 2) shows a combination in which a
fault has occurred in the communication paths between
the transceiving node 510a and each of the Add/Drop
nodes 520-1 to 520-3 and a fault has not occurred in the
communication paths between the transceiving node
510b and each of the Add/Drop nodes 520-1 to 520-3.
This combination is correlated with a combination in
which the value of F1 representing the MCF 200-1 is "1"
(fault) and the values of F2, F3, and F4 representing the
MCFs 200-2 to 200-4 are "0" (no fault). The fault location
specifying device 720 specifies a combination of pres-
ence of faults in the respective communication paths on
the basis of the fault information received from the fault
information transmitting devices 518-1 and 518-2 and
the fault information transmitting devices 528-1 to 528-3.
The fault location specifying device 720 determines the
presence of a fault in the respective MCFs 200 by reading
a pattern identical to the specified combination from the
table. The fault location specifying device 720 can specify
the MCF 200 in which a fault has occurred among the
respective MCFs 200 that connect together respective
nodes by the processing using the table.
[0123] As shown in Fig. 15, even when a fault has oc-
curred in two MCFs 200, three MCFs 200, or four MCFs
200 among the MCFs 200-1 to 200-4, the fault location
specifying device 720 can specify a section between
nodes in which the fault has occured on the basis of the
fault information notified of by the respective nodes. As
shown in the table of Fig. 15, in the communication sys-
tem of the present embodiment, the fault information of
No. 7 is no different from that of No. 12. Therefore, it is
not possible to specify the fault location uniquely, and
the fault location is estimated. As for the fault information
of the Nos. 10 and 15 and the fault information of Nos.
8, 13, 14, and 16, the fault location is estimated similarly.
For example, although it can be reliably determined that
a fault has occurred in F1 and F3 in the case of Nos. 7
and 12, since it is not possible to determine a fault in F2,
it is estimated that there is a possibility that a fault has
occurred in F2.
[0124] A fault may be detected using the following log-
ical formula (1) to (4) instead of the table of Fig. 15. In
the logical formula (1) to (4), "·" indicates a logical product.
Similarly to the case of Fig. 15, "0" indicates that there is
no fault, and "1" indicates that there is a fault. 

[0125] If the value of the result F1, F2, F3, or F4 of the
logical formula (1) to (4) is "1," it can be specified that a
fault has occurred in the MCFs 200-1 to 200-4. In the
communication system of the present embodiment, it is
possible to uniquely specify the fault location on the basis
of the logical formula (1) to (4) in the case of single fault
and the case of a dual fault in which the number fault
locations in F1 to F4 detected by the logical formula (1)
to (4) is two. When the number of fault locations in F1 to
F4 detected by the logical formula (1) to (4) is three or
more, it is not possible to specify the fault location unique-
ly, and it is estimated that there is a possibility that a fault
has occurred.
[0126] In a network configuration that uses an MCF,
respective cores are allocated to communication be-
tween nodes, it is possible to check end-to-end connec-
tion only. Due to this, when a fault occurs in a communi-
cation path that passes through a plurality of MCFs 200,
it is difficult to specify a fault location. However, as in the
communication system 500 of the present embodiment,
when each node notifies the fault location specifying de-
vice 720 of fault information, and the fault location spec-
ifying device 720 specifies the fault location on the basis
of the respective fault information, it is possible to easily
detect a fault and specify a fault location.
[0127] Although the transceiving node 510a and the
transceiving node 510b have been described separately
in the present embodiment to indicate a dual system of
the 0-system and the 1-system, the transceiving nodes
510a and 510b may be positioned at the same place and
may be one node.
[0128] The fault information transmitting device in each
node may transmit information on a communication path
in which a fault has not occurred to be superimposed on
the fault information. By obtaining the information on the
communication path in which a fault has not occurred,
the fault location specifying device 720 can specify or
narrow down a fault location without being notified of the
fault information by all nodes. For example, when a fault
occurs in the MCF 200-2, the transceiving nodes 510a
and 510b notify of the fault information, whereby the fault
location specifying device 720 can obtain the fault infor-
mation indicating that the transceiving node 510a can
communicate with the Add/Drop node 520-1 and cannot
communicate with the Add/Drop nodes 520-2 and 520-3
and the fault information indicating that the transceiving
node 510b cannot communicate with the Add/Drop node
520-1 and can communicate with the Add/Drop nodes
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520-2 and 520-3. The fault location specifying device 720
can specify the combination of No. 3 in the table of Fig.
15 and specify that the fault location is the MCF 200-2
on the basis of the two pieces of obtained fault informa-
tion. If the fault location can be specified before the fault
information is notified of by all nodes, it is possible to
recover from failures or faults quickly.
[0129] The fault information may include fault type in-
formation and fault time information. The fault type is in-
formation indicating a communication failure, an increase
in an error rate, or deterioration of an optical signal, for
example. By including such information in the fault infor-
mation, it is possible to detect deterioration of communi-
cation quality resulting from degradation of an MCF or
troubles in respective MCFs as well as a fault causing a
communication failure resulting from disconnection of an
MCF.
[0130] In the present embodiment, a configuration in
which each node is connected to the DCN 710 and the
fault information is collected in the fault location specify-
ing device 720 via the DCN 710 has been described.
However, some nodes may not be connected to the DCN
710. A node that is not connected to the DCN 710 may
transmit the fault information to a node connected to the
DCN 710 via an MCF and may notify the fault location
specifying device 720 of the fault information via the
node. Moreover, the fault location specifying device 720
may be provided in any one of the transceiving nodes
510a and 510b and the Add/Drop nodes 520-1 to 520-3.
[0131] Although a configuration of a dual-system net-
work having the 0-system and the 1-system has been
described in the present embodiment, the present em-
bodiment can be applied to a single-system network. In
this case, it is also possible to detect a fault and specify
a fault location. Moreover, although a case in which the
physical topology is a ring type and the logical topology
is a tree type has been described in the present embod-
iment, it is possible to detect a fault and specify a fault
location in another physical topology and another logical
topology of a network in which nodes are communicably
connected together using an MCF.
[0132] In the present embodiment, a configuration in
which the fault information transmitting device is provided
in each Add/Drop node to specify a multi-core fiber in
which a fault has occurred has been described. However,
when it is sufficient to specify a fault location in respective
segments between arbitrary Add/Drop nodes formed by
a plurality of multi-core fibers, the fault information trans-
mitting device may not be provided in all Add/Drop nodes,
but the fault information transmitting device may be pro-
vided in the Add/Drop nodes positioned at both ends of
each segment.
[0133] Moreover, when an SCF is used in some or all
segments of the connection between nodes as shown in
Figs. 9 and 10, a fault during transmission of signals
through the SCF is also subjected to the detection. In this
case, the communication system of the present embod-
iment can specify or estimate a fault location, and the

fault location specifying method of the present embodi-
ment is useful.
[0134] One or both of the fault information transmitting
device and the fault location specifying device of the
above-described embodiments may be realized by a
computer. The fault information transmitting device and
the fault location specifying device may be realized by
recording a program for realizing the fault information
transmitting device and the fault location specifying de-
vice on a computer-readable recording medium and hav-
ing a computer system read and execute the program
recorded on the recording medium. The "computer sys-
tem" mentioned herein includes an OS and hardware
such as peripheral devices. Moreover, the "computer-
readable recording medium" indicates a portable medi-
um such as a flexible disk, a magneto-optical disc, a
ROM, or a CD-ROM and a storage device such as a hard
disk drive included the computer system. Furthermore,
the "computer-readable recording medium" may include
one that dynamically stores a program for a short period
of time like a communication wire used when the program
is transmitted through a network such as the Internet and
a communication line such as a telephone line or one
that stores a program for a given period of time like a
volatile memory inside the computer system that func-
tions as a server and a client in that case. The program
may be one for implementing part of the constituent el-
ements, one that can further implement the constituent
elements in combination with the program already stored
in the computer system, or one realized using hardware
such as a programmable logic device (PLD) or a field
programmable gate array (FPGA).
[0135] While embodiments of the present invention
have been described with reference to the drawings, a
specific structure is not limited to the embodiments but
the present invention embraces design modifications
made without departing from the spirit of the present in-
vention.

INDUSTRIAL APPLICABILITY

[0136] The present invention is applicable to a use in
which it is indispensable to detect a fault and specify a
fault location in a network configured using a multi-core
fiber.

REFERENCE SIGNS LIST

[0137]

185 Connector
200 MCF
500 Communication system
510a, 510b Transceiving node
513 Transceiving device
518 Fault information transmitting device
520 Add/Drop node
525, 526 Transceiving device
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528 Fault information transmitting device
710 DCN (data communication network)
720 Fault location specifying device

Claims

1. A communication system comprising:

three or more nodes, and
a multi-core fiber having a plurality of cores, the
multi-core fiber being used in at least a partial
segment of a connection between the nodes,
wherein each of the nodes comprising:

a fault information transmitting device con-
figured to transmit fault information indicat-
ing that a fault has occurred in a communi-
cation path between one node and another
node of the nodes when it is detected that
it is not possible to perform communication
between the one node and the another
node; and
a fault location specifying device configured
to specify a section between nodes in which
a fault has occurred on the basis of the fault
information received from the fault informa-
tion transmitting device provided in each of
the nodes.

2. The communication system according to claim 1,
wherein
the fault location specifying device is configured to
specify the section in which the fault has occurred
on the basis of a combination of communication
paths in which the fault has occurred, indicated by
the fault information received from each of the fault
information transmitting devices.

3. The communication system according to claim 2,
wherein
the fault location specifying device includes a table
in which a combination of the presence of faults in
the respective communication paths formed be-
tween the nodes and a combination of the presence
of faults in the connection between the nodes are
associated, wherein
the fault location specifying device is configured to
detect a combination identical to the combination of
the communication paths in which the fault has been
detected indicated by the fault information received
from each of the fault information transmitting devic-
es from the table, and specify the section between
the nodes in which the fault has occurred.

4. The communication system according to claim 3,
wherein
the fault information transmitting device is configured

to transmit fault information including information in-
dicating the communication path in which the fault
has not occurred among communication paths be-
tween the one node and the other nodes of the nodes
to the fault location specifying device, and
the fault location specifying device is configured to
detect a combination identical to a combination of
the presence of faults in the communication paths
indicated by the fault information received from each
of the fault information transmitting devices from the
table and specify the section between the nodes in
which the fault has occurred.

5. The communication system according to claim 2,
wherein
the fault information transmitting device is configured
to transmit fault information including information in-
dicating the communication path in which the fault
has not occurred among communication paths be-
tween the one node and the other nodes of the nodes
to the fault location specifying device, and
the fault location specifying device is configured to
specify the section between the nodes in which the
fault has occurred using a predetermined logical for-
mula on the basis of the connection between the
nodes and a communication path between the
nodes.

6. A fault location specifying method in a communica-
tion system comprising three or more nodes, and a
multi-core fiber having a plurality of cores, the multi-
core fiber being used in at least a partial segment of
a connection between the nodes, the fault location
specifying method comprising:

a first step of transmitting fault information indi-
cating that a fault has occurred in a communi-
cation path between one node and another node
of the nodes when a fault information transmit-
ting device, which is provided in each of the
nodes, detects that it is not possible to perform
communication between the one node and the
another node; and
a second step of specifying, by the fault location
specifying device, a section between nodes in
which a fault has occurred on the basis of the
fault information received from the fault informa-
tion transmitting device provided in each of the
nodes.
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