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Sensing a disturbance

The present invention relates t o the sensing of a disturbance, in particular t o the

sensing of a disturbance along an optical link.

Several techniques are known for sensing a disturbance along an optical link. In one

type of interferometric technique, the disturbance is an environmental disturbance,

such as an acoustic wave or other time-varying disturbance which causes a phase

change t o light signals propagating along the link. However, many of these

techniques rely on backscattering or reflection along the optical link. The need for

backscattering or reflection can make these techniques unsuitable for use with long

haul optical links because long haul links normally have one or more repeater

amplifiers, each with an optical isolator which acts as a barrier t o backscattered or

reflected light.

According t o one aspect of the present invention there is provided a method of

sensing a disturbance along an optical link including the steps of: (i) transmitting

along the link carrier signals to' a destination, the carrier signals having a waveform

with phase irregularities; (ii) performing a first operation so as t o generate check

signals derived from the phase irregularities in the carrier signal; (iii) transmitting the

check signals t o the destination; (iv) at the destination, performing a second

operation on received carrier signals so as t o generate local check signals derived

from the phase irregularities in the received carrier signal, the second operation being

related t o the first operation; and (v) comparing the local check signals with the

received check signals so as t o determine the presence of a disturbance along the

link.

In the absence of a disturbance, the phase irregularities in the transmitted carrier signal

and the received carrier'signal will be similar. Therefore, because the first and second

operations are related, the transmitted check signal and th e local check signal will also be

related in the absence of a disturbance. However, since a disturbance is likely to disturb

the phase of the transmitted carrier signal, this will affect the result of the comparison



between the transmitted and local check signals, thereby allowing the disturbance to be

detected.

Because the check signals are derived from the phase irregularities in the carrier

signal, and because the check signal is transmitted to the destination of the carrier

signals, the presence or absence of a disturbance can be determined at the ,

destination, thereby reducing the need t o use backscattered light.

The first and second operations will preferably be substantially the same so as t o

make it easier t o compare the local and transmitted check signals. However, the

local and transmitted check signals may still be meaningfully compared even if the

first and second operations are not the same, provided that the relationship between

the two operations is known.

Preferably, the check signals are transmitted along the optical link in the form of an

amplitude modulated signal (which may include some phase variations, for example

introduced to compensate for expected dispersion or other distortion), such that

information related to the phase irregularities in the carrier signal is contained in the

form of amplitude variations in the check signal. The amplitude modulation may for

example result in a binary signal, but the amplitude modulation may be a modulation

of another information-carrying signal. In a preferred embodiment, the check signals

are multiplexed into the carrier signal for transmission over the optical link. As a

result, the system can conveniently be used to monitor an optical link carrying

communications traffic. Although wavelength division multiplexing may be used, time

division multiplexing will preferably be used. Although it is preferred that the

information in the check signal is represented by amplitude variations, the

information may be represented as frequency variations.

The phase variations may be cyclic or may occur in a repeat or other predetermined

pattern. However, the phase variations will preferably be random. If an optical source

is used t o generate the carrier signal, the phase variations may result from the

incoherence of the optical source itself, such that phase irregularities occur on a

time scale governed by the coherence time of the optical source. Preferably, an



optical source with a phase coherence time similar t o the inverse of data modulation

bandwidth will be used, although a source with a coherence time longer than this

may also be used. For a given source, the longest coherence time possible will

normally be that determined by the source line width when the source is

unmodulated, In one embodiment, the source line width will be 20 MHz, which is

equivalent t o a phase coherence time of 5x1 0 8 seconds. However, the source

coherence time may be as high as 10 β seconds.

The check signals will preferably be generated interferometrically, for example by

tapping off a portion of the carrier signal and passing the tapped carrier signal

through an interferometer. The carrier signal will preferably be tapped before and

after transmission through the optical link so as t o generate the transmitted and local

check signals respectively.

A further aspect of the invention is specified in the appended claims. The present

invention will now be described in further details below, by way of example, with

reference to the following drawing in which:

Figure 1 shows a sensing system according to the present invention;

Figure 2 shows in more detail a portion of an optical link of Figure 1

" Figure 3 shows one aspect of a further embodiment of the invention

Figure 4 shows a sensing system suitable for evaluating the position of a

disturbance.

Figure 1 shows a sensing system 10 for sensing a disturbance along an optical link 12

extending between a transmitter station 13 and a receiver station 14. Data traffic from an

optical source 16 can be transmitted along the link 12 on one or more of a plurality of

time-division-multiplexed channels. One of the channels is used to transmit encoded

phase information relating to the phase characteristics of the optical source output. At the

receiver station 14, the actual phase characteristics of the arriving light from the optical

source 16 is compared with the encoded phase information. Since a physical disturbance

of the link 12 is likely to alter the actual phase characteristics of the arriving light but not

the encoded phase information, it is possible to determine if a physical disturbance has

occurred.



In mode detail, the optical source 16 is a Distributed Feedback Laser. At the transmitter

station 13, light from the source 16 is coupled to an optical splitter 18. One output of the

splitter 18 is connected to the optical link 12, whilst the other output is optically connected

to an interferometer, here a Mach Zhender interferometer 20. The splitter is arranged as

a tap, such that about 10% of the light from the source 16 is coupled to the interferometer

20, the remaining light being coupled onto the link 12.

The interferometer 20 includes an input coupler 22, an output coupler 24 and, first and

second optical paths 26, 28, each of which extends between input and output couplers 22,

24. A delay stage 30 is provided along the first path 26, so as to provide a differential or

relative delay for light propagating along the first and second paths. The delay stage will

preferably be formed as a Lyot de-polariser, so as to de-polarise the light travelling along

the first path. The input coupler 22 serves to split the tapped light from the source 16

such that one portion of the light travels along the first path 26, whilst the other portion

travels along the second path, the output coupler 24 serving to interferometrically

recombine the light from the first and second paths 26, 28, and thereby provide an

interferometric signal. This interferometric signal is detected at a detector 34, for example

a PIN photo-diode, which converts the interferometric signal from the optical domain to the

electrical domain. An encoder 36 receives the interferometric signal in the electrical

domain and encodes the interferometric signal into a binary signal.

A time division multiplexer 38 (or other multiplexer) is provided for multiplexing the

encoded interferometric signal with traffic data from a data source 32, so as to provide a

multiplexed signal which includes data channels (for carrying data traffic from the source)

and a telemetry channel (for carrying the encoded phase information and optionally other

information relating to the detection of a disturbance and/or the determination of the

position of a disturbance). A driver circuit 40 for driving the optical source 16 receives the

multiplex signal from the multiplexer 38 in the electrical domain and causes the optical

source to transmit a carrier signal with an amplitude modulation signal thereon, which

amplitude modulation is represented of the multiplexed signal.

The portion of this optical signal that is not tapped at the optical splitter 18 is conveyed to

the receiver station 14 along the link 12. The receiver station 14 includes a corresponding

interferometric arrangement to that provided at the transmitter station 13: at an input to



the receiver station 14 there is provided a splitter 42 which serves to tap or channel a

small portion (about 10%) of the received light to an interferometer 44, the remainder of

the light being channelled to a transmission receiver 46 (such as a PIN photo-diode),

where the received optical signal is converted into an electrical signal. The electrical

signal from the transmission receiver 46 is passed to a demultiplexer 47, where the signal

is demultiplexed into the data channels and the telemetry channel. The telemetry channel

is in turn passed to a first input 53 of a signal processing stage 49, which signal

processing stage includes a suitably programmed processor and a memory for

respectively processing and storing the data, such as data from the telemetry channel.

The interferometer 44 at the receiver station 14 is comparable to that at the transmitter

station 13, in that the interferometer 44 includes an input coupler 48 for channelling

received radiation along a first and second interferometer path 50, 52, and an output

coupler 54 for combining light from the first and second paths so as to provide an

interferometric signal. In particular, one of the interferometer paths 52 will have a delay

stage (which also acts as a de-polariser) that provides a differential delay, which delay will

be close to the differential delay provided at the interferometer 20 of the transmitter station

13.

The interferometric signal from the interferometer output coupler 54 is passed to a photo-

diode receiver 56, where it is converted to an electrical signal and encoded into binary

form at an encoder 58. The encoded interferometric signal is passed to a second input 5 1

of the signal processing stage 49. The signal processing stage 49 is configured to

compare the locally encoded interferometric signal with the interferometric signal encoded

at the transmitter station 13, that is, before transmission over the optical link (or portion

thereof which is being monitored for disturbances). If the difference between the encoded

signals exceeds a threshold level, the signal processor stage 49 is configured to generate

a disturbance alert signal. The comparison is carried out using a standard comparison

routine executed on a suitably programmed processor, the routing preferably including a

filter module for removing background noise.

Thus, by generating interferometric signals derived from the carrier signal before and after

transmission, and comparing the two interferometric signals, it is possible to determine the

presence of a disturbance.



The operation of the sensing system 10 can be understood from the finite coherence of

the optical source. As a result of this finite coherence, the waveform from the optical

source will have random phase variations or irregularities occurring on a time-scale

corresponding to the phase coherence time of the source. Considering the interferometer

20 at the transmitter station 13, the interferometric signal therefrom will be the result of the

interference of two time-displaced irregular waveform portions. Consequently, the

interferometric signal will be a signal with an irregular amplitude pattern resulting from the

combination (or super position) of the phase variations of the two time-displaced

waveform portion. So that the two time-displaced waveform portions are sufficiently

displaced, the differential delay of each interferometer is chosen to be larger (preferably

by at least a factor of 3 or even 10) than the phase coherence time of the source.

In the absence of any disturbance of the optical link 12, the interferometric signal at the

output coupler 54 of the interferometer 44 in the receiver station 14 will be the same as

that generated at the transmitter station 13 (except delayed by a time corresponding to the

transit time along the optical link 12), since the pattern of phase variations in the waveform

from the optical source 16 will be substantially unchanged as the waveform propagates

along the link. However, if a time-varying disturbance occurs, this is likely to cause a

phase change in the waveform which will be different at different points along the

waveform. Consequently, the amplitude pattern of the interferometric signal at the

receiver station 14 will be different from that at the transmitter station 13. By comparing

these two signals at the signal processing stage 49 of the receiver station 14, the

presence of a time-varying disturbance can be detected. Because an interferometer is

employed, the present system will be particularly sensitive to even small time-varying

disturbances, which impose time-varying phase perturbations on light travelling along the

link.

In the present example, the optical link 12 is used to convey the encoded interferometric

signal from the transmitter station 13 to the receiver station 14, this being possible since

the phase changes due to the disturbance are unlikely to be of sufficient extent to corrupt

the encoded interferometric signal. However, the interferometric signal may be conveyed

by other means. For example, a radio link could be used instead to carry the

interferometric signal, thereby making bandwidth available for further traffic data along the

optical link. Alternatively, the encoded interferometric signal could be carried along a

different wavelength channel to the traffic data, but over the same optical link.



The input couplers 22, 48 of the interferometers at the transmitter and receiver stations

may have a coupling ratio of 50:50 to each interferometer path, but the coupling ratio will

preferably be weighed so as to take into account the increased loss in the interferometer

path which includes the delay stage.

The choice of delay time at the interferometers 20, 44 will depend on several

considerations. Firstly, the delay time should be chosen so as to be greater than the

coherence time of the optical source when the source is un-modulated: that is, when the

source is operating in continuous wave mode. Where the delay time to be much shorter

than the coherence time of the source, the interferometric signal would be substantially

constant. It is better to consider the coherence time of the un-modulated source when

choosing the delay time because the modulation process may introduce additional phase

changes to the waveform of the source (depending on the nature of the modulation). A "

second consideration when choosing the delay time relates to the frequency components

of a disturbance which are to be detected: the sensitivity of the sensing system to

frequencies much higher than the inverse of the delay time will be attenuated. Although

the above considerations suggest a long delay time, these have to be balanced against

the attenuation that a long delay line in the interferometers will bring about. Typically, a

delay line of about 10 kilometres to 20 kilometres is thought to provide a good response at

acoustic frequencies.

The length of the respective delay time (that is, the extent of the imbalance) at the

interferometers at the transmitter and receiver stations 13, 14 should ideally be identical.

In practise, however, a match to within the coherence time of the source 16 (when

modulated) is thought to be adequate. That is, if the coherence time of the source is

given by C then the differential delay D 1, D2 of each interferometer should be such that

D2 - C < D 1 < D2 + C. However, the situation for example where D2 - 2C < D 1 < D2 +

2C is thought to still provide a reasonable response to disturbances.

The optical link 12 between the transmitter and receiver stations 13, 14 may extend over a

distance of several hundred or even thousands of kilometres, in which case the optical link

will include one or more repeaters or other optical amplifiers 58 at intervals along the path

of the link 12, the amplifiers being connected by optical fibre waveguide portions 6 1. Such

amplifiers are useful in order to compensate for losses along the waveguide portions 6 1,



due for example to Rayleigh backscattering. An example of an amplifier 58 is shown

schematically in Figure 2, where the arrow 60 indicates the travel direction of the carrier

signal from the optical source 16 (i.e., from the transmitter station 13 to the receiver

station 14). The amplifier includes: an active region, here a portion of Erbium doped fibre

60 for amplifying light travelling there along; an optical pump 63 for pumping the doped

fibre with pumping radiation; a WDM coupler 65 for coupling the pumping radiation into

the optical fibre waveguide portion 61; and, an optical isolator 64 which allows amplified

light (which has passed through the Erbium doped fibre) to progress in the travel direction,

but which prevents light travelling in the reverse direction from passing. Such a directional

element is useful in reducing the likelihood that a significant amount of backscattered light

will enter the active region of amplifier and be amplified therein, possibly making the

amplifier unstable. The optical link 12 will preferably be configured to carry light (at least

between the amplifiers 58) in a single mode fashion (at a wavelength of 1.3 or 1.55

microns). Preferably, the optical link 12 will carry light over an optical fibre having a core

diameter of around 9 or 10 microns. In one embodiment, the optical link 12 will include a

sub-sea cable. In such an embodiment, the sub sea cable may be useful in detecting

seismic events at the sea bed.

The detector 56 at the receiver station 14 may detect the interferometric signal from just

one of the outputs of the output coupler 54. However, as can be seen more clearly in

Figure 3, the output coupler 54 has a first output 72 and a second output 74. Each of

these outputs will provide an interferometric signal, the interferometric signals from each

output 72, 74 being complementary to one another. As is shown more clearly in Figure 3,

the detector 56 is a differential detector having a first input 76 and a second input 78, the

first and second inputs being arranged to receive the interferometric signal from the first

and second outputs respectively of the output coupler 54. Because the receiver is a

differential receiver, the output from the receiver (which is passed to the encoder 58 will

depend on the difference in the interferometric signal from each output of the output

coupler. With such an arrangement, the signal sent to the encoder will be less sensitive to

fluctuations in the amplitude of the optical signal arriving at the interferometer 44. This

arrangement is likely to be particularly beneficial in situations where amplifiers 58 are

needed along the path of the optical link, since such amplifiers normally require a

monitoring signal, which monitoring signal normally takes the form of an amplitude

modulation of the light travelling along the optical link.



Figure 4 shows a location system suitable for sensing the location of a disturbance. The

system is formed from a first sensing system 10a and a second sensing system 10b. Each

sensing system 10a, 10b is configured to detect a disturbance as described above with

reference to Figure 1, each having a respective transmitter station 13a, 13b and a

respective receiver station 14a, 14b.

A first link 12a extends between the transmitter and receiver stations 13a, 14a of the first

sensing system 10a, whilst a second link 12b extends between the transmitter and

receiver stations 13b,14b of the second sensing system 10b. The first and second links

12a, 12b each include a plurality of amplifiers and waveguide portions between the

amplifiers in a similar fashion to that of Figure 2, at least the waveguide portions of the

first and second links 12a, 12b (and optionally the amplifiers) being held in a common

sheath otherwise being secured together, preferably so as to form a cable 15. The two

sensing systems are arranged to carry optical radiation in opposite directions to one

another, thereby allowing for bi-directional communication. Thus, towards one end of the

cable, there is located the transmitter station 13a of the first sensing system and the

receiver station 14b of the second sensing system, whilst towards the other end of the

cable there is located the transmitter station 13b of the second sensing system and the

receiver station 14a of the first sensing system.

Because the first and second links are secured together for example in the same cable, a

disturbance to the cable 15 is likely to disturb both of the links 12a,12b. Therefore, the

disturbance will be detected at the receiving stations 14a, 14b of both the first and second

sensing systems 10a, 10b. The times at which the disturbance is detected at the two ends

of the cable 15 will depend on the position of the disturbance due to the finite transit time

of optical signals along the links 12a, 12b, a disturbance near one end of the cable being

detected at that end before it is detected at the other end. Thus, by monitoring the cable at

two positions and noting the local time at which a disturbance is detected at each position,

it is possible to infer the location of the disturbance occurring between the two monitoring

position along the cable path.

Accordingly, a first and second clock 80a,80b is provided at the respective receiver

station 14a,14b of the first and second sensing system 10a,10b. The clocks 80a,80b,

each of which is for example a crystal quartz clock, are synchronised to one another in a

known fashion, for example using a radio link. Considering the receiver station 14a of the



first sensing system 10a, the clock 80a is coupled to the signal processing stage 49a

thereof, the signal processing stage being configured to note the clock reading at which at

disturbance is detected (other components of the receiver station common to those shown

in Figure 1 have been omitted for clarity). The receiver station of the second sensing

station 14b is similarly configured so as to record the time registered at the local clock 80b

thereof when a disturbance is detected. Furthermore, the signal processing stage 49b of

the second sensing station 14b is configured to transmit the recorded time to the signal

processing stage 49a of the first sensing system. From the record of the time of detection

of the disturbance at the first and second receiving stages, together with information

relating to the transit time for signals travelling along the cable, the signal processing

stage 49a of the first sensing system is configured to calculate the position of the

disturbance.

Because the first and second links are secured together for example in the same cable, a

disturbance to the cable 15 is likely to disturb both of the links 12a, 12b. Therefore, the

disturbance will be detected at the receiving stations 14a, 14b of both the first and second

sensing systems 10a, 10b.

The system described above can conveniently be used with existing installed

communications systems, since the binary inteferometric signal can be transmitted using

one of the channels provided by an already installed multiplexer used to multiplex the

traffic data. The system is particularly suitable for use with existing communications

systems having a long haul subsea link, since the required modifications the to

communications (e.g., tapping off some of the radiation) can be carried out towards the

ends of the link, where it can easily be accessed. However, although the system in the

above embodiment is capable of carrying traffic data whilst the link carrying the traffic data

is being monitored, the system need not be used for communications, and may instead be

dedicated to sensing: in such a situation, the signal from the source would be simply

formed by the binary signal from the encoder 36.

Furthermore, because an additional optical link for carrying the interferometric signal is not

needed, the invention can be implemented in existing communications at little extra cost.

A yet further cost-saving feature of the invention is that in an existing system, the

incoherence properties of the existing source used for generating the communication

traffic signals can be used to generate the inferferometric signals (check signals), thereby



reducing the need for a dedicated source to be installed, (although with this approach, the

long coherence time of the existing source normally brought about by the need for a

narrow line width will require the delay time of the interferometers to be longer than would

be required with a dedicated broadband source).

The following additional comments are provided.

The method of the invention reduces the need for a dedicated fibre or wavelength by

exploiting the existing transmission system source, however, it does require a

telemetry channel that could be multiplexed onto the data transmission link. In order

t o locate the position of the disturbance, two sensors are used, one to monitor each

direction of transmission (which should pass through the same cable).

A small fraction of the modulated output light from a laser transmitter is coupled

into a long-unbalanced interferometer that is arranged to measure the lower-

frequency part of the modulated source coherence properties. One arm of the

interferometer has a vibration and acoustically isolated delay fibre with a length that

is much greater than the coherence length of the un-modulated source. This, or the

other arm, would also contain an all-fibre Lyot de-polariser suitable for de-polarising

light from the un-modulated source. The lower-frequency measurement region might

extend up to say 10MHz, but would be well below the modulation data bandwidth -

which is likely t o extend t o several Ghz. The measurement might represent the low-

frequency part of the source coherency spectrum or simply the low-frequency part

of the real-time 'noise-like' time-domain signal at the interferometer output. (It is

helpful t o measure the modulated source coherence properties since the modulation

process might introduce significant phase deviations. It is assumed that a narrow

spectrum source suitable for long-haul high bit-rate transmission is used. The un¬

modulated optical bandwidth of such a source is likely t o be ~20MHz or less.) In

order t o remove low-frequency, intensity modulated, supervisory signals and any

other low-frequency intensity variations in the received signal it may be necessary t o

employ a differential receiver arrangement. The resulting signal is encoded (possibly

with as little as 1 bit per sample) and then stored locally or transmitted to the far

end of the transmission link by being multiplexed with the data in the standard way.



At the far end of the link, an almost identical un-balanced interferometer and

electronic arrangement is used t o measure the spectrum or 'noise' signal of a small

fraction of the received light. (The un-balance in the second Mach-Zehender should

be matched t o that in the first t o preferably within the coherence length of the

modulated source.) The two real-time signals are compared (via the telemetry link),

any significant differences being due t o phase disturbances introduced at some point

along the amplified link. These differences could be analysed using standard

methods in order to characterise the nature of the disturbance. The position of the

disturbance could be determined by noting the time the disturbance occurs for

interferometers measuring each direction of transmission. A disturbance half way

along the route will be see at the same time at each end, whereas one closer to one

end will be seen at the receiver closest to that end first.

How it Works; the large in-balance in the first interferometer allows us t o

continuously compare the modulated source field at two epochs separated by the

propagation delay of the un-balance. We do the same at the far end of the

transmission system. Now, if the phase of the modulated field is modified during

transmission by a dynamic disturbance, (i.e., one that is changing in a time scale

that is small compared t o the differential delay due t o the un-balance) then the

phase of the two samples will be affected differently. This will result in the two

interferometers producing different output waveforms. Thus, by comparing the

interferometer outputs from each end of the transmission link it will be possible to

detect the time and nature of a disturbance. For example, if w e ensure that both

signals are of similar magnitude, then by subtracting one from the other we would

get zero if there is no disturbance. In practice, the difference is unlikely to be zero

due t o background pick up in the delay fibres, but signal processing could be used t o

filter out the desired signals. By doing similar measurements on the return

transmission link it will also be possible t o locate the disturbance to an accuracy

determined by the measurement bandwidth.

The embodiment described above provided a simple way in which existing undersea

or other cables can be used t o provide a sensor that is distributed, in that the senor

is sensitive in a continuous fashion (or semi-continuous fashion if the amplifiers



themselves are not sensitive) over a sensing region, which sensing region can be 1

km or more even several hundred km in extent.



CLAIMS

1. A method of detecting a disturbance along an optical link including the steps of: (i)

transmitting along the link carrier signals t o a destination, the carrier signals having a

waveform with phase irregularities; (ii) performing a first operation so as to generate

check signals derived from the phase irregularities in the carrier signal; (iii)

transmitting the check signals t o the destination; (iv) at the destination, performing a

second operation on received carrier signals so as t o generate local check signals

derived from the phase irregularities in the received carrier signal, the second

operation being related t o the first operation; and (v) comparing the local check

signals with the received check signals so as t o determine the presence of a

disturbance along the link.

2 . A method as claimed in claim 1, wherein the check signals are transmitted along

the optical link.

3 . A method as claimed in claim 2, wherein the check signals are amplitude

modulated signals.

4 . A method as claimed in any of the preceding claims, wherein the carrier signals

are formed as a multiplexed signal, which multiplexed includes the check signals.

5 . A method as claimed in any of the preceding claims, wherein the carrier signal is

generated by an optical source having a phase cohefence time associated therewith,

the phase irregularities in the waveform from the optical source occurring on a time

scale governed by the coherence time of the optical source.

6. A method as claimed in claim 5, wherein the coherence time of the source is 10

pico second or less, preferably 1 pico second or less.

7 . A method as claimed in any of the preceding claims, wherein at least one of the

transmitted check signals and the local check signals are generated

interferometrically.



8 . A method as claimed in any of the preceding claims, wherein at least one of the

transmitted check signals and the local check signals are generated by passing at

least part of the carrier signal through an interferometer having a first path and a

second path, the first and second paths having a differential delay relative to one

another.

9 . A method as claimed in claim 8, wherein the transmitted check signals are

generated by passing at least part of the carrier signal through a first interferometer

located towards a transmission end of the optical link, and wherein the local check

signals are generated by passing at least part of the carrier signal through a second

interferometer located towards a receiving end of the optical link.

10 . A method as claimed in claim 9 when dependent on claim 5, wherein the first

and second interferometers each have a respective differential delay, time associated

therewith, the difference in the respective delay time of the first and second

interferometers being less or equal to coherence time of the source.

11. A method as claimed in any of the preceding claims, wherein the optical link

includes a plurality optical amplifiers connected by optical waveguides.

12 . A method as claimed in any of the preceding claims, wherein the first and

second operations are substantially the same operations.

13 . A method as claimed in any of the preceding claims, wherein the sensing system

is used t o communicate traffic data in addition to data used for sensing a

disturbance.

14 . A method as claimed in claim 13, wherein the check signals are multiplexed with

the traffic data source for transmission over the optical link.

15. A method as claimed in any of the preceding claims, wherein the link is a bi¬

directional link, and the method includes the steps of evaluating the position of a



disturbance by (i) monitoring the link at a first location and an second location; (ii)

recording the time at which a disturbance is detected at each of the first and second

locations (iii) and, using the recorded times to evaluate the position of the

disturbance.

16. A system for detecting a disturbance, the system including a transmission

station for transmitting optical signals along an optical link, and a receiver station for

receiving optical signals transmitted along the link, wherein the transmission station

has: an optical source for transmitting carrier signals along the link, which carrier

signals have a waveform with phase irregularities; and, means for performing a first

operation so as to generate check signals derived from the phase irregularities in the

carrier signal, and wherein the receiver station has: means for performing a second

operation on received carrier signals so as t o generate local check signals derived

from the phase irregularities in the received carrier signal, the second operation being

related to the first operation; and, means for comparing the local check signals with

the received check signals so as t o determine the presence of a disturbance along

the link.
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