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FAULT RECOVERY SYSTEM OF A RING 
NETWORK 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifi 
cation; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a fault recovery System of 

a ring network, and more particularly to a fault recovery 
System of a ring network based on a Synchronous transport 
module (STM) transmission system called a new synchro 
nization System. 

Ring networks based on the Synchronous transport mod 
ule (STM) transmission System Such as a Synchronous 
digital hierarchy (SDH) or synchronous optical network 
(SONET) the standardization of which has been developed 
in the CCITT or United States T1 Committee, are expected 
to be applied to subscriber systems (Urban Networks) in the 
future. The STM transmission system is applied to a high 
speed and broad band system of more than 155.52 Mbps. 
When a ring network, based on Such a STM transmission 
System which is a high Speed and broad band optical 
transmission System, is constructed, the ability to Survive a 
fault in the network is important and should be considered 
from the beginning of the construction of the System, Since 
a network fault can have a great influence on the transfer of 
information in a modern information Society. 

2. Description of the Related Art 
AS a conventionally proposed network fault recovery 

System, there are recovery Systems employing a loopback 
used in a local area network (LAN) and so forth. These 
conventional recovery Systems, however, are networks 
based on packet communication through predetermined 
protocols, and therefore, there are problems in that it takes 
a long processing time of Several Seconds to recover from a 
fault because the fault must be recovered by the use of the 
above-mentioned predetermined protocols. Since the recov 
ery time in a new Synchronization System should be shorter 
than, for example, 50 mSec, a recovery method which uses 
these protocols cannot be employed in a new Synchroniza 
tion System. 
On the other hand, for point to point communication, the 

Standard usage of automatic protection Scheme (APS) bytes 
(K1 and K2 bytes in an STM frame) for a switching control 
between a working line and a protection line has been 
recommended by the CCITT or the United States T1 Com 
mittee. For application to a ring network, however, Standard 
usage has not been proposed. 
A fault recovery System applied to a ring network is 

disclosed in Japanese Patent Publication 1-45782, published 
on Oct. 4, 1989. This fault recovery system, however, is not 
applied to the STM transmission system. Further, in this 
document, if multiple faults occur in the working line and 
the protection line, the positions of the faults cannot be 
determined. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention has an object to 
provide, based on the synchronous transport module (STM) 
transmission System, a System for rapidly and efficiently 
recovering a ring network even when multiple faults occurs. 

There is provided, according to the present invention, a 
centralized control type ring network based on a Synchro 
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nous transport module transmission System, with a fault 
recovery System for recovering a fault in the ring network. 
The ring network provides optical fiber transmission lines 
including a working line and a protection line running in 
opposite directions to each other, a plurality of drop/insert 
nodes connected to, to each other through the optical fiber 
transmission lines and a Supervision node, connected 
through the optical fiber transmission lines to the drop/insert 
nodes. 

Each of the drop/insert nodes has has an input fault 
detecting unit for detecting an input fault on the working line 
or the protection line. A fault data writing unit is also 
provided within each drop/insert node for writing, when the 
input fault is detected by the input fault detecting unit, fault 
data into a predetermined user byte within an overhead of a 
frame flowing through both the working line and the pro 
tection line. A user byte passing unit is also provided with 
each drop/insert node for passing the user byte as is, when 
an input fault is not detected by the input fault detecting unit, 
through the node. 
The Supervision node has a fault data detecting unit for 

detecting the fault data in the user byte transmitted from the 
node which has detected the input fault through the down 
Stream Sides of the working line and the protection line of 
the node which has detected the input fault. A fault position 
determining unit is also provided within the Supervision 
node for determining, based on the fault data detected by the 
fault data detecting unit, a node which has detected the input 
fault. A writing unit is also provided within the Supervision 
node for writing, into the user bytes, loopback requests for 
requesting nodes located immediately downstream and 
upstream of the fault position and closest to the Supervision 
node, to execute loopback operations. Finally, a Sending unit 
for Sending the loopback requests through the working line 
and the protection line to the nodes located immediately 
downstream and upstream of the fault position and closest to 
the Supervision node. Based on this construction, the nodes 
located immediately downstream and upstream of the fault 
position and closest to the Supervision node execute loop 
back operations to recover from the fault. 

According to another aspect of the present invention, 
there is provided a distributed control type ring network 
based on a Synchronous transport module transmission 
System, with a fault recovery System for recovering a fault 
in the ring network. The distributed control type ring net 
work provides optical fiber transmission lines including a 
working line and a protection line running in opposite 
directions to each other. A plurality of drop/insert nodes is 
also provided connected to each other through the optical 
fiber transmission lines. 

Each of the drop/insert nodes has an input fault detecting 
unit for detecting an input fault on the working line or the 
protection line. Each drop/insert node also has fault data and 
loopback request writing unit for writing, when the input 
fault is detected by the input fault detecting unit, fault data 
and a loopback request into a predetermined user byte within 
an overhead of a frame flowing through both the working 
line and the protection line. A loopback executing unit is also 
provided within each drop/insert node for executing, based 
on the fault data detected by the fault data detecting unit, a 
loopback when the node is located immediately upstream of 
the input fault and adjacent to a node which has not detected 
an input fault. The node executing the loopback returns, in 
response to the loopback request, a loopback response by the 
use of the predetermined user byte to the node which has 
detected the input fault. 

Based on this construction, as in the construction 
described in the previous aspect of the invention, the nodes 
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located immediately upstream of the fault position and 
adjacent to a node which has not detected an input fault 
execute loopback operations to recover from the fault. 

Although the invention described herein can be provided 
in many different forms of varying detail, without departing 
from the basic concept and Spirit of the invention, preferred 
details of the above aspects of the prevent invention are 
described below. 

It is preferable that the Synchronous transport module 
transmission System is a System according to the recom 
mendation of CCITT G.707, 708, and 709. 

It is preferable that the fault data includes a node identi 
fication number for identifying the node which has detected 
the input fault. 

It is preferable that the fault data includes fault line 
information indicating whether the input fault has occurred 
on the working line or on the protection line. 

It is preferable that the fault data includes fault reporting 
information. 

It is preferable that the loopback requests are formed by 
rewriting the fault data to include a node identification 
number of a node at which the loopback should be executed, 
and to include loopback request information. 

It is preferable that the loopback requests are formed by 
using another byte within the overhead of the frame, other 
than the predetermined user byte in the overhead of the 
frame. 

It is preferable that the other byte in the overhead of the 
frame is the K1 byte or the K2 byte according to the 
recommendation of CCITT G.707, 708, and 709. 

It is preferable that the writing unit has a rewriting unit for 
rewriting the fault data transmitted through the working line 
into a first loopback request and for rewriting the fault data 
transmitted through the protection line into a Second loop 
back request, and that the Sending unit has a unit for Sending 
the first loopback request through the protection line and for 
Sending the Second loopback request to the working line. 

It is preferable that the ring network is a bidirectional ring 
network comprising a pair of clockwise and counterclock 
wise working lines and a pair of counterclockwise and 
clockwise protection lines. 

It is preferable that the System comprises a plurality of 
pairs of the working lines and a single pair of the protection 
lines. 

According to Still another aspect of the present invention, 
there is provided a hybrid type ring network based on a 
Synchronous transport module transmission System, with a 
fault recovery System for recovering a fault in the ring 
network. The hybrid type ring network provides optical fiber 
transmission lines including a working line and a protection 
line running in opposite directions to each other, and a 
plurality of drop/insert nodes connected to each other 
through the optical fiber transmission lines. 

Each of the drop/insert nodes has a Selecting unit for 
dropping the input Signal from the protection line when the 
input Signal from the working line is faulty, for dropping the 
input Signal from the working line when the input Signal 
from the protection line is faulty, and for dropping the input 
Signal from the working line when both are normal, and 
passing the Signal as is when the Signal is not to be dropped. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above object and features of the present invention 
will be more apparent from the following description of the 
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4 
preferred embodiments with reference to the accompanying 
drawings, wherein: 

FIG. 1 is a format diagram of an overhead of the STM 
frame used in a fault recovery System of a ring network 
according to the present invention; 

FIGS. 2A to 2C are principal construction diagrams of the 
fault recovery System of a centralized control type ring 
network according to an embodiment of the present inven 
tion; 

FIGS. 3A to 3C are principal construction diagrams of the 
fault recovery System of a distributed control type ring 
network according to another embodiment of the present 
invention; 

FIGS. 4A to 4D are diagrams showing examples of 
various ring constructions used in the present invention; 

FIG. 5 is a principal construction diagram of the fault 
recovery System of a hybrid ring according to Still another 
embodiment of the present invention; 

FIGS. 6A to 6C are diagrams for explaining an F1 byte in 
the overhead used in the present invention; 

FIG. 7 is a block diagram showing a construction example 
of a drop/insert node and a Supervision node constructing the 
centralized control type or the distributed control type ring 
according to the present invention; 

FIGS. 8A to 8C are diagrams showing an example of a 
break in the working line causing a fault in the centralized 
control type ring according to Still another embodiment of 
the present invention; 

FIGS. 9A to 9C are diagrams showing an example of 
breaks in both the working line and the protection line 
causing a fault in the centralized control type according to 
Still another embodiment of the present invention; 

FIGS. 10A to 10C are diagrams showing an example of 
when plural faults occur in the centralized control type ring 
according to Still another embodiment of the present inven 
tion; 

FIGS. 11A to 11C are diagrams showing an example when 
both the working line and the protection line are cut causing 
a fault in the distributed control type ring according to Still 
another embodiment of the present invention; 

FIGS. 12A to 12C are diagrams showing an example of 
when plural faults occur in the distributed control type ring 
according to Still another embodiment of the present inven 
tion; 

FIG. 13 is a block diagram showing a construction 
example of each drop/insert node in the hybrid ring used in 
the System of the present invention; and 

FIG. 14 is a diagram Showing evaluations of various fault 
States in the hybrid ring used in the System of the present 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Currently, preparation is underway of international Stan 
dardization of the method of using the overhead bytes in the 
STM frame format of the synchronous transport module 
(STM) transmission system. In view of this, the inventors of 
the present invention have considered using the overhead 
bytes for recovering faults in a ring network. 

Namely, FIG. 1 shows a frame format of the above 
mentioned STM (in particular the frame format of the 
STM-1), in which bytes labelled A1, A2, B1, B2, C1, 
D1-D12, E1, E2, K1, and K2 respectively represent bytes, 
usage of which is already internationally Standardized. The 
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other labelled bytes, namely the F1 byte and Z1 and Z2 bytes 
have not yet been internationally Standardized but are deter 
mined to be used for domestic or national use. Note that the 
remaining bytes are assigned for domestic use. 

Accordingly, in the present invention, by using the unused 
bytes such as the latter F1 byte or Z1 and Z2 bytes as user 
bytes (UB), these bytes can be utilized to recover a fault in 
a ring network of the new Synchronization System 
(hereinafter simply referred to as a ring network) con 
Structed by optical fiber transmission lines forming a work 
ing line (W) and a protection line (P) running in opposite 
directions to each other. 

In the Case of a Centralized Control Type Ring 
Network (FIGS. 2A to 2C) 

This ring network, as shown in FIG. 2A, is constructed by 
drop/insert nodes (nodes A-D for example in the figure, and 
hereinafter also referred to simply as nodes), and a Super 
vision node SV. Throughout all the embodiments described 
in this specification, it is assumed that all of the nodes are 
provided in advance with node identification numbers. First, 
as shown in FIG. 2A, when an input fault F (marked by x) 
of a working line W (or a protection line P as well) is 
detected by a node A by detecting a clock signal error and 
so forth, the node A writes fault data FD in a predetermined 
user byte UB in the overhead of each of the STM frames 
flowing through the working line W and the protection line 
P, and transmits the STM frames including the written fault 
data FD to the downstream sides of the working line W and 
the protection line P. 
When the drop/insert node does not detect an input fault, 

it passes the user bytes as they are to the Supervision node 
SV, and therefore, the fault data FD in the user bytes UB are 
transmitted from the working line W and the protection line 
P. 

The Supervision node SV determines the position of the 
fault F by detecting and analyzing the fault data, as shown 
in FIG. 2B, and writes a loopback request LBR. The 
loopback request LBR requires the nodes A and B located 
immediately downstream and upstream of the fault position 
and closest to the Supervision node SV, to execute loopback 
operations, into the user byte UB. The written loopback 
request LBR is transmitted through the protection line Pand 
through the node D to the node A. The loopback request 
LBR is also transmitted through the working line W and 
through the nodes C and D to the node B. 
AS a result, as shown in FIG. 2C, the loopbacks are 

executed by these nodes A and B to recover the fault. 
In this case, instead of utilizing the user byte UB for 

transmitting the loopback request, it may be possible to 
transmit the loopback request by using K1 and K2 bytes 
which are internationally Standardized. In this case, confor 
mity with the international Standardization is achieved. 

In the Case of a Distributed Type Ring Network 
(FIGS. 3A to 3C) 

In this ring network, there is no Supervision node, and the 
respective drop/insert nodes are in an equal relation to each 
other. 

Accordingly, as shown in FIG. 3A, when the drop/insert 
node Adetects an input fault of the working line W (or of the 
protection line P as well), it writes fault data FD including 
a loopback request LBR into the user bytes UB in the STM 
frames of the working line W and the protection line P. The 
user bytes UB including the fault data FD and the loopback 
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request LRB are transmitted to the downstream sides of the 
working line W and the protection line P. 

In a similar way to that shown in FIG. 2A, the nodes C and 
D pass the user bytes UB as they are. Among the respective 
nodes which receive the fault data, the node B located 
immediately upstream of the input fault and adjacent to the 
node C detects that there is a fault position at the outputside 
of the node B. As a result, as shown in FIG. 3B, the node B 
executes the loopback operation and returns the loopback 
request LBR to the node A which transmitted the loopback 
requirement LBR. 
When the node A receives the loopback request LBR, the 

node A executes the loopback operation based on the 
returned loopback request LBR so that, as shown in FIG.3C, 
the loopback between the nodes A and B is completed and 
the fault is restored. 

Note, in either of the centralized control type or distrib 
uted control type, not only the case is possible where the ring 
network is constructed by a working line W and a protection 
line P corresponding to each other in a 1:1 relation as shown 
in FIG. 4A, but a unidirectional ring constructed by a 
plurality of working lines and a single protection line 
(W1-W3 and P1 in FIG.4B) is also possible. Abidirectional 
ring is also possible which is constructed by a pair of 
clockwise and counterclockwise working lines W1 and W2 
and a pair of counterclockwise and clockwise protection 
lines P1 and P2 as shown in FIG. 4C. Further, the fault can 
also be restored by constructing a bidirectional ring having 
a plurality of pairs of working lines W1 to W6 and a single 
pair of protection lines P1 and P2 as shown in FIG. 4D. 

In the Case of a Hybrid-type Ring Network (FIG. 
5) 

In this case also, Similar to the distributed control type 
shown in FIGS. 3A to 3C, there is no supervision node, and 
therefore the respective drop/insert nodes are in an equal 
relation to each other. As shown in FIG. 5, when a fault 
occurs in a point between the nodes A and B, the Signal from 
the node A through the downstream Side of the working line 
W is transmitted through the nodes D, E, and C until it is 
received by the node B. However, the signal from the node 
A through the protection line P continues to be transmitted 
through the loop if there is no countermeasure. 

In the hybrid ring, a Selecting unit is provided in each 
node for Selecting a signal to be dropped as followS. Namely, 
in each node, if the input signal from the working line W 
indicates a fault, the input Signal from the protection line P 
is dropped; if the input Signal from the protection line P 
indicates a fault, the input Signal from the working line W is 
dropped; and if both input Signals are normal, the input 
signal from the working line W is dropped. If, however, the 
channel should not be dropped, the input signal is passed as 
it is. 

In this case, similar to the case of FIGS. 2A to 2C and 
FIGS. 3A to 3C, when each node detects an input fault in the 
working line W or the protection line P, fault data is written 
in the user bytes and is transmitted downstream of the 
working line W and the protection line P, and when an input 
fault is not detected, the user bytes are passed as they are, 
whereby, in the case of FIG. 5, the fault state between the 
nodes A and B can be evaluated with reference to the user 
bytes UB. 

In the following paragraphs, embodiments of a fault 
recovery System of a ring network relating to the present 
invention are described in more detail. 

First, the F1 byte in the STM-1 frame format shown in 
FIG. 1 is used as a predetermined user byte in the overhead 
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used in the system of the present invention. This byte 
however, may be the Z1 or Z2 byte assigned for national use, 
or may be one utilizing various modifications. 

FIG. 6A shows an embodiment of the F1 byte. In this 
embodiment, bits b1 and b2 are assigned as indicators. When 
the bit b1 is “0”, the bit b1 indicates whether there is a fault 
on the working line; and when b1 is “1”, it indicates whether 
there is a fault on the protection line. When the bit b2 is “0”, 
the bit b2 indicates a fault report; and if the bit b2 is “1”, it 
indicates that the node identification number of the node 
which should accept the loopback request (protection 
switching) is being conveyed. Also, the bits b3-b8 are 
assigned to the identification number of a node for identi 
fying the node relating to the fault. 

In an F1 byte as above, since only 6 bits can be used as 
node number data, when the number of nodes exceeds 
2=64, it is impossible to identify all nodes using the 6 bits. 
In this case, two continuous bytes, a first F1 byte and a 
second F1 byte having, all total total, 12 free bits as shown 
in FIG. 6B, may be utilized. The heading bit b1 of the first 
F1 byte is defined as “0” so that the first F1 byte conveys 
fault data relating to the working line W, and the heading bit 
b1 of the second byte F1 is defined as “1” so that the second 
F1 byte conveys fault data relating to the protection line P. 
These bytes are respectively used for detecting faults on the 
working line P and the protection line W. An example of the 
first F1 byte and the second F1 byte is shown in FIG. 6C, 
wherein (1) shows that both the working line and the 
protection line are in normal states, (2) shows that the node 
“3” on the protection line has detected an input fault because 
the bits b7 and b8 in the second F1 byte are “1”, and (3) 
shows that the node “1” on the working line has detected an 
input fault because the bit b8 in the first F1 byte is “1”. 

In the following description, for the Sake of Simplicity, the 
first F1 byte and the second F1 byte are combined and 
indicated as F1 (#n,#k,S) as shown in FIG. 6D, where in 
indicates a node number which has detected a fault on the 
working line, ifkindicates a node number which has detected 
a fault in the protection line, and Sindicates whether the data 
indicates a fault report (“0”) or a loopback request (“1”). 

In the following, the fault recovery system in the above 
described respective rings will be described using the above 
mentioned F1 byte. 

Centralized Control Type Ring 
FIG. 7 shows an embodiment of a drop/insert node or a 

Supervision node used in the centralized control type ring 
network, which is constructed by a receiving unit 1 and a 
transmitting unit 3 for the working line W, a receiving unit 
4 and a transmitting unit 2 for the protection line P, overhead 
processing units 5 and 6, and a data drop/insert/pass pro 
cessing unit 7. The receiving units 1 and 4 are respectively 
constructed by light receiving units 11 and 41 connected to 
the working line W and the protection line P for converting 
light input signals into electrical Signals, overhead dropping 
units 12 and 42 for dropping the overhead from the electrical 
Signals to provide to the overhead processing units 5 and 6, 
and main signal processing units 13 and 43 for processing 
main Signals other than the overheads and for Sending the 
dropped and passed signals to the data drop/insert/pass 
processing unit 7. The transmitting units 2 and 3 are respec 
tively constructed by main Signal processing units 21 and 31 
for processing the inserted and passed signals from the data 
drop/insert/pass processing unit 7, Overhead inserting units 
22 and 32 for inserting overheads from the overhead pro 
cessing units 5 and 6 into the inserted and passed signals, 
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and light transmitting units 23 and 33 for converting the thus 
generated electric Signals into light signals and for trans 
mitting them to the protection line P and the working line W. 
respectively. Note, the proceSS relating to the overhead is 
carried out by the overhead processing units 5 and 6. 

O An Example of a Cut Causing a Fault in the 
Working line W (see FIG. 8) 

For the case when a fault is caused by a cut in the working 
line W of an optical fiber between the node A and node B, 
the fault recovery system of the present invention will now 
be described. 

Referring to FIG. 8A, the node A, which has detected, by 
its light receiving unit 11, the input fault of the working line 
W Such as a missing clock signal, loads the node identifi 
cation number of the node A on the F1 byte and transmits the 
F1 byte. In this case, a fault data F1(A,i,0) and a loopback 
request K(W->P) are transmitted from the node A to the 
downstream side of the working line W through the com 
munication between the overhead processing units 5 and 6, 
and fault data F1 (A-0) is also transmitted from the node A 
to the downstream side of the protection line P through the 
communication between the Overhead processing units 5 and 
6. The loopback request K(W->P) is formed by rewriting the 
K1 or K2 byte in the STM-1 frame format. Note that, the 
loopback request Kis, as described with reference to FIG. 1, 
internationally standardized. Therefore, when the K1 or K2 
byte is used for the loopback request instead of using the S 
bit in the F1 byte, it conforms with the international stan 
dardization. By contrast, when the S bit (b2 in the F1 byte) 
is used for the loopback request, the loopback request can 
also be executed, and therefore, the loopback request K is 
not always used. 

Since the node D is normal, it passes the F1 byte trans 
mitted from the node A through the working line W, and the 
nodes B and C pass the F1 byte transmitted from the node 
A through the protection line P. In each of the nodes D, B, 
and C, the input signal itself is passed through the route in 
which the receiving unit 1, the data drop/insert/pass pro 
cessing unit 7, and the transmitting unit 3 are connected. 

Referring to FIG. 8B, the Supervision node SV detects in 
its overhead processing units 5 and 6 the fault data (F1 byte 
plus K byte or F1 byte) transmitted from the node A through 
the working line W and the protection line P, analyzes the 
new situation including the fault data to determine the node 
A located immediately downstream of the fault position and 
closest to the Supervision node SV, and transmits, to the 
protection line P, a loopback request (instruction) K(W->K) 
and fault data F1 (AA,1) requiring execution of a loopback 
at the node A and a fault data F1(A,A,1). The Supervision 
node SV also transmits a loopback request K(W->P) and a 
fault data F1(B.B.1) requiring a loopback be effected at the 
node B immediately upstream of the fault position and 
closest to the Supervision node SV. The node A detects the 
loopback request from the Supervision node SV, carries out 
this loopback, and then returns a loopback response 
K(W->P) and F1(A,A,1) through the working line W to the 
Supervision node SV. The node B also carries out the 
loopback, and then returns a response K(W->P) and F1(B, 
B,1) to the Supervision node SV through the protection line 
P. 

Referring to FIG. 8C, the Supervision node SV receives 
the loopback responses from the nodes A and B, and 
acknowledges that a fault recovery route (loopback route) 
has been completed. After completion of the fault recovery, 
the Supervision node SV resets the F1 byte to be all Zeroes 
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and transmits F1(-,-,0) to the working line W and the 
protection line P. Accordingly, in a Stationary State where no 
fault occurs, the Supervision node SV detects the F1 (A-0) 
from the working line W and F1(-,B,0) from the protection 
line P. 

(2) An Example of Cuts Causing Faults in the 
Working Line W and the Protection Line P (see 

FIGS. 9A to 9C) 
For the case when faults caused by cuts in both the 

working line W and the protection line P between the node 
A and the node B occurs, the fault recovery System of the 
present invention is described. 

Referring to FIG. 9A, the node A, which has detected an 
input fault on the working line W, transmits F1 (A-0) and a 
loopback request K(W->P) to the downstream side of the 
working line W, and transmits F1 (A-0) to the downstream 
side of the protection line P; and the node B, which has 
detected the input fault on the protection line P, transmits 
F1(-,B,0) to the downstream side of the protection line P. 

In this case, even if the F1(A,-,0) is transmitted from the 
node A to the downstream side of the protection line P, it 
does not reach the node B because the optical fiber of the 
protection line P between the node A and the node B is cut. 
Similarly, even when F1(-,B,0) is transmitted from the node 
B to the downstream side of the working line W, F1(-,B,0) 
on the working line W does not reach the node Abecause of 
the fiber cut (cut in W). Since the node D is normal, it passes 
the F1 byte transmitted from the node A through the working 
line W, and the node C passes the F1 byte transmitted from 
the node B through the protection line P. 

Referring to FIG.9B, the Supervision node SV detects the 
loopback request K(W->P) and the fault data F1 (A-0) 
transmitted from the node A through the working line W. 
detects the fault data F1(-,B,0) transmitted from the node B 
through the protection line P, analyzes this new situation 
including the fault data to determine the position of the fault, 
transmits a loopback request K(W->P) requiring to loop 
back at the node A and F1(A.A,1) to the downstream side of 
the protection line P, and transmits a loopback request 
K(W->P) requiring a loopback at the node B and F1(B.B.1) 
to the downstream side of the working line W. 

The node A detects the loopback request from the Super 
vision node SV through the protection line P, carries out this 
loopback operation, and then returns a response K(W->P) 
and F1(A.A,1). The node B also carries out the loopback 
operation and then returns a response K(W->P) and F1(B, 
B,1) to the Supervision node SV. 

Referring to FIG. 9C, the Supervision node SV acknowl 
edges the completion of a fault recovery route (loopback 
route) by receiving the loopback responses from the nodes 
A and B. After the completion of the fault recovery, the 
Supervision node SV resets the F1 bytes to be all Zeroes and 
transmits them to the working line W and the protection line 
P. Accordingly, in the Stationary State in which there is no 
fault in the ring network, the Supervision node SV detects the 
F1 (A-0) from the working line W and the F1(-,B,0) from 
the protection line P. 

(3) An Example of Plural Faults (see FIGS. 10A to 
10C) 

For the case when both the working line W and the 
protection line P between the nodes A and B are cut and 
when the protection line P is cut between the nodes D and 
A, the fault recovery system of the present invention will be 
described. 
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Referring to FIG. 10A, similar to the above example 

shown in FIG. 9A, the node A transmits a loopback request 
K(W->P) and F1(A,A,0) through the downstream side of the 
working line W to the Supervision node SV, and node B 
transmits fault data F1(-,B,0) through the downstream side 
of the protection line P to the Supervision node SV. 

Referring to FIG. 10B, the Supervision node SV analyzes 
the new situation including the fault State to determine the 
position of the fault. Then the Supervision node SV transmits 
a loopback request K(W->P) requiring a loopback at the 
node D and F1 (D.D.1) to the downstream side of the 
protection line P, and transmits a loopback request K(W->P) 
requiring to loopback at the node B and F1(B.B,1) to the 
downstream side of the working line W. Then, the node D 
detects the loopback request from the Supervision node SV, 
carries out this loopback operation, and returns a response 
K(W->P) and F1(D.D.1) to the supervision node SV. The 
node B also detects the loopback request from the Supervi 
Sion node SV, carries out this loopback operation, and 
returns a response K(W->P) and F1(B.B,1) to the Supervi 
Sion node SV. 

Referring to FIG. 10C, the Supervision node SV acknowl 
edges the completion of a fault recovery route (loopback 
route) by receiving the loopback responses from the nodes 
D and B. After the completion of the fault recovery, the 
Supervision node SV resets the F1 bytes to be all Zeroes and 
transmits them to the working line W and the protection line 
P. Accordingly, in a Stationary State in which there is no fault, 
the Supervision node SV detects F1(D,-0) from the working 
line W and F1(-,B,0) from the protection line P. 

Distributed Control Type Ring 
In this distributed control type ring network, there is no 

Supervision node, and the respective drop/insert nodes are 
placed in an equal relation to each other. In this case also, the 
example of the construction shown in FIG. 7 can be applied, 
and the difference from the centralized control type ring is 
that, Since there is no Supervision node, the F1 bytes are not 
reset by the Supervision node, and the others are processed 
in a similar way to those in the centralized control type ring. 

CD An Example of Cuts Causing Faults in the 
Working Line W and the Protection Line P (see 

FIGS. 11A to 11C) 
For the case when both the working line W and the 

protection line P between the nodes A and B are cut, the fault 
recovery system of the present invention will be described. 

Referring to FIG. 11A, the node A which has detected a 
fault on the working line W transmits F1(A,i,0) and a 
loopback request K(W->P) to the downstream side of the 
working line W, and transmits F1(A,i,0) to the downstream 
Side of the protection line P. In this case, in the initial State 
of the fault, there is a possibility that the node A may not 
have been informed on the fault on the protection line P 
because the fault on the protection line P is at the outputside 
of the node A, so that the node A may transmit F1(A,i,0) to 
the downstreams of the working line W and the protection 
line P. The node A, however, will have been informed of the 
fault on the protection line P from the later received fault 
data from the node B through the protection line P. After the 
node A acknowledges the fault on the protection line P, the 
node A transmits F1(A,B,-) to the downstream sides of the 
working line W and the protection line P. In this case, * 
represents a time dependent parameter. Note, in this case 
also, if the K bytes of the loopback request are not used as 
mentioned before, a loopback request to an other node is 
realized by changing the “0” in the F1(A,i,0) to “1”. 
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The node B which has detected a fault on the protection 
line P transmits F1(*.B.0) of the F1 bytes containing the 
node identification number of the node B, to the downstream 
sides of both the working line W and the protection line P. 
In this case, the F1(A,i,0) on the protection line P does not 
reach the node B because of the cut fiber (P cut), and the 
F1(*.B.0) on the working line W does not reach the node A 
because of the cut fiber (W cut). The nodes D, E, and C pass 
the F1 byte transmitted from the node A through the working 
line W, and the nodes C, E, and D pass the F1 byte 
transmitted from the node B through the protection line P. 

Referring to FIG. 11B, the node B detects the loopback 
request K(W->P) and the fault data including the F1(A,i,0) 
transmitted from the node A through the working line W. By 
analyzing the fault data F1(A,i,0), the node B recognizes 
that its own node B is placed immediately upstream of the 
fault position, i.e., just before the node A which has trans 
mitted the fault data. This recognition is possible because all 
of the nodes are provided with their own node identification 
numbers in advance. Accordingly, the fault on the protection 
line P between the nodes A and B is determined so that a 
loopback operation is executed at the node B. The node B 
then transmits a loopback response K(W->P) and F1(A,B,0) 
through the protection line P to the node A. 

Referring to FIG. 11C, the node A receives the loopback 
response K(W->P) and the F1(A,B,0) from the node B 
through the protection line P so that it determines the 
position of the fault on the working line W between the 
nodes A and B. Then the node A executes a loopback 
operation from the protection line P to the working line W. 
In this way, it is recognized that the fault recovery route 
(loopback route) has been completed, and, in a stationary 
state after the fault recovery completion, the F1(A,B,0) is 
transmitted through the working line W and the protection 
line P. 

(3) An Example of Plural Faults (see FIGS. 12A to 
12C) 

For the case when faults occur due to cut in both the 
working line W and the protection line P between the node 
A and the node B, and a cut in the working line W between 
the nodes B and C, the fault recovery system of the present 
invention will be described. 

Referring to FIG. 12A, the node A transmits a loopback 
request K(W->P) and F1(A,i,0) through the downstream 
side of the working line W to the node C, and the node B 
transmits F1(B.B.,0) through the downstream side of the 
protection line P to the node A since both the working line 
W and the protection line P are in their input fault states. 

Referring to FIG. 12B, the node C detects the fault on the 
working line W between the node C and the node B based 
on the fault data F1(B.B.,0) transmitted from the node B 
through the protection line P and the fault data F1(A,i,0) 
from the node A. The node C analyzes this new situation, 
executes a loopback operation, and transmits a loopback 
response K(W->P) and F1(A,C,0) to the node A through the 
protection line P. 

Referring to FIG. 12C, the node A, which receives this 
loopback response K(W->P) and F1(A,C,0) from the node 
C, determines the fault on the working line W between the 
nodes A and B. Then, the node A executes the loopback 
operation at the node A to complete the fault recovery route 
(loopback route). In the stationary State after completion of 
the fault recovery completion, F1(A,C,0) is transmitted 
through the working line W and the protection line P. 

Hybrid Ring 
In this case also, there is no Supervision node So that the 

respective nodes have an equal relation to each other. 
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FIG. 13 schematically shows the construction of each 

node. In the figure, the same reference as those in FIG. 7 
represent the same parts, and, also included are a Selector 8 
for Selecting data to be dropped or passed from or the 
receiving unit 1 or 4 to the data drop/insert/pass processing 
unit 7, a distributing unit 9 for distributing the inserted or 
passed data from the data drop/insert/pass processing unit 7 
to the transmitting units 2 or 3, and a control circuit 10 for 
controlling the selector 8. The control circuit 10 selects a 
normal signal from the Signals received by the receiving 
units 1 and 4. When both are normal, the control circuit 10 
Selects the receiving Signal on the working line W. However, 
the selector 8 is controlled only when the drop/insert mode 
is effected for the corresponding channel which needs to be 
dropped or inserted. In the case of another channel, namely, 
when the channel is not to be dropped or inserted, the 
receiving units 1 and 4 and the transmitting units 3 and 2 are 
connected Straight through as illustrated in the figure by a 
dotted line. Note, the discrimination of whether or not the 
Signal is normal can be carried out based on a cut in the input 
Signal or by a lack of frame Synchronization. It may also be 
discriminated by an alarm indication or a pointer indicating 
an abnormal in H1 and H2 pointer bytes included in the 
overhead of the STM frame which is processed by the 
overhead processing units 5 and 6. 

Examples of faults in the hybrid ring using the node 
having Such a construction as described above, are illus 
trated in FIG. 14. 

(1) An Example When the Working Line W 
Between the Nodes A and B is Cut 

In this case, as the F1 byte of the fault data, the F1 byte 
F1(A-0) which is the same as the one shown in FIGS. 8A 
to 8C is output from the nodes A and B (time t1). In the node 
A, Since an input fault occurs on the working line W, only 
the received signal transmitted from the node D through the 
protection line P is determined as normal and is received 
byte by byte. Also, in the node B, the received signal from 
the node C through the working line W and the received 
Signal from the node A through the protection line P are 
received as normal and are received byte by byte. Therefore, 
the control circuit 10 in the node B Switches the selector 8 
to receive with priority the received signal from the working 
line W. Note, the other nodes C, D, and E only pass the 
received signals on the working line W and the protection 
line P. 

After this, even at a time t2, after Some time has passed 
from the time t1, the state of the F1 byte is unchanged. 

Thus, through the working line W and the protection line 
P, the node A and the node B communicate with each other 
without loopback. 

Also, Since the overhead is used in this case also, the fault 
evaluation (of a cut in the working line W between the nodes 
A and B) can be executed in a way similar to that mentioned 
above in the nodes A and B. 

(2) An Example When Both the Working Line W 
and the Protection Line P Between the Nodes. A 

and B are cut 

In this case, the F1 bytes F1(A,-0) and F1(-,B,0) as the 
fault data, which are the same F1 bytes as shown in FIGS. 
9A to 9C and FIGS. 11A to 11C, are output from the nodes 
A and B, respectively (time t1). The node A receives only the 
receiving Signal transmitted from the node D through the 
protection line P as a normal Signal because the input fault 
occurs on the working line W between the nodes A and B, 
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the node B receives only the receiving Signal transmitted 
from the node C through the working line W as a normal 
Signal because the input fault occurs on the protection line 
P between the nodes A and B. 

After this, at a time t2, Since both the node A and the node 
B have been informed, respectively, of the faults on the 
protection line P and the working line W, the F1 bytes 
become F1(A,B,0) as illustrated in FIG. 14(2). 

Thus, through the working line W and the protection line 
P, the node A and the node B communicate with each other 
without loopback. 

Also, through the use of the used byte in this case also, the 
fault evaluation (of a cut in the working line W between the 
nodes A and B) can be executed in the nodes A and B in a 
way similar to that mentioned before. 

(3) An Example When Both the Working Line W 
and the Protection Line P Between the Nodes. A 

and B are Cut and the Working line W between the 
Nodes B and C is Cut 

In this case, the F1 bytes F1 (A-0) and F1(B.B.,0) as the 
fault data, which are the same F1 bytes as shown in FIGS. 
10A to 10C and FIGS. 12A to 12C, flow through the working 
line W and the protection line P (time t1). The node A 
receives only the receiving Signal transmitted from the node 
D through the protection line P as a normal signal because 
the input fault occurs on the working line W between the 
nodes A and B, the node B cannot receive a signal because 
the input faults occur on both the working line W and the 
protection line P, and the node C receives with priority the 
receiving Signal transmitted from the node E through the 
working line W as a normal signal. 
At a time t2 after a certain amount of time has passed, the 

node A detects the input fault of the node B so that the F1 
byte F1(A,B,0) as illustrated in the figure flows through the 
working line W. 

Thus, through the working line W and the protection line 
P, the nodes A and C communicate with each other without 
loopback. 

In this case also, Since the overhead is used, the fault 
evaluation (of a cut in the working and protection lines 
between the nodes A and B, and a cut in the working line W 
between the nodes B and C) can be executed in the nodes A, 
B, and C in a way similar to that mentioned before. 

Thus, in the hybrid ring also, by applying the Overhead, 
the ability to respond to a fault in a ring (especially the case 
of a plurality of faults or a catastrophic fault) can be 
increased. 

AS described above, according to the fault recovery 
System of a ring network relating to the present invention, by 
utilizing a predetermined user byte in the overhead of the 
STM frame used in the synchronous transport module 
transmitting System, an input fault detected in any node in a 
centralized control type ring, distributed control type ring, or 
hybrid ring is transferred to another node, whereby the 
Supervision node or the drop/insert node detects the position 
of the fault to execute a loopback operation or a hybrid 
process. Therefore, Since no protocol is used in the fault 
recovery process, the fault can be recovered in a short time. 
We claim: 
1. A centralized control type ring network based on a 

Synchronous transport module transmission System, having 
a fault recovery System for recovering a fault in Said 
centralized control type ring network, Said centralized con 
trol type ring network comprising: 
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14 
optical fiber transmission lines including a working line 

and a protection line running in opposite directions to 
each other; 

a plurality of drop/insert nodes connected to each other 
through Said optical fiber transmission lines, 

a Supervision node, connected through Said optical fiber 
transmission lines to Said drop/insert nodes, 

each of Said drop/insert nodes having 
input fault detecting means for detecting an input fault 
on the working line or the protection line, 

fault data writing means for writing, when Said input 
fault is detected by Said input fault detecting means, 
fault data in a predetermined user byte in an over 
head of a frame flowing through both of the working 
line and the protection line, and 

user byte passing means for passing Said user byte as is 
through said node, when an input fault is not detected 
by Said input fault detecting means, 

Said Supervision node having 
fault data detecting means for detecting the fault data in 

said user byte transmitted from the node which has 
detected Said input fault through the downstream 
Sides of the working line and the protection line of 
Said node which has detected Said input fault; 

fault position determining means for determining, based 
on Said fault data detected by Said fault data detecting 
means, a node which has detected Said input fault; 

Writing means for writing, into Said user bytes, loopback 
requests for requesting nodes located immediately 
downstream and upstream of the fault position and 
closest to Said Supervision node, to execute loopback 
operations, and 

Sending means for Sending Said loopback requests through 
Said working line and Said protection line to Said nodes 
located downstream and upstream of the fault position, 
whereby Said nodes located immediately downstream 
and upstream of the fault position and closest to Said 
Supervision node execute loopback operations to 
recover the fault. 

2. A ring network as claimed in claim 1, wherein Said 
Synchronous transport module transmission System is a 
system according to a recommendation of CCITT G.707, 
708, and 709. 

3. A ring network as claimed in claim 1, wherein Said fault 
data includes a node identification number for identifying 
the node which has detected the input fault. 

4. A ring network as claimed in claim 1, wherein Said fault 
data includes fault line information indicating whether said 
input fault has occurred on Said working line or on Said 
protection line. 

5. A ring network as claimed in claim 4, wherein Said fault 
data includes fault reporting information. 

6. A ring network as claimed in claim 4, wherein Said 
loopback requests are formed by rewriting Said fault data to 
include a node identification number of a node at which the 
loopback should be executed, and loopback request infor 
mation. 

7. A ring network as claimed in claim 1, wherein Said 
loopback requests are formed by using another byte other 
than Said predetermined user byte in Said overhead of Said 
frame. 

8. A ring network as claimed in claim 7, wherein Said 
other type in said overhead of said frame is the K1 byte or 
the K2 byte according to a recommendation of CCITT 
G.707, 708, and 709. 

9. A ring network as claimed in claim 1, wherein Said 
Writing means includes rewriting means for rewriting Said 
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fault data transmitted through Said working line into a first 
loopback request and for rewriting Said fault data transmit 
ted through said protection line into a Second loopback 
request, and Said Sending means through Said protection line 
and for Sending Said Second loopback request to Said work 
ing line. 

10. A ring network as claimed in claim 1, wherein Said 
ring network is a bidirectional ring network comprising a 
pair of clockwise and counterclockwise working lines and a 
pair of counterclockwise and clockwise protection lines. 

11. A ring network as claimed in claim 10, comprising a 
plurality of pairs of Said working lines and a Single pair of 
Said protection lines. 

12. A distributed control type ring network based on a 
Synchronous transport module transmission System, having 
a fault recovery System, Said distributed control type ring 
network comprising: 

optical fiber transmission lines including a working line 
and a protection line running in opposite directions to 
each other; 

a plurality of drop/insert nodes connected to each other 
through Said optical fiber transmission lines, 

each of Said drop/insert nodes having 
input fault detecting means for detecting an input fault 
on the working line or the protection line, 

fault data and loopback request writing means for 
Writing, when Said input fault is detected by Said 
input fault detecting means, fault data and a loop 
back request in a predetermined user byte in an 
overhead of a frame flowing through both the work 
ing line and the protection line, 

loopback executing means for executing, based on Said 
fault data detected by Said fault data detecting 
means, a loopback when said node is located imme 
diately upstream of Said input fault and adjacent to a 
node which has not detected an input fault; and 

Said node executing Said loopback returning, in 
response to Said loopback request, a loopback 
response by the use of Said predetermined user byte 
to Said node which has detected Said input fault. 

13. A ring network as claimed in claim 12, characterized 
in that Said Synchronous transport module transmission 
System is the System according to a recommendation of 
CCITT G.707, 708, and 709. 

14. A ring network as claimed in claim 12, wherein Said 
fault data includes a node identification number for identi 
fying the node which has detected the input fault. 

15. A ring network as claimed in claim 14, wherein Said 
fault data includes fault line information indicating whether 
Said input fault has occurred on Said working line or on Said 
protection line. 

16. A ring network as claimed in claim 15, wherein Said 
fault data includes fault reporting information. 

17. A ring network as claimed in claim 16, wherein Said 
loopback request is formed by rewriting Said fault reporting 
information in Said fault data. 

18. A ring network as claimed in claim 12, wherein Said 
loopback request is formed by using another byte other than 
Said predetermined user byte in Said overhead of Said frame. 

19. A ring network as claimed in claim 18, wherein said 
other byte in said overhead of said frame is the K1 byte or 
the K2 byte according to a recommendation of CCITT G. 
707, 708 and 709. 

20. A ring network as claimed in claim 12, wherein Said 
ring network is a bidirectional ring network comprising a 
pair of clockwise and counterclockwise working lines and a 
pair of counterclockwise and clockwise protection lines. 
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21. A ring network as claimed in claim 20, comprising a 

plurality of pairs of Said working lines and a Single pair of 
Said protection lines. 

22. A hybrid type ring network based on a Synchronous 
transport module transmission System, having a fault recov 
ery System, Said hybrid type ring network comprising: 

optical fiber transmission lines including a working line 
and a protection line running in opposite directions to 
each other; and 

a plurality of drop/insert nodes connected to each other 
through Said optical fiber transmission lines, each of 
Said drop/insert nodes including 
input fault detecting means for detecting an input fault 
on the working line or the protection line, 

Selecting means for dropping the input signal from Said 
protection line when the input Signal from Said 
working line is faulty, for dropping the input Signal 
from Said working line when the input Signal from 
Said protection line is faulty, and for dropping the 
input signal from Said working line when both are 
normal, and passing the Signal as is when the Signal 
is not to be dropped; 

fault data writing means for writing, when Said input 
fault is detected by Said input fault detecting means, 
fault data in a predetermined user byte in an over 
head of a frame flowing through both of the working 
line and the protection line; and 

user type passing means for passing, when an input 
fault is not detected by Said input fault detecting 
means, Said user byte as is through Said node. 

23. A fault recovery system of a hybrid type ring network 
as claimed in claim 22, characterized in that Said Synchro 
nous transport module transmission System is a System 
according to the a recommendation of CCITT G. 707, 708, 
and 709. 

24. A fault recovery System of a hybrid ring network as 
claimed in claim 22, wherein Said fault data includes a node 
identification number for identifying the node which has 
detected the input fault. 

25. A fault recovery system of a hybrid ring network as 
claimed in claim 22, wherein Said fault data includes fault 
line information indicating whether Said input fault has 
occurred on Said working line or on Said protection line. 

26. A node for communication through a ring network 
having a plurality of nodes interconnected by first and 
Second transmission lines, the first transmission line trans 
porting a transmission Signal frame including an Overhead 
byte around the ring network in a first direction and the 
Second transmission line transporting a transmission Signal 
frame including an overhead byte around the ring network 
in a second direction opposite to the first direction, the node 
comprising: 

detecting means for detecting a fault On an upstream Side 
of the first transmission line, and 

transmitting means for transmitting to a downstream Side 
of the first transmission line, in response to the fault 
detected by Said detecting means, a request Signal for 
directing a received transmission Signal frame from the 
upstream Side of the first transmission line to a down 
Stream Side of the Second transmission line by inserting 
the request Signal Onto the overhead byte of the trans 
mission Signal frame. 

27. The node according to claim 26, wherein Said trans 
mitting means transmits the request Signal to the down 
Stream Sides of both of the first and Second transmission 
lines. 

28. The node according to claim 26, wherein the first 
transmission line is a working line for the transmission 
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Signal frame and the Second transmission line is a protection 
line for the transmission Signal frame. 

29. The node according to claim 26, wherein Said trans 
mitting means transmits, via the Second transmission line, 
the request Signal addressed to an adjacent node connected 
thereto On the upstream Side of the first transmission line On 
which the fault is detected. 

30. A node for communication through a ring network 
having a plurality of nodes interconnected by first and 
Second transmission lines, the first transmission line trans 
porting a transmission Signal frame including an Overhead 
byte around the ring network in a first direction and the 
Second transmission line transporting a transmission Signal 
frame including an overhead byte around the ring network 
in a Second direction opposite to the first direction, Said node 
comprising: 

a fault detector, to detect a fault On an upstream Side of the 
first transmission line, and 

an Overhead proceSSOr to insert, in response to the fault 
detected by Said fault detector, a request Signal for 
directing a received transmission Signal frame from the 
upstream Side of the first transmission line to a down 
Stream Side of the Second transmission line Onto the 
overhead byte of the transmission Signal frame, and to 
transmit the transmission Signal frame to a downStream 
Side of the first transmission line. 

31. The node according to claim 30, wherein the overhead 
processor transmits the transmission signal frame to the 
downstream Side of both the first transmission line and the 
Second transmission line. 

32. The node according to claim 30, wherein the first 
transmission line is a working line for the transmission 
Signal frame and the Second transmission line is a protection 
line for the transmission Signal frame. 

33. The node according to claim 30, wherein the overhead 
proceSSOr inserts, Onto the Overhead byte, the request Signal 
addressed to an adjacent node connected thereto via the first 
transmission line On the upstream Side of which the fault is 
detected, and the Second transmission line. 

34. A node for communication through a ring network 
having a plurality of nodes interconnected by first and 
Second transmission lines, the first transmission line trans 
porting a transmission Signal frame including an Overhead 
byte around the ring network in a first direction and the 
Second transmission line transporting a transmission Signal 
frame including an overhead byte around the ring network 
in a Second direction opposite to the first direction, Said node 
comprising: 

receiving means for receiving the transmission Signal 
frame from an upstream Side of the first transmission 
line, 

detecting means for detecting a request Signal to direct a 
received transmission signal frame from the upstream 
Side of the first transmission line to the downstream 
Side of the Second transmission line, the request Signal 
inserted onto the overhead byte of the received trans 
mission Signal frame and Originated at a different node 
detecting a fault On the first transmission line upstream 
of the different node, and 

directing means for directing, in response to the request 
Signal detected by Said detecting means, a received 
transmission Signal frame from the upstream Side of the 
first transmission lines to the downstream Side of the 
Second transmission line. 

35. The node according to claim 34, wherein the first 
transmission line is a working line for the transmission 
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Signal frame and the Second transmission line is a protection 
line for the transmission Signal frame. 

36. A node for communication through a ring network 
having a plurality of nodes interconnected by first and 
Second transmission lines, the first transmission line trans 
porting a transmission Signal frame including an Overhead 
byte around the ring network in a first direction and the 
Second transmission line transporting a transmission Signal 
frame including an overhead byte around the ring network 
in a Second direction opposite to the first direction, Said node 
comprising: 

a Signal receiver to receive a transmission Signal frame 
from an upstream Side of the first transmission line, 

an Overhead proceSSOr, operatively connected to the Sig 
nal receiver, to detect a request Signal for directing a 
received transmission Signal frame from the upstream 
Side of the first transmission line to a downstream Side 
of the Second transmission line, the request Signal 
inserted onto the overhead byte of the received trans 
mission Signal frame and Originated at a different node 
detecting a fault On the first transmission line upstream 
of the different node, and 

a route Selector to direct a received signal frame from the 
upstream Side of the first transmission line to the 
downstream Side of the Second transmission line in 
response to the request Signal detected by Said Over 
head proceSSOr. 

37. The node according to claim 36, wherein the first 
transmission line is a working line for the transmission 
Signal frame and the Second transmission line is a protection 
line for the transmission Signal frame. 

38. A ring network, comprising: 
a first transmission line for transporting a transmission 

Signal frame including an Overhead byte around Said 
ring network in a first direction, 

a Second transmission line for transporting a transmis 
Sion Signal frame including an Overhead byte around 
Said ring network in a Second direction opposite to the 
first direction, and 

a plurality of nodes connected by Said first and Second 
transmission lines, each node including. 
a fault detector to detect a fault On an upstream Side of 

Said first transmission line, and 
an Overhead proceSSOr to insert, in response to the fault 

detected by Said fault detector, a request Signal for 
directing a transmission Signal frame received from 
the upstream Side of Said first transmission line to a 
downstream Side of Said Second transmission line 
Onto the overhead byte of the transmission Signal 
frame, and to transmit the transmission Signal frame 
to the downstream Side of said first transmission line. 

39. A ring network, comprising: 
a first transmission line for transporting a transmission 

Signal frame including an Overhead byte around Said 
ring network in a first direction, 

a Second transmission line for transporting a transmis 
Sion Signal frame including an Overhead byte around 
Said ring network in a Second direction opposite to the 
first direction, and 

a plurality of nodes connected by Said first and Second 
transmission lines, each node including. 
a Signal receiver to receive a transmission Signal frame 
from an upstream Side of Said first transmission line, 

an Overhead proceSSOr, Operatively connected to Said 
Signal receiver, to detect a request Signal for direct 
ing a transmission Signal frame from the upstream 
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Side of Said first transmission line to a downstream 
Side of Said Second transmission line, the request 
Signal inserted onto the overhead byte of the trans 
mission Signal frame and Originated at a different 
node detecting a fault On the first transmission line 
upstream of the different node, and 

a route Selector to direct another Signal frame from the 
upstream Side of Said first transmission line to the 
downstream Side of said Second transmission line in 
response to the detected request Signal. 

40. A method of recovering from a fault in a ring network 
having a plurality of nodes interconnected by first and 
Second transmission lines, the first transmission line trans 
porting a first transmission Signal frame including an Over 
head byte around the ring network in a first direction and the 
Second transmission line transporting a Second transmission 
Signal frame including an Overhead byte around the ring 
network in a second direction opposite to the first direction, 
comprising: 

detecting a fault On an upstream Side of the first trans 
mission line, 

inserting a request Signal for directing a transmission 
Signal frame received from the upstream Side of the first 
transmission line to a downstream Side of the Second 
transmission line Onto the overhead byte of the trans 
mission Signal frame in response to detection of the 
fault, and 

transmitting the transmission Signal frame to the down 
Stream Side of the first transmission line. 

41. The method according to claim 40, wherein Said 
inserting includes the Step of addressing the request Signal 
to a node located immediately upstream along the first 
transmission line on which the fault is detected. 

42. The method according to claim 40, wherein Said 
transmitting includes transmitting the transmission Signal 
frame to the downstream Sides of both the first and the 
Second transmission lines. 

43. A method of recovering from a fault in a ring network 
having a plurality of nodes interconnected by first and 
Second transmission lines, the first transmission line trans 
porting a first transmission Signal frame including an Over 
head byte around the ring network in a first direction and the 
Second transmission line transporting a Second transmission 
Signal frame including an Overhead byte around the ring 
network in a second direction opposite to the first direction, 
comprising: 

detecting a fault On an upstream Side of the first trans 
mission line, 

20 
inserting a request Signal for directing a transmission 

Signal frame received from the upstream Side of the first 
transmission line to a downstream Side of the Second 
transmission line Onto the overhead byte of the trans 

5 mission Signal frame in response to detection of the 
fault, 

transmitting the transmission Signal frame to a down 
Stream Side of the first transmission line, 

receiving the transmission Signal frame from the upstream 
Side of the first transmission line, 

detecting the request Signal from the overhead byte of the 
transmission Signal frame, and 

directing the transmission signal frame from the upstream 
Side of the first the transmission line to the downstream 
Side of the Second transmission line in response to 
detection of the request Signal. 

44. The method according to claim 43, wherein Said 
inserting includes addressing the request Signal to a node 
located immediately upstream along the first transmission 
line On which the fault is detected. 

45. The method according to claim 43, wherein Said 
transmitting includes transmitting the transmission Signal 
frame to the downstream Side of both the first and the Second 
transmission lines. 

46. A method of recovering from a fault in a ring network 
having a plurality of nodes interconnected by first and 
Second transmission lines, the first transmission line trans 
porting a first transmission Signal frame including an Over 
head byte around the ring network in a first direction and the 
Second transmission line transporting a Second transmission 
Signal frame including an Overhead byte around the ring 
network in a second direction opposite to the first direction, 
comprising: 

receiving the transmission Signal frame from an upstream 
Side of the first transmission line, 

detecting a request Signal to direct a received transmis 
Sion signal frame from the upstream Side of the first 
transmission line to a downstream Side of the Second 
transmission line, the request Signal inserted Onto the 
overhead byte of the received transmission Signal frame 
and Originated at a different node detecting a fault On 
the first transmission line upstream of the different 
node, and 

directing, in response to the request Signal, the received 
transmission Signal frame from the upstream Side of the 
first transmission line to the downstream Side of the 
Second transmission line. 

15 

25 

35 

40 

45 


