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optical devices are used in a variety of instruments and

‘installations.

15 Photonics technology has revolutionised the communications
and sensor fields. This is mainly due to the rapid
development of optical and opto-electronic devices. A
wide variety of glass materials, material-dopants and
waveguide structures are available and this provisional

20 specification relates to optical waveguide systems formed
for securing live-fibres against tampering and tapping-off

of data in optical fibre communication links.

Communications using an optical fibre have a number of
25 attractive features and advantages over conventional
communication means. These advantages include the
following:
e Greater bandwidth and capacity
e Electrical isolation
30 e Low error rate
e Tmmunity to external influences
e Immunity to interference and crosstalk
e Signal security
¢ Ruggedness and flexibility
35 e Potential low cost
The high expectations of optical fibres as information

carriers in communication systems have been justified by



their performance over the past two decades. Due to their high bandw dth,
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communications networks deploy optical fibre over millions
of kilometres worldwide, carrying important and
confidential information of a government, military,

20 financial and personal nature. Although it was initially
thought that optical fibre transmission would be
inherently secure, we now know that it is relatively easy
to ‘tap’ information out of an optical fibre with
negligible interference to the optical signal. It has

25 became obvious that in order to extract 100% of the
information which is transmitted via the fibre optic
cable, it is sufficient to bend the fibre only slightly or
clamp onto it at any point along its length and photons of
light will leak into the receiver of the intruder. Even

30 when only 0.1 dB (2%) of the signal is leaking, it will
contain all of the information being transmitted in each
photon. The user at the other end will never know that
his information has been tampered with since they will
experience no apparent interference with their

35 communications. A loss of 0.1 4B represents the lowest
practical detectable optical loss in a fibre system by

modern test equipment and network management systems. The



- 3 sane technique could also be used in order to introduce false
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15 means of communications, which is not actually true.

Until recently, the only available techniques of
piotection against intrusion of fibre optic
telecommunications involved the use of:

20 o encryption of the information being transmitted;
. physical security systems based on physical barriers
(ie., thicker coatings on the fibres, thicker and harder
protective jackets on the cables and housing the cables in
conduits); and

25 . static or slowly varying measurements using optical
time domain reflectometers (OTDRs) to detect fibre
fracture, sharp bends, fibre attenuation or connector

losses.

30 Encryption techniques can be very costly, they often slow
the system speed considerably/unacceptably and are not

ever totally secure.

Physical security measures are not truly effective in
35 uncovering tampering with a fibre optic communications
link since they require the fibre to be cut, fractured or

severely bent before the problem can be detected.



OTDRs are ineffective at detecting dynamc or transient disturbances to a
fibre cable. In addition, their functionality limts themto neasuring
only optw@abe7db®sses, but with relatively | ow sensitivitypct/fusobdisy are 5
practically limted to detecting significant and permanent or very slowy
changi ng (and often destructive) effects—oh -the cable. Wth mllions of
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PCW/“KIjOOB%%'OéﬁR. However, it would be a technological
breakthrough to be able to obtain real-time, quasi-static
and dynamic information about non-destructive disturbances
anywhere along the fibre cable. This would have the
20 further advantage of monitoring any disturbance to the
cable and any structure or material near the cable or to
which the cable is attached. Such a capability should
also enable simultaneous, real-time fibre optic
communications and sensing applications such as structural
25 integrity monitoring, leak detection, ground monitoring,

machine condition monitoring and intrusion detection.

This is possible because optical fibres can be more than
mere signal carriers. Light that is launched into and

30 confined to the fibre core propagates along the length of
the fibre unperturbed unless acted upon by an external
influence. Specialised sensing instrumentation may be
configured such that any disturbance of the fibre which
alters some of the characteristics of the guided light

35 (ie., amplitude, phase, wavelength, polarisation, modal
distribution and time-of-flight) can be monitored, and

related to the magnitude of the disturbing influence.
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Fi bre optic sensor technol ogy has progress®d-at a rapid pace over the |ast
decade. Different configurations of fibre sensing devices have been
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entire | engt i, disRIAqEMRAt as a "di stributed" sensor; "quasi-distributed"
sensors utiliss@axigd sensors at various locations along the fibre |ength.
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Fibre optic sensor technology has progressed at a rapid
péce over the last decade. Different configurations of
fibre sensing devices have been developed for monitoring

20 specific parameters, each differing by the principle of
light modulation. Fibre optic sensors may be intrinsic or
extrinsic, depending on whether the fibre is the sensing
element or the information carrier, respectively. They
are designated “point” sensors when the sensing gauge

25 length is localised to discrete regions. If the sensor is
capable of sensing a measurand field continuously over its
entire length, it is known as a “distributed” sensor;
“quasi-distributed” sensors utilise point sensors at
various locations along the fibre length. Fibre optic

30 sensors can be transmissive or can be used in a reflective

configuration by mirroring the fibre end-face.

Hence, fibre optic sensors are actually a class of sensing
device. They are not limited to a single configuration

35 and operation unlike many conventional sensors such as
electrical strain gauges and piezoelectric transducers.

Consequently, fibres are now replacing the role of



conventional electrical devices in sensing applications to the extent
where we are now seeing a nmultitude of sensing techniques and applications
bei ng expbevethod or practical gain. 5 However, to-date nopeT/avbe/enzeptic
sensor systens are based on point sensing devices, thus requiring a | arge
number of sensors to cover a large areaof fong length of interest. The
subsequent cost and conplexity of such systens is nost 10 often
restrictive cfonvexiatdnzhl eleeryi¢aly devicebuindsenshnogapplhgatibaento
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devel oped, nosSt nonrtor only tenperature and Pewer still 15 have t he
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parameter or disturbance along the fibre length; they sinply detect, alert
and sonetines quantify that an event has occurred. Furthernore, many of
these techniques are often linmited to nonitoring static or 20 very slowy

varyi ng parangdwevetijecdodite megui £febrat opticneaasbirngyanemayvaragbagetihe
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det ect wilth GrEreR(resehhfELER. OThiBPEAREBE2Achi eved by conbining a
di stributed sensing technique incapable of locating the events with a
conpati bl e technique that is capable of, locatin he events. Such
capabi lity mbﬂ?ﬁyeﬁﬁﬁl%l?Fﬁ+9ut§$sF?F§ﬁfgﬂe§e §V%ggﬁﬁﬁlﬁfgfﬁ8358538% as
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15 have the capability to actually locate the region or
position of the sensed parameter or disturbance along the
fibre length; they simply detect, alert and sometimes
quantify that an event has occurred. Furthermore, many of
these techniques are often limited to monitoring static or
20 very slowly varying parameters due to the requirement of
measuring and averaging the time-of-flight of wvery narrow,
low power back-reflected optical pulses (most are based on

OTDR principles).

25 However, it would be a significant advance to be able to
also obtain real-time, quasi-static and dymamic
information about any form of disturbance to the optical
fibre and their location, particularly transient events
which are too quickly occurring to detect with OTDR

30 techniques. This can be achieved by combining a
distributed sensing technigque incapable of locating the
events with a compatible technique that is capable of
locating the events. Such a capability would enable truly
distributed sensing applications such as fibre cable

35 tampering or third-party interference detection, as well
as offering the further advantage of monitoring any

structure or material near the fibre or to which the fibre



Is attached (ie., structural integrity nmonitoring, pipeline |eak
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external perturbations. In this method, the sensor

response is a direct function of the disturbance on the

sensitive portion of the fibre. The disturbance may be in

the form of physical movement (ie., compression (radially

20 or axially), elongation, twisting, vibration, etc.) or

microphonic effects (ie., travelling stress waves or

acoustic emissions). The ability to vary the sensing

length to fit specific applications is a major and unique

advantage of this technology. This is particularly

25 relevant if long sensing lengths are required, as is the

case when combining the sensing technigque with fibre optic

communications. The only limitation imposed on the

sensing length is in the optical power budget of the

system. Therefore, if a longer sensing length is desired

30 a higher power laser is required.

The system of this international application provides a
simple, effective and inexpensive technique to detect and
characterise both small and large disturbances on any

35 optical fibre cable, anywhere along its entire length, and
in“real-time. This offers the capability of

simultaneously utilising a fibre optic communications



8 cable as a tanpering-alert, intrusion-alert or integrity- testing sensing
cabl e, thus providing continuous, real- tinme nonitoring of the fibre cable

and any a,tor&dégwoe near the cable (ie., ground, tunnels, g&%}'ﬁmo}%’?gfhe
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dun) and st afaer ¢Imbhs dste (e PHphe dmehnelegpris siksens for
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Thus, the WD 00/ 67400 PCT/ AUOCO 00382 - 9
15 Subsequently, this technology was to be capable to be

operated simultaneously with a communications system
within the same optical fibre or cable, adding significant
value to any communications system in regard to security
and enabling easy integration of the distributed sensing
20 technology into an existing fibre optic network. To
achieve this, they demonstrated a wavelength multiplexed
optical fibre system which can be used in both standard
singlemode (9/125 um) and standard multimode (62.5/125 mum)
optical fibre systems for simultaneous communications and

25 sensing.

Figure (1) illustrates the configuration used for the
demonstration of a simultaneous fibre optic communications
and sensing system. The system configuration consisted of

30 the fibre link 1, either single or multi moded, with
standard 3 dB (50% splitting ratio), 2x2 fibre couplers
3a, 3b at each end to allow for the multiplexing and
demultiplexing of the two wavelengths at the transmitter
and receiver ends, ;espectively. The choice of sensing

35 wavelength was important as the responsivity of the InGaAs
detector 2b in the communication channel needed to be

negligible at the sensing wavelength. Thus, the



communi cation channel 2a was chosen to operate at a wavel ength of 1300 nm
whi | st the sensing channel 4a was chosen to operate at either 633 nm or
850 nm Jhigerasured that inter-channel crosstalk was neglhifiddbfessdsS 5 the
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1300 nm communi cations signal. Figure (2) igl l-ustrates the results fromthe
sensing arrangenent shown in Figure (1) when a vibrational 10 disturbance

was appl i ed teoamah%st%ﬁt bﬁHnﬁfalt ba wafgr %holsle%ktvoweQra%fé Qraly
di st urbance vvas;g led to a_smm tion (5 cm ,of the fibre Iink using

a cantil ever HeX e&?FBnQénﬁﬁpo ?ﬂeWPH}F& TBE SERFI SHedIndid tftthal | y
al ong the beaahbeagt Bo Apéyatéahtseﬁsmarr espomeotzs 8500 \hifh . 15 m’msFi gure (2a)
for a 28 kmsin ggél\% n gndl ur.e 2c) for mrrultlm)de
(MW fibreliﬁﬁuﬁgcﬂ o enc 985858& GirarS (?dtaﬂned I'n
addition, & hetﬁasleéhrdeteéﬁ:ansﬁbuﬁc&seﬂFh) thlei gensd ngb cha:mheZd)wosiJehrl y
dentify the patualobLaCUENEKeOh 3hlC ke AR 208 ool sipriath Doth Iinks.

Si mul t aneous, "non-Interfering communi cation sensing Was thus
successfully denonstrated on a SMoptical fibre Ilink with a comrunications

data rate of BOgIYBLS (2§ Mhhsﬂ§aeésatﬁQ0¥@§u§'&@| 2 omORMENIseRidioRs channel
bandwi dt h system using a sensi ng wavel ength of 633 nm and 85Q nm
g

respectively. aWﬁPPﬁe’E‘ﬁPE FReWRo! BgY 1AETSpRdveifheis 8 FibFREIOPPd for 30
securi ng ifa br &:Lﬁﬁﬁtﬁaﬁem’ﬁmsCabpmﬁlédcabl as shbrtt skkthat ofe thiegEibreant

I|mtat|ontht |imt, | o] attractiveness; i t was jnot
capabl e of pi ﬁ%\o gn‘élgﬁ%tligé%gtlgg% 01:%?515 ?fsuragggégat got he sfnabﬂ I n
order to oveseotikorhi§ em) opfl thet fibur, ldnk ulstiagnat cenglileyeappieamat i on
no. PCT/ AU99/ Qégzﬁ g.héﬁeoseffh@ g9Bpat i.ake s:ABhhodabaay 1aagltt g@&@ﬁ@y for

Iocatlng di sturbances I n bre OBIC sensi ng_sy stens. The te ni que relies
on the WD 00/ 8¥ang Ptrﬁr/h\em bengbh. 18 tﬁ&§a|1eﬁ6ﬁ§°6f reRPoniSee e SRPWEY

di fferenge beiyepiigure (2a) for a 28 km singlemode (SM) link and in
Figure (2c) for a 53 km multimode (MM) fibre link. As can
be seen, very good signal quality was obtained. 1In
addition, the Fast Fourier Transforms (FFTs) (Figures 2b
and 2d) clearly identify the natural frequency of the beam

20 to be ~18 Hz with both links.

Simultaneous, non-interfering communication and sensing
was thus successfully demonstrated on a SM optical fibre
link with a communications data rate of 50 Mb/s as well as

25 a 500MHz analog communications channel bandwidth system
using a sensing wavelength of 633 nm and 850 nm,

respectively.

While this technology had proven itself effective for

30 securing fibre optic communications cables it still had
one significant limitation that would limit its commercial
attractiveness; it was not capable of pin-pointing the
location of the disturbance to the fibre. In order to
overcome this major limitation, our International

35 application no. PCT/AU99/01028 discloses a compatible
methodology and technology for locating disturbances in

fibre optic sensing systems. The technique relies on the



transm ssive counter-propagating optical signals affected by the sane
event in a two-ended fibre arrangenent. In this novel arrangenent, as

i 11 ustrabefholddsdsl ure (3), 5 continuous-wave (CW opti cal oﬁm§2and S1
are S|nultaneously | aunched, preferably froma -single ligh source, into

opposite ends of a sensing optlcal fibre Zpr. set of fibres and
si mul t aneousl y detected by synchroni sed photodetectors Pul sing of the

opti cal S|gnal is not 10 n a ugh_.i I in some
ar r angenent s. "X 52RSR4 ogr§§%?%¥mﬁ é%h ggtél PECS”Be%%EQn
counter-propagaamﬂgls$gwalsoumt¢rePrepggbbthspgnabsl shgnhdssafEeqhrder,

but because tje @Eé ecifd SoLnAteln pw@agﬁaéagfibgeag§rgu§tem@aeh ceRtinue
travelling the remal nder of the fibre length to _their respective

phot odet ect orghifcravel FTFIRIPPARE- t RFeiydprayrareti A8 FaPPrer ddde bet ween
the detected sbgdhSoudbRaté mcwlﬁlaytlbaidsigﬁhhg Br epear sioagk to the

| ocati on of the sensed %gn# alogg t he f re gen?th Therefg Lt

time 20 del aySHPUHFRRYEH 3uPe éteﬁrﬁ TARAYUFEG™ PHELPY }6ﬁ of the
event can be sleiece) nenito Abppdeisanendsnef af sansdéogpadptlbbelsé€dbregl or

mechani sm i's bel nge efpLoYgdadic, BENTEMnaSHER, GBRoNECH|BY! Lbed BndLak

i dentified (|e rarn acous
transi ents, Zﬁhenqdéte¢hoaﬂd|t?@h51n9n0§ehbetPPélﬂﬁbrélsp?ﬂcléepay lines L

may be copne &L%éh e eeRb fi@rﬁaﬁtbé'&Hﬁio?édbﬁhhsoﬁgds in order to
add addltlon el ay bet ween_t transm ssi ve count er.- propag atlng %nals

and to provi RFTIREEMREFve %%%ds?Pﬁ?@sPaBEm?ﬁF§ Pehif écéﬁaEPe ani ¢
and transi enttl@é’%@nﬁ@rbﬁroﬂ)wﬁtﬁﬂgl fiyhatlyalliylaeyrdest bobtt edghatnse

optic sensing, te and its transn ssive_ counter g gatln technlque
does not possﬁ%s r%*?n?%ﬁ?%ﬁé §H§n%8ﬁﬁP§§I?#SSGSF cgg gflnC|pIes
The systen1hagréﬁﬁgitdﬁ@wshgnahsamuageeachMbGﬁtBiﬁeot?Q?éAwiﬁbocasz - 11
15 remainder of the fibre length to their respective
photodetectors there is a resultant time delay or time
difference between the detected signals. The time delay
ié\directly proportional to the location of the sensed
event along the fibre length. Therefore, if the time
20 delay or difference is detected and measured, the location
of the event can be determined. At the same time, if a
compatible sensing mechanism is being employed the sensed
event can be quantified and/or identified (ie., strain,
vibration, acoustic emission, temperature transients,
25 etc.). In addition, non-sensitive fibre optic delay lines
L may be connected to the sensing fibre at either or both
ends in order to add additional delay between the
transmissive counter-propagating signals and to provide
insensitive lead fibres.
30
This technique enables dynamic and transient events to be
located in virtually any distributed fibre optic sensing
system, and its transmissive counter-propagating technique
does not possess the limitations and complexities of OTDR

35 principles.

The system has the following advantages:



Qperates on virtually any existing type of transm ssive distributed fibre

optic sensor, enabling dynam c and transient events to be detected,

qgquanti f iwe.oo0/684aar act eri sed and | ocat ed anywhere al ong t heptengbbroms2the 5

optical fibre. OQperates in a transm ssive configuration, thus delivering

the entire optical signal and power back tia t-he detector and not requiring
signal averaging. Determnes the |ocation of events via the tinme delay 10

measur ed bet ween c@ggfgfegrgﬂaggitﬂglppthﬁ9|eﬁhgaahg tgbge@Eed by the sane
di sturbance. The spati al sol ut therefore, limt gqﬁset by the

speed of -the H%T%?méiﬁhYgl 13hts §F§ﬂ1§lfﬁﬁs°ﬁﬁﬁcr§&BFP§ r| §58P~plifsi ng,
al t hough it i@yndhicapnad! erafhsbert atvagtal tb pul dedeteelni quanciWith,t he

o above. ot oncde ayB0ecEng 1 0ELEoHAS,DARD-cPLIRASCLnENS ROTH BECLe

configuration CH3T A RER TtorTng an ocat iy s'toa e optic
communi cabi onepRicahbfebbg.utilising a non-active ("dark") fibre in the

cabl e, as '||PStraé§gréEe£'§Hr§ £AAnsHPUEYGE c%ﬁ%ﬁgﬂEEtlkhpnthQUStry has

al so enphasi sed the desire to npnitor active l1ve") fibres in certain
ci r cunst ancesdebbveringprhe serbiFenoPbical ssignalr aREnPOWEH B26E £68 &Pl i se

the W?vgl Sggtciee%&éwl@ﬁanﬂomi-é@d(ljrtihysg.:@hed hﬁeEh&E!h@ (|1) Ho%/veve(r]I the
use o couplers i itiona ni_ mum optic $8 .0

whi ch coul d sever%??egﬁb% ?ﬁ% gﬁ??ﬁé?angLFvﬁﬁaﬁeglﬁf%hﬁ Gelal
comuni cabi onfesystedtbetiéenateuytertprophdabéngesprabhd sugna&plenent t he
e e TfEEeOled iy Do | O2AL A0-chEblnLgueoThl 3YaN:27 08LLRk1on

arrangenent tH mnimse t OWET
conmmuni cat i onss, sylserefore, limeﬂ#@ean@heearPXngbneHPeaﬁsganthﬂgéé the 35

optical powery %&§§§§tignt9§s§553|ng system then it would be possible to
design and .configure a conmuni cati ons node _or JUﬂCtIOﬂ bx pasisarrangenent

for the sensihg siBPef PPt \VEPEeIET460sSPETPALBERg0383thoyg
15 capable of operating with pulsed techniques.

With the two above-mentioned advances , there has been
pfoposed one possible configuration for monitoring and
locating disturbances to a fibre optic communications
20 cable by utilising a non-active (“dark”) fibre in the
cable, as illustrated in Figure (4). However, feedback
from industry has also emphasised the desire to monitor

active (“live”) fibres in certain circumstances.

25 A simple solution to this requirement would be to utilise
the wavelength multiplexing method illustrated in Figure
(1). However, the use of 3 4B couplers imposes an
additional minimum optical loss of 6 dB, which could
severely impact the optical power budget of most

30 communications systems. Ultimately, it would be desirable
to implement the modalmetric sensing and the locating
techniques in such an optical arrangement that would
minimise the optical power losses to a communications
system. If, likewise, the arrangement also minimised the

35 optical power losses to the sensing system, then it would
be possible to design and configure a communications node

or junction by-pass arrangement for the sensing signal in



order to extend the sensing fibre | ength beyond one comunication node.
This would be particularly useful for ring topology networks. 5 BRI EF
SUMVARY &6 o8Jebz0h NVENTI ON The obj ect of the present invent EeQ/AU%O/B@sprovi de
optical wavegui de systens forned for securing live-fibres agalins
tanpering and tapping-off of data in opticgl fibre communication |inks,
while mnimsing optical power |osses 10 to both the comruni cati ons and
sensing signals. The present ipvention praqyjdes_an optical vegui de
connunication°F?ﬁE,tPn8F58PthﬂS ﬁﬁ?géﬂgdgl 5F R 'k&ﬁﬁ%@ﬁ&P@ from one
15 | ocati on tecmiahheatlionanbda, aTHdbawbuads et partficullaalychisefud datra
signal at a first_wavel eng | t he wavegui de; a data receiver for
recei ving therﬁ%?atgPagggg %ggﬁ?%ﬁe'maveguide; 20 a sensing signal
transmitter for launching a sensing signal at a second wavel ength
different 40 phenrf bhflakevekengthrnveierbe wavegui de; a sensing signal

detector for detecttng the sensing stgnat—after the sensing signal has

. 11g g ] : '
travel | ed 25Thfr8bgRCENEEWEREGRF 8ESNENANYPERAPTS 3iS| £O R OYEATs OBELK@en t he
wavegui de andwatBguilabasiyeeemyeEoafddt F6rs8asuRdng Jive -¢abeelsOhgadnishat
the signal at the first vel engt h ig se aﬁg%ed.fron1the ?e%%ing si gnal at
the second wab@PRAGLAILGENE2RPHRI 3D S ARERNG mERNE RS FRAES
substanti al | ycahualcahéodal dnks| gwhlilei mhaimisigy bptdichll pesreandowsiselsout
any significant n 1 LN i sl i;rected to the data
receiver?QandéguB§?§E?$§I%§ aP#Eg?égﬁégsgﬁgi%ggsélgn%ﬁg%§% out any
significant loss and w thout any 35 significant conmponent of the data
signal is di r@ﬁéegrgeenw?mseﬁ&iaﬂ prevaliedebachptich® Yaieahiae

PCT/ AUCO' 00382 - 13, Thus, according_to.the invention both the sensing
si gnal communication link, inc¢luding;

a waveguide for conveying signals from one
15 location to another location;
a data transmitter for launching a data signal
at a first wavelength into the waveguide;
‘ a data receiver for receiving the data signal
from the waveguide;

20 a sensing signal transmitter for launching a
sensing signal at a second wavelength different to the
first wavelength, into the waveguide;

a sensing signal detector for detecting the
sensing signal after the sensing signal has travelled

25 through the waveguide; and

signal splitting means between the waveguide and
the data receiver and the sensing signal detector so that
the signal at the first wavelength is separated from the
sensing signal at the second wavelength by the signal

30 splitting means so that substantially all of the data
signal without significant loss and without any
significant component of the sensing signal is directed to
the data receiver, and substantially all of the sensing
signal without any significant loss and without any

35 significant component of the data signal is directed to

the sensing signal detector.



and the conmmuni cation signal can be | aunched into a single wavegui de and
transmtted al ong the wavegui de whereupon the system separates the

i ndi vi dl@bomyghength conponents 5 of the sensing signal ?E&I/ABBS/O&%Ea
signal for transm ssion to their respective data receiver and signal

sensing detector so that if both signalsiare received without substantial
contam nation by the other signal and with m nimum optical power |oses.

Thus, sensitivity of the 10 transmtied data si | s, and_sensing.signals is
greatly enha"r%‘b%’ t?‘n‘ﬁ%@"ré%atb‘? P%be p:!’r(%%’?tt%?nw%%?gaﬁ%nsﬁ?fﬁ%?agéﬁaggal o)
proper sensi nghdftlaycattenitat oon né eghal ecant bet haunghedginte aostiagleff
data from tNe, NGO Hend tddhddiee OLET 21569 EHRORLOER:QL FHE-LaYsA! ! on

t he signal svf)af‘fef I'Ng” neans conprises a Wave
mul ti pl exi ng/whensys$prexserprahey uike tedbyedualcvarelispit® FABPRREREFT ed

enbodi ment of ¢ he,d WEM a0 $ivhaPOasi@tensi @eh EigAu1 heoyavegHiresandnt he
sensing signal from the sensjng S|€nal transmtter are received by

] a
wavel engt h m#AQ i fhedd PR ITDI B hgEeoehrer #Bdcshdrae SeRE&18Fgnal s for
transm ssi on @dwdwedhesavasieftli T . b&th Theghalsi saki peceiveavel enguhb
mul ti pl exi ng/ denul ti pl exin .V\DI\Q.\Nave uide devices.to conbiLne.and
separate the g‘%ﬁ?ﬁ%’(ﬁ ?/é%/%ﬁ’élnré? T n%ﬁ?so ?efhﬁl%% £ %?‘ch:a‘f'llgﬁs and
sensi ng si gnakinimumn heptsierl qpeveal Loésds e, Thusni sessihivigpt e€athpowver
| osses. FQr SXAMLEs e WM | il (YRGS, £ 2280 30e0URL L gRAL L S L NG LLATSM [ ed
light in“either direction 1nto two, roughly-equal signals ](50 50% power
split), a \Wenhangedrthgreky #nabling prepesr commepridasperi pfcdata and

wavel engt hs wiidy, %&f@;&&@r&yiﬂ@s&flm stvohsel ty 1d08kfeB8 WO-ROLAL400
PCT/ AUCO' 00382 - 14, _In one errb%glgnt gf t he i nventiop_the sensing signal
transmtter ARVIBHINERFRICTHetREDEEPR e ¥RVEF P ®one | ocation and

sai d another |ocation respectively. 5 However, in other enbodinents the
sensing sional,  transmiler andlie; SE0S1 08 Sh9"RhvaSL 864 OLnd" &1 bRE Rt €d
splitting means comprises a wavelength

multiplexing/demultiplexing waveguide coupler.

According to the preferred embodiment of the invention the
20 data signal from the waveguide and the sensing signal from

the sensing signal transmitter are received by a

wavelength multiplexing/demultiplexing coupler to combine

the signals for transmission along the waveguide.

25 The utilisation of wavelength multiplexing/demultiplexing
(WDM) waveguide devices to combine and separate the
individual wavelength components of the communications and
sensing signals in the same optical fibre, minimises the
optical power losses. For example, while a typical 2x2

30 coupler splits the transmitted light in either direction
into two roughly-equal signals (50/50% power split), a WDM
coupler efficiently taps off or inserts specific

wavelengths with considerably less loss (typically ~10%).

35



both at one or the other of the said one |location or the another |ocation
and wherein a reflector is provided for reflecting the sensing signal back

t hr ough W go¥ayegui de 10 after separation of the sensing migAaedodosezm t he
data signal by the signal splitting neans. Preferably the reflector
conprises a reflective mrror. 15 In one gbodi nent the sensing signal
transmtter conprises a count er-propagating sensing signal transmtter for

| aunchi ng count gi.o pLARBARLLAY SENEHAY:5LEARL S, 8L LiRs:IRY Sy and

travel in opp03|?e I ons t rough the wavegui de to enabl & the position
of any di st utbansmltberhenéosﬂaﬁéggl aegpalbée&epépﬁﬁ ¢ B tohe &aifer ence

between the  Limg,2,PebhUnRENGag@NShBEREYEDbChE 100! @@t vl
counter-current sensing signals. Preferably processing neans is provided

for processing the 25 sensing signal to determ ne a change in paraneter
within the sygRabetp ifesthby amﬁbahubhaacehéosbhsxwav&@@nia i ndi cative of
tanpering wth the,waveg ne . enbodlne t jof th ent.i t
connunlcatloﬁrPPﬁﬂltgﬁrlﬁEguaes §SBREPY) PEIRE gg&ﬁﬁﬁ%gg%%bnlo E?E?at

| east one of bbbk abdeaelnrluuengtaesapd daEasauénsmmﬂﬁhﬂcauiqnaﬂnuthenode
el uding a 28 agét RoLEEEbUCanAN A bYG! BOL 23kt 42Ul [HrARSHdd For and 2

third node inc east a urther said data receiver, the wavegui de
|nterconnectrﬁglsgteaghtbﬁ sRBSABIe§igpalnhacknshronginfhe giayegydsses

t hrough the &@Esgugdsai»aeﬁbhheff thet seadenbOsiB@alihikém Rofke.aad@ 00/ 67400
PCT/ AUOQ' 00382 - 15 in_a still _further enbodi nent the waveguide forns a

conti nuous | 8&gRRhcPHdFRE élﬁPﬁ}aFP yE6E080RfARScat i on  nodes arranged

along the |l oop, at l|east one of the loop 5 having a said sensing signal

transn?tter nd_a SEFXV gggkgge% nalogﬁggggggﬁaggi c%&?%iﬁl $34 signa

conbi ni ng ne ﬁgfﬁga drreétl roma data
transmtter at one of 10 the nodes, to a said data recelver at anot her of

the 15 In one embodiment the sensing signal transmitter comprises

a counter-propagating sensing signal transmitter for
launching counter-propagating sensing signals into the
wéveguide and travel in opposite directions through the
waveguide to enable the position of any disturbance to the

20 waveguide to be determined by the difference between the
time a perturbing sensing event is detected in both

counter-current sensing signals.

Preferably processing means is provided for processing the
25 sensing signal to determine a change in parameter within
the signal to identify a disturbance to the waveguide

indicative of tampering with the waveguide.

In one embodiment of the invention the communication link
30 includes a plurality of communication nodes, at least one
of the nodes including a said data transmitter, a second
node including a said data receiver and a further said
data transmitter, and a third node including at least a
further said data receiver, the waveguide interconnecting
35 each of the nodes so that the sensing signal passes
through the waveguide from the first node to the third

node.



nodes. The present invention may also be said to-reside in an optical
wavegui de conmuni cation |ink including;, 15 a wavegui de for conveyi ng
signal s woeosoe | ocation to another |ocation; a data trposmaivbb/essst or
| aunching a data signal into the waveguide; a first wavel ength

mul ti pl exi ng/ demnul ti pl exi ng
t he wavegui de

device having a first output armand a second output arm

20 waveguw dks devi ce coupl ed to the wavegui de,

a

sensing signal transmtter for |aunching sensing signal having a wavel ength
different to the wavelength of the data signal into the wavegui de for
transm ssi onIRi BhsthdldipathegnsrbeAdngntnEhfavayGore-des fPHE Pecei ver

coupl ed to tBentihGbusUllpvp AnEluBidhgr Aceluirag ithe cdatcwntivgiiala tfilomm t he

25

wavegui de device, _a_sensi.ng.signal detector cqupled to t ecand _out put
7 Fofifs alzangny daphil her ThEBH 0acsTeRaTE dlib Pt A 0821 P

armfor rece

eqide device.

Pref erably theviagegusdéddeenséngosponsédstzanawditeegt land a said
nultiplexingégﬁggh%ig#ﬁﬁgmgdggggkggu 35 Preferably a second wavegui de
ed To the

device is coup
the second wavegui de device having a first

wavegul

e renmote fromthe first wavegui de device,
i nput armand a WO 00/ 67400

PCT/ AUCO' 00382ef 811926084 iHNRBYEnal MeohBEnfi hbS ncaMalili ARG ¢4l ed to
the data transmtter and the second i nput arnlbelng cqupled to the

sensi ng si gn@treFEhBEi Bt 8ptao st lt fEoRafadaransr
are transgm ttRd hedkbe secandawdvdgthdeectiteyi ae amothaunef nde Nto t he

wavegui de.
wavegui de

Preferably the second wavegui de device is coupled to the
b¥°9RSout put arm whi ch receives both the data signal and

15596 & omfg °Fi gnal

sensing signal fromthe second wavegui de 10 device. Preferably the first

wavegui de dey
t he sensing si

15

20

25

30

35

optical waveguide communication link including;

a waveguide for conveying signals from one
location to another location;

a data transmitter for launching a data signal
iﬁto the waveguide;

a first wavelength multiplexing/demultiplexing
waveguide device coupled to the waveguide, the waveguide
device having a first output arm and a second output arm;

a sensing signal transmitter for launching
sensing signal having a wavelength different to the
wavelength of the data signal into the waveguide for
transmission with the data signal along the waveguide;

a data receiver coupled to the first output arm
for receiving the data signal from the waveguide device;

a sensing signal detector coupled to the second
output arm for receiving a sensing signal from the

waveguide device.

Preferably the waveguide device comprises a wavelength

multiplexing/demultiplexing coupler.

Preferably a second waveguide device is coupled to the
waveguide remote from the first waveguide device, the

second waveguide device having a first input arm and a

héﬁg#gsgﬁup&ﬁ@ehgikgemawaggggiQ@ Q&i@ntpr%Eiﬁkﬁﬁﬁpthat bot h



and data signal are transmtted through the input armto 15 the first
wavegui de device. Preferably the first wavegui de device conprises a first

wavel eng?@o(mj,l‘,gd pl exi ng/ demul ti pl exi ng (WDM coupl er havpdgatéoossaput arm
and the first and second output 20 arns. Preferably the second wavegui de

devi ce conprises a second wavel ength mul tsplexing/ demul ti pl exi ng (VDM
coupler having the first input arm the second input armand the 25

t put Pr ef hl ' ' | £l o b e
output arm Prefer é‘é“gqﬁaﬁ‘?%e%wﬂﬁ% 2 A i 5P b pi&a ddhecn

optical fibr&STEY _ fibre or a miltinmode fibre. 30 | n one
enbodi ment  t detsedaahspitthar And dhe RedandGinpNt 2P ERY | W IR to

a reflector tqd efdifiGing N8 FANSIvKAn G hack hat ochdeaaey eglisiel tauaugh
the WDM coupl er, and the secaqnd i nput armqot%‘eé he second V\Dl\%cou |l er. ks 35

connect ed t o tA® &RAIING FIERFH AT (AR VEROUPT TSRV FY 7151 and

second angi | lgary dehfdr drdtncHiigy fintsd tlsnordvegyideiput arm bei ng connect ed
to the sensing signal WO 00/67400 PCT/ AUOCO 00382 - 17 transmtter and the

second ancillary input armbeing connected to the sensing signal detector

so that the merfsrapls giie sesfdettwavemoidd raevice ief¢eerded paeskhe

through. the {8l SRRLPloudit ipualy bber seconds RS enupbgeato the

second i nput "‘arm e ancillary coupler to the second_ ancillary
arm and t hen stignaie ansbRanRing gHdnakt R rtheanee e Y2 ERTRHE0di ment  of
the presept iqugdd on provides 10 a wavegui de system for securing

| ive-fibres against tanpering and tapping-off of data in optical fibre
comuni cation |inks, which may include: providing a sensing systemlight
sour ce- oper atprdF éxtakily heveietengtdveiiids eldvice the cowpledcaeibhe system
i ght SourC%ENeguide by an input arm so that both the sensing signal
and data signal are transmitted through the input arm to

15 the first waveguide device.

Preferably the first waveguide device comprises a first
wﬁvelength multiplexing/demultiplexing (WDM) coupler
having the input arm and the first and second output

20 arms.

Preferably the second waveguide device comprises a second
wavelength multiplexing/demultiplexing (WDM) coupler

having the first input arm, the second input arm and the

25 output arm.

Preferably the waveguide comprises an optical fibre. The
optical fibre may be a single mode fibre or a multimode
fibre.

30
In one embodiment the second output arm of the first WDM
coupler is connected to a reflector to reflect the sensing
signal back into the waveguide through the WDM coupler,
and the second input arm of the second WDM coupler is

35 connected to an ancillary coupler, the ancillary coupler
having first and second ancillary input arms, the first

ancillary input arm being connected to the sensing signal



provi ding a wavel ength nmul ti pl exi ng waveguide light splitter or coupler
(single or multi noded) which efficiently conbines the sensing and

communi o@bigefdS40020 Signals into one wavegui de; provi di ngpar&ivod/e@s2
wavegui de (single or multi noded) for rece|V|ng light fromthe wavel ength

mul ti pl exi ng wavegui de light splitter ort7%coupl er, the silica wavegui de
bei ng capable of transmtting the sensing and comuni cations 25 signals in
the required teamenictengand sthengedonduancpterpuliaphy sgwhbehat t he

sensing wavel g @9%%@@& ﬁ%h&ﬂy&mﬂ& gbeﬁgg ?é{:é&% sat &;ﬁ£¥ the

requirenents o0 | metric sensin ocat 1 ng techni ques descri bed
earlier mhlIesqm%¢¢@c¥igﬁﬁ¥rﬁ?%%ﬁﬁﬁm@cbﬁangrgmgﬁhﬁ r8§1eSF9V|BPﬁ§e§

wavel engt h degiyl- &g eXhd OF Mee Gribidl ecbagler, SRhit Eﬁfoeghceuel 8kcbsiEngbg or
mul ti noded) which eff|C|entﬁ% %Ilts or separates % senS|ng%and
P thinppRg

conmuni cafi onSOWRHREI O i T t P adEGui BRTRBE RF¥i si ng
optical powercé@sses to tind hsédendSaneilbargaainnanandheansbnghei gnal s; and
provi di ng detector nmeans_for qgtqulng the sensing signal and, if

required, theSSOTHRErSHIABAGHTT g 25hsi ng WO 00/ 67400 PCT/ AUCY 00382 - 18
opti cal S|gnals effected by the same paraneter and for determ ning the

e del ay orgl I SLpOpFebSliRsiAdE. SEODALSPLDRERAC pbRnUELA! HEBG LS

| ocati on of t sense event. Pr ef er ab urt [ica maveQU|des are
connecteamx)Qrﬁav¢9#%ﬂesﬁYﬁQﬁPw&%@g%?ﬁ%raﬁgei%ﬁérberﬁﬁtﬁgéh6§ in order to

provi de 'nser@éﬁﬁéﬁlﬂQ%d\@/&%ﬂﬁsofﬂngf aatapﬂhl épbiealt einbadd additional

del ay between the transm ss count er agating signals. In another
enbodi ment t HECEBHRITRE ei%ﬁkﬁTl%kﬂ rt gcg?éFhe wavel engt h
derul ti pl exi ng mavegU|de coupler is-- ternlnated with a reflective mrror

50 as to operate g a185S4N8bAli bECIYSAG 1) dhe! Y Bl SdE 2! Y.
15 wavelength different to the communications system light

source;
e providing a wavelength multiplexing waveguide light
splitter or coupler (single or multi moded) which
efficiently combines the sensing and communications

20 signals into one waveguide;

e providing a silica waveguide (single or multi moded) for
receiving light from the wavelength multiplexing waveguide
light splitter or coupler, the silica waveguide being
capable of transmitting the sensing and communications

25 signals in the required manner along its length, but
particularly such that the sensing wavelength and the
waveguide characteristics satisfy the requirements of the
modalmetric sensing and locating techniques described
earlier while unaffecting the communications signal;

30 e providing a wavelength demultiplexing waveguide light
splitter or coupler (single or multi moded) which
efficiently splits or separates the sensing and
communications signals into two output waveguide ports
while minimising optical power losses to both the

35 communications and sensing signals; and
¢ providing detector means for detecting the sensing

signal and, if required, the counter-propagating sensing



m rrored wavegui de coul d be connected to the sensing wavel ength out put
port of the wavel ength denultipl exing wavegui de coupler. 20 If only the

sensi ng ‘;ng)mgj/.@ble is utilised, preferably the detector npapaueeoiEi ses: a
phot odet ector for receiving the transmtted or reflected radiation from

the sensing signal in the silica waveguidgg and 25 processing neans for
receiving signals fromthe photodetector and analysing the signals in

order to register the,sensed ents., Lf e |locating._t ni ies. utilised
as well as th@Ptﬁﬁaieﬁépﬁéife8%§F§&3§ %Fé?EFaSF?et8898€§§%F63%§e§§§
conprises: faeserpndingcohe phoeodeflest ors didfk egiemglet edmesiny theecei vi ng

the radiation_tromthe coupter+pr aRAYRN:NY +He0fBlariBnt B¢ ¥Hd GRnsed
wavegui de; and*g5 processing nmeans for recelving signals fromthe first
and second phetvedttectors and anal ysing the signals in order to register

t he sensegievents and determ ning the WO 00/ 67400 PCT/ AUOO' 00382 - 19 tine
|

del ay or fference between the cqunter-propagatin si gnal s effect from
the sanme di st Brp&reeblynhiurthere Sttty gFg igﬁe C%ﬁﬁ%%ﬁ &ggnts.

5 In a prefergedsenpodiganivavbeudidel et wdthbgw de both emdst iinpdedeli boe at

t he sensing wavel ength_and the_l ead wavegui des _are .si ngl LRres .at
the sensing RATEE gfﬁ?efﬁlpﬁvg gngeP?g%gg%gggiﬁ%ﬁf,qgugg§ﬁ$hgﬁie’ €
linmtation, thad dddfitibonadddedny hgtweehnitiee transadssiye sompdsirmetric

technique utilisin e fusiLagisplicing of-insensitive singlenmde fibre to
sensitivgi%ulFFﬁBagakpggeg ?5 I'n anot her preferred enbodi nent, the
transm ssive counter- propagating signal nethod for |ocating events is

enpl oyed, and;syhbahbe eRbbEdmed@VichRS sang iagP wayed edlytlN ©utputoithrtends
of the systemto detect the S|gggls. ] ) ) - )
of the wavelength®demultiplexing waveguide coupler is.
terminated with a reflective mirror so as to operate the
15 sensing technique in a reflective mode. Similarly, a
mirrored waveguide could be connected to the sensing
wavelength output port of the wavelength demultiplexing

waveguide coupler.

20 If only the sénsing technique is utilised, preferably the
detector means comprises:
e a photodetector for receiving the transmitted or
reflected radiation from the sensing signal in the silica
waveguide; and

25 e processing means for receiving signals from the
photodetector and analysing the signals in order to

register the sensed events.

If the locating technique is utilised as well as the

30 sensing technique, preferably the detector means
comprises:
e first and second photodetectors for simultaneously
receiving the radiation from the counter-propagating
signals in the silica waveguide; and

35 e processing means for receiving signals from the first
and second photodetectors and analysing the signals in

order to register the sensed events and determining the



20 In a preferred enbodi nent the wavel ength nultiplexi ng/ denul tipl exing
(WDM) couplers are 2x1 WDM couplers. In other enbodi nents they nay be any
sui tabl e nultl-port devi ce, such as 2x2, 3x1, 4x2, etc. 25 In referred
embodi meWP %8674 he optical fibres and fibre devices are Bgﬁﬁ%@%gﬁaby
fusion splices. In other enbodinments the gptical fibres and fibre devices
may be connected by any suitable or apﬁ?dﬁffhte techni que, such as
mechani cal splices, connectorised | eads and through 30 adaptors, etc. In
ot her embodi neime dabavioRF cOLpFeFSnAgyPBEVEEDl sBed CAMRReTaPEOPASRE 1ng

wavel ength fiksening, eﬁgégtéaoﬂtaﬂ,tﬁenbhﬂbnanstﬁﬁbbhbbﬂgtﬁhsdlreCtlng
devices. 35 In other enbodj nepts abglur I|t %gggcou |l ers are wutilised

in a ring topdebeyHBRLRSr khef PHRrRY°PUR tFBﬁ B?n 678 &50 PCT/ AUOOI 00382

- 20 pass arrangenents for the sensing signal in order to extend the

sensi ng f|bre Iengtpg?e¥eng ong. agﬁnﬂglﬁﬁtlonllggde ggggg{ergbly t he

wavegui de “conpti 2eR &St Gne optica bréand "east “one opti cal
fibre devi ce.mihtimodedefibbdenaht thef seheingvenvedrnuhd aadegiieddendy

merely conprj gsega,ragys@g Eiﬁ&ﬁeﬁﬁ’bh@%&b@@}é addihionahsghgments.

However, the opti bre can include passive or active 10 el enents al ong
Its Iength FeavebengtR: the optical fibre can include sensing el ements
along its length and those sensing elenments can conprise devi ces which

will respond to a ch e.desired parane nviron ent of
appl i cat itdn ah@ ?h?FﬁgﬁgEe?hﬁmg?ébﬂﬁFFes gﬁdwiﬁ 8H§r§& EF% ¢ 5%t he
sensi ng eleCthﬁﬁgﬂBﬁtédrsdnalngntephnmqgatnegbaaeﬂhenmavmgdadmetmlthereby

provi de an ind|cat|on o] . cha Pr ny
suitable CWo % 1ol S|%b%2g6§9 Qﬁ? kpsgggog%aggﬁhﬁgFﬁ é§U§%%9%¥ %Iurallty
of sources nayihelempdeybibrenta peasdkive mnbddmedst filrehout |imtation,

a CWor

15 In another preferred embodiment, the transmissive counter-
propagating signal method for locating events is employed,
and suitable optical devices are employed at one or both

ends of the system to detect the signals.

20 In a preferred embodiment the wavelength
multiplexing/demultiplexing (WDM) couplers are 2xl WDM
couplers. In other embodiments they may be any suitable

multi-port device, such as 2x2, 3x1, 4x2, etc.

25 In a preferred embodiment all the optical fibres and fibre
devices are connected by fusion splices. In other
embodiments the optical fibres and fibre devices may be
connected by any suitable or appropriate technique, such

as mechanical splices, connectorised leads and through-

30 adaptors, etc.

In other embodiments the WDM couplers may be replaced with
alternate wavelength filtering, conditioning, combining,
splitting or directing devices.

35
In other embodiments a plurality of WDM couplers are

utilised in a ring topclogy network, forming junction by-



pul sed coherent |aser diode is utilised to supply the optical signal. In
an alternate arrangenent, nultiple 1light sources, of the sanme or varying
wavel engt be 25 used to generate the sensing signa ality
of sens ﬂﬁoéTﬂﬁa In ot her enbodlnents it is possible kge&%@W@kH% t he
sensing and data transnitters into one %H5n1tt|ng device. 30 The
preferred embodi nents of the present invertion offer the potential to
utilise all-fibre, |lowcost optical _devices in ¢conjun¢tion with |aser

di odes, IlghtP%%$t%¥ﬁ§ngﬁW%H%% Ehot bRt BREORY, SL8HRL el ], OFRRFcSApl er s,

i sol ators angkfbhd cEBe 35nding heipref Bengdhenbgdhdenhe ebmimbaipaesent

I nvention any SU|tabIe | i ght source, coupler and phot odetector WO 00/ 67400
PCT/ AUOQ 00382°%€21 arrangenent nmay be used with the sensor and | ocating
systens. In a preferred enbodi nent, the required optical properties of the
| i ght sour.ce are h WWols) ?ﬁya b ed,i n r din

t he singlgnn m%%%gﬁ}% éﬁ%'k oca ?Igg?ﬁgygg? e QEQSEpgggagg?ggE?n a

si ngl enode flbr% ﬂu@(°¥eﬂﬁ|he%$ﬁgPEﬂD€EHlﬁéi|ﬁngﬁedéﬁﬁFFe p&Ri §8™8f

travel in the,sho@iRoREe 5fbERe Eheenthen! Labt waseghaaacﬁag} ma&elyhe
nmul ti node f|bre fromthe singlepode fibre, several exc ted

and the mul t i FHPFR¥L39 ?Pb?%tﬁf?} géb§%n§FFk93t GnVaFggﬁ§1B§F§n§?8P§n ®ce
t he Ilght |sHéﬁgaghpdthac&ptﬂémltﬂEbsenghﬁnmdelﬁdbrpaﬁsmﬂetbe aptlitenode

fibre, y a e iSs.sup an ayels tog | £
conponenag of € ?Eé%@%t% nieﬁés ?n g%d og? %ﬁ O%eéenélt|§e§F%% shgee
sensor Ipcal|sam|nmclﬁdessenﬂlagedlemenhssaﬁangentsIhepgabtﬁeélthose
gff'e'nﬁgt gogfisex}é‘gﬁg'gﬂéﬁ de. ééﬂréoﬁBPELQ BeviBde aHithCLENt| YebpBHat O

ng nD es in order to inprove the signal-to-noise
rati o. This prefarekangabbi HeatdapbreesParasnebsrnisi Fhet PBNITERMEREVRE of

the transmi ssjye; fOMPi&h 20dPiRpegehtadenat peabestyaal and

15 characteristics of the sensing electromagnetic radiation

propagating in the waveguide to thereby provide an

indication of the change in the parameter.

Preferably any suitable CW or pulsed single or multiple

20 wavelength source or plurality of sources may be employed.
In a preferred embodiment, without limitation, a CW or
pulsed coherent laser diode is utilised to supply the
optical signal. In an alternate arrangement, multiple
light sources, of the same or varying wavelengths, may be

25 used to generate the sensing signal or a plurality of
sensing signals. In other embodiments it is possible to
combine the sensing and data transmitters into one

transmitting device.

30 The preferred embodiments of the present invention offer
the potential to utilise all-fibre, low-cost optical
devices in conjunction with laser diodes, light emitting
diodes, photodetectors, couplers, WDM couplers, isolators
and filters.

35
In the preferred embodiments of the present invention any

suitable light source, coupler and photodetector



Utilisation of properties and characteristics of the electromagnetic
radi ati on propagating in the wavegui de sensor enables nonitoring to take

pl ace i ?”@PQ@?““% destructive manner. Thus, the sensor i SF@%‘@E@‘%@?&‘” |y

damaged ured or destroyed in order to nonitor and desired
paranmeter. |In another enbodi nent the nuLt%%DQed fibre is replaced by 30
two single noded fibres and coupl ers and e sensing occurs on a phase
interferonetric principle In_the nefhod, according to the greferred

enbodi ment ofRTHARE 3h P HRAT IFeghet?e FERFAT | 72 abCFHe 2 nsi ng 35
wavel engt h | sysdsgaehed Imtao pare faptrnehl endbodhemle, (Shégteguiredudbpt ic@ded),
such as an optical_.f.ibre,.from.a li.gh source, such as_a pigtailed |aser

di ode, fibr eqraofeerrtolreﬁ/\ﬁfmf ﬁf}%ﬁ% vk “3&}2&7‘? g%f&é‘?ﬁlflﬂ’ n%e

di ode, and priepagitess idtongnhemgragatied wav ethe deindhenade i wavegwidgui de
s Tusi ons SPIEeG.o i1 1 NN S NNAAL G- A SIROLET 1 Yo L3 POTSREED! 1Y)+ 1O
one input armof an optical wavegui de wavel'ength nultiplexing 5 |1 ght
splitter or dddemysy FiMRidy ShRdienairdl)durithaHeie eMeles ReFPRAPERL i C
radi ation reaghfs1t g aHd|Smdikgod eiBARINBidE ¢1adli Bidon £an branch out
into the output wavequide arm of the coupler. Sinultaneously,

el ect ronagneﬁ'iat’:mrcﬁ’(ﬁ%t%i”&? &ahe[ I‘fﬂl%ﬂﬂjfﬁ c&?%fmeﬁ%ﬁﬁwq’é&%ﬂ? aunched

i nt o anot her fdpire;alsevateduintele(ssinay dbeorexdittdd amdlerle multhimsded opti cal
fibre, from g hiaht,.soyce  auch.as o Righalledlaser dlode ofibra,s | aser
or ligh eniftlng diode, anéipropaga es along the optical” waveguide. The
optical wavegdigh iis flaginsipeshbiasd ingro thetsieraleecdriidsteEfaepor ari | y
or per manent byh.e s dd & 1 KRG OR IR sHM DTnddie yaval gatdednd dd pl exi ng

coupler and when the el ectromagnetic radiation reaches the coupler the
el ect r onagneti¥@viedd &9 e MR USSP RANARIT At THR SYIIRM sarkeasin put

wavegui de ar mngfl dade cudl [Hidrea d ddem s3R iSRiSi ) &idNBdnsdhUsocd Tigsagiwsil engt h

(r:n(; lrr;[TL ﬁ ! g % Ing ﬁ%o %%lh%reve%f filnC It:?lrzll.tsI La%%@ .n € SIIP (%;[rhac:'[ thieca ° nasglprigj.

égggons,
the singlemode fibre should be made sufficiently long to
attenuate all cladding modes in order to improve the
signal—to—noise ratio. This preferred embodiment applies
for both directions of travel of the transmissive counter-

20 propagating optical signals.

Utilisation of properties and characteristics of the
electromagnetic radiation propagating in the waveguide
sensor enables monitoring to take place in a non-

25 destructive manner. Thus, the sensor is not necessarily
damaged, fractured or destroyed in order to monitor and

locate the desired parameter.

In another embodiment the multimoded fibre is replaced by
30 two single moded fibres and couplers and the sensing

occurs on a phase interferometric principle

In the method, according to the preferred embodiment of

the invention, electromagnetic radiation at the sensing
35 wavelength is launched into an optical waveguide (single

or multi moded), such as an optical fibre, from a light

source, such as a pigtailed laser diode, fibre laser or



signals into a single output waveguide arm If a wavelength nmultipl exing
coupler with two output arns is wused then the unused armis fractured or
otherwi se 25 term nated to avoid back-reflections. The output armof the
wavel engt 'MT40 pl exi ng coupler is fusion spliced, or ot ﬁ&%@%’"?ﬁ’%nect ed
(tenporarily or permanently), directly 1o4he main wavegui de transm ssion
link (single or nulti noded for the communications signal and nultinoded

for the 30 SeESIFge ggkgg ggggﬁthgna ggg%a§gkggn%r@g% %%ggl c§ggnals

pr opagat e along rre | engt g dé Wt hout T nte ering
with one anotmvegun@ﬂ Theyopéaehlt h’éVGppeslﬁt ésefasdglony Iseliiiaeid, Fye main

wavegui de is Lbﬁar&:%éoeoﬁﬁgeeed <eem95Qs&\ﬁA1§eo%05@%ﬁ£a%¢n%iy(>teraaoroq{a ly or
permanently), to the input armof a_ wavel eng@? derul ti pl exi ng .caoupl.er and

when the si gnaPBut 8BERhOEhatcBRPEERL: HaYegrd der Mavedrgyhs DdEHRF WO
00/ 67400 RCT/ Mgkt 08882t teZ3orbeanphest Qu&ngubodrvmuaeaaﬁrwd%dqutapm waletd Of

t he coupl er The ut put _arnms_of the.wavel ength.de I pl exi.n ler are
t hen tePn1natEBe 5%?8%??5?515h5?§&w$éepofgaChﬁ5p bﬁrPé&éﬂﬁg'nggnlcs
si gnal proceselagtsohegnetandrsdéhgéphthan praces otilte isitgnalhe foummputhe
photodetectors fgéaéPthE gﬁ§ %gaﬁaggorng hﬁ&tah@bu@l eferred

\ﬁ%ﬂ ers are 2x

enbodi nent the cou couplers n oth enbodi nent s
they may be aﬁ&esgr@mbgeeiecnﬁP@FaEéPF é§va€ cgmmnnaga2x9n53w9vemepgqh(:

I'n ot her jgnbodimgRLScRed! ¥hobi EMoQEe%EQHEhe%vébﬁld'ét I(lsii$gd of &of orm
junction by-pass arrangenents for the sensing gnal in order, to extend

t he sensing fPBFEll%ﬂﬁ?ﬂ)15sB%90ﬁﬁ 8ﬁe°€5ﬁﬁﬁﬁ|€&PFﬁn FEPB A Fightr ef erred
enbodi nent al lsoﬁbeeppﬁwnl aki brpsgaaﬁilteabuasedeumae afé beennagieed diy
fusion splice ano

. the optical _fibres,and flbr devi ces
are 20 conneciéﬁhBye%hgp ?taﬁ?e br appP58PF§?ge?e3&ﬁF uEPSs Q@ i
mechani cal spwavesuldennether¢pedcaéadsvagd1ﬂhrdagﬁusa@apS@ﬂscedbcpr

15 otherwise connected (temporarily or permanently), to the
second input arm of the wavelength multiplexing coupler
and when the electromagnetic radiation reaches the coupler
the electromagnetic radiation can likewise branch out into
the same output waveguide arm of the coupler as the

20 sensing signal. Thus, the wavelength multiplexing coupler
efficiently combines both the sensing and communications
signals into a single output waveguide arm. If a
wavelength multiplexing coupler with two output arms is
used then the unused arm is fractured or otherwise

25 terminated to avoid back-reflections. The output arm of
the wavelength multiplexing coupler is fusion spliced, or
otherwise connected (temporarily or permanently), directly
to the main waveguide transmission link (single or multi
moded for the communications signal and multimoded for the

30 sensing signal). Both the communications and sensing
signals propagate along the entire length of the
waveguide, without interfering with one another, until
they reach the opposite end of the link. The main
waveguide is then fusion spliced, or otherwise connected

35 (temporarily or permanently), to the input arm of a
wavelength demultiplexing coupler and when the signals

reach the coupler they are efficiently separated and



I n anot her enbodi nent the sensing wavel ength output port 25 of the WM

coupler is termnated with a reflective mrror so as to operate t he sensing
techniq | eflective node. Simlarly, a mrrored fikgk ﬁMk%gbe
connecte Pé?*% e output port of the WDM coupler. 30 In anotﬁer enbodi nment ,
the transm ssive counter- propagating si@sal- nethod for [ocating events is
enpl oyed, and suitable optical devices are enployed at one or both ends

of the syst i&hgpéegﬁttbﬁtﬁi99?t§6P§§a£Q gaFggtegpgglg%nkﬁetﬁsuw@@k

couplers may be replaced wt ernate wavel engt lterin
ond|t|0n|ng@h%o®%¢m¢ﬁgarm§p9ftFhﬁgW%YehﬁﬁééblﬁgmHéVPEé§Xl%@ GOrB}280

PCT/ AUCOI 00382, eheA tEeigsebdYat hgpppshtygrat paBtbaakeadral.ectronic
arrangenents wll utilise, noise mnimsation techniques. greferably, al

the optical APREFPELETE cBISCHhpBhERt sSHPRRL BrBEeﬁﬁégﬁe&c FRgSsPRY e

i nst runmenst qgngéfitﬁm& pﬂbééssnﬂhdldﬂghabﬁtfﬁah thbr phorpdeteutputs ports.
Opt i cal deV| ct |ces acoust o- optic devices,

nmagnet o- opt i & V?cgg an%7 egr % opflcal 10 devices nmay al so be
utilised in the system BRIEF DESCRI PTI ON OF THE DRAW NGS Preferred

enbodi ments pf MAt% fé??&& éﬂﬂ@&ih&ﬂt“%ﬁ% Wi EY bEEEs'EE@SEQQtﬁBM by way

of exanpl e, erence to 15 the | om ng raMAn s in which: Figure 1
shows an |nt%@HE&%%Ff|b¥% opeet ewmhedimenkd tbewﬁmﬁVc§F|aﬁy spitakie

utilising thg,odabort rasveeasi 84cht £6hpicgyess i guke, 2accki gure 2b, Figure
2c and Figure 2d are graphs 20 showing the results fromthe sensi ng
arrangenent shown in Figure 1 when a vibrational disturbance was applied
to a short mecétiosr cémbddihehre aipkurilftyeod wbmmsoubéebashceprincipIe

of the wave Uégflseﬁ é:k. Vg ouILe 5 ygggga;gggngggggks”%woghgor

| ocating eve sensi ng hows a conbi d
fibre optic semsimg gnmnal in order to extend the sensing fibre length

15 beyond one communication node.

In a preferred embodiment all the optical fibres and fibre
devices are connected by fusion splices. In another
embodiment the optical fibres and fibre devices are

20 connected by any suitable or appropriate technique, such
as mechanical splices, connectorised leads and through-

adaptors, etc.

In another embodiment the sensing wavelength output port
25 of the WDM coupler is terminated with a reflective mirror

so as to operate the sensing technique in a reflective

mode. Similarly, a mirrored fibre could be connected to

the output port of the WDM coupler.

30 In another embodiment, the transmissive counter-
propagating signal method for locating events is employed,
and suitable optical devices are employed at one or both

ends of the system to detect the signals.

35 In other embodiments the WDM couplers may be replaced with
alternate wavelength filtering, conditioning, combining,

splitting or directing devices.



communi cations arrangenent, utilising a nodalnetric sensing technique and
the ability to locate disturbances fornmed by the nethod of Figure 3; 30
Fi gure 53b%0R746beW showi ng a general enbodi ment of the ppesRRpob@¥LENti ON
for a transm ssive sensing arrangenent operating over a singlenode optical
fibre telecommunication link;, Figure 6 is 2 vi ew showi ng a gener al

enbodi nent of the 35 invention for a refl ec%i ve sensi ng arrangenent
operating over a singlenode qgptical fibre teleconmunication |ink; WO

00/ 67400 PCT/ AB@EFGGS%%Y- @ 1BShirmept ontigady kb GIRF EPIfer al

enbodi ment of tkeangemeRitisoRriflar va itlvitsee Mdd 6 eC it 6 + 4 tiRg & & dgh iSAnsd Ny
and | ocating arrangenent operating over a singlenode optical fibre

tel econmuni cation link; 5 Figure 8 is a view showi ng a general enbodi nent
of the inventPorfkorbdysi adlle tdededtiowit endpredpagatica]l semparentandvill
locating ary anganggla0ae! 3t B0 <% & iHAGLGIRAL cHilddRlndit P e

tel ecommunication [ink;, Figure 9 i's a view show ng another genera

enbodi ment of individupdyeRtigdl Fibxe Aapwh/etrats @ity arr angenent
operating over a nultinode optical fibre teleconmunication [|ink; Figure 10
Is a view showi ng,anot her .general, enbodi nent of the invention for, a
reflective senQPgécé&r dRyaeSr PeGHERCIOPNG CoReViLSfil AIRIRFUIREEA fibre
t el ecommuni cat defrickispkmabingttioe obt iics dawiicew AMAMcY] intedieit gE rastalcal
enbodi nent, of .the inventi for _a -.ended _count er - propagati ng sensing
and | ocat ilnog a??‘éﬁﬁgrsrerr?flyo%‘grsgt ?"r?gutg\\lligrlsae%rrﬁf’t i%rr"oedesyz%eé%‘t ical fibre

tel ecommuni cation link; Figure 12 is a view show ng anot her general

enbodi ment of gkhgri BXERRISFTOR o THAOLRARANRE COUNt er - propagat i ng
sensing and | otatTTy arr;;genent gperattng over a nultinode optical fibre

t el ecormuni cat PEAEPFARS PAdEHEBtE3 ofs they papssmdniimy entrign nerllgdter al
embodi ment further illustrated, by way of example, with reference to

15 the following drawings in which:

Figure 1 shows an integrated fibre optic sensing and
communications system, utilising the modalmetric sensing
téchnique;

Figure 2a, Figure 2b, Figure 2c and Figure 2d are graphs

20 showing the results from the sensing arrangement shown in
Figure 1 when a vibrational disturbance was applied to a
short section of the fibre link;

Figure 3 shows the basic principle of the waveguide
transmissive counter-propagating signal method for

25 locating events in fibre optic sensing systems;

Figure 4 shows a combined fibre optic sensing and
communications arrangement, utilising a modalmetric
sensing technique and the ability to locate disturbances
formed by the method of Figure 3;

30 PFigure 5 is a view showing a general embodiment of the
present invention for a transmissive sensing arrangement
operating over a singlemode optical fibre
telecommunication link;

Figure 6 is a view showing a general embodiment of the

35 invention for a reflective sensing arrangement operating

over a singlemode optical fibre telecommunication link;



of the invention, utilising a plurality of WDM couplers in a singl enode
optical fibre, three-node, point-to-point network arrangement, formng a

junctio arrangenent for the sensing signal in o end t he
EPERE | Bt

30 sens engt h beyond one commruni cati on node; I gure IS a view
showing a further general enbodiment of tBe_invention, utilising a
plurality of WDM couplers in a multinbde opti cal fi bre t hr ee- node,

poi nt-to-point network, formng .a junction epen f L the 35
sensing si gnéllquﬁ'eoﬂde‘rs B &P %%&ﬁ#?? %ngﬁg%/on one
comruni cat i o pgieAfidHD fHY G/ 4b-eritted Rﬁiw&mﬁﬁeﬁag&gugeSQBSLsgaanﬂew
show ng yet oth ener al nye LI bstpgat
transm ssi ve ﬁ’f’tfg franger e%q-td ({Fé]d:t tﬂ{% g?}f- 4 ?%@Me‘é‘g%p eés |arll an
optical fi briileng elopuimoyn iratiork, 1lfrdnm ng several junction by 5 pass
arrangenept s d.or, [N& SENS NG S Wktbwidly 4 ddndfa1 C&hB8dihERL O¥Er Bhe Sensi ng

fibre length across the entire ring topology network; and,Figure 16 is a

vi ew showi ng Jyme!mmmeﬁ"m’géhe?’d}g]eﬁﬁﬂﬁﬁ%rffou%‘Fe%'h%r?H%gﬁF?‘Bﬁ SERFIP€ing a
count er - pr opagay 1N NGk raltyeisht QSﬁéﬁ\glﬁg repgenensingllemo@eéural ity of

WDM coupl ers i.n an opti.cal reri n ol og twork arrangement,
form ng severcRt ’]%tﬁ’tﬁf%fepg %°’%W‘f tg’e?f?sili‘%]? “the sensing signals in

order to ext ermi_;ﬁﬂua DVt & |visenssingwing bamoﬂ:heugtd;leaereésemhedémenteOfi ng
t opol ogy. netwqrk., DETAl LED. SgtRc! T, ERRED, EMBORE VENTS
318 nﬁ%ﬁﬂ r‘?é'ht S o’fm% he i nve |€%lem tf ggngﬂig EM&

Preferre out ngosm l'imtations,

will be furt hesertdsiord becemia iy ks imede cortbcahef s 69etﬁﬁﬁt=%ﬁeala?’ée\ﬁ>ﬂgs

The draw ngs lajb the 20 fol l owi ng enbodi nment s are provided in as general a
[

formas poss € to avoid confusion. Wile it not ' ﬁclflcallrr
stated or il |Risyng ek |#\St¢1ev’f?§fl%‘%°ﬁ’gnge?1‘b%ﬁll‘ﬁ’én gnghd d?‘&&g gBent Lo
preferred emhadi nBRtesntith for a reflective sensing arrangement

15 operating over a multimode optical fibre telecommunication
link;
Figure 11 is a view showing another general embodiment of
the invention for a two-ended counter-propagating sensing
and locating arrangement operating over a multimode

20 optical fibre telecommunication link;
Figure 12 is a view showing another gemeral embodiment of
the invention for a single-ended counter-propagating
sensing and locating arrangement operating over a
multimode optical fibre telecommunication link;

25 Figure 13 is a view showing a further general embodiment
of the invention, utilising a plurality of WDM couplers in
a singlemode optical fibre, three-node, point-to-point
network arrangement, forming a junction by-pass
arrangement for the sensing signal in order to extend the

30 sensing fibre length beyond one communication node;
Figure 14 is a view showing a further general embodiment
of the invention, utilising a plurality of WDM couplers in
a multimode optical fibre, three-node, point-to-point
network, forming a junction by-pass arrangement for the

35 sensing signal in order to extend the sensing fibre length

beyond one communication node;



following features are utilised, and not intentionally 25 omtted, where
appropriate: the distributed sensing technique is based on a nodalnetric
technique utilising the fusion splicing of insensitive singlenode fibre to
sensi ti vEO1%ode fibre; the transnissive counter-proﬁggﬁﬁmﬁamg?gnal

met hod 30 for |ocating events is enployed, _where appropriate, and suitable
optical devices are enployed at one or bo?ﬁ ends of the systemto detect
and process the signals; further siljca wavegui des are connected fo the
main  silica FleEsuilde o CatIRVItGIvel F/UFRST TP R TR TR
order to proygaHdseRsdd i, and Wi deasranshiséivoptésabhe, to add

addi tional del ay between t transm ssive ter-pyropagating signals; WO
00/ 67400 PCT/%I%@%’? ang; a Paﬁ“f%ﬁ%b‘f%%h‘? u?ﬁ%,l%o%%%?‘g%ﬁ%f
phot odet ect orf ilare arigeneripaigbenatsesclvi tfotnirng essverahdi tocht dmgby -

systens. Ln a pref enhadi ngnt L& ed: | cal opsopecsies of the
| i ght source paa}r)ses saﬁrgl{]a%%nat c}':jéglht m@%%:s?%%c%%%eﬂuo a?]d propagated in
t he singl enpdectendedlicl@veradl |srngingtfibre tIrngtyrRrcrPoDatRe ctR e

si ngl enode  flijre vBIH1 JRMBIdEwd g erdyded during the entire period of
travel in theaéfﬁglenDQe fibre. Once the light is |aunched, into

]

he
mul ti mode fi BRSYWG0ma RS & MGIhothe™iing i¥ite, 2RSS ITRIER L nEPBLTBRRY t ed
and the mul tigwdag ifdver wd, del Sedisid | & ecdun et + PHcpagd eiey esensBnge t he

light is_launc back into the singlenpde. fjbre from Lt

[ibre, onPy 2 ARt 10 T it o Lk 15 oo Yoy (268
conponent s ofid hen rstieml |fsidske b5ing/tepolagy Hetwerkiezerangément on and
sensor |ocali | ' Eglc‘agli MECL 4 L 5_ B0 Shaet & Cab- appd i cations,
t he singl eno e&}nll:_%[r&e gsfﬁ"ou E?e médigbrgtr}%l?i cl ent §/r+%'%lg to . attlénuate al |

cl addi ng nodesernising ddgnad s gt REAeREC HHfrnd thaorsera bt | BeNIHRS
preferred emyodifenterjl R85k ftthe haXith 4 retid ofspSlody avetwoik | he

transm SEisve counter- propagating optical signals where this technique is

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments of the invention, without imposing
aﬁy limitations, will be further described with reference
to the above mentioned drawings. The drawings and the

20 following embodiments are provided in as general a form as
possible to avoid confusion. While it may not be
specifically stated or illustrated in the following
embodiments. and drawings, in the preferred embodiments the
following features are utilised, and not intentionally

25 omitted, where appropriate:
° the distributed sensing technique is based on a
modalmetric technique utilising the fusion splicing of
insensitive singlemode fibre to sensitive multimode fibre;
° the transmissive counter-propagating signal method

30 for locating events is employed, where appropriate, and
suitable optical devices are employed at one or both ends
of the system to detect and process the signals;
. further silica waveguides are connected to the main
silica waveguide communication link at either or both ends

35 in order to provide insensitive lead waveguides and, if
applicable, to add additional delay between the

transmissive counter-propagating signals;



utilised; utilisation of properties and characteristics of the
el ectromagnetic radi ation propagating in the wavegui de 25 sensor enabl es

moni t or i\pg ohBrdogke Pl ace in a non- destructive manner. ThpgrAuiGecenNsor is
not necessari?y darmaged, fractured or destroyed in order to nonitor and

| ocate the desired paraneter; utilisatien2df-all-fibre, |ow cost optical
devices in 30 conjunction with |aser diodes, light emtting diodes,

phot odet ect ors, Coupherlshit WD QUMY Soured atdup e ardd |grestsidetdror
wavel engt h mul ti pl exi ng/ denul 'stl%)l ex@g{s{% coupl ers a%%_ggalﬁ MDM

coupl ers, in GFFKERS i Mt % MKP e saeffgj)s"sﬂiatré 1€ HUT T port

devi ce, such aysems.3xlIn Axtefemred ambdiRnEdt6 7400 REGHAUGT Caggral 28
the optical fibres_and fi eV [ | In
anot her errbodPr’?é’ﬁ’tesF%t € op ietéla \ﬁTllcggr&eger%ﬁ;Lﬁﬁér ?L%itcﬂe%s{?a%}c&grﬁlaéﬁ%eed by
any suitabbe drunmiedopmitat @nce@ndrpgated dn dheretinmienede ffavesEiide.
connectori sed fjo‘iag%c%QQstalHi%ﬂh'tﬁ{@QIigﬁb fdpadd il 6ird d |dusdTaiste t he

configuration used for the denonstration of a sinultaneous fibre opti
communi cat i on§ ibaied THETs iGFPas tHRI FAMCASAS (B Ish SRR T O RSt &F of
10 the fibre kirfakeh i9 tthey sSimiglenclie Mikde Mdnthe WHe liglandas d 3 dB (50%
splitting ratio), 2x2 f.ihre couplers 3 %3b t each end t aCLAowfor
the multipl exitRy d&ha 595 é'ﬁ’(‘ﬁhtgmbqfad% %Jé' o évi\fa?/né%(ei‘r%t%lsn ]?er% e
transmtter Zdbaed 4mventhl eceleemands Axcikedinng edpecmMeinodethe 15
choi ce of Sen%li%%e\’\@:\éﬁltlﬁw @&%ﬂlwrttdﬁma %&4‘%&5&&%&%.‘“ tdh&f él'nae
I nGaAs detectorZb in"the conmunications channel” needed to be negligible
at the sensi AgoldyédlsedgumcimdPacihdntamihe cEnormIR el o fdien to
operate at a yaveliaR@ BibA300d1p whidisigitdgnil sansiupsiesnelnavas chosen
to operate at either 633 nmor 850 nm This ensurfed t hat |nter-c£1ané1el
crosst al k wastravels to the optical components of the system. ead-
15 in/lead-out fibre desensitisation and sensor localisation
is achieved in this manner. 1In practical applicationmns,
the singlemode fibre should be made sufficiently long to
attenuate all cladding modes in order to improve the
signal-to-noise ratio. This preferred embodiment applies
20 for both directions of travel of the transmissive counter-
propagating optical signals where this technique is
utilised;
. utilisation of properties and characteristics of the
electromagnetic radiation propagating in the waveguide
25 sensor enables monitoring to take place in a non-
destructive manner. Thus, the sensor is not necessarily
damaged, fractured or destroyed in order to monitor and
locate the desired parameter;
o utilisation of all-fibre, low-cost optical devices in
30 conjunction with laser diodes, light emitting diodes,
photodetectors, couplers, WDM couplers, isolators and
filters;
. the wavelength multiplexing/demultiplexing (WDM)
couplers are 2x1 WDM couplers, in other embodiments they
35 may be any suitable multi-port device, such as 2x2, 3x1,

4x2, etc.; and



negligible, as the Si detector 4b utilised in the sensing channel would
not respond to the 1300 nm communi cations signal. 25 The content of our

af or esaigoly ational Application Nos. PCT/AU95/ 00568 9/ 01028
S |ncorporg‘{62(3Bl into this specification by this referencaeﬂgggg$§%?es 2a,
to 2d show the results fromthe sensing _ajgangenent shown in Figure 1 when
a vibrational disturbance was applied to a short section of the fibre

link using a cantil ever beam arr

ement or & mas t
| ongi tudi nal | § al ofif®t RB*HER éﬁﬁgﬁ 2z ﬁgéﬂﬁ gﬁﬁ <%ﬁ%§§§?33
si ngl ennde ( Skhshibfksphdces. SBIhmmthemD@eLb@Wnefntlsr @hla ipot ik Ic i Hawes

seen, very goo LLy.was | ast WD
00/ 67400 PCT/ i&%cﬁbgﬁzdg!@ﬁgglrgxgréu s %a"?]% #r’g ?%dT l%cbelgpl yIF i dentify

the natural &appgopméptef terbnhaHRyt SUSE a§8mz=hmntﬂh=at}oﬁ?1411qﬁ§s Fi gure 3
shows the éoasbsnﬂébe‘a&@ls@aofleka% WRKE @ 1irdR g b aldadRYHS Siet: .

counter-propagating signal nethod for locating events in fibre optic
sensing systens. The technique relies on the nmeasurenent of the tine delay
or differenceigateeenitlagtiaseisVveheoddndigiraRrdgal iusgd deid adle si gnal s

affected by the sane event nded 10 fd.bre arrange

novel arrangeHﬁﬂPnsEEHFFﬁﬁoﬁg awg&gu?&ﬁfegﬁf' é% I8 FRATS §$§m%FﬁhQ¥§%§%hsly
| aunched, prahdr abhgihgosyateimngl Fhlei giytsteoucoaf iiguratdgposiansiated off a
sensi ng %'C%hot Ehe 08 188 107 ofiBesS 301 Sip kAo UdedIChAGPd by

synchronised p ctors Any Sensed paraneter which acts to alter
the counter- ptepdgaﬂlﬁgd§|dﬁﬁPss PFtéPBéGPtB@ﬂh Fgn didbne, aqywp lenfe 32

nmanner. Howevghg BeCaWsgatheeallf eet ad 16aUHR thORRARiPIGxiTigRAS nust
each continue travelling the renmpinder of the fibre Ien th to th |r

respective phBeBHetePLEFINGnEEftPS §WS0 YAYSHRATES At &
di ff erence bebweagndt ha adeat eetedveirgealds 2Bhand b deiespeucs:mermt | yrhe

proporti%ﬂgl choice of sensing wavelength was important as the

responsivity of the InGaAs detector 2b in the
communications channel needed to be negligible at the
sénsing wavelength. Thus, the communications channel was
chosen to operate at a wavelength of 1300 nm whilst the

20 sensing channel was chosen to operate at either 633 nm or
850 nm. This ensured that inter-channel crosstalk was
negligible, as the Si detector 4b utilised in the sensing
channel would not respond to the 1300 nm communications
signal.

25
The content of our aforesaid International Application

Nos. PCT/AU95/00568 and PCT/AU99/01028 is incorporated

into this specification by this reference.

30 Figures 2a, to 2d show the results from the sensing
arrangement shown in Figure 1 when a vibrational
disturbance was applied to a short section of the fibre
link using a cantilever beam arrangement. The fibre was
simply taped longitudinally along the beam length.

35 Results are shown for a 28 km singlemode (SM) link and a
53 km multimode (MM) fibre link. As can be seen, very
good signal quality was obtained. 1In addition, the Fast



to the location of the sensed event along the fibre length referenced from
Port 1 according to the follow ng formula: Point of disturbance p(,rtj =d
1) 2S (1) where dX is the total length of the optical fibre link, At is
the resMQ U4 ne delay or time difference between the GatAYQ43E; gnal s
and v is the speed of the optical signal ég given by c/nfibre, where c is
the speed of light in a vacuum (3x106 m's) and nfibre is the effective
refractive index of the optical fibre. Sim]ar]y, th i nt_of disturbance
referenced fFOMPRT Trangf oy FHTHY cjoeqr’(iﬁfb\tﬁale%’r% tgtf e it dancep rt,
- 2 (2) W 0@ GAHEhRCHARKY 08882 to 130 ~Thaiefwitweh bdtH hkinkse del ay or
difference is detected and neasured, the | ocation of the event can be
determned. At the sane tine, if a conpatlble sensing nechanismis belng
enpl oyed t he Figneed b\ﬂérqws:améaé)mtpmwmwﬁ tthe geaveduide (i e.

strain, vibratloh, AG0UN | Coufill SSidibpa A SRR A ttiad RSSAE for €1 C.) . In
addltlon non-sensitive fibre optic de [T nes, may be connected to the
sensing fi blecatiglg msfemts gt KR qlht’tﬁ REDS ARV SR i ondr®  del ay

bet ween the ttre%ﬁﬁm%ﬁ Vi I L -t e R b Pk 9 Nt StHéJ todifle tde PAPVOHe
Insensitive lead fibres. This may assist ., engineeri t he technique into a

practical wodditferapaehetesy SEARTRIT %o%t-[eert ?pﬂ'sﬁ?%ur}%sult
il lustrates dptdicdl digrnanuiafikdtoed by ﬁ&mvsaﬂre éemtt himfa t treoeemded 15

fibre ik, by S0 ngl e CSRRPUNE, | SOy Mod e el | QU SRTSLLLVE
it an

and inse fons 1n THiS 1 hfOr mation ¢
easi |y obt ai medreat(ctvﬁe omras:égjln %er’laflrﬁstaazréf aﬁ;@%ﬂmméshf aveepedt | or
post- instal ¥ erdis @ Yid Oynd @Jur@@celﬂm éﬂs@éle& égagth is

known and th tlrre elay, At, is neasured by the syste é
f or war d cal c@fata @@1—@51'% optical fibre or set of flbres an

simultaneously detected by synchronised photodetectors.

Is a straight

15 Any sensed parameter which acts to alter the counter-
propagating signals will effect both signals in the same
manner. However, because the effected counter-propagating
sfi;gnals must each continue travelling the remainder of the
fibre length to their respective photodetectors there is a

20 resultant time delay or time difference between the
detected signals. The time delay is directly proportional
to the location of the sensed event along the fibre length
referenced from Port 1 according to the following formula:

d. —(vAr)

Point of disturbance,,, =——25— > (1)

e

where d, is the total length of the optical fibre link, At
is the resultant time delay or time difference between the
detected signals and v is the speed of the optical signal
30 given by c/nfiprer Where c is the speed of light in a vacuum
(3x10° m/s) and nfipre is the effective refractive index of

the optical fibre.

Similarly, the point of disturbance referenced from Port 2
35 is given by:

d_ +(vAr)
9 (2)

Point of disturbance,,,,, =



Equations 1 or 2 to determne the |ocation of the sensed event. 25 Figure
4 shows a conbined fibre optic sensing and comunications arrangenent,

utilisi Imetric sensing technique and the ability-tRub&6REE
di stur barlgcgs/mﬁgr med by the nmethod of Figure 3. In a pr actfl:cal application

of this technique, it will usually be 3Q dggirable for both | aunch points
of the counter- propagating signals to be at the sanme physical |ocation.

One nethod in which thi hi | n
e e rrrehotdl Dy ETEngoE kit BE1AELEVRE ced oot I Ut dBtdd Hnid ©

arrangenent, magserad) etrheleleéaf—llbneci Fbeu?menﬁ'reeaasbﬁhée@@m}me@atl&?s

fibre, whilst,,{ b £5e2 2Ra3cofBacibiel SERLE ngNthe@BAnTdnt D EURIingy €
required to se}t1 V\Qa'%l% E'%ﬁ a %gtrl gol Et Fu5| on sensg?;n e?vent 60/ 67100

PCT/ AUOQ 0038€mpl<33zeddéb@cﬁ?@ﬁeéna"?%a??&nb&eﬂé‘raﬁ'ntr’r ieen & t he
speci fieds region: 0fibat eies) &vrhihh ehaeaeléh, Acmrsttufcbaahnmﬂan,anyv\mre

al ong t he rrultlm)deflbre sl eeve 4 w generate counter-_po ng
perturbation 5?’@3&F§tuﬁféa§EFFﬁ@)e§tfheef:f"mi ela‘éiﬁ1 t RS S:élggieg%’:eve

time of arrivaibaé opbect aabagi tLﬁ.aESenelyobet Icenhlenh:edu ItIo ahepwensdigdcat i on
of ~the di stugbﬁnceigo bgse%t SE”BQ‘EHI er ”rl‘?x %rd%rat\é' QWS M G hagener al

enbodi nent of t i nven transm ssive sensing
arrangenent ofelayi hgtwaen thei hgheﬁtﬂdésemel §9Ilmﬂilet3’r@r°@é‘lge"(?d-rﬁ%rﬁ%%{ai]§n

i nk. VVHR)re&ﬁ&eQSG?LBVEaQUEﬁsénS1%§%@rdbaa rQ@ p3-<l2f.ef anied rtihedgid  of
the present Invention, coherent |aser |ight at theaa_(ranm veI i:rg%h 15

980 nmis | auﬁegeaeﬁmﬁgatbsotﬁf'hh&ilﬁ&?eH‘B&é’ BpPrest i

pigtailed |laser diode with optional | nt egrated isolator 40 and propagat es
along the optical fibre 6a, .The_opti Qa i.s f 7to
one input ar nEtebsoinEe586F1BE0 RS ﬁgl g‘ﬁ%dghflsbﬁaesoq% éﬁ.@x\%{%ﬁ:}l

mul ti pl exi ng €hapl 8¢ 38 seduiked theohilghknaw the Muipg ofindhhes eadrgwre
reaches tQ? nggLerl§gkLt IS,béggcﬂgg et fggﬁectlve lengths of the

various sensitive and insensitive fibre regions in the
system. This information can be easily obtained at the
désign and installation stages of a project, or post-
installation by the use of an OTDR. Then, once the total

20 length is known and the time delay, At, is measured by the
system, it is a straight forward calculation using

Equations 1 or 2 to determine the location of the sensed

event.

25 Figure 4 shows a combined fibre optic sensing and
communications arrangement, utilising a modalmetric
sensing technique and the ability to locate disturbances
formed by the method of Figure 3. In a practical
application of this technique, it will usually be

30 desirable for both launch points of the counter-
propagating signals to be at the same physical location.
One method in which this can easily be achieved is by
using a multi-fibre cable which will effectively form a
single-ended system. In this arrangement, one singlemode

35 fibre 1 is utilised as the communications fibre, whilst
two fibres 2 and 3, one singlemode and one multimode, are

required to set-up the modalmetric intrusion sensor (event



the output arm 5a of the coupler 30. Sinultaneously, laser light at the
comuni cati ons wavel ength 1550 nmis |aunched into a 1550 nm si ngl enode
optical fibre 7a froma 25 pigtailed |laser diode with optional integrated
i sol at orV9YHY propagates along the optical fibre 7a. TRETOHOVRRFZ fibre
7a is fusion spliced 50 to the second inpyt arm7b of the 980/1550 nm

si ngl enode fibre optic wavel ength nultipl é&xing coupler 30 and when the

| ight at the 30 conyuni cati.ons V\avelqe)n‘?t h reaches the cougl er 30,0t és
|i kewi se br aift9tRF AR i3RD 1P ER TUPIZA I 8R) 0P VERe PEoGBPEF£38%as t he
sensi ng si gnategildniSof tierawest engithimuslé@vrexa ng caupketudBaelbdbhcibent |y

conbi nes both th sensin d co nications_signals ipto.a.singl t put
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1000. Both the conmunications and sensi 2]9 si gnhal s gropagate al ong the
entire |engttthe transmsoternend mf drtrlcl bk i €hllf abtewt FRfsAPSaFsAR| PhK

1000, withoutend st @Fpdiradidd veiseeihereaunti| they reach the 5
opposite end of the link 1000. The 1550 nm si ngl enode optical fibre

transm ssion link 1000 is then fusion spliced 54 to the input arm5b of a
980/ 1550 nm sirglxsrwlel s fd brisevopthawingy ed egidr AR nethbo@isshngofotpeer 32
and when. .the_signal s. reach. the. coupler 32 th r | Ci

separ at e?:ioan&’roer%rft et ‘Beuctll'on of?ﬁoé)stgrp%r%% lesg%%lg %%%%é%%i gg%ﬁ?%ﬁ?ngrnﬁ 6¢C
and 7c of thepsugliorg 3Xede sB80lemedepical ghdbreut put arm 6¢ of the

wavel engt h dce'e_rvlu,l1 | i dUk LD ik 32 wheh NEDedHSh 08 €8l kg§HraBsio a 980
nm si ngl enode T érdeng%\%ﬁp% all ed InGaAs-detector 42. 15 Si%grarly, t he 1550

nm comuni catdssierd&inmdio cutRRRLenrRd emkpdimeny,9€| ERGt RTBERBEL i p! exi ng
coupl er 32 i st {15 Wbhentnts erhHbr t Dight 500 tHe Skegk Ay dRate Dergn

i s seonieeted o palalLes cets, fhlec ol B tanl LYy SORLRRL o
6a from a pigtailed laser diode with optional integrated
isolator 40 and propagates along the optical fibre 6a.

The optical fibre 6a is fusion spliced 57 to one input arm
6b of a 980/1550 nm singlemode fibre optic wavelength

20 multiplexing coupler 30 and when the light at the sensing
wavelength reaches the coupler 30 it is branched out into
the output arm 5a of the coupler 30. Simultaneously,
laser light at the communications wavelength 1550 nm is
launched into a 1550 nm singlemode optical fibre 7a from a

25 pigtailed laser diode with optional integrated isolator 20
and propagates along the optical fibre 7a. The optical
fibre 7a is fusion spliced 50 to the second input arm 7b
of the 980/1550 nm singlemode fibre optic wavelength
multiplexing coupler 30 and when the light at the

30 communications wavelength reaches the coupler 30 it is
likewise branched out into the same output arm 5a of the
coupler 30 as the sensing signal. Thus, the wavelength
multiplexing coupler 30 efficiently combines both the
sensing and communications signals into a single output

35 coupler arm 5a. The output arm 5a of the wavelength
multiplexing coupler 30 is then fusion spliced 52 directly

to the main 1550 nm singlemode optical fibre transmission



20 al gorithns process the signals fromthe photodetectors to obtain the
desired information. Figure 6 is a view show ng a general enbodi nent of the

i nventi QPofhek74e " €f | ective sensing arrangenent operating gérR¥660@ds2
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Figure 6, according to a preferred arrandgénent of the present invention,
coherent laser light at the sensing wavel ength 980 nmis launched into a
980 nm si ngleimkiel®pdi cadoth brhee Georfmaomi capighai &vd sSeseingdi stlgn8Dswi t h

optional integrated ég%%’g Ot:f\l@e :%%%;%p%%g%gﬁ akopge ibgoopkical fibre 6a.

The optical fibre oa 1 0 one Input armo6e of a 980 nm
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reaches the COURLSFodthd tedsh REANCheS L, | k011 Nenoy! PbAcRSEREM Bg Of the
coupler 44. It a wavel ength rrultlcfjlcrﬁg:jln(gqocou ler with two, output _arnms is

used t hen5t heeRRRSEER £ ¢5 the ot hErGi 259 ePHi fiRreleredsavoi d
back WO 00/ 6 74s &3IT/ ALKXE 0D2fPsmiSSion ef L@t 1006. iThehénghussbnt he sensing

wavel ength then , prop tes .along optical_fibre 6 ptical_fibre.6g
is fusion splﬁlrlBe’ocp%‘g ?‘ga‘o%e”r%ph S AR o 3£930?§gg€§?,§n g, ﬁb’i‘%%%‘&%d i bre
optic wavel elntgiﬂsniénbp&iﬁ emavg}wqﬁ eier&ﬂltslzaheh{ _iangncohﬁlerghz gndthltaﬁn
sensi ng wavel,engt h. r e
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communi cafi oreenenatehand IH5RGHed oY aukrbedtvat 8eR21E5® aRd) si ngl enpde

optical fibredaddovéd Aihet | Hend 36@radd fkogde vhehcoRpiepasaintegeated
I sol ator 20 and propagates aJong the optical fibre 7a. The tical fibre
7a is fusi o &) REZNIDH I c‘b‘h’ip‘f?lp%’c'mafﬁ ‘7§ Wgt‘ﬁ%"eggﬁ?’éw nm
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conbi nes bot kbé k&é%é‘ﬂa% demultiplexing coupler 32 is then fusion
spliced 56 to a 1550 nm singlemode fibre 7d which is
connected to pigtailed InGaAs detector 22. Finally,
appropriate electronics, signal processing schemes and
20 algorithms process the signals from the photodetectors to

obtain the desired information.

Figure 6 is a view showing a general embodiment of the
invention for a reflective sensing arrangement operating
25 over a singlemode optical fibre telecommunication link.
In the embodiment of Figure 6, according to a preferred
arrangement of the present invention, coherent laser light
at the sensing wavelength 980 nm is launched into a 980 nm
singlemode optical fibre 6a from a pigtailed laser diode
30 with optional integrated isolator 40 and propagates along
the optical fibre 6a. The optical fibre 6a is fusion
spliced 60 to one input arm 6e of a 980 nm singlemode
coupler 44 and when the light at the sensing wavelength
reaches the coupler 44 it is branched out into the output
35 arm 6g of the coupler 44. If a wavelength multiplexing
coupler with two output arms is used then the unused arm

is fractured or otherwise terminated to avoid back-



communi cations signals into a single output coupler arm 20 5a. The out put
arm 5a of the wavelength nmultiplexing coupler 30 is then fusion spliced 52

directly main 1550 nm si ngl enode optical fibre tr 1 ssion |ink
1000. {)ﬁm/%% % communi cati ons and sensi ng signals pr opagge'i/nuii?/g(%z t he

entire length of the 1550 nm si ngl enode opta3xal 25 fibre transm ssion |ink
1000, without interfering wth one another, until they reach the opposite
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denul ti pl exd nganduphen 8Bei ilghenat35hbusemsmpﬂ waere l'ehdth aesiesaimhe
singl enode fibre 7 I gt,ak: Le dat ofrs ' I gnal
out put arm 6¢ o?ngggwgbe %ng ngﬁ% t?p?’g%l ﬁél%%ou-ﬁ Q%%%%S???ﬁ%é
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6h term nat ed.Whlin2chelibas! WiGeTehbeh 4650The @ SahchidNaled S HED
refl ected back in the_opposite direction along fibres 6h, 6c¢c, 5b, 1000,

5a, 6b and 6g, MBn8iBFARBRER SPEAFBdgHiB3GpIar t48™ & BHGRAELeMIBSeTThus t he

sensi ng q@nahlaaepagaheswhaﬁglt hateairated a&@uht@;fr t2ve athib @ ruPagates
si ngl enode opti

re t ans I_nk 0t fec vel
doubl i ng sensi ?‘iﬁ?’r‘?y ?hgpgﬂlfﬁ ér Fﬁe6lf7 Jrgﬁ O(Pod'bclal fe&) t.7!tahen f usi on
spliced 66 to &u986nnspllceidn§letodshfi Iseso@d pingtudi laguh 73GaSs tdet ect or 42.

Finally, appropghdsgst! gl k9AbTnodkdRdbl 3pRSY Uveihaes it @l ealiids M

process the signals fromt etectors ' to obtain e desire
i nformation. 18oFpgare3? pydawhpBwtiRokigdtanst Fée &éﬁ@\“ﬁ‘llmﬁmnt of

the invention {gfefehyoncpdadneauiher cphLPNaGaBONE tSARS1Nkewdld H¥GIHIHEG
arrangement, agggrgggg Egetggmgegﬂgguthggg EQ of the coupler 30 as the

sensing signal. Thus, the wavelength multiplexing coupler
30 efficiently combines both the sensing and
communications signals into a single output coupler arm

20 5a. The output arm 5a of the wavelength multiplexing
coupler 30 is then fusion spliced 52 directly to the main
1550 nm singlemode optical fibre transmission link 1000.
Both the communications and sensing signals propagate
along the entire length of the 1550 nm singlemode optical

25 fibre transmission link 1000, without interfering with one
another, until they reach the opposite end of the link
1000. The 1550 nm singlemode optical fibre transmission
link 1000 is then fusion spliced 54 to the input arm 5b of
a 980/1550 nm singlemode fibre optic wavelength

30 demultiplexing coupler 32 and when the signals reach the
coupler 32 they are efficiently separated and branched out
into two separate and respective output arms 6c and 7c¢ of
the coupler 32. The 1550 nm communications signal output
arm 7c of the wavelength demultiplexing coupler 32 is then

35 fusion spliced 56 to a 1550 nm singlemode fibre 74
pigtailed InGaAs detector 22. The 980 nm sensing signal

output arm 6c of the wavelength demultiplexing coupler 32



Figure 3, operating over a singlenode optical fibre teleconmunication
link. A 980 nm counter-propagating 20 sensing system 300 is used to | aunch

a sensing signal in one direction of the 1550 nm singl enpde optical fibre
transm ég‘?B'H Phk 1000 and the system 300 i s suitably ti?fg'[/éyﬁ%‘#ﬁgzni sed

with a second 980 nm count er - propagati ng-sggsing system 320 | aunching a
sensing signal in the 25 opposite direction of the 1550 nm si ngl enode
optical fibre, ! gaameasion Ltk cLa0®a A Jisddinhancs, & diidde 3tised %o
alter the counfger-propagat_l ng-sensing si gnaal_s along Tin 1000 w ef fect
both signal s terminatgdewiingr rafidraldive mucne 4¢he Fhectersing

count er - propagaikhad $isIRahs rd®18ide@HATICAH it Pyl déd Nl e iemi nder
of the fibre léngth to their respe%';l ve photodetectors in s s%elfm; 301(1) dand
¥ % Hipgicne

320 there is &lPBgufikmes: fhe 88 ay or 190 A% SRR 4ot
det ect ed si gnéhSoudhe cbupi edelddy tics ctitprnt lagm EHOPOrthwnathé oséhmeingcat i on

of the sensed event along the 35.fibre.length, as described ear]ier._Tinme
synchr oni sat i §A9% éft Rgé’ﬁggf}é:teesm gagcé"etsf%‘tilsrel rsrlpeorﬁtg?ltolgnt%eetie#%a nlln;\rll-g t he
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enbodi ment  of "the Tnvention for "a single-ended counter-propagating

sensi ng and | sbat cayrderaddeddnither dsdiany st k9rd ik Hetl S Wi n Figure

4, operatifng QYagiamsuldramede eldiGtaifldd hdLdLuuamisatimn ink. A

si ngl e-ended 980 nm counter-propagati ng sensing system 350 is, used to

si nul t aneous| FiPadd¥n, aBPcFﬁ&ﬁpdﬁ?ea%a'ﬁﬁfgﬁﬁcﬁ'\/ﬁ’c%}ﬁﬁ AECPTHIHYAL i ng

sensi ng si gnakghiefiekhanisad gomitihng e sk) tipt | sciagndldrErdm artseri SSi on
link 1000 fusion,spliced 74 t.her_.optj cal_fibr | or nmulti
noded) in thepg’ﬁ?%?aeglgc%é%rsb>t‘/:%c%Q%%Meoéneysaidﬁes% ur efacgrlz?;f{gfnlg’i at acts to
alter the counter-propagating sensing signals along |inks 1000 and/or 1200

will effectd bath sionalis bnlile SH%R kR HYHer HUMEWA: dRseuSteddcos
O e O e Brnveation Tor o o enbed Couhter propagating sansiny
remai nder of the invention propag g g
and locating arrangement, according to the method shown in
Figure 3, operating over a singlemode optical fibre
telecommunication link. A 980 nm counter-propagating
20 sensing system 300 is used to launch a sensing signal in
one direction of the 1550 nm singlemode optical fibre
transmission link 1000 and the system 300 is suitably
time-synchronised with a second 980 nm counter-propagating
sensing system 320 launching a sensing signal in the
25 opposite direction of the 1550 nm singlemode optical fibre
transmission link 1000. Any disturbance P that acts to
alter the counter-propagating sensing signals along link
1000 will effect both signals in the same manner.
However, because the effected counter-propagating signals
30 must each continue travelling the remainder of the fibre
length to their respective photodetectors in systems 300
and 320 there is a resultant time delay or time difference
between the detected signals. The time delay is directly
proportional to the location of the sensed event along the
35 fibre length, as described earlier. Time synchronisation
between system 300 and 320 is important in determining the

time difference between the counter-propagating signals.



fibre length to their respective photodetectors in system 350 there is a
resultant tine delay or tine difference between the detected signals. The

tinme delwo?,guqbrect ly 20 proportional to the |ocation opctReosenaged event
al ong the I bre length, as described earlier. Time synchronisation in

this case can be easily achieved by util+sBhg-a common signal acquisition
system 25 Figure 9 is a view show ng anot her general enbodi nent of the
present invention for a transm ssive sensing arrangenent operating over a

mul tinode optical fibre telecomunication link. Wth reference to, Fiqure
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signals must each continue travelling the remainder of the
fibre length to their respective photodetectors in system
350 there is a resultant time delay or time difference
between the detected signals. The time delay is directly
20 proportional to the location of the sensed event along the
fibre length, as described earlier. Time synchronisation
in this case can be easily achieved by utilising a common

signal acquisition system.

25 Figure 9 is a view showing another general embodiment of
the present invention for a transmissive sensing
arrangement operating over a multimode optical fibre
telecommunication link. With reference to Figure 9,
according to another preferred embodiment of the present

30 invention, coherent laser light at the sensing wavelength
1310 nm is launched into a 1310 nm singlemode optical
fibre 8a from a pigtailed laser diode with optional
integrated isolator 41 and propagates along the optical
fibre 8a. The optical fibre 8a is fusion spliced 84 to

35 one input arm 8b of a 850/1310 nm multimode fibre optic
wavelength multiplexing coupler 34 and when the light at

the sensing wavelength reaches the coupler 34 it is



81 directly to the main nultinode optical fibre transm ssion |ink 1500.
Both the communi cations and sensing signals propagate along the entire

| engt h | ti mode optical fibre transm ssion |ink ] ut 20
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c
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Final |y, apprdpiER €21 ect %n‘? 1eat (hPTr 32 el &ségnsﬁﬁ aﬁa

al gorithns pragdessdédendi Dnalts dr10n9b het phet 86er 231 0r smt oudbimedet hebre
desired infornati.on 0/ 84400, () 0038 7 r L§.a View
show ng anot herptglecne"‘rr13/1‘\?Prr‘é)%%h f%éfy eglgv‘gﬁ%legn3?o£g§ ‘?lél%ﬁe%tﬁ?ve
sensi ng arrandershtt abvpsheit¢ommwvisations t wapebengthcapachpsethe coupler

tel ecomuppcaty on; ¢ |{ 0k s tdeide 9ADOCH 0BG L O 1 5LIUERe 10am8CEREFUBTalR Be
anot her preferred arrangenent_of the present invention, _coherent Iaser

light at the iR SeuRIeNg4S asEheseRsing RigBalt nt Thus13%8en
si ngl enode Optwaﬁﬁéléﬂgme malfipleeingi gbaples Baseffichdntbist. boﬁbineﬁal

integrated isqlator 41 _and. tes al ong, the_opt fibre 8
opt i Cal 10 11 FEBAHS TERTHP DI CETBE DX BNESF nUPaRH BACRr So52418 nm

si ngl enpde coupltasutlcaumll etheaxts hec | | ghihe adutiret 8emsbagofiavbeéengt h reaches
the coupl gt 4%&Jei§?£€}?mpf&1ﬁ§'tQoﬁﬁ'fei)uﬁ@ug.saﬁ H0£8k ;s bhCspovaLar
45-. |If a Cou Wo out

ut arms 1s used then the unused arm
81 directly to the main multimode optical fibre

transmission link 1500. Both the communications and
sénsing signals propagate along the entire length of the
multimode optical fibre transmission link 1500, without
20 interfering with one another, until they reach the
opposite end of the link 1500. The multimode optical
fibre transmission link 1500 is then fusion spliced 82 to
the input arm 54 of a 850/1310 nm multimode fibre optic
wavelength demultiplexing coupler 36 and when the signals
25 reach the coupler 36 they are efficiently separated and
branched out into two separate and respective output arms
8c and 9c¢ of the coupler 36. The 1310 nm sensing signal
output arm 8c of the wavelength demultiplexing coupler 36
is then fusion spliced 88 to a 1310 nm singlemode fibre 8d
30 pigtailed InGaAs detector 43. Similarly, the 850 nm
communications signal output arm 9c of the wavelength
demultiplexing coupler 36 is then fusion spliced 83 to a
multimode fibre 94 pigtailed or receptacled Si detector
27. Finally, appropriate electronics, signal processing
35 schemes and algorithms process the signals from the

photodetectors to obtain the desired information.



15 is fractured or otherwi se termnated to avoid back- reflections. The
| ight at the sensing wavel ength then propagates along optical fibre 8g.

The opti\g,gloolf‘si,jaf,e 8g is fusion spliced 87 to one input apgrlesboss:
850/ 1310 nm nultinode fibre optic wavel ength nultiplexing coupler 34 20

and when the light at the sensing wavel ergBl reaches the «coupler 34 it is
branched out into the output arm5c of the coupler 34. |If a wavel ength
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coupl er 34 and, gyhen, the ,1d.oh; fe the CRIMLILLALS ApsvUBYREERTI D16 0akhes the
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coupler 34 it 1S kewi se%ranc ed out 1nto the sane output arm5c of the
coupl er 34 as YdvnahetiimFasignel10 Tussingkenode Rt £t nEHBFE| P ekFAY 2
coupl er 34 ef fighent]aa QuElNesi okt theoseNshaly dnfegoaBEAl LobLOEST 41
signals into a single output cou If(é;' armpc._ T outé)ut a*ngc gf Lhe WO
00/ 67400 PCT/ AFORYXFRROatess a%%?@l Yt PRt fg°2oupf 8 W€t hen
fusion sphbhcedeirile B4 e | fudioon hep bt ed nBié t t sroskee ojphpetl atmb8e of a
transm ssion |jnk 1500., Bath the Lcatio S [
propagat e al or&*%ﬂrﬁﬁrf%lﬂon%? hg%%g#%% ? n%?%i‘?rﬂb%é éo%%l%%?h?i %F‘Z{ﬁe
transni ssi on |sensikEdOyaveldrath Ferchéertng epumlenect anbthes buasshedhey
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transm ssion | | en fusion spliced 82 to _the input arm5d of a
850/ 1310 nm meQupiksle With EWtPRERBE vBEBS chyt pSernteR pFBR i FEUEBIpREF 36

and when the sjgnalsctdRathot heckorpliee Bérhiwytédecefdvei@nbayksepar at ed
and  branched £2¥1;£E£LAQ¥)E& é”f%gh@ﬂgtrgﬁgegéﬁgfngu& 3&18£8Eh then
propagates along optical fibre 8g. The optical fibre 8g
is fusion spliced 87 to one input arm 8b of a 850/1310 nm
multimode fibre optic wavelength multiplexing coupler 34

20 and when the light at the sensing wavelength reaches the
coupler 34 it is branched out into the output arm 5c of
the coupler 34. If a wavelength multiplexing coupler with
two output arms is used then the unused arm is fractured
or otherwise terminated to avoid back-reflections.

25 Simultaneously, laser light at the communications
wavelength 850 nm is launched into a multimode optical
fibre 9a from a pigtailed laser diode with optional
integrated isolator 25 and propagates along the optical
fibre 9a. The optical fibre 9a is fusion spliced 80 to

30 the second input arm 9b of the 850/1310 nm multimode fibre
optic wavelength multiplexing coupler 34 and when the
light ét the communications wavelength reaches the coupler
34 it is likewise branched out into the same output arm 5c
of the coupler 34 as the sensing signal. Thus, the

35 wavelength multiplexing coupler 34 efficiently combines
both the sensing and communications signals into a single

output coupler arm 5c. The output arm 5c of the



8c and 9c of the coupler 36. The 850 nm communi cati ons signal output arm
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sensing si gnalbraszﬁeme &ﬁpq&iﬁ& i esdpHrn atrkua f@éﬁbd&wé rmdepwtaﬁaé
fibre transm ssion |ink 150 Anéxgllstur%anc acts to alter.the

count er - pr opadst i Shaih ¢ P TR LR EH
signal s in theisga radmit a]:ﬁn I-&mm@rthebmshaﬂm eldnacl eipblexing

counter - pf oPAGALIC,S  H'AS eBiF e Bk Y IUE ¢ AL AL DGede BT Of

9d pigtailed or receptacled Si detector 27. The 1310 nm
sensing signal output arm 8c of the wavelength
démultiplexing coupler 36 is then fusion spliced 88 to a
1310 nm singlemode or multimode fibre 8h terminated with a

20 reflective mirror 47. The sensing signal is thus
reflected back in the opposite direction along fibres 8h,
8c, 5d, 1500, 5c¢, 8b and 8g, and branched through coupler
45 to output arm 8f. Thus the sensing signal propagates
along the entire length of the multimode optical fibre

25 transmission link 1500 twice, effectively doubling
sensitivity. The output arm 8f of the coupler 45 is then
fusion spliced 89 to a 1310 nm singlemode fibre 8d
pigtailed InGaAs detector 43. Finally, appropriate
electronics, signal processing schemes and algorithms

30 process the signals from the photodetectors to obtain the

desired information.

Figure 11 is a view showing another general embodiment of
the invention for a two-ended counter-propagating sensing

35 and locating arrangement, according to the method shown in
Figure 3, operating over a multimode optical fibre

telecommunication link. A 1310 nm counter-propagating



|l ength to their respective photodetectors in systens 400 and 420 there is
a resultant tine delay or tinme difference between the detected signals.
The ti mayd@h@Yshs directly 15 proportional to the |ocati opcefavohreossensed
event along the fibre length, as described earlier. Tine synchronisation
bet ween system 400 and 420 is inportant Fn3determning the tine difference
bet ween the counter-propagating signals. 20 Figure 12 is a view show ng
anot her gener 3o AMRdidpef40d s ivnsdti®OMdhicR §i 8gheingdedgnal in
count er - propagati n sensi ng nfgtl ocaliggujzrran emanti afcgrgirgg to the
met hod shown 9n¢ lgﬁ?r"é“tﬁno‘igr T MR UL HBPLT nBRE 8Pt 4P fi bre
t el econmuni catdhdniitksidh sl e300 ethd 3e ney 25em 0400 ei s psvphghlvng
sensing system.450 is used ¢ ' tan C te and nonitor
two counter- ;ﬁ)ﬁ‘bea'gsz%’}c grqsnelnés)?dn;&%%n%l gg#lﬁﬁ%lh:{eﬁngl%“n‘g%‘???rg e opti cal
fibre transni sxtapaddtiind 50ns$ing Y SpRn ce20 dlaunchipg her seBpingafigrate
(single or mJIit,% gfped%ppagy[é@edf@é@c%n?@fn&@éba{agab,helézxqedgmytical

a a

di sturbance that acts to alter the counter-propagating sensi ng S|gnal S
al ong |inks 150dreafransmirpdicR | i 110 pbotdnX| GhaFerbPantRetEatedfibifiner .

However, becayse 1 efdiast esheesiieropd SpeDes | Sgnsigeaksgnaust akans
conti nue travel th to their

1i ngjéq_té{]e re ingfgr of, the f] brel35. I ePﬁe otheir
respective photidtet@dbretth eETEmRAe” $HRalTs* ] FREUPRRRt "¢ FRe  del ay or
time diffepenevisieserbeddesdactloetefif et gad| soudbertprnepdghtyngssionats| y
WO 00/ 67400 PCT/ AUOQ Q03 - | o, : tLen ensed
event al ong t At i"i’o‘arcg'x Icgoﬁ%%hrﬁp%sﬁd%g%#brg%a%%% f%ﬁsl ?gng ggngﬁ%oﬁ:ﬂgg?l on
in this case demdih dasitheirtesrechiveiphoodgtaceonfoi™ syghams 400
acqui sition Sy§iLMye (R 6id 3 | Sedult £Ye SOONE Ndle Baf UbE NEEngCAEE Bbrence
enbodi nent of the i1 nvention, utilisjng a plurali t?\./mof V\i)l\/l couplers Iﬂ{ a
si ngl empde opthetaresn Hrhe 4ohected Rttt - tTEPoFHPe AeLa¥r kSaPFERGEMENL
form ng ajpungicybiyidiass g thié angeaeidnfof the sensedgeseghaklbngother
to extend the

fibre length, as described earlier. Time synchronisation
between system 400 and 420 is important in determining the

time difference between the counter-propagating signals.

20 Figure 12 is a view showing another general embodiment of
the invention for a single-ended counter-propagating
sensing and locating arrangement, according to the method
shown in Figure 4, operating over a multimode optical
fibre telecommunication link. A single-ended 1310 nm

25 counter-propagating sensing system 450 is used to
simultaneously launch, propagate and monitor two counter-
propagating sensing signals in the main multimode optical
fibre transmission link 1500 fusion spliced 94 to another
optical fibre (single or multi moded) in the same or

30 nearby cable 1700. Any disturbance that acts to alter the
counter-propagating sensing signals along links 1500
and/or 1700 will effect both signals in the same manner.
However, because the effected counter-propagating signals
must each continue travelling the remainder of the fibre

35 length to their respective photodetectors in system 450
there is a resultant time delay or time difference between

the detected signals. The time delay is directly



sensing fibre |l ength beyond one communi cati on node. Wth reference to
Figure 13, according to a further-preferred enbodinent of the present
inventiq,poo@g.%?i ng at Conmmuni cati ons Node 1 N1 coherent pepRiodb@dgs at the
15 sensing wavel ength 980 nmis |launched into a 980 nm singl enode opti cal
fibre 16a froma pigtailed | aser diode wt4éooptional integrated isolator
140 and propagates along the optical fibre 16a. The optical fibre 16a is

fusion spli Cﬁ@o?)él‘t&gngﬂetbnﬂﬂé_ a6BRL6bn0L£a tIRD/SLERRA Wredlt SiiRglLraMie
fibre optic wavelen mul ti pl exi ngﬁﬁoupl er /130 and when the t .at the

th | i.gh
sensi ng wavel EABFR gé&@ﬁ@s pRedeE6apPER B3 LT -s DTt T °nflt%lha(3”t%
out put arm 15anothikheaseuphar b£38asSilpuhichiiestss Wy aitiddrnminy @atdamsorNode
1 Ilaser light, at Ehe com’rurg_i.c%t isog wavel ength 1550 nmis 25 launched into
a 1550 nm si ngrERBde 2SF AN PofE 78 from a pigtailed | aser diode with
optional imtegrated isolator 120 and propagates along the optical fibre
17a. The opt} fibre.Ll7a I ' 158! 12¢e4 A5 i 256 b a iind arm
17b of the 98‘6%%13% ?1%1 g%ngl keringgg%?%%rfgao& %gl 30 V\I_/;\%el en atg"'h mul t%lg%({%_ng
coupl er 130 anrd wheninNentighy HtilifdngomnPivEalidns VBl FRUPLaFT Hes
the coupler 130gihgikmoliekepiseabr #aehe] Quirddlimbddle gt -Md-pdimd m 15a
of the coupler 138 as the sensing_signal. Thus, the vel ength
nul ti pl exi ng BEEHPEK 23IFBLEMEREMt If?‘g‘&ﬁ'ﬁl Red BRSH- 45 \Lﬁ\éayt'}?e?ssggnsi ng and
communi catd ongrghgfamenitnforatiiengeasingt plignaduplreromian e exbend uthrut

arm 15a of the wavele h | tiplexin oupler_ 1 1S fusj on lJ,ced
WD 00/ 67400 PEFFALRS ggggfwﬂeﬁg%légv%p?ec W °t°<5“3"lq‘h’{e1°r?a| dhy e Wer

si ngl enode optefakehickr 6o Fignsei 33 onckiomdiz@0o RBotfunther anafaxzad ons
and sensing gj i 0paoehe PheRlentNsnSRkidi®d endidrdind ke 1550 nm

si ngl enode optgilr'%g?g'%iegﬁegt%r g%smissi orrll | i pk 26:010, 5wt h_oJltgti nterfering with
one anot her, GemmpnigafipsgschofRel HipGsbeseaitd 1sehd 1tk Podde The 1550
nm si ngl enpde geQRY hgalrakieheagthansnl sai @R TatihcHY intd kemdousinon  spliced

154 to the Ingggggggh gbogii%a%8¥é£§%01%g from a pigtailed laser diode

with optional integrated isolator 140 and propagates along
the optical fibre 16a. The optical fibre l1l6a is fusion
spliced 157 to one input arm 16b of a 980/1550 nm

20 singlemode fibre optic wavelength multiplexing coupler 130
and when the light at the sensing wavelength reaches the
coupler 130 it is branched out into the output arm 15a of
the coupler 130. Simultaneously, at Communications Node 1
laser light at the communications wavelength 1550 nm is

25 launched into a 1550 nm singlemode optical fibre 17a from
a pigtailed laser diode with optional integrated isolator
120 and propagates along the optical fibre 17a. The
optical fibre 17a is fusion spliced 150 to the second
input arm 17b of the 980/1550 nm singlemode fibre optic

30 wavelength multiplexing coupler 130 and when the light at
the communications wavelength reaches the coupler 130 it
is likewise branched out into the same output arm 15a of
the coupler 130 as the sensing signal. Thus, the
wavelength multiplexing coupler 130 efficiently combines

35 both the sensing and communications signals into a single
output coupler arm l5a. The output arm 15a of the

wavelength multiplexing coupler 130 is then fusion spliced



si ngl enode fibre optic wavel ength denul tipl exi ng coupler 10 132 and when
the signals reach the coupler 132 they are efficiently separated and

branchedygyhshfdh0 tWwo separate and respective output arnpctawoeetesl/c of
the coupler 132. The 1550 nm conmmuni cati ons signal output arm17c of the

wavel engt h denul ti pl exi ng coupl er 132 is~thé&n-fusion 15 spliced 156 to a
1550 nm si ngl enode fibre 17d pigtailed |InGaAs detector 122 at
Comuni cat i ongsidodd rachly Woerthe apEimoprSst ewrelwictglomads optgiedl prideessi ng

schemes and = alQolhIIs I 9aess Aghd S| el dlomddgphaladalochpy 122 to

obtain the desiteqd communi cations i nf or mat | on. | nm sensi ng signal
out put ar m 16seafsinge sianellenprieragatns talsinskithe anipizg 49wt ehdmr9 usi on

spliced 158 t Q530 980 siHyQlembaed JpPitaNg! Gmde nid s sdidH e 2001200 ch
acts to by-pass Comruni cations Node 2 so that the sensjng si

|
cont i nuous® pr ¥&geUtndPteREEFI "G R CRs aRetlsie Wit .el‘?:?ﬁ%?%itﬁge on,

t he sensing sb?,@asi&-_au%nﬂr Fagdieed ind @UPJ.UNClHeO N 3B0 A Ssindleanat01 unti |
fibre 2001 is fusi

0 pliced 257 t.0._ane inpyt 116h ,of 980/.1550 nm
si ngl enode fi B’Pélé’ﬁ'ai %H&?&\%I gr?é’tsﬁur?uﬁlﬁrbIlé#%ﬂd@upﬁse%%baf%snlao%en t he
light at the spidiced uadeitenghie rewsiresxrhel 30 «Owp|HH0/23T50 tams br anched
out into the gyt aul 183 lopdil® il diladds Qo ML AREHS douiier

S €

Communi cat i on | aser |ight at the comrunications wavel ength 1550 nm
is |aunched il3Roand]%berhe Fdienpdde randte he januplery 33 dhew Yt ai | ed

| aser di ode Wilel;0RERhe1d siepbedidle hrd Hralidihedbd AA0 BHib WA Had ong
the optical fibre 11

7a. The optical fibre 117a is fusion spliced 250 to
the second i ApGt TEEREEEHY S0 PURI Y9 SF 5P hAnd r‘?&cerﬂﬁjé:r}f‘? b‘?‘ﬂ‘%pefxi' cqlé)
00/ 67_400 - 42 ThBCI/sAUOQhQQ:&BﬁM&tﬁJ@H‘I sigrialpleaxiput: Gonpl Xrc 230 taﬁd Wh_en
e LT ISR R SO DN EAE0 UL 1S
the sensilg sispldkedTABS, toha 355 eime sjinylaxade| ke ks 3 iegt 2igied
efficiently ngagﬂgsdetector 122 at Communications Node 2 N2, where
appropriate electronics, signal processing schemes and
algorithms process the signals from the photodetector 122
to obtain the desired communications information. The 980
20 nm sensing signal output arm 1l6c of the wavelength
demultiplexing coupler 132 is then fusion spliced 158 to a
980 nm or 1550 nm singlemode optical fibre 2001 which acts
to by-pass Communications Node 2 so that the sensing
signal continuous propagating towards Communications Node
25 3 N3. Continuing on, the sensing signal thus propagates
along junction by-pass fibre 2001 until fibre 2001 is
fusion spliced 257 to one input arm 116b of a 980/1550 nm
singlemode fibre optic wavelength multiplexing coupler 230
and when the light at the sensing wavelength reaches the
30 coupler 230 it is branched out into the output arm 1l15a of
the coupler 230. Simultaneously, at Communications Node 2
laser light at the communications wavelength 1550 nm is
launched into a 1550 nm singlemode optical fibre 117a from
a pigtailed laser diode with optional integrated isolator
35 220 and propagates along the optical fibre 117a. The
optical fibre 117a is fusion spliced 250 to the second

input arm 117b of the 980/1550 nm singlemode fibre optic



both the sensing and conmuni cations signals into a single output coupler
arm 115a. The output arm 115a of the wavel ength nultipl exing coupler 230 is

t hen fu%qgw%ip‘h' ced 252 directly to the second nain 1550¥€%pélﬁ'd)&)l3§\2rmde

opti cal e transm ssion |link 2002. Both the comrun ns-and
sensing signals propagate along the entirgqd ength of the 1550 nm
singl enode optical fibre transmssion |ink 2002, wthout interfering with

one another, unti] t r ._0op | e o] h L.n 0 he, 1550
nm si ngl emdéval‘ée)oed?qk%elglm‘?‘?%{%i%ggﬁxﬁgm&gg#%%rl ?%E %Bgﬁllh%ht }el% ?éngngt
spliced 254 tthe heonmypuicationd Shavelenggld/ 168cham thengPerdas £PBrétoptic
wavel engt h dey 'fi@éﬁ%?%f%@& o¥82i AP ¥henshhe shepaksakpathskhes

coupl er 232 t'hey are ficiently separated and branched out_into two
separate 20 dwP reaprker 230 @ putharfendine shanr2izc SPUFhetBSupl er 232.

The 1550 BM GWaHUsqh ORS16iTekiAYt putpaes 230Ceatictibatigyebrabinbs
denul ti pl exing coupler 232,is thgn fusi on gg{)lﬁced .256.t0.a,1550_nm

si ngl ennde fiPRE 1B TTRTHRY F°C | ROHRBRYER P 539831 SCAREEnFcSEPBAS Node
3. Simlarly,opithecOfpleam senmsihfasi gnhé output arm 116e of the

wavel engt h denul t4 pl exi n : 2321 n si:Qn | L 5 980
nm si ngl emdewﬁY%*%nﬂ%ﬁ%?g%&g#?%hgsl ﬁgﬁgge%égt (E')'rg EE%B Eiﬁﬁglolgy,épi?cad
appropri ate e2%2tdrectly tbgrae proerdshainsihBfesmasdnglgprichpptaral

Gommuni C;bi ons; 130 Noflen SnpE9esss1ihR sbopal spbeamthie chaladenesbassaha
obtain the desired Information. In this nethod, the ,sen mgFgl g?alFP\gas
iﬁﬂ |

propagat ed al TRREIM® HHIRRLF PFEPRIZFENRIODG0BPENEREHES,
utilising onlysomenmtsansTehéee d40ieall apPrenerdakmitstiodd2iakd2083,At the

n place of (STl CHORELPTHPEC IERoDRE A0 1Es SBEHAGREY 063312505,
2001 and 2002oppos hice cemduof cehe ohinky30em waTheopsbat nmgsdnglemodsl t i node
link. Figure 14 15,7 ¥igWe SboUhOR;: 8siURt IeR1080852k serhadi ¥Elkon
spliced 254 to the input arm 115b of a 980/1550 nm
singlemode fibre optic wavelength demultiplexing coupler
232 and when the signals reach the coupler 232 they are
efficiently separated and branched out into two separate
20 and respective output arms 116c and 117c of the coupler
232. The 1550 nm communications signal output arm 117c of
the wavelength demultiplexing coupler 232 is then fusion
spliced 256 to a 1550 nm singlemode fibre 1174 pigtailed
InGaAs detector 222 at Communications Node 3. Similarly,
25 the 980 nm sensing signal output arm 116c of the
wavelength demultiplexing coupler 232 is then fusion
spliced 258 to a 980 nm singlemode fibre 116d pigtailed
InGaAs detector 242. Finally, appropriate electronics,
signal processing schemes and algorithms at Communications
30 Node 3 process the signals from the photodetectors to
obtain the desired information. In this method, the
sensing signal was propagated along two optical fibre
links 2000 and 2002, while still utilising only one
transmitter 140 end and one detector 242 end.
35 At the 980 nm sensing wavelength it is possible to also

use true multimode fibre in place of the singlemode fibres



5 of the invention, utilising a plurality of WDM couplers in a nultinode
optical fibre, three-node, point-to-point network, formng a junction

by- pass r nt for the sensing signal in order to e ensi ng
fibre Ie‘gétoﬁ}?’g@ggond one conmuni cati on node. Wth refer engéwtlgm&l ﬁzrse 10
14, according to a further preferred enbodizvent of the present invention,
starting at Conmmuni cations Node 1 coherent |aser |ight at the sensing

wavel ength 13 S ngh8dobphoig RHL! LBRAE gggltge,ln f il ekBralsr oM a
pigtail ed Ias%?oac)if o%lbay gﬁg ZbPonél inte rgg?‘eg i sol at gr y 5 141 gr?d

propagat es al epgrahingpeves| af#“Bﬂ-ElTBQe R8%-optical fibre 18a is fusion
spliced 184 to one input arm 18b of a 850/1310 nm nultinode fibre optic

wavel ength nul tipl exing coupler 1 and wh e I| ht _at t en5|n
wavel engt h reBtgeset hé &8upl ?‘eY3§ PYiPE Br SHE% nieﬁté fﬂgcﬁ‘ put

arm 15c ofs t hggcengl eavéddiohi rruttariednsl %, pauraa:am:wumfcam'bm:@umd@e'ﬂ imaser
light at the commynications. :ayekepgLh 850eATHR] ayaahed dditg gl timode

optical fibr rgtraile ader ode W|thot|onal I nt egrated
i sol ator 125 aedwprbpagamsnal snjurksiopt byapass ﬁmﬁélgmntﬂf@roﬁhecal

fibre 19a is 80ckRert Be 24¢QRE itRRUeAsTnEO i¥rel N@ngth
850/ 1310 nm m%%?ggﬂg Qh??ggelopﬂ ce\ffave | ength _nul ti pl efl nggcgugl er f??4 and

when the |ighevendt aeecEARIHPLSEEIRE RRGEI enlikty F&EREST R T SHINES 134

it is |ikew sgsbrapebediayt tbnhofhh@h&&r@ra@ewteﬂubnﬁ:rdzmlmtofoﬂ hmecoupl er
134 as the sensi ng si gnal Thu wavel engt h rrultltpl eX| %%dcmipl er 134

efficiently PBBRBFRES BKFﬁt?ﬁé"séﬁgfﬁéngnﬁt PSR 9T Ssignal s into  a
si ngl e out put cenuﬁéﬁt aaseiStighhe asutpet sensihec weive liehgthaiadildngh is

mul L plexing GouplgLalPdelsal G ciitblaRn oBR 198h ¢adrLOhell aehl b Lo the main

mul ti node opt Pr8nsmissron 1 0. Both the conmuni cati ons
and . sensi ng pu.gnalléegr dpagat digdenyithe opfional éﬁ&ﬁgr@f‘:%és\%a@@/%moo -

44 PCT/ AUOT 99382,AUbLbBREE ER! kg ihee cbtakaT $sibee lisak 24 Wi thout
optical fibre 18a is fusion spliced 184 to one input arm
18b of a 850/1310 nm multimode fibre optic wavelength
multiplexing coupler 134 and when the light at the sensing
wavelength reaches the coupler 134 it is branched out into

20 the output arm 15c¢ of the coupler 134. Simultaneously, at
Communications Node 1 laser light at the communications
wavelength 850 nm is launched into a multimode optical
fibre 19a from a pigtailed laser diode with optional
integrated isolator 125 and propagates along the optical

25 fibre 19a. The optical fibre 19a is fusion spliced 180 to
the second input arm 19b of the 850/1310 nm multimode
fibre optic wavelength multiplexing coupler 134 and when
the light at the communications wavelength reaches the
coupler 134 itvis likewise branched out into the same

30 output arm 15c of the coupler 134 as the sensing signal.
Thus, the wavelength multiplexing coupler 134 efficiently
combines both the sensing and communications signals into
a single output coupler arm 15c. The output arm 15c of
the wavelength multiplexing coupler 134 is then fusion

35 spliced 181 directly to the main multimode optical fibre
transmission link 2150. Both the communications and

sensing signals propagate along the entire length of the



interfering with one another, until they reach the opposite end of the
link 2150. The nultinode optical fibre transmssion link 2150 is then

fusion %b(ﬁ&%owz to 5 the input arm 15d of a 850/ 1310 rpgir/Ruddidosdade fibre
optic wavel ength demul ti pl exi ng coupler 136 and when the signals reach

the coupler 136 they are efficiently sepagated and branched out into two
separate and respective output arns 18c and 19c of the coupler 136. The

850 nm commupj Gatixpe L)heSianals ipHe Wraidnildni i 141e: vewvsd engithout
demul tiplexing coupler 136 is then fuysion nglj cg‘_g_A 183 10,2 tnﬁlpl_ti node

fibre 19d pi RESFERTING dEGH AR RS HR e O L 7P T HIHISat i ons Node
2, where appigpidsiice I tofoniies,lird QA0 pr artes skt Sohderesetdrea bl gori t his
process the 15 _signals fr.om.the ctor | h I
conmuni cat i o#&qrﬁf SRS S e %%}?ngogelné;itn%&gifg‘g%?&;% %%@%?%%18‘ggof

t he wavel ®ngttheddmyut Emxilfid cduE &50 /13610 snn el imeds SHPFR RPYBB to a

mul i mode. or  LShQ il s IGhARGR BRI Aodd e 236 0uiile oo [ 91 gia DaSS
20 Conmmuni cat'ions J’e so that the 'sensing signal continuous r%ﬁ gati ng
S

t owar ds Commusias itdrs qeRler 13&hheiiake ELFerehsi FRPIT Y
propagat es ahng cHdiN Gt At RAES i Ghdintédpdd e 20i6Eputs 408$ on

spliced 284 to one input arm118b of. a 850/ 13 n 5 nultinode fi
& and Rl HhEbds

optic wavel eddth aRd 13199 &§ < SRS 3 HES I TR At

sensi ng yavelsgnrgidl raaghas dhe 1ooup arthe 3davelength ademelt iptexing t he

out put arm 115c_af _the couphe . 53 vedla GRITRhGAL | ons Node
2 laser Ii glﬁoué’tq'eﬁeﬁcsonlﬁsu%%e; nglﬁssld\?{a\%ie%?%ugé% SmTs 50 Taunched into
a mul tinode cpithmalldd rictiaided ramzeceptaal e@dSt deteerklel 4 t3F opt i onal

integrated is i i NAHOPATRES & S b1 oPé | €Péctibhipcd19a. The
optical fi brﬁf%%ﬁ% usri?é;_n spli c'gd 280 to theﬂglecond icn ut arm 119b of
t he 850/ 1310 signal (RTRARST I SRS FPIREILFLEIPTPTPPFERI WO° coupl er

234 and wgen diigmdightrei thdpHoHEast saddONE2Nare| eivgd in 1 elae hdssihed
Coupl er 23 1 s sS DIANSHSh Gt THEE $P0 SAMCs QML RMY SigadiSC of

output arm 18c of the wavelength demultiplexing coupler
136 is then fusion spliced 188 to a multimode or 1310 nm
singlemode optical fibre 2160 which acts to by-pass

20 Communications Node 2 so that the sensing signal
continuous propagating towards Communications Node 3.
Continuing on, the sensing signal thus propagates along
junction by-pass fibre 2160 until fibre 2160 is fusion
spliced 284 to one input arm 118b of a 850/1310 nm

25 multimode fibre optic wavelength multiplexing coupler 234
and when the light at the sensing wavelength reaches the
coupler 234 it is branched out into the output arm 115c¢ of
the coupler 234. Simultaneously, at Communications Node 2
laser light at the communications wavelength 850 nm is

30 launched into a multimode optical fibre 119a from a
pigtailed laser diode with optional integrated isolator
225 and propagates along the optical fibre 119a. The
optical fibre 119a is fusion spliced 280 to the second
input arm 119b of the 850/1310 nm multimode fibre optic

35 wavelength multiplexing coupler 234 and when the light at
the communications wavelength reaches the coupler 234 it

is likewise branched out into the same output arm 115c of



- 45 the coupler 234 as the sensing signal. Thus, the wavelength
mul tipl exi ng coupler 234 efficiently conbines both the sensing and

connuniqaé?&gﬁ o gnals into a single output coupler armgddfguooidBsout put
arm 115c of the 5 wavel ength nultiplexing coupler 234 is then fusion

spliced 281 directly to the second nmair #3l t-i node optical fibre
transm ssion link 2170. Both the conmunications and sensing signals

propagat e al qig th&, St resd e{wt&h@fsé:&@mm&iémﬂe o'phhﬁal thébre
transm ssion [ink 2170, mnth t 10 interf rlngi%n ? ongeg &lmb ?Q%gl t hey
reach the opfssteREf B EHRISFHE S9PLI9he tthd f’

transm ssi on Badik &ﬂgosezssirkmmﬂms:':@zunmpia:aedoﬂszsignalhemnpua ainglesd of
a 850/1310 nm nul t.i node fibr e t XLRg upl er 236
and when t he %‘ftg%‘b.t[ Scol%pfexb n{i)p.{ig;c. Wa"l(fé 2%%{:?}!.&' Qyn !LE# b@ tﬁg
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118c and 119 &015{3'@6 @1@ sd&6n 850 P mufemyaécagteaalsfgnab out put
arm 119c of t mave eng dermul t i pl exi ng coupler 236 is.then f S|on

spliced 283 ttar%rlwfrﬁﬂcffi*n%’dékf?’o?% 1189ER; 5%%. Fe’amBFlFéEéBPacFE
det ector 2275@ﬁs£§§”%5§ﬁ&¢$Qﬁﬁoﬁ@@@t@ afbﬁ§|6héyenthﬁe136ﬁgnhlofSEhsing

signal output arm 118c of the vel engt h denultlp up
t hen fusion §H+}%¥EP§E%PQEF%Flﬁ£h gﬁaﬁfmi§ib°ﬁn15|ng?%ﬁgdekgigg§§118d
pi gtail edo25 ink@Sersingcidth 2l ihqahéy, appibptheverekebt tbri cs, signa
processing schenes, andad a9k i Ly ahy CoEFYNi CLE0RS1« Nade3oBtaeass the

e

signal s f r om THR° %ﬁ ctors to obtain the desired information. In thi
met hod, the Sidmse ngransmbss e b*@ba@é?@dlalBhgntﬁbsbﬁPlEBFlFPSréséo Plnks

2150 and 2170y, M%&étaﬁ 1454 SENg 98by1906 nﬁfﬁﬂi{ﬂhbaé ﬂhenapaad one
det ector 243 end

ure 15 is. a V|em15homnng ﬁ% ano é geg als
enbodi ment cWaY?kﬁ¢$V%n@?%ﬁﬂt%@}?¥§?ﬁg°89P} RsfffsPh8 ¥WBR 5 S*-PRAGEment
and a plygsal i fya@h ax&A@@upiefszxa theppareakfBiciehtdyr srparapedogpd
netvork, forming severalel HRCL! 8o PYepRBsteLhANIEIBAEE 11" ohiputCaShag

signal in or ¥
118c and 119c of the coupler 236. The 850 nm

communications signal output arm 119c of the wavelength
demultiplexing coupler 236 is then fusion spliced 283 to a

20 multimode fibre 1194 pigtailed or receptacled Si detector
227 at Communications Node 3. Similarly, the 1310 nm
sensing signal output arm 118c of the wavelength
demultiplexing coupler 236 is then fusion spliced 288 to a
multimode or 1310 nm singlemode fibre 118d pigtailed

25 InGaAs detector 243. Finally, appropriate electronics,
signal processing schemes and algorithms at Communications
Node 3 process the signals from the photodetectors to
obtain the desired information. In this method, the
sensing signal was propagated along two optical fibre

30 links 2150 and 2170, while still utilising only one
transmitter 141 end and one detector 243 end.
Figure 15 is a view showing yet another general embodiment
of the invention, utilising a transmissive sensing
arrangement and a plurality of WDM couplers in an optical

35 fibre ring topology network, forming several junction by-
pass arrangements for the sensing signal in order to

extend the overall sensing fibre length across the entire



extend the overall sensing fibre length across the entire WO 00/ 67400
PCT/ AUOQO' 00382 - 46 ring topology network. In this arrangenent, ring

t opol og¥yo BEMer K (RTN) nodes 500, 502, 504, 506, 508 andpSgQuéuiddss:
i nterconnected via optical fibre (single or nulti noded) |inks 600, 602,

604, 606, 608 and 610 by a logical 5 sequéfAce of appropriate WDM coupl ers
550, 552, 554, 556, 558, 560, 562, 564, 566, 568, 570 and 572. Meanwhil e,
a sensing signg doipdlwhﬁad:vfdﬂm a i gihiid efrtasgemehodering t topploamal

i sol at or 520 arou et e 0, 0 0] 6 610 by

t he sane Iog| %‘gﬁ m aép(gdr o;s)srolazgft ({/%\/IZ%%% f'séog %%% Qg%g;@%54

556, 558, 56(i,ntéﬁﬂqmﬁﬁﬂgec56\&,a 588:1®ﬂ0 Erhré?@uml?uﬂntm@htbw%s%

fibres (single of, BYd) dpsledopShof5%0H%ha 8ol Yl £5Fogtedd | the signal
ete

is finally recérve ‘ctor 540, in a simlar fashion as
descri bed5i n stetusnce @t Fam%ra%tel%cp%xplq% 2e0ant2@e %$4t h?%s

arrangenent igsd hajgd hesszovessau sensiges fidre éz@dl9$h2MBSMexﬁmﬂBd agr0ss

the entire ring topo ogy netwo e still utilisin
transnitter SEPSRE HePhe ’o‘étt%‘f’b?vﬁ]%gdofre?m a Ryt %g gaigﬁl‘g\l/\? showi ng
yet another genRa alpteididli Nbsdlatr B2a he:mm&rlth@rnetmorksfngras 600,

count er - propa&a%"rl nsﬁ)%g'?qsdgg §@é3dar|1<?céafd rran niogﬂgaf Qé&gﬁééyopf

VDM coupl ers reringt ogy arrangénent
f or mi ng $everaip:;opmtatoan WM peep ke r surffehe i 32 f o$54he55§en§$$|g %ﬁ@nal s in

order to ext tf}fg f6] Se05i 9o Zd idy e J.x‘i‘c‘i‘g:f@né‘{%{@ﬁsb}bﬁaEQt”e ring
t opol ogy net wor this arrangerrent ring topolo y net (RTN) gdes

700, 702, 7CHibress, (Figwmlmey milte W?ﬂ%%boﬁ%ct% vi ©bpt PRl and | fy
(single or myddsmded)sd daks :8905118@1213( %Mceﬁ@&d a808e8dt8405by, aihogi cal

sequence of appropriate WM 30 c s 75 5 7 6 62,
764, 766, 76SimiZaY fpphEen %a % ’géﬁf% % %%h%a ?ﬁgés nm%gl:Z
system 728 sidfd taneourtley ddwamttmse ormﬁmﬂets propsngenegt $enthay shegnal s

around the netuorkf1PLo5 890 802 1 B0fen 05 of0Bm208 B200BK Lhe Same

entire ring topology network, while still utilising only
one transmitter 520 end and one detector 540 end.
Figure 16 is a view showing yet another general embodiment

20 of the invention, utilising a counter-propagating sensing
and locating arrangement and a plurality of WDM couplers
in an optical fibre ring topology network arrangement,
forming several junction by-pass arrangements for the
sensing signals in order to extend the overall sensing

25 fibre length across the entire ring topology network. 1In
this arrangement, ring topology network (RTN) nodes 700,
702, 704, 706, 708 and 710 are interconnected via optical
fibre (single or multi moded) links 800, 802, 804, 806,
808 and 810 by a logical sequence of appropriate WDM

30 couplers 750, 752, 754, 756, 758, 760, 762, 764, 766, 768,
770 and 772. Meanwhile, a counter-propagating sensing
system 720 simultaneously launches counter-propagating
sensing signals around the network fibres 800, 802, 804,
806, 808 and 810 by the same logical sequence of

35 appropriate WDM couplers 750, 752, 754, 756, 758, 760,
762, 764, 766, 768, 770 and 772 and junction by-pass
fibres (single or multi moded) 850, 852, 854, 856 and 858



35 appropriate WDM coupl ers 750, 752, 754, 756, 758, 760, 762, 764, 766,
768, 770 and 772 and junction by-pass fibres (single or multi noded) 850,
852, 854,088k 4pd 858 WO 00/ 67400 - 47 PCT/ AUOQ 00382  upEtiaubéieosss gnal s
are final Py received at synchronised detectors in the counter-propagating
sensing system 720, in a simlar fashioh & that described in detail in
the other figures. The advantage of this arrangenent is that 5 the overall

sensing fibr euhgggt Qh\é’a§18¥1EQQd%€!eaQ&%%§1§(h€i-ec@lwécﬁ dd ngrdxdmigediet wor K,
while utilising only S|n%e|nstrurrent contr.ol box, i th _indivi I
optical fibr éeFﬁEEPFéut’-Butt SoFPURLEE -RESPPERT A% XSS Iﬁ?ﬁ%ﬁﬂh@% 7
EVMBODI MENTS  @anHuUBisathenEakshiog apt ithalt Hducads el cm dutriidr igf the
attractive features _and advan es .over. _conv I ty ns,
and their per PGPﬁﬁnééWﬁ?sbeeLr St SYaRT RS % eh(égsgt ﬁzca H&eca{gfal s'o'rll'chﬂegaf'Sal ue
of fered bysthene asesysﬂesemsasgndwbtmerlemmema@d dntantedHqnqQss ttde
si mul t aneousl y monitor Qoﬁ:%"il r;%‘._wg}qﬁ | REBgrd t‘%ﬂ‘lg hf% &) & as wel |
Pgrl a t cab

as any struct P&LES near or-to e cable s
attached. Thi siagfleadnisEaumeat mohéﬂﬁﬁreaﬁﬁ% ’§H%‘d‘f Jdi‘-}ai'l]cr a3he

denmand for th@l%Qet gﬁ?ﬁ@/w:)ulﬂobdﬁt@ usive, but indicatively, the
fol l ow ng exanple Il'lustrates the applications in which a conbi ned

comuni cati ons and sensing (dual) systemnay be used: Any fibre optic
conmuni cat ¢ ona pPy.Ieansons OF mesl FREFERFED [EMBAIIMENES)ai nst and det ect

I ntrusion, tafperin | of f .af nf t tigeal
fibres, such rélé)’ gl‘f@lté'l’?ﬁ1 ggor%&lqptlc(?e é)l r’Egeréma |%%Q%nectﬂ&%gg%/§( 1 T)
networks and laitrkactavei Kglacmatts Iaonialadafraga:msv\m‘t@r (ISRt Ra node
l'ocal area networks ;(LANG, maaH,erRAE enMide g5 ARl kiad W proven

over the past two decades. The value offered by these

15 systems has now been augmented by the ability to
simultaneously monitor, in real-time, the integrity of the
cable, as well as any structure or material near the cable
or to which the cable is attached. This attractive and
useful new feature should increase the demand for the

20 technology. .

Not inclusive, but indicatively, the following examples
illustrates the applications in which a combined
communications and sensing (dual) system may be used:
Any fibre optic communications systems which need to be

25 monitored against and detect intrusion, tampering or
tapping-off of information from the optical fibres, such
as:

Singlemode or multimode information technology (IT)
networks and links

30 Singlemode local area networks (LANs)

Multimode local area networks (LANs)
Singlemode wide area networks (WANSs)
Multimode wide area networks (WANs)

Short-haul telecommunications

35 Long-haul telecommunications
Private fibre optic links and networks

Public fibre optic links and networks



Mul ti nrode wi de area networ ks (WANs) Short-haul tel ecommunications 35
Long- haul tel ecommunications Private fibre optic |links and networks Public
fibre optic |inks and networks WO 00/ 67400 - 48 PCT/ AUOCO 00382 Comrer ci al
fibre op¥PO¥74%s and networks Governnent fibre optic |ihkYA¥AYHEE wor ks
Mlitary fibre optic Iinks and networks. [pgfence fibre optic |inks and
networ ks 5 Enbassy fibre optic links and networks Industrial fibre optic

| i nks and networ ks Financi.al organisati,on fibre optic_|inks and networks
Any fibre opthrﬁ%L?ﬁi I"oens°pg‘:yls efrisnkv%iac £)arrleeta(}ggg utilised for sensing
appl i cat i ons Gdveadmidinty fikfre R ic tigiles amdmetwoohs Private

t el ecomuni ca}.i,ans : td : Nat i onal security

| ndustri al S%%:ll}rll ayra) %%ﬁﬁ%%?%gﬂn%n?gy%o%%%?it el li gence Physical
peri meter sedefience |fihnsicntifetldath e IRREYPHRS Pipeline integrity
noni tori ”? 2@mfAdg) igetdidgt Rart ik ioud enepesrdet ection & |ocation

Pi peline Teak detection &_|ocation Prﬂgﬁli C éoad autgori ties Private road
ventures 25 IRGUskRLERLHRTS i REHHAIVE R RRYYUPHFE Road transport
oper at or s AnyrifddHcE SIptd g aaeinsd tigors yilers ot td biskal sndubetwsekls for

tel ecomuni cati ons, includ ng . Rubl L6 161 £COIUBLE AhPE] are also

utilised for sensing applications, including:

10 e Public telecommunications
. Private telecommunications
° Information technology networks
70 National security
. Industrial security
15 . Law enforcement
° Counter-intelligence
. Physical perimeter security
e  Intrusion detection & location
] Pipeline integrity monitoring
20 ° Pipeline third party interference detection &
location
. Pipeline leak detection & location
° Public road authorities
. Private road ventures
25 . Railway authorities and freight operators
. Road transport operators

Any fibre optic sensing systems which are also utilised

for telecommunications, including:

. Public telecommunications
30 e Private telecommunications
] Information technology networks
. National security
. Industrial security
. Law enforcement
35 . Counter-intelligence
. Physical perimeter security

. Tntrusion detection & location



30 Private tel econmunications Information technol ogy networks Nat i onal
security Industrial security Law enforcenent 35 Counter-intelligence
Physi cal _perineter security Intrusion detection & |ocati o‘$ WO 0&{3 7400
PCT/ AUOCV@@%@?OQ 49 Pipeline integrity nmonitoring Pi peT'WéUP?{ party
interference detection & location Pipelige_|leak detection & |ocation 5
Land and of fshore building & construction Structural integrity nonitoring
& design Machi ne perfarmance nonitoring & design Rail stock nonitoring
(Fl at spot d&tecti d@ell%\ﬂlé’rtegqéfetryat’?‘ifﬁ“a‘?ﬁuﬁ ansni ssi on conpani es 10
Petro- chemi cal & ipighedtimienlthplrahtpayonyt tioit enf &reatese ghetergbom s&t i ons

Aer ospace/ avi.atiqQn design and mai nt enance- organi sations Public road
authorities lf’§a(2:ll"r°|nvat e road ventures Railway authorities and freight
operators Road tPimedgovet lgadr dlerertinn & neogate¥eors M ning conpani es
20 Earthguake monltof i QEAHSA KIS a1 AF GANAKAPRLEL LONPSOL-ESc DL AL e
modi ficattons within the spirit and scope of the invention may readily be
ef fected by portserdtakmMardF LSRG thides ¥ art, it is to be understood that
this inventiQn | uakdlidd PdrFbrinardide moMitoring erdesigents described by

way  of exanpte he%gf¥ﬂ¥@g%k:%%nitoring (Flat spot detection)

. Power generation and transmission companies
10 ° Petro-chemical & industrial plant monitoring & design
organisations
. Aerospace/aviation design and maintenance -
organisations
] Public road authorities
15 ] Private road ventures
) Railway authorities and freight operators
. Road transport operators
. Airline operators
° Mining companies
20 o Earthquake monitoring organisations
. Oceanographic companies

Since modifications within the spirit and scope of the
invention may readily be effected by persons skilled

25 within the art, it is to be understood that this invention
is not limited to the particular embodiments described by

way of example hereinabove.

30



WO 00/ 67400 PCT/ AUOO 00382 - 50 5 THE CLAI M5 DEFI NI NG THE | NVENTI ON ARE AS
FOLLOAS: 1. An optical wavegui de communi cation link, including; a

wavegui de for conveying signals fromone |location to ano%\ger | o #ion; a
data tra¥CM#H8? for |aunching a data signal at a first T/épg‘?{éﬁ into

t he wavegui de; a data receiver for receivigg Lthe data signal 10 fromthe
wavegui de; a sensing signal transmtter for launching a sensing signal at

a second wave g L ff j elfhn I he wavegui de;
a sensing si ghgg gg‘f\gg‘ o?ﬁ%&%?gﬁ %ﬁvﬁ@f@%‘é senglzé]ngFésI::%ér?% “after the

sensing signal has travelled through the waveguide; and signal splitting

nmeans between;the wavegyidgai¢ail RRWaha def Rintiin iyt 1d¥e s8/Ns) ng si gnal
detector so that the signal at the first wavelength is separated fromthe

20 sensing si &rglugdinglie second wavel ength by the signal splitting means so

that substantially all @f wakegldide forRAnwevtitsigrdid i gtk drass and
W t hout any ibgnl ficant corrg%{]ent of .t.he sensing signal is directed to

the data recer@ERtISRd tOUBSCPERSTaII]7 254 t he sensing 25 signal without
any significant |oss and attlaouirasrsmi tsiegnifiarc drturchnipanentdagfa tdiegrdel a
signal is diregted_t t i i.gnal,_.,de .2, . The link of claiml
wherein the sF%ngl fsl%Fitt P’lgr%%%wgnh}#cg#%r i%%?s?%é?lvéev'el ength

mul ti pl exi ng/ denul ti pl eri dgta wessjiviate fosuplaseivingridie idatafsigndmin 1

wherein the data.sigRalralicomiddle Wavegui de and the sensing signal fromthe
sensing 35 signal transmtter are received by a wavel ength )
78 LRunching a

nul ti pl exi ng/ demul ti pl eRi §§PSIRI S B Ic FAFATR GRS
transm ssi on alaaagnbhei\gw&gujuda second wavelength different to the

first wavelength, into the waveguide; )
a sensing signal detector for detecting the
15 sensing signal after the sensing signal has travelled
through the waveguide; and
signal splitting means between the waveguide and
the data receiver and the sensing signal detector so that
the signal at the first wavelength is separated from the
20 sensing signal at the second wavelength by the signal
splitting means so that substantially all of the data
signal without significant loss and without any
significant component of the sensing signal is directed to
the data receiver, and substantially all of the sensing
25 signal without any significant loss and without any
significant component of the data sigmal is directed to

the sensing signal detector.

2. The link of claim 1 wherein the signal splitting
30 means comprises a wavelength multiplexing/demultiplexing

waveguide coupler.

3. . The link of claim 1 wherein the data signal from
the waveguide and the sensing signal from the sensing

35 signal transmitter are received by a wavelength
multiplexing/demultiplexing coupler to combine the signals

for transmission along the waveguide.



WO 00/ 67400 PCT/ AUOQ 00382 - 51 4. The link of claim1 wherein the sensing
signal transmtter and sensing signal detector are at the said one

| ocat i onygngssabd another |ocation respectively. 5 5. Thep&tlgodbosss ai m 1
wherein the sensing signal transmtter and the sensing signal detector are
| ocated both at one or the other of the-saild-one |ocation or the another
| ocati on and wherein a reflector is provided for reflecting the sensing

si gnal back thyough the mayagitiieft lﬂ.aai.fzielr vategee it | e 0d et Seng essgmgl

signal fromthe data.S| nal ythes n | i tt1ng mrean k of
clai m5 wher eiF AT catrb SCGHpr gse %%;e ée 1??/e %%r%‘? tri% SIA“F

i nk of any ormeofladadiimm hrd ﬁtmmﬁhqmelommgr@mtlY¢bmsm tter
conprises a counter-propagating sensing signal transnmitter for |aunching
counter propagating sensing q{g{nal s into the waveguide and travel, 20 in

opposite dbredt ons thr Jhsh ki \of shide k ovherpin the sep%ing ciHrahny

di sturbance t G themy@MRAY L& t&@%&gﬁ{gﬂémhm ddeedit i es e cRodptagen the
tinme a perturbl nq} sensi ng e nter-current

v det ect in both co
sensing si gndAEh AF ®neripF Iﬁ?ﬁ( ‘iﬁ%‘?ﬁ ac?%'%‘w:'e Pt o#%%%ffﬁ st s
provi ded for wﬁmﬁe&r rlg:ddmac&erammgv}m@m 4 oraifl e toneis pndsnangﬁufbr

parameter withi Si to ISt

i ndi cative of r[e%rﬁfecreﬁ’ﬁbqg%%{% egbgﬁg J\/\%?f%ﬁﬁ éﬂb&gﬁ%‘e&}?l% %al m%

wherei n the cafmer capagratiamlcf tlleicensind sidgnal f)torzsotFMrﬂ%tam on

nodes, at |eas} gﬁe B de Jx T30l 4l 30k s &l data transmtter, a 35
I'n

second node |ncJ] u g a sald data receiver and a further said data
transmitter, and a third node including at |east a further said data
recei ver, the gravegui de i QG/rfi 40 AGHMAUOIKRSPn the reflector

comprises a reflective mirror.

15
7. The link of any one of claims 1 to 5 wherein the
sensing signal transmitter comprises a counter-propagating
sensing signal transmitter for launching counter-
propagating sensing signals into the waveguide and travel

20 in opposite directions through the waveguide to enable the
position of any disturbance to the waveguide to be
determined by the difference between the time a perturbing
sensing event is .detected in both counter-current sensing
signals.

25
8. The link of claim 1 wherein processing means is

provided for processing the sensing signal to determine a
change in parameter within the signal to identify a
disturbance to the waveguide indicative of tampering with

30 the waveguide.

9. The link of claim 1 wherein the communication
1ink includes a plurality of communication nodes, at least
one of the nodes including a said data transmitter, a

35 second node including a said data receiver and a further
said data transmitter, and a third node including at least

a further said data receiver, the waveguide



- 52 interconnecting each of the nodes so that the sensing signal passes
t hrough the waveguide fromthe first node to the third node. 5 10. The
link of ¢l ai wherein the wavegui de fornms a continuous ' ding a
pIuraIit@ngwg%éﬂnunication nodes arranged al ong the Ioop?kggﬁpgﬁﬁ#yone of
the loop having a said sensing signal traggnitter and a said sensing
signal detector. 10 11. A said signal conbining neans is provi ded for
directing a dat SI nal ransm t4er the nodes to a
said data receft ver a anottj‘r{{ear dé}%aOé %gedes % sﬁ O’A Tca v%gw de
connunlcatlonSMQﬂallpﬂﬁaﬁﬁrR?rQFQMuRhﬁnwhyéguldﬂwﬁeqmnghglgna$E feden oPe
| ocation to aQﬁkh%%lfH“HddH‘ 20 a data transmtter for |aunching a data
signal into the waveguide; a first wavel ength nul ti pl exi ng/ demul ti pl exi ng
wavegui de devi ce coupled to the wavegui de, the wavegui de device having a
]fi rslt out Eyt arom and a SIQ@rlCiﬁQutchtcﬁm %%@ﬁ}&%ﬂﬁﬁ@ ﬁéﬁé@:haé afsHms t er
or | aunching sensin avi n mave engt jfferent to
wavel engt h of 3 FORIBERH AoR A £107 O SRARAT TR h ¢ he
data signal aldes ha:mgagluaie:;ngamadc&ﬁ,elanerlmmlcadetoxftﬂ:meflas@p
output arm 30Q.far recejuwi n m [ evice; a
Q &a d"%&%%]rgg?‘ Snal sq?é{eearm 9&9&’&'

senS|ng S|gnala33f5%tor cou secon receiving a
sensi ng S|gnabansmnqIﬁ;gnmﬁnﬂynQR;Q%wwce. 35 13. The link of claim 12 the
wavegui de, gevi ce conprises a wavel ength mul ti pl exi ng/ demul ti pl exi ng
coupler. WO 00/ 67400 PCT/ AUQQ' 00382
A said signal combining means is provided for
directing a data signal from a data transmitter at one of

the nodes, to a said data receiver at another of the

nodes.

15
12. An optical waveguide communication link
including;

- a waveguide for conveying signals from one

location to another location;

20 a data transmitter for launching a data signal
into the waveguide;

a first wavelength multiplexing/demultiplexing
waveguide device coupled to the waveguide, the waveguide
device having a first output arm and a second output arm;

25 a sensing signal transmitter for launching

sensing signal having a wavelength different to the
wavelength of the data signal into the waveguide for
transmission with the data signal along the waveguide;
a data receiver coupled to the first output arm
30 for receiving the data signal from the waveguide device;
a sensing signal detector coupled to the second
output arm for receiving a sensing signal from the

waveguide device.

35 13. The link of claim 12 the waveguide device
comprises a wavelength multiplexing/demultiplexing

coupler.



- 53 14. The link of claim 12 wherein a second wavegui de device is
coupled to the wavegui de renote fromthe first wavegui de device, the
second WeyeeMt4e device having a first input armand a spepAtoboRes arm
the first input 5 armbeing coupled to the data transmtter and the second
I nput arm being coupled to the sensing s+geal -transmtter so that the data
signal and the sensing signal are transmtted to the second wavegui de

device for |aynching gk tlaak%\fewaq@n 121Qmk5- A% 25 SR Widied Tde Of
claim 14 wheréin the second_ wavegui de device js coupled to t"gf ui de
by an out put d&WﬁFﬁhPéh°Pé€éP@e§%6‘f’!‘F Ry egmis %l’@‘l‘h"f} S ridF T ‘?1? %1
fromthe secogd e@ei devdew, Cehel GecBirl hiaveqfidd aiewilie Weria 4 he

first vvavegwde eV|ce|s coupled to th vayegl ui de by n S0 that
both the sensitAgsSti gRREtaATTUAFS & FT5° E‘areg'ripr ansrﬁ“fte&lae ¢1r oughﬂ%ﬁe i nput

armto thesfi a%m m\mgucdapdevll to. tha dEh:a qurdns;tflujiegr madl vikersgeende
first waveguide  device, 1t tter

mul ti pl exi ng/ &R i ﬁ“em ng (\ﬁ%%%l ou;ﬁ VI ng t égsllngprhat aﬁ?r??rllh t?le
first and secswd thatptheadata Bd.grpde alﬂdﬂl&hﬁ sqnsiRg A3 kidre he second
wavegui de devi.gg %M%'e%e%oat%%c%@:d&@i/%} adNddv i o/ Tawnd i md exi ng
(VDM coupl er haV| ng the first input arm the second input armand the
output arm 19ntPhéhe WRVEEUWAR one of clains 12 to 18 wherein the
wavegui dej gonpri ses an optical fibre. 20. The link of claim 18 wherein the
second out put 35 arm of th flrst V\Q{\/Ico D .S .CO niect a reflector
to reflect thé3sensi ng Elhﬁn ﬂf 0t hﬁ‘ei vvavegeuzir%:le hsre%ug dt he VDM
coupl er, and H&&eﬁgﬁi@l@ddlelvp.@te drsmagfurilesl to the waveguide by an output

arm which receives both the data signal and sensing signal

from the second waveguide device.

15
16. The link of claim 12 wherein the first waveguide
device is coupled to the waveguide by an input arm so that
béth the sensing signal and data signal are transmitted
through the input arm to the first waveguide device.

20
17. The link of claim 14 wherein the first waveguide
device comprises a first wavelength
multiplexing/demultiplexing (WDM) coupler having the input
arm and the first and second output arms.

25
18. The link of claim 17 wherein the second
waveguide device comprises a second wavelength
multiplexing/demultiplexing (WDM) coupler having the first
input arm, the second input arm and the output arm.

30

19. The link of any one of claims 12 to 18 wherein

the waveguide comprises an optical fibre.

20. The link of claim 18 wherein the second output
35 arm of the first WDM coupler is connected to a reflector
to reflect the sensing signal back into the waveguide

through the WDM coupler, and the second input arm of the



WO 00/ 67400 PCT/ AO0OO/ 00382 - 54 second WDM coupler is connected to an
ancillary coupler, the ancillary coupler having first and second ancillary
i nput ar W ookehgoef i rst ancillary i nput arm bei ng connect ed pctraatdo®ozzensi ng
signal transmtter and the second ancillary 5 input arm being connected to
the sensing signal detector so that the sehstng signal reflected back from
the reflector passes through the first WDM coupl er, and through the
second W\DM COHQESﬁdtﬁnﬂheoﬁﬁmeedlbnauhnae&bdt hboagh ahla:alam&y Idmpl@&upl er
to the second ancil rm 10_.and then t sin tector.

2 et hod FBF SBEAHLAGY| FOPRRD: BaVage RiraE Sl ey o of
data in opt|cﬁhpﬁtbaemscoahanfdaBtoanbnﬂkarylnnbudlagm.héqngnqqnnqyu;d
SEensi ng SYSte{é“ | léﬂht Sogiﬁﬁ §ﬁ£§t L0903k 2 W8V ELANY ‘h]% did o%fae%fnct qlfaf}.%
conmuni cati on ystenl t urce; providing a wavel engt tlp exli ng
wavegui de 5 IlghpuSparmtbelag eenpﬁéﬁeéstnngeosenﬁhpg|ﬁaﬁaﬂl\ﬂﬁ§ﬁ¢t020

efficiently ngb{aﬂgé the §€H§hﬂa 3Rgnee TR eRkbANSHaSKIFch it One
wavegui de; provi a silica waveguide_ (single or nmulti _ noded)_ for

recei vi ng I|gﬁ?flﬁéﬁPFhEaﬁéﬁél§H§PthnﬁPF|SFéan&DNaﬁaﬁﬂ¥ﬁ¥4| splitter
or coupler, tpRrégghi Ehéaswwﬁauwm beupgeeanabltaeofsercromsrﬂrtptdmgumhe

sensi ng and connun*caﬁlons S na S vi di wav%g% tg1c€%]It|pl Xi ng
wavegui de | i GRFovgh ¢ EraBFl aﬁVeF°§§ gl &° PECR5dé Splits

or separ ates aha shasi hg ahd senmsungcstigond degnatprBO into two out put
wavegui de ports while mninmsing optical power |osses to both the
communi cations and sensing signals; and detecting the sensing signal to
determine if 2ahy tanpedingthp hfPHeS§FPFéagwé9660ﬁé@q%§3qgﬁ&ﬂ?%ﬂace

tampering and tapping-off of data in optical fibre
communication links, including:

15 providing a sensing system light source
operating at a wavelength different to the communications
system light source;

. providing a wavelength multiplexing waveguide
light splitter or coupler (single or multi moded) which

20 efficiently combines the sensing and communications
signals into one waveguide;

providing a silica waveguide (single or multi
moded) for receiving light from the wavelength
multiplexing waveguide light splitter or coupler, the

25 silica waveguide being capable of transmitting the sensing
and communications signals;

providing a wavelength demultiplexing waveguide
light splitter or coupler (single or multi moded) which
splits or separates the sensing and communications signals

30 into two output waveguide ports while minimising optical
power losses to both the communications and sensing
signals; and

detecting the sensing signal to determine if any

tampering with the silica waveguide has taken place.



