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(57) Abréegée/Abstract:
An optical transponder capable of effecting performance monitoring on the electrical signal equivalents of at least two different
optical sighal types each uniquely identifiable in terms of transmission protocol and/or bit rate. The optical transponder includes an
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(57) Abrege(suite)/Abstract(continued):

optical/electrical (O/E) receiver module for converting an ingressing optical signal from an optical signal source into an electrical
sighal; a performance monitoring module for effecting performance monitoring on the electrical signal; and an electrical/optical
(E/O) transmitter module for regenerating an egressing optical signal from the electrical signal for feeding to an optical signal
destination.
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ABSTRACT
An optical transponder capable of effecting performance monitoring on the
electrical signal equivalents of at least two different optical signal types each
uniquely identifiable in terms of transmission protocol and/or bit rate. The
optical transponder includes an optical/electrical (O/E) receiver module for
converting an ingressing optical signal from an optical signal source into an
electrical signal; a performance monitoring module for effecting performance
monitoring on the electrical signal; and an electrical/optical (E/O) transmuitter

module for regenerating an egressing optical signal from the electrical signal

for feeding to an optieal signal destination.
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Field of the Invention

The invention is in the field of optical communication.

Background of the Invention

Optical communication networks include network elements with plug-in
boards offering different degrees of functionality and ranging from optical
repeaters for merely transponding an optical signal to optical transponders
capable of both transponding an optical signal and performance monitoring.
Optical repeaters can transpond different optical signals both in terms of
transmission protocol and bit rate, namely, the same optical repeater can
transpond inter alia SDH at different rates, ATM at different rates, PDH at
different rates, and others. Against this, an optical transponder transponds and
performance monitors a single optical signal i.e. a specific transmission
protocol at a specific bit rate. The plug-in boards are periodically replaced for
maintenance purposes, and, in the case of optical transponders, as the need may

arise to support new system configurations.

Summary of the Invention

In accordance with a first aspect of the present invention, there is
provided an optical transponder comprising an optical/electrical (O/E) receiver
module for converting an ingressing optical signal from an optical signal
source to an electrical signal; a performance monitoring module for effecting

performance monitoring on said electrical signal, an electrical/optical (E/O)

“transmitter module for regenerating an egressing optical signal from said

electrical signal for feeding to an optical signal destination, and wherein said
performance monitoring module 1is capable of effecting performance

monitoring on the electrical signal equivalents of at least two different optical
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signal types each uniquely identifiable in terms of transmission protocol and/or
bit rate. '

The first aspect of the present invention is directed toward providing an
optical transponder capable of supporting performance monitoring (PM) of at
least two different optical signal types, thereby increasing its deployment
flexibility and facilitating inventory reduction. An optical transponder of the
present invention preferably supports performance monitoring of optical
signals of different transmission protocols at one or more different bit rates. To
be updated with the optical signal type of an ingressing optical signal, an
optical transponder” of the present invention can either be externally
configurable by way of a network management system, or self-configurable if
provided with a reference pattern spotting scheme for automatic optical signal
type identification. An optical transponder of the present invention preferably
supports so-called 3R regeneration of optical signals as opposed to so-called
2R regeneration, namely, re-timing of optical signals in addition to their
re-shaping and re-amplification.

In accordance with a second aspect of the present invention, there is
provided an automatic optical signal type identification method comprising the
steps of:

(a)  converting an optical signal into an electrical signal;

” '(b) storing a reference pattern dictionary with a plurality of reference
patterns each uniquely tdentifying a different optical signal type; and

(c)  spotting a reterence pattern embedded in the electrical signal for
identifying the optical signal type of the optical signal.

The second aspect of the present invention is based on the fact that each
optical signal type has a unique reference pattern in terms of a feature vector,
and either a fixed or variable byte length between a pair of immediately
consecutive occurrences of its feature vector, thereby enabling its identification
from other optical signal types. The automatic optical signal type identification
method of the present invention preferably identifies optical signal types

ranked by ascending byte length between immediately consecutive occurrences
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of feature vectors. The automatic optical signal type identification method of
the present invention can identify an optical signal type of an optical signal

either off-line or on-line from its equivalent electrical signal.

Brief Description of the Drawings

In order to understand the invention and to see how it can be carried out
in practice, preferred embodiments will now be described, by way of
non-limiting examples only, with reference to the accompanying drawings, in
which similar parts are likeWise numbered, and in which:

Fig. 1 1s a block diagram representation of an externally configurable
optical transponder of the present invention;

Fig. 2 1s a block diagram representation of a self-configurable optical
transponder of the present invention;

Fig. 3 1s a tlow diagram showing an automatic optical signal type
identification method implemented by the optical transponder of Figure 2;

Fig. 4 is a table showing a reference pattern dictionary for use mn
conjunction with the automatic optical signal type identification method of H
Figure 3;

Fig. 5 1s a schematic diagram of a batch file originating from an STM-64
optical signal with immediately consecutive occurrences of its uniquely
identifying feature vector at batch file addresses (BYTE 90,000, BIT 5) and
(BYTE 245,520, BIT 3); and

Fig. 6 1s a schematic diagram of a batch file originating from an IP over

SDL optical signal with immediately consecutive occurrences of its uniquely

identifying feature vector at batch file addresses (BYTE 90,000, BIT 5) and
(BYTE 130,000, BIT 3).

Detailed Description of the Drawings
Figure 1 shows an optical transponder 10 under the control of a network
management system NMS 1 which notifies it by way of an Signal Type

Indication signal of the optical signal type of an ingressing optical signal. The
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optical transponder 10 is implemented to both transpond and performance
monitor the following optical signal types: SDH at 155 Mbit/s (STM-1), 622
Mbit/s (STM-4), 2.5 Gbit/s (STM-16), and 10 Gbit/s (STM-64); ATM at 622
Mbit/s and 2.5 Gbit/s; Gigabit Ethernet at 1.25 Gbit/s; and IP at 2.5 and 10
Gbit/s (hereinafter “the list of optical signal types”); and only transpond other
optical signal types including inter alia 44 Mbit/s and 140 Mbit/s PDH optical
signals.

The optical transponder 10 includes an optical to electrical (O/E)
receiver module 11 coupled to an optical signal source (not shown); a field
programmable gate array (FPGA) control module 12; an electrical splitter 13;
an electrical selector 14 (constituting a switching element); a main path 16
extending between the splitter 13 and the selector 14 and having a Clock and
Data Recovery (CDR) unit 17, a demultiplexer 18, a Forward Error Correction
(FEC) and Performance Monitoring (PM) unit 19, and a multiplexer 21; a
bypass path 22 (constituted by an electrical shunt) extending between the
splitter 13 and the selector 14; and an electrical to optical (E/O) transmitter
module 23 coupled to an optical signal destination (not shown). |

The O/E receiver module 11 converts an ingressing optical signal to an
electrical signal, and provides an optical Loss of Signal (LOS) signal to the
FPGA control module 12 in the event that no optical signal is detected thereat.
The FPGA control module 12 is informed of the optical signal type of the
ingressing optical signal at the O/E receiver module 11 and accordingly
provides a Clock Rate Indication signal to both the CDR 17 and the multiplier
21, and a Signal Type Indication signal to the FEC and PM unit 19 to invoke
the suitable performance monitoring scheme. The FPGA control module 12
also sets the selector 14 to the main path 16 for any ingressing optical signal in
the above mentioned list of optical signal types and to the bypass path 22 tor
any other ingressing optical signal. The splitter 13 splits an electrical signal
from the O/E receiver module 11 into two identical signals which are
respectively fed to the main path 16 and the bypass path 22. The CDR unit 17

performs clock and data recovery on an electrical signal, and provides a data
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Loss of Signal (LOS) signal to the FPGA control module 12 in the event that
no data signal 1.e. a stream of consecutive zeros is detected thereat. The FEC
and PM unit 19 performs forward error correction and performance monitoring
on an electrical signal, and provides a data Loss of Signal (LOS) signal, a Loss
of Frame (LOF) signal, a Signal Fail (SF) signal, and a Signal Degrade (SD)
signal to the FPGA control module 12 as appropriate. The selector 14 can feed
either an electrical signal from one of the main path 16 or the bypass path 22 to
the E/O transmitter module 23 as determined by an SX signal from the FPGA
control module 12. The E/O transmitter module 23 is enabled by an TX EN
signal from the FPGA control module 12 and 3R regenerates an egressing
optical signal from the electrical signal. The E/O transmitter module 23
provides an TX L OS signal to the FPGA control module 12 in the event that it
1s enabled but no optical signal is detected thereat.

The 3R regeneration of an optical signal includes re-timing in addition
to re-shaping and re-amplification so as to achieve jitter reduction. The
re-timing capability involves the use of several accurate oscillators in the CDR
unit 17 to extract the clock signal from the ingressing optical signal, several‘
bandpass filters including narrow bandwidth filters for deriving an accurate and
jitter free clock rate, and additional accurate oscillators for re-timing the
egressing optical signals.

~ Performance monitoring (PM) of the above mentioned list of optical
signal types 1s eftected as follows: PM for the four SDH optical signal types
(STM 1/4/16/64) 1s on the basis of the B1/B2 bytes as defined in ITU-T G.707;
PM ftor the two ATM optical signal types is on the basis of 8 Error Detection
Codes (EDC) in the OAM cell as defined in AF-PHY-00128; PM for the GE
optical signal type is on the basis of invalid code words as defined in [EEE
302.3Z; and PM for IP over SDL optical signal types as defined in SDL Data
Link Specification published by Lucent Technologies, Sept. 1998.

Figure 2 shows an optical transponder 30 upgraded in respect to the
optical transponder 10 by virtue of it having an FPGA control module 31 for

supporting an automatic optical signal type identification method of an
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ingressing optical signal (see Figure 3). This configuration dispenses with the
need for the SIGNAL TYPE INDICATION signal from the network

management system NMS 1 but requires in its place that a portion of the
electrical signal be fed to the FPGA control module 31 for analysis. The
automatic optical signal type identification method operates in conjunction
with a reference pattern dictionary containing reference patterns uniquely
identifying different optical signal types (see Figure 4). Each reference pattern
includes a so-called feature vector which may be a complete packet header, for
example, the ditferent byte length A1/A2 headers of the different bit rate STM
optical signals, or a partial packet header, for example, the first four bytes of
the F3 OAM cells of an ATM optical signal. In addition, each reference
pattern includes the byte length between immediately consecutive occurrences
of a feature vector. The byte length may be either a fixed length, for example,
In the case of STM1/4/16/64 signals or a variable byte length encoded in a byte
length field typically downstream of its associated feature vector.

Generally speaking, the automatic optical signal type identification
method involves the spotting of two occurrences of a feature vector of an.
optical signal type under scrutiny at the byte length as set out in the most
righthand column of Figure 4. The reason that two occurrences is necessary is
to avoid the situation that an i1dentification is erroneously deduced on the basis
of a 's'i'r‘lgle random appearance of bits corresponding to a feature vector of an
optical signal type under scrutiny. In order to minimize computational load,
the automatic optical signal type identification method applies a reference
pattern spotting scheme which attempts to identify optical signal types
according to ascending byte length between immediately consecutive
occurrences of their respective feature vectors. Thus, for the optical signal
types of the above mentioned list of optical signal types for which performance
monitoring 1S supported, their identification order is as follows: GE (upto
2,430 bytes), STM-1 (2,430 bytes), STM-4 (9,720 bytes), ATM (22,843 bytes),
STM-16 (38,3380 bytes), IP over SDL (up to 65,336 bytes), and STM-64
(155,520 bytes).
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The automatic optical signal type identification method can be run
off-line as a batch job on a batch file copied from an electrical signal whose
size 1s twice that of the maximum byte length between two immediately
consecutive occurrences of a feature vector of an optical signal which may
appear as an ingressing optical signal at the optical transponder. Typically, an
STM-64 optical signal 1s a potential ingressing optical signal, and therefore thé
batch file contains a total of 311,040 bytes. The contents of the batch file are
assigned addresses from (BYTE 1, BIT 0) through to (BYTE 311,039, BIT 7),
each byte of the batch file in most likelihood overlying two adjacent bytes of
the electrical signal'to one degree or another. Spotting of the first occurrence
of a feature vector involves comparing a feature vector against a corresponding
byte length of the batch file starting at batch file address (BYTE 1, BIT 0), and
incrementally proceeding downstream bit by bit until either a match is found
or, alternatively, the first bit of the feature vector reaches BIT 0 of the first byte
of the next frame were the batch file be derived from an optical signal of the
optical signal type under scrutiny. Thus, it can be positively deduced that a _
batch file does not contain the equivalent electrical signal of an STM-1 optical ..
signal 1f 1ts 1dentifying feature vector cannot be spotted from batch file address
(BYTE 0, BIT 1) to batch file address (BYTE 2,430, BIT 0) after a total of
19,440 comparison checks.

" The operation of the automatic optical signal type identification method
for identification of an STM-64 optical signal whose unique reference pattern
includes a 384 byte long feature vector consisting of 192 A1l bytes followed by
192 A2 bytes, and a fixed 155,520 byte length between immediately
consecutive occurrences 1s as follows. Assuming that the first occurrence of
the STM-64 1dentifying feature vector is spotted at batch file address (BYTE
90,000 BIT 5), then the second occurrence i1s to be found at batch file address
(BYTE 245,520, BIT 5) (see Figure 5). Similarly, assuming the first
occurrence of a SDL header is spotted at batch file address (BYTE 90,000, BIT
5), and 1ts byte length field encodes a byte length of 40,000 bytes, then the
second occurrence 1s to be tound at batch file address (BYTE 130,000, BIT 5).
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On-line identification of an optical signal type 1s identical to off-line
identification including the number of comparison checks before a decision can
be deduced that an electrical signal is not derived from an optical signal of the

optical signal type under scrutiny. The difference resides in that consecutive
comparison checks for the match between a feature vector and an equivalent
byte length along the electrical signal are performed on spaced apart byte
lengths separated by a byte length corresponding to an integral number of byte
lengths equal to the byte length between immediately consecutive occurrences
of the feature vector of the optical signal type under scrutiny plus one bit.
Thus, for identification of an STM-1 optical signal type, an immediately
consecutive comparison check can be performed at the earliest after 19,441 bits
(8 bits x 2,430 bytes between immediately consecutive occurrences +1 bit).
The integral number of byte lengths depends on the run time to execute the
comparison check, and the byte length between immediately consecutive

occurrences of the feature vector of the optical signal type under scrutiny.

While the invention has been described with respect to a limited number
of embodiments, it will be appreciated that many'variations, modifications, and
other applications of the invention can be made within the scope of the
appended claims. For example, an optical transponder of the present invention
can be implemented as a unidirectional optical transponder, an add direction
optical transponder, and a drop direction optical transponder. Also, the range
of optical signals types capable of identification by the automatic optical signal
type identification method of the present invention can be extended to include

inter alia PDH optical signals.
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We Claim:

1. An optical transponder comprising:

an optical/electrical (O/E) receiver module for converting an ingressing
optical signal from an optical signal source into an electrical signal;

a performance monitoring module for effecting performance monitoring on
sald electrical signal; and

an electrical/optical (E/O) transmitter moduie for regenerating an
egressing optical signal from said electrical signal for feeding to an optical signal
destination; and

wherein said performance monitoring module is capable of effecting
performance monitoring on the electrical signal equivalents of at least two
different optical signal types each uniquely identifiable by a member of the group
consisting of transmission protocol, bit rate and a combination of transmission
protocol and bit rate, by invoking a suitable performance monitoring scheme for

each different optical signal type.

2. The transponder according to claim 1 wherein said transmitter module is

adapted to effect 3R regeneration of egressing optical signals.

3. The transponder according to either claim 1 or 2 and further comprising an
electrical shunt between said O/E receiver module and said E/O transmitter
module bypassing said performance monitoring module for shunting an electrical
signal converted from an optical signal whose performance monitoring is not
supported by said performance monitoring module therearound.

4, The transponder according to any one of claims 1 to 3 and being
externally configurable in accordance with the type of the optical signal.

D. The transponder according to any one of claims 1 to 3 and being self-
configurable in accordance with the type of the optical signal.
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6.  The transponder according to claim 5 and further comprising a control
module for storing a reference pattern dictionary with a plurality of reference
patterns each uniquely identifying a different optical signal type, and wherein said
control module is adapted to spot a reference pattern embedded in the electrical
signal for identifying the optical signal type of the optical signal.

/. The transponder according to claim 6 wherein said control module is
adapted to spot a first occurrence of a feature vector uniquely identified with a
transmission protocol embedded in the electrical signal at a first location
therealong; to identify the transmission protocol associated with the feature
vector and to jump to a second location along the electrical signal downstream
from the first location by a fixed byte length associated with the transmission
protocol as specified in the reference pattern dictionary; and to spot the second
occurrence of the feature vector embedded in the electrical signal at the second

location.

8. The transponder according to claim 6 wherein said control module is
adapted to spot a first occurrence of a feature vector uniquely identified with a
transmission protocol embedded in the electrical signal at a first location
therealong; to identify the transmission protocol associated with the feature
vector, reads a byte length field embedded in the electrical signal as determined
by the transmission protocol, to jump to a second location along the electrical
signal downstream from the first location by the byte length encoded in the byte

length field; and to spot the second occurrence of the feature vector embedded in
the electrical signal at the second location.

9. The transponder according to any one of claims 6 to 8 wherein said
control module is adapted to identify optical signal types ranked by ascending
byte length between a pair of immediately consecutive occurrences of their
respective feature vectors of their respective reference patterns stored in said
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reference pattern dictionary.

10.  The transponder according to any one of claims 6 to 9 wherein said
control module is adapted to identify the type of the optical signal, off-line from its

equivalent electrical signal.

11.  The transponder according to any one of claims 6 to 9 wherein said
control module is adapted to identify the type of the optical signal, on-line with its

equivalent electrical signal.
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