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ABSTRACT

Channels in an optical WDM network are each ldentifled by at
least two dither tones with which the channel 1s modulated, the

dither tones zlternating with a predetermined periodicity so that
at any instant each channel is modulated by only ¢ne dither tone.

The dither Lones are continuously generated at precilse

frequencies. Channel detection by detecting the dither tones,

for channels having optical powers over a wide dynamic range,

makes use of an FFT process which can detect dithcr tones for

high power channels in a single operation. Coherent averaging of
FET results over time 1s used to detect dither tones for low

powar channels over multiple FFT operations.
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CHANNEL IDENTIFTICATION IN COMMUNJICATIONS NETWORKS

This invention relates to channel identification in

communications networks or systems, The invention is generally

applicakle to communications netwOrks Ok systems using any type
5 @f communications media, such as optical, wireless, or wired

communications systems, but is particularly applicable to, and

is described below 1n the context of, optical WDM (wavelength

division multiplex) communications networks or sysitemnms.

Background
10 In optical WDM cormunications networks or systems it

has been proposed to identify each of a plurality of optical
signals or channels, each at an individual‘optical wavelength,

with a respective relatively low frequency dither tone with

which the intensity or amplitude of the respective optical

12 signal 1s moduiated. For example, in a WEM network in which

optical signals are each modulated with data at a high bit

rate, for example 2.5 Gb/s or more, each optical signal may

also be modulated with a respective dither tone in a relatively

-

ow frequency range, for example about 10 kHz to zbout 100 kHz

20 or more. The dither tone modulation can be provided with a

specific modulation depth, thereby net only providing channel
ldentiflcation kut also power level infeormation for the optical

signal, thereby to facilitate functions such as performance

monitoring and fault management in the network.

23 Examples of such proposals are disclosad in Hill et
al., "A Transport Network Layer Based On Optical Network
Elements”, IBEEE Journal of Lightwave Technology, Velume 11, No.
2/%, pages 667-¢79, May/June 1993, and in Roberts United States

Patent No. 5,513,029, issued April 30, 1296 and entitled
30 "Method And Apparatus Foxr Monitoring Performance OF Optical

Transmigsion Systems” .
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Heismann et al., “Signal Tracking And Performance

Monitoring In Multi-Wavelength Optical Networks”, 22nd European

Conference on Optical Communication ~ ECOCT 9%, pages 3.47 to
3.50, 1996 also discloses such a proposal in which a pilot tone
which acts like a dither tone can further be modulated using
frequen¢y—shift keying (FSK) with an additional digital signal

providing digital information, such as optical routing

information. For example, this article discloses FSK

modulation of tones at 10 kHz and 12 kHz each with 500 Hz

frecquency excursions in accordance with respective 100 b/s

digital signals.

While such proposals provide the advantage that
optical channels c¢an be i1dentified and their power levels
monitored without detection and demodulation of the optical
channel i1tself and wilithout seriocus adverse effects on the
optical channels, they fail to meet jincreasing requirements of

WDM networks in several respects.’

More particularly, such proposals provide a limited

number of distinguishable dither tones, each of which
identifies a respective optical channel so that the WDM network

can have only a similarly limited number of optical channels.

In addition, detection of such tones can be very difficult.

- For example, an optical fiber in a WDM network may carry up to

32 optical channels within a wide optical dynamic range of for
example 30 dB (& dynamic¢ range of 60 dB for the corresponding
electrical signals) or more. Detection of a dither tone for an
optlical channel at the lower end of this dynamic range 1z very
difficult in the presence of possibly many other optical

channels higher in this dynamic range, because the latter

constitute noise for the detection process.
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Further, dither tone detection can be complicated by
the presence of other interference, such as interference tones
that occur with a frequency spacing of about 8 kHz in the case

of SONET (synchronous optical network) communications,

A need therefore exists for an improved method of and
apparatus for channel identification which can facilitate
robust detection of dither tones for identification of larger
numbers of channels in a communications network, in particular

an optical WDM network.

summary of the Inventlion

According to one aspect of this invention there is

provided a method of identifying and detecting channels in a

multiplexed communications network, comprising the steps of:
modulating each channel teo be identified with a respective
combination of at least two continuous dither tones; and

detecting the dither tones to deteect said channels, the step of

detecting the dither-tones comprlising performing a frequency
analysis operation to provide amplitude and phase resﬁlts for
dither tone frequencies o detect dither tones of é channel
having a relatively high power, and coherently averaging
amplitude and phase results over a plurality of frequency

analysis operations to detect dither tones of a channel having
a relatively low power.

The step of modulating each channel to be identified
with a respective combination of at least two continucus dither

Lones can comprise modulating each channel alternately, with a

predetermined periodicity, with a respective cne of two

continucus Jdither tones, or modulating each channel with a
respectlive one of at least three continuous dither tones with a
cyclic repetition and a2 predetermined periodicity. The method

is particularly desirable and advantageous when the multiplexed
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communications network comprises an optical WDM network and

¢ach channel comprises an optical channel.

operation; this provides the advantage of enabling the
amplitude and phase results of all of the dither tone
fraquencies to be determined in = single frequency analvsis

operation.

Ihe continuous nature of the dither tones enables the

relatively low power channels over many FFT operations, while

the dither tones of relatively high Ppower channels can be

detected in a single FFT operation. The use of at least two

dither tones to identify each channel greatly increasss the
number of channels that ¢an be identified. The alternating or
cyclic repetition of the dither tones with a predetermined
periodicity ensures that each channel is modulated s+ any time
with only one of its identifving dither tones, whereby
degradation of data carried by the channel is substantially

avolded without disrupting the coherent averaging,

comprising the steps of: continuously generating dither tones
at a plurality of frequencies; and intengity modulating each of
a plurality of optical channels to be identified with =a
respective selection of at least two of said dither tones in a
cyclically repeated seguence and with a predetermined

periodicity.
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detecting dither tones of the optical signal using a frequency
analysis operation to provide amplitude and phase results for
dither tone frequencies, and coherently averaging said results

over a pluralily of frequency analysis ope&rations.

The frequency analysis cperation preferably compriSes

an FFT (Fast Fourier Transform) operation.

The invention also provides a modulating arrangement
comprlising: a plurality of continuous dither tone sources; a
selector for selecting at least two dither tones from said

sources in a cyclically repeated sequence and with =

predetermined periodicity; a modulator for modulating a channel
of & multiplexed communications network with the cyclically
repeated sequence of dither tones from the saelector; and a
feedback loop for maintaining g predetermined modulation depth

p—

of the channel by the modulator.

In particular for an optical WDM network the

medulator preferably comprises an optical modulator for

intensity modulating an optical channel of the network.

Another aspect of the invention provides apparatus
comprising a plurality of such modulating arrangements, each
arranged to modulate a respective one of a plurality of optical
channels having respective waveiengths with a respective
¢yclically repeated sequence of dither tonas thereby to.provide
e@ach optical channel with a respective channel identity, and an
optical.multiplexer_for multiplexing together the plurality of

optical channels including their respective channel identitiesg

The invention further provides a detection
Arrangement £or use in a multiplexed communications network

including a modulating qarrangement as recited above, the
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datection arrangement comprising a detector for detecting the
modulation by said modulator,

frequencies, and an arrangement for coher&ntly averaging the
5 FFT results over a Plurality of FFT operations.

Brief Description of the Drawings

accompanying drawings, in which:
10 Fig. 1 illustrates an Optical multipleaxer arrangément

reference to which g problem addressed by an embodiment of
the invention is explained: - |

with

Fig. 2 diagrammatically 1ilustrates possible power

spectral densities of signals of the arrangement of Fig. 1;

r

15 Fig. 3 illustrates successive bursts of dither tones

providing a channel identification:

Fig. 4 1llustrates one form of dither tone generator

and modulating arrangement in accordance with an embodiment of

the invention: and

20 Fig. 5 illustrates one form Of dither tone

detection
dirangement in accordance with an embodiment of

the invention.

Detailled Descrigtion

AS Indicated initially above, embodiments of the

invention are desecribed below in the context of

an optical WDM
25 network, but
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As described above, one disadvantage of known channeil
identification proposals is that each optical channel is
identified by a respective dither tone, and there is a limitred
number of dither tone frequencies and hence a Similarly limited
number of Optical channels in the WDM network. While this
number can be increased by increasing a freqgquency range over

which the dither tones extend and/or by decreasing a frequency
spacing of the dither tones within this range, such steps

involve other disadvantages, such as an increased potential for
interference with data signals and/or increased difficulty in

distinguishing the dither tones from one another.

In embodiments of this invention, this disadvantage

1s greatly reduced or eliminated Py using a combination of two

Or more dithexr tones for identification of each optical

channel. For example, an optical WDM network may provide 1600
Alther tones in a frequency range from about 48 kHz to about

64 kHz with a constant separation or frequency spacing of 10 Hz
between adjacent dither tones. A combination of, for example

increased, from 1600 using one such tone to identify each

channel as in the known proposals, to the ocrder of 2.5 million

A combination of a greater number of dither tones,
for example three or more, can alternatively be used to

identify individually an even greater number of optical
channels, so that the WDM network can have a virtually

Slmilarly, a combination of d greater number of dither tones

can be used in a redundant manner 0o increase IEllablllty o
robustness of the channel 1dent1f1cat10n, evVén 1n the case of

low optical power levels and in the presence of interference
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For example, each optical channel can be identified by a
respective combination of three dither tones, the channel being

detected by detection of at least any two of the three dither

tones.

For simplicity in the following description it is
assumed that each optical channel is identified by a respective

combination of two dither tones. The nature of the combination

of the dither tones is discussed further below.

Also, in order to increase the robustness of the
channel identification in the presence of interference, some
constraints may be placed on the particular selections of
dither tones used to identify each optical channel. For
example, with SONET interference tones occurring with a

frequency spacing of about 8 kHz as described above, the dither

tones selected for each channel identification may be selected

to avoild spacings of about 8 KHz between them, s¢ that at worst

only one of the two {or more) dither tones is subject to these

interference tones.

The combination of the dither tones for each channel
identification is preferably an alternation of the two dither

tones (or a c¢yclic repetition for a sequence of more than two

dither tones), each dither tone being modulated onto the
respective optical channel in turn for a predetermined period
as further described below. Thus the dither tones are

alternately (or cyeclically) switched to mndulate and thereby
identify the respective optical channel.

Although such switching of the dither tones 1is

preferred as discussed further below, other ways of combining
the dither tones are possible. For example, the dither tones

for identifying each channel may be summed and the respective
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optical channel modulated with the resulting summed signal.

However, this is not preferred because this ¢omposite
modulation undesirably produces greater closure of the Yeyea”
for detection of the high speed data signal carried by the
cptical channel. Such eye closure is further increased using a
sum of more than two dither tones for each channel

identification.

Tt can be appreciated that, as in the FSK modulation
of a single tone channel identifier as described in the article
by Helsmann et al. referred to above, the two or more dither
tones used for channel identification as described here can be

further extended for additionally carrying low speed data in

various ways.

As discussed above, z significant difficulty with

known proposals for channel identification using dither tones

arises from a wide dynamic range of cptical signals which can

occur in an optical WDM network. This is further described

below by way of a very simple example represented by Figs. 1

and 2.

Referring to Fig. 1, an optical multiplexer 10 is
illustrated as being supplied with two optical signals on
optical paths 12 and 14, and producing a multiplexed optical
signal on an optical path 16. The optical signal on the path

12 is assumed to comprise an optical channel having a

wavelength Al, this channel being identified by two alternating
dither tones fla and flb in the manner described above. The
optical signal on the path 14 is assumed to comprise an optical

channel having a wavelength A2, this channel being identified

by two alternating dither tones £2a and £2b alsc in the manner

described above.
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Fig. z represents part of a graph of power spectral

density (P3SD) versus frequency, for signals of tha optical

channels at the wavelengths Al and A2; Fig. 2 in particular

lllustrates a small part of the frequency range which includes
2 the dither tones fla, £flb, f2a, and f2b which are assumed fFfor

convenlence of illustration to be close together. As dither

tone detection is typically performed using an FFT (Fast:

Fourier Transform) process which produces total engrgy or power
results for respective frequency bins or adjaCent frequency
10 ranges, the frequency axis in Fig. 2 is labelled to show such

frequency bins numbered n-l1 to n+7 where n is an integer. Fozr

example, Fig. 2 illustrates these frequency bins as being

centered at frequencies 10 Hz apart, corresponding to a'

constant Irrequency spacing of adjacent dither tones of 10 He as
15 stated above by way of example, the FFT'prccéss or operation

being performed over a period T which is the inverse of the

frequency bin periodicity, s¢ that in this case (1/T7)=10 H=z.

As illustrated in Fig. 2, the dither tones fla and
flb are at the centres of the frequency bins n and n+3

20 respectively, and the dither tones f2a and t2b are at the

centres of the frequency bins n+2 and n+6 respectively.

The high gpeed data carzried by the optical channels
1s typically NRZ (non-return to zero) data having a sinc

((sin x)}/x) frequency characteristic, for which the PSDs of the
2> signals for the optical channels having the wavelengths Al and

A2 are also illustrated in Fig. 2. The cptical signals ¢an

have relative optical powers which may be anywhere within a

wide dynamic range, typically a range of about 30 dB or more,
corresponding to (electrical) PSDs within a range of about
30 60 dB or more as rvepresented in Fig. 2 by a vertical dashed

line. Within the respective frequency bins of the EFFT process,
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the high speed data signal components of the optical channels

constitute noise which detracts from the dither tone detection.

By way of example, it is assumed that the optical

channel at the wavelength Al has a relative optical power near
the low end of the dynamic range (for example this optical
channel may have traversed a large number of attenuating

optical components), and that the optical channel at *=ha
wavelength A2 has a relative optical power near the high end of

the dynamic range (for example it may have been supplied from a
local modulated laser source). Over the range of the frequency

bins the corresponding high speed data PSDs of these channels

are substantially constant and are represented bv horizontal

lines labelled Al and A2 respectively in Fig, 2,

In comparisen, the PSDs of the dither tones fla and

flb for the relatively weak optical channel at the wavelength

Al are very small, as shown in Fig. 2, so that these dither
tones can be very difficult to detect., It is observed that, as
shown in ¥Fig. 2, the PSDs of the dither tones fla and flb for

the optical channel at the wavelength Al, and likewize the

greater PSDs of the dither tones f2a and f2b for the optical

channel at the wavelength A2, are not generally equal. This is

because there 15 not necessarily any synchroniSm between the

alternating periods for which the dither tones modulate the

respective optical channels, so that each dither tone of each
channel can be present during an arbitrary part of the FFT

period T,

It can be appreciated that the difficult prchlem of
detecting the dither tones, e.g. fla and flb, of a weak optical
chanriel is exacerbated in the event, 435 may be typical, that

the optical path 16 carries multiple optical channels with high

R P X T P AR RS e r i sranry vy



CA 02358382 2001-10-05

Oct-08-01  04:42pm From*Trupic Network T=066 P.016/034 F=-384

12

relative optical powers. For example, in an optical WDM

network each such optical path may carry up to 32 optical

channels.

One way in which this problem can potentially be
5 reduced is to decrease the width of each frequency bin in the
FET process, thereby reducing the noise component within each
frequency bin due to the optical channels. This corresponds to
an increase 1in the period T of the FFT process and the number
of frequency bins within a given fraguency range, thereby
10 considerably increasing computational and memory regquirements

for the FET process, and also 1ncreasing a delay for detection

of the dither tones. For the wide dynamic range indicated
above, the period T mayv need to be of the order of 100 seconds,
and these requirements and the corresponding delay are

15 increased to such an extent that this approach becomes

impractical.

It can be appreciated that this also necessitates a

very precise generation of each dither tone. For example, a

period T ©f 100 seconds corresponds to a frequency bin width of
<0 0.01 Hz, requiring a substantially better precision than this
for generation of each dither tone.

Although these difficulties are very significant for
the extreme condition of optical signals being at opposite ends
©f the wide dynamic range as illustrated in Fig. 2, it can be

25 realised that in most situations such extreme conditions will
not apply. For optical signals all of which are within =
smaller dynamic range of for example about 20 dB, it can be
practical to detect the dither tones for all of the optical
channels using an FFT process with a period T of for example 1

30 second and frequency bins of width 1 Hz, considerably reducing
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the FFT computational and memory requirements and the detection

delay in such mere usual conditions.

In view of these considerations, in an embodiment of
the invention as described below an FFT process is used with a
2 period T, for example 1 second, which is sufficiently short to
be practical in terms ©of computation, memory, and delay
requirements and which in many cases of optical channels having
Typical optical power levels is sufficient to permit their

dither tones to be detected within this FBET period, i.e. in 3

10 single FFT operation. This FFT process is supplemented by
coherent averaging of the FFT results over longer periods, i.e.
over a plurality, possibly many, FET operations, enabling
dither tones of channels at lower relative powers alse to bhe

detected even where different ones of the optical channels have

e

15 powers at both extremes of the dynamic range, extending over

the maximum optical dynamic range of for example 30 dB,

To permit this coherent averaging, the dither tones

are continuously generated, and the alternating switching
between the two dither tones identifying each cptical channel

20 has precisely controlled periods, so that a dither tone

detector can determine precisely a phase relationship between
successive bursts of each dither tone, as further described
below. In addition, the dither tones are generated with a
desired accuracy, conveniently all being derived from a single,'

25 high frequency, stable oscillator.

By way of example, it is assumed that a duration t of

a dither tone switched alternately for modulation and hence

ldentification of a respective optical channel iz the same for
all dither tones and for all optical channels. cConveniently,
30 this duration t may be of the order of 1l second. Fig. 3

illustrates conseguent successive bursts of the dither tones
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tla and f£lb which are used for modulation and identification of

the optical channel having the wavelength Al as deseribed

above.

Referring to Filg. 3, the respective optical channel

5 having the wavelength Al is modulated alternately as described

apove with the dither tones fla and flb. At a switching time
t0, there is a switch of the modulating dither tone from fla to
flb. Subsequently, at a switching time tl1 there is a switeh of
the modulating dither tone from f£lb back to fla, at a switching
10 time t2 there is a switch of the modulating dither tone from
fla back to flb, and 8o on. Each dither tone burst has a
duration t, i.e. the switching times t0, tl, tZ2, and so on

occur periodically with the time spacing t.

Although there may be a phase discontinuity between

15 the modulating dither tones at the respective switching times,
the facts that these switching times occur with the periodicity
€t and 2ach dither tone is produced continuously mean that there

iz a precisely determinable phase relationship between

successive bursts of each dither tone. Thus there is a phase

20 difference of 2ntf between the end of each burst of a dither

tone and the start of the next burst of the same dither tone
after an interval t, where £ is the frequency of the respective
dither tone. Thus for the dither tone fla this phase
difference, between the switc¢hing times t0 and tl, is 2nt (£fla),

25 and for the dither tone flb this phase difference, between the

switching times tl1 and t2, is 27t (flb).

Knowing the periedicity t, each dither tone detector

can accordingly determine this phase difference for each dither

tone, and use the determined phase difference for coherent

30 averaging of the FFT results for the respective dither tone
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over a plurality, possibly a large number, of FFT processing
periods or EIT operations. The noise energy due to the optical

signals over such periods is not similarly coherent, so that

the coherent averagling, which is an accumulation of FFT results
for each respective frequency bin in accordance with amplitude

and phase over time, enhances the detection of the respective

dither tone relative to this noise.

More particularly, for detecting each dither tone,
each FFT operation produces a phase and.amplitude result (for
example representad Dy a complex number) for the respective
frequency bin. For coherent averaging over sucgessive FET
operations, a current result or average can be phase shifted in
accordance with the phase difference between successive bursts
of this dither tone as discussed above, and the result for the

next BPFT operation for the same frequency bin added in

accordance with its phase and amplitude (i.e. a vector

addition). This accumulation can be carried out in accordance

with any desired averaging process, for example using windowing
or weidghting of the FET regults. Over a desired averaging
period, this coherent averaging distingulshes between a dither

tone of a weak optical channel and noise.

Although an FFT is referred to above and is preferred
because 1t enables phase and amplitude results to be produced
for all of the dither tone frequencies for each FFT period T,
1t can be appreciated that other forms of freguency analysis
may be used to produce phase and amplitude results for t+he
respective dither tone frequencies, either individually for
different freguency analysis cperation periods (for example,

using & Discrete Fourier Transform process) or collectively

within a single period.
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Fig. 4 i1llustrates one form of dither tone generator

and modulating arrangement which can be used in an embodiment

of the invention. Referrihg to Fig. 4, an optical channel is
provided on an aptical fiber or path 20 from a modulated laser
source 22, and is supplied via an optical meodulator 24 and an
optical tap 26 to an ongeing optical path 28. The source 22
provides the optical channel at a desired cptical wavelength
and medulated with data to be carried by the optical channel,
typically at a high bit rate of for example 2.5 Gb/s. The data
modulation can alternatively be carried out separately from the
source 22, for example on the optical path 20, or using the
optical modulator 24, o©ox oﬁ the optical path 28 after the
optical tap 26, the optical modulator 24 in the latter case
modulating an optical carrier for the optical channel. In any

event, the optical modulator 24 provides intensity modulation
of the optical channel for channel identification as describec

below,

The optical tap 26 -supplies a small porticn, e.g. 5%,
of the optical ocutput of the modulator 24 to an optical

detector 30, whose electrical output is amplified by an AGC

(automatic gain controlled) amplifier 32. An output of the

amplifier 32 is supplied via a low pass filtar {(LPF} 34 to an
analog-to—digital converter (ADC) 36, and via a band pass or
high pass filter (HPF) 38 and an amplifier 40 to an ADC 42,
The ADCs 36 and 42 produce digital signals which are supplied

to a digital signal processor or microprocessor (uP) 44.

An oscillator 46 provides a stable source of a

signal, for example at a frequency of 50 MHz, which is supplied'

to the microprocessor 44 and to each of a plurality of direct
'digital svnthesizers (DDSs) or other programmable frequency

sources 48. Each DDS 48 is arranged to produce, under

Y XTI S P ST LT AT XA N (O by S g e s wmmmu=ee = ke ¢

e A e N T T S AP S T APV vt e w———




Jct=03-01

10

15

20

25

30

CA 02358382 2001-10-05

04:43pm  From=Tropic Network T-088 P.021/034 F=-354

17

programmed control of the microprocessor 44, a respective one
of the dither tones on a respective input to a selector 50. An

ocutput of the selector 30 is coupled via a controlled gain

amplifier 52 and a capacitive coupling to a control input of

the optical modulator 24. The selector 50 and the gain of the

amplifier 52 are controlled by the microprogcessor 44.

In operation, each DDS 48 is arranged to produce
contlnuously a respective one of the dither tones to be used

for ldentification of the respective optical channel; for

example the dither tones fla and flb for the optical channel A1l

as described above can be produced each by a respective one of
two DDSs 48 at the source of this optical channel. The
selector 50 is controlled by the microprocessor 44 to
alternately select these dither tones with the pericdicity £ as
described above, whereby these tonesz are modulated onto the
optical channel by the optical meodulator 24. In the case of
more than two dither tones used for channel identification,
there 1is a correspondingly increased number of DDSs 48 and
selector inputs, and the seléctor 20 1s controlled by the
microprocessor 44 to select the respective dither tones in a

cyclically repeating periodic seguence.

The LPF 34 and ADC 36 provide a DC feedback path to
the microprocessor 44, and the HPF 34, amplifier 40, and ADC 47
provide a feedback path to the microprocesszor 44 for the
frequency band of the dither tones, in accordance with which
the microprccessor 44 controls the gain of the amplifier 52 to
maintain a desired constant depth of modulation by the optical
medulator 24. For example, the modulation depth may be about
4%5. The use of a constant modulation depth for channel

identification facilitates determining optical power levels in

the WDM network in known manner.
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Although Fig. 4 repregents an arrangement for only
one optical channel, 1t can be appreciated that the same
arrangement can be provided for each optical channel, and that
parts of these respective Arrangements may be common for'

> multiple optical channels. For example, it can be appreciated

that the ADCs 36 and 42 and the microprocassor 44 can be

multiplexed for operation for a plurality of coptical channels,
the oscillator 46 can be used in common for all of the optical
channels, and only as many DDSs 48 are reguired as the numbhear

10 of dither tones used for identifying the respective optical
channels. ' '

In this respect, it is observed that = particularly
convenlent arrangement can be provided by providing all of the
components of Fig. 4, except the modulated laser source 22, for

15 each of a plurality of optical channels which are initially

multiplexed by an optical multiplexer.(similar to the

multiplexer 10 of Fig.'l) at the inputs of this multiplexer.

20 plurality of optical channels, while enabling the optical
channels to be supplied from arbitrary modulated laser sources
such as the source 22. More generally, it can be appreciated
that the dither tones can be applied to any optical channel

anywhere between its source and its multiplexing wi-
25 more other optical channels.

“h one or

Fig. 5 illustrates a corresponding dither tone

detection arrangement, which may be used at any desired point

30 Referring Lo Fig. 5, an optical tap 62 supplies a

small portion, e.g. 5%, of an optical signal on the path 60 tgo
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an optical detector 64, and supplies most of the optiecal signal
power to an cngoing optical path 66. An electrical output of
the optical detector 64 is amplified by a controlled gain
amplifier 68, an output of which l1s supplied via a band.pass
filter (BPF) 70 and an amplifier 72 to an ADC 74. The BPF 70
has a pass band including the dither tone frequency range. The
ADC 74 produces a digital Signal which represents detected
dither tones and ls supplied via a FIFO (first—in, first-out
store) 76 to & digital signal processor or mMicroprocessor 78.
The microprocessor 78, which has an assocliated memory 80,

controls the gain ¢f the amplifier 68 in accordance with the
power of the optical signal on the path 60.

The microprocessor 78 operates in known manner to
perform FFT processing of the digital signals provided by the
ADC 74, using the memory B0 for this FEFT processing, in
respective FFT periods T Lo detect any dither tone modulation
of the optical signal on the optical path 60, with the FIFQO 76
ensuring that data is nect lost during FET processing by the
microprocessor 78. As discussed above, this determines the
respective dither tones, and hence the optical channel
identification, in one FFT operation in many instances of
typical optical signal power levels. For ensuring detection of
dither tones for relatively low power optical channels even in
the presence of one or more relatively high power optical
channels on the path 60, without increasing the FFT period T,
coherent averaging ©f the FET results is carried out over a
plurality, possibly a large number, of successive FFT periods T

as described above.

As indicated above, there is no requirement for

synchronization between, for example, the operation of the

selector 50 in the dither tone generation arrangement of Fig. 4
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and the FIPT pericds of the microprocessor 78 in the detection
arrangement of Fig. 5. The continuous generation of each
‘dither tone ensures that, regardless of the particular timing

—

of the selection of this dither tone by a selector such as the

» selector 50, and regardless of the particular relative timing

- ©f the FFT periods T used in a detection arrangement, the

coharent averaging over a plurality of such FFT periods willl

gradually result in accumulated results properly reprasanting

any dither tonés which are present. As indicated above, such
10 coherent averaging comprises an accumulation of the FET

frequency bin results, or amplitudes in accordance with their

respective phase differences for successive FFT periods, these

phase differences being determined by the.microprocessox 78 of

the detection arrangement from the dither tone frequencies and
15 the known period t.

As indicated above, it is conceivable to replace the
alternating dither tones, as described above for identification
of each optical channel, by some other combination, such as a
summation, of these dither tones, for example by replacing the
20 selector 50 of Fig. 4 by a signal combiner or summer. However,
as also indicated above, this is not preferred because it
results in relatively increased modulation depth of each
optical channel, with corresponding eye closure for detection

of the high speed data signal carried by the optical channel.

25 In addition, although the description above relates
to an optical WDM network in which optical channels are
identified by having their intensity modulated with a
combination of a plurality of dither tonesp 1t can be

appreciated that similar principles can be applied to

30 iddentifying and detecting multiple channels in networks and

e e e i L T T P ——

T — MW"W“WWMRWMKW\W- W Ay AT Srd 3 ke rwra P LT T ik famtn e amaeeim s et s et s+ e o o . e




Oct=05-01

CA 02358382 2001-10-05

B4:45pm anm-Trupic Natwork

21

T-066  P.025/034 F-384

Systems using other types of communications media and

nodulation methods.

Thus although particular embodiments of the invention
are described above, it can be appreciated that these and

numerous other modifications, variations, and adaptations may

be made without departing from the scope of

defined in the claims.

the invention as
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What 1s claimed is:

1. A method of i1dentifying and detecting channels in a
multiplexed communications network, comprising the steps of:

‘modulating each channel to be identified with a respective
combination of at - least two continuous dither tones, each dither
tone having a precisely determinable phase relationship

sufficient for coherent processing of said each dither tone:

and detecting the dither tones to detect said channels,

the step of detecting the dither tones comprising performing
an FFT (Fast Fourier Transform) operation to detect dither tones
of a channel having a relatively high power and performing
coherent averaging of FFT results over a plurality of FPFT
operations,

comprising an accumulation of the FFT amplitudes in

accordance with thelr said respective determinable phase

rclationghlips for successive FEFT periods, to detect dither tones

of a channel having a relatively low power.

Z. A method as claimed in claim ] wherein the step of modulating
each channel to be identified with a respective combination of at
least two .continuous dither tones comprises modulating each

channel alternately, with a predetermined periodicity, with a

respective one of two continuocus dither tones.

3. A method as claimed in claim 2 wherein the multiplexed
communications network comprises an optical WDM network and each

channel compriges an optical channel.

4. A method as claimed in c¢laim 1 wherein the step of modulating

22
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each channel to be identified with a resgpective combination of at
least two continuous dither tones comprises modulating each
channel with a respective one of at least three continucus dither

tones with a cyclic repetition and a predetermined periodicity.

5. A method as claimed in c¢laim 1 wherein the multiplexed
communicatrions network comprises an optical WDM network and each

channel comprises an coptical channel.

e. A method of i1dentifying optical channel in an optical WDM
network, comprising the step of intensity modulating the optical
channel with an alternating selection of at least two dither

tones so that only one dither tone is modulated onto the optical

channel at any Jgiven time, said dither tones are modulated in a
cyclically repeated sequence and with a predetermined

pericdicity, wherein each dither tone in said alternating

selection of dither tones is modulated onto the optical channel

during 1ts respective predetermined time interval.

7. A method as claimed in ¢laim 6 wherein each optical channel to
be ldentified 1s intensity modulated alternately with each of a

respective two of said dither tones.

8. A method as claimed in c¢laim 7 and further comprising the step

of detecting intensity modulalion of at least one optical signal,

detecting dither tones of the optical signal using an FFT (Fast

Fourier Transform) operation, and pexforming coherent averaging

of FFT results over a plurality of FFT operations.
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9. A method as claimed in claim & and further comprising the step

of detecting intensity modulation of at least one ¢optical signal,

detecting dither tones of the optical signal using an FFT (Fast

Fourier Transform) operation, and performing coherent averaging

of FET results over a plurality of FFT operations.

10, A modulating arrangement comprising:
a plurality of continuous dither tone sources;

a selectox for selecting at least two dither tones from said

sources 1in a cyclically repeated sedguence and with a

predetermined pericdicity;

a modulator for modulating a channel of a multiplexed

communications network with the cyc¢lically repeated seguence of

dither tones from the selector; and

a feedback loop for maintaining a predetermined modulation

depth of the channel by the modulator.

11. A modulating arrangement as claimed in claim 10 wherein the

selector 1s arranged for selecting alternately each ¢f two dither

tones from said sources.

1Z2. A modulating arrangement as claimed in claim 10 wherein the

multiplexed communications network comprises an optical WDM

network and the modulator comprises an optical modulator for
intensity modulating an optical channei of the optical WDM

network.

13. A meodulating arrangement as claimed in claim 12 wherein the

selector 1s arranged for selecting alternately each of two dither

tones from sald sourcges,
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14, A detection arrangement for use in =a nultiplexed
communications network including a modulating arrangement as
claimed in claim 10, the detection arrangement comprising a
detector for detecting the modulation by said modulater, an FFT
(fFast Fourier Transform) operation for producing EFFT results
corresponding to said dither tones, and an arrangement for
coherent averaging of the FET results over s plurality of FFT

operations.

15. A detection arrangement as claimed in claim 14 wherein the
detector comprises an optical detector for detecting intensity

nodulation of an optical signal in an optical WDM network,
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