WO 02/ 071356 PCT/ AU02/ 00007 - 1 PERI METER SECURI TY SYSTEM AND PERI METER
MONI TORI NG METHOD Field of the Invention 5 This invention relates to a
peri met erweaeOristy systemand to a nethod of nonitoring @CEextoamom®r .
Optical devices are commonly used in industry and science in order to
transmt data fromone place to another.. 30 .Photroni cs technol ogy has
revol utioni sed the communications and sensor fields due to the rapid

devel oprent of . apeabe 280-9p1 oy Sk £CHERTh G UBYLE o en L yBREKORAULTAS !

| nt er nat I Onal AP Tocat Uit 1T ol7m MUJIJITN VLULO Ul OCT"USTo SYyoU TIIT T TI

| ocation of a disturbance to a fibre and, in partlcular to a connunlcatlon

fibre can be pdgigrgknefe 7, §n§y§£en1ut|I|S|ng count er - propagating 20
opti cal signaﬁs—su—gﬁat—irﬁﬁ¥—srgnaIs propagate in both directions along a
wavegui de. Any attenpt to disturb the waveguide will cause a change in the

count er - prpagat k Nnveh 86h Sratdeébato CQaﬁgﬁlﬁéEePesgéﬁé‘EE?ds§9.¥tgﬁt gakors
so that a tinme difference_between receipt of the nodified

count er - pr opa§at ri§ebpet caf BPYhEPEIRFaBI BETEREERECat i on of the

di sturbance to be deternined Qur Internationai application nunber
PCT/ALKIYOOSB% dlSi gses a_ system i ch baoth a, ag ? nal ,and a 30
comuni cat i on°BF %fﬁl‘f)%s ﬁ%ccﬁ%rﬁm?ﬂ b B5SFnfet bﬁ d@gngcience

transmtted ainngrdée MaVEQmmd31MAdata1ﬁrqmlonéopiasetbobahhthée sensi ng

signal and, th | a | | application
nunber ng} LEE§8€§§gégdls o%gg&g n%?ho E&S%g%? gﬂahlch peri meter
barrier el encpr@usicatiens card %%%¥¢6n§laléss@uﬁng°nbhﬁtEHP#@r VO

02/ 071356 PCW&@#Q?AQQQQE of optical and opto-electronic devices.

Art Background

15
Our International application PCT/AU99/01028 discloses a
system in which the location of a disturbance to a fibre

~and, in particular to a communication fibre can be

determined. This system utilising counter-propagating

20 optical signals so that light signals propagate in both
directions along a waveguide. Any attempt to disturb the
waveguide will cause a change in the counter-propagating
signals and that change can be detected by detectors so
that a time difference between receipt of the modified

25 counter-propagating optical signals enables the location

of the disturbance to be determined.

Our International application number PCT/AU00/00382
discloses a system in which both a sensing signal and a

30 communication signal can be launched into a single
waveguide and transmitted along the waveguide with minimal
losses to both the sensing signal and the communication

signal.

35 Our International application number PCT/AU00/01332
discloses a method and system in which perimeter barrier

elements such as fence sections are spring mounted for



2 limted novenent. An optical fibre is connected to the elenents so that
any attenpt to break in or tanper with the fence causes the elenent to
nove agaiwstozohssbi as of the spring which in turn noves trlag/aapieocli bre so
that a 5 change in a paranmeter of the light travelling through the fibre
can be detected in order to provide an i-ndi cation of the intrusion or
tanpering. The contents of t he above four international applications 10

are uncorporaﬁgﬂlhglsc mb Yt ﬂEp|'§ﬁtb @1Q$1tQa%rge&%rgeﬁﬁethBe rBeghaet er

barrier techni I n the abovenentioned I'nternational application
provides an EXEFERESy sef FhgteARYNBRICEHPIN§Os PFeek andoretRBASFOKN1iED

perimeter barkhar se%bcaauaetsu@ﬁef %Q%&%n@_r t%t bekePBYaliaak t@8keBRALSoWhi ch
are intended tgﬁprOV|de a harri.er ai nst g&ess of i_ndividuals. Since

the above invEREi SRTIBPeFREEE AT §H Pn@°ﬂﬁﬁnF PBiHdE ELBFENFS RBBEnd a
fibre in 9roxhangy tia hhpatameeeeleﬁemhesalghatt&avemmmhgothkb&gﬁotﬂbenent

noves t he flbre |t LS S t.hat th earl |, Lhven

peri neter bar Fir&F °b§2 Pog g beCXedpﬁyS|c§Fr ?Pugfayé aﬁhﬁﬁhlfﬁsl?Png i's
attached. " Thethpr ésémuisipnenti bampelrdhgs to a perineter barrier systemin
which there is no physical barrier required in order to 25 operate the

detecting systemand which is therefore suitable for |ocation in the
ground to pro¥hgecertgrteyofothg pbpvRefenrofnierngtirnglarpnlisahtansy of

the | nventg Onaréo:LEHGrFBY'QEEHOEntbntﬁlE' bpb138Retbn BPY+AEsSALEelankESi de
in a perimeter security systemincluding; at least a first wavegui de

buri ed bel ow ground |evel and extendi ng along a perineter which defines an
35 area to beTHenpketifdrepebasriet kauvhahigne HightokaBOihhenti rst

abovementioned International application provides an
extremely efficient monitoring system and method for

15 perimeter barriers which include fences or other physical
elements which are intended to provide a barrier against
ingress of individuals. Since the above invention
operates by spring mounted fence elements having a fibre
in proximity to the fence element so that movement of the

20 element moves the fibre, it is necessary that, in the
earlier invention, the perimeter barrier be formed by a
physical structure to which the fibre is attached. The
present invention relates to a perimeter barrier system in
which there is no physical bérrier required in order to

25 operate the detecting system and which is therefore
suitable for location in the ground to provide security to

a perimeter of a required area.

Summary of the Invention

30
The invention, in a first aspect, may be said to reside in
a perimeter security system including:
at least a first waveguide buried below ground
level and extending along a perimeter which defines an
35 area to be monitored; ‘
means for launching light into the first

waveguide; and



wavegui de; and WD 02/ 071356 PCT/ AU02/ 00007 - 3 a detector for detecting

| i ght which has propagated through the wavegui de so as to detect a change
in a paraweteen7Bs6 t he | i ght propagating through the wavegartdaodoeoro an

i ntrusion across the ground beneath 5 which the waveguide is buried and for
providing an indication of that intrusioms Preferably at |east a second
wavegui de is also provided, and the neans for |aunching the light,

| aunches the light 10 in h.t fiorst and seco vegui des; coupling
means for coupling the ?i?§F2§%8r32§5n3e§ﬁ53é83igégggoggﬂﬁgrhgg that |ight
propagating thropghatkd throyghatiesvweyrduwidecgoi des tios dedessdat ehanger fere
to create anihnsegg%ﬁaggrpetft €ha: 138813, gslt&#gh%h%%sﬂ @.hedet ects the
interference pattern and upon an intrusion arangter o |% t passing

t hrough one oVavRauhdecduedés RE aPtEHEdOR BFrPeSpéde gFoupdebeagath

paraneter of {RHechi ght passytgakhriaughrtibe Qh@erforoi:rb%d‘i@geﬁﬂi des, to
t hereby change the interference attern detected by the detector to

. 20
provi de an inaPééFFBﬁ°nontﬁQaFnPFG§F5ﬁ9nPreferably the first and second
wavegui des are provided in at |east one cable. 25 Mdst preferably the
first and secgnd mavgguidgs are grovide i n seﬁgrate cabl es_and thg
&a * ®Spart

separat e cabl £5S5P8205Y, PEd158REPh S8 " RYTEPLAS 7593257 BpR¥ad
rel ati onshi p antihthespeenst doondaanchheyg tbedéfight,alabnpdeismeher lighicon

havi ng a bst i | Al L Ll r [ .a person intruding
into thejgrea;ﬁgérgkggggpe ?Eggguggkaﬁ??gﬁhmgégﬁaﬁgdggﬁdch such that a
person travel ling in nofraPlimgkiaansrfeunapugling thewfirst and second

waveguides together so that light propagating through the
first and second waveguides is caused to interfere to
create an interference pattern; and

15 wherein the detector detects the interference
pattern and upon an intrusion a parameter of light passing
through one of the waveguides is altered with respect to
the same parameter of the light passing through the other
of the waveguides, to thereby change the interference

20 pattern detected by the detector to provide an indication

of the intrusion.

Preferably the first and second waveguides are provided in
at least one cable.

25
Most preferably the first and second waveguides are
provided in separate cables and the separate cables are
buried beneath ground level in zig-zag spaced apart
relationship with respect to one another to define a

30 perimeter region having a substantial width which will be

traversed by a person intruding into the area.
Preferably the substantial width is a width such that a
person travelliﬁg in normal walking or running motion will

35 not step over the width of the region.

Most preferably the width of the region is between one and



35 not step over the width of the region. Most preferably the width of the
region is between one and WO 02/ 071356 PCT/ AU02/ 00007 4 two neters. In

t he nost woebkered enbodi ment of the invention counter- prapadationy7| i ght
signals are | aunched into each of the 5 wavegui des so that the |ocation of
an intrusion can be detected by the tine gifference.between detection of
the changed interference pattern propagating in one direction and to the
changed |nter%ere$g ggttern propagating in the opposite direction. 10
Preferably a firs f*Phe said cables contains said at |east one wavegui de
and a second said cable contains said second waveguide; a further

wavegui de bei pg EﬂatﬁbQ%dPEEEQkBeHh@mbéélkbh%to%th% 15&%%&16&“&5hﬂﬂe@eans
at one end of the said second and further wave des_for coupling

the wavegui dE§°EBQFﬁaf19I #gﬁhm aaﬁeﬁéa Pﬁﬁolﬁﬁecégrﬂd ﬁeleac\]ieaS’égGPGe i's
able to prsnpaaabeghmaeggaot braet hae wa&a@ubeleozoaﬁndnma@lbat @ahhgesai d
first and salg secong gﬁades tg Eropa% in a first direction through
the said firstehfgtege Xnﬁ Giugi gdsiezer ESWEEPnGehESkd Tt ofhEhSt her
end of said &haﬁgeandnsardesencadpumtegnl@&spagathag the onlegltirdation
propagating in n_throu h %ald |rst nd sec

wavegui des is ﬁélgosghgoﬁe ng reco Fﬁgcgn inter PEF gagg tfe %ECS%S

coupl i ng neansppaﬁdtblghreatsgnbelng able to be Iaunched t hrough said
second coypling neans and into said first and second 30 wavegui des to
travel in a direction opposite said first direction and coherentl
reconbi ne at Pﬁgfgrpggycguﬁprﬁg of the said cables contains said a

least one waveguide and a second said cable contains said
second waveguide;
a further waveguide being contained within the
15 first cable;
first coupling means at one end of the said
first, second and further waveguides for coupling the
waveguides so that light launched into the said other
waveguide is able to propagate through the other waveguide
20 and then into the said first and said second waveguides to
propagate in a first direction through the said first and
second waveguides;
second coupling means at the other end of said
first and said second waveguides so that the light
25 propagating in the said first direction through said first
and second waveguides is able to coherently recombine and
interfere at the second coupling means; and
light also being able to be launched through said
second coupling means and into said first and second
30 waveguides to travel in a direction opposite said first
direction and coherently recombine at the first coupling
means so the light travelling in the opposite direction is
able to interfere and then propagate through the said
further waveguide.
35
Preferably the detector is coupled to the further

waveguide and to the second coupling means for detecting



means so the light travelling in the opposite directionis able to
interfere and then propagate through the said further wavegui de. 35

Pr ef er ablwotobe7136¢ ect or is coupled to the further waveguiPd@/Aandoew7t he
second coupling neans for detecting WO 02/071356 PCT/ AU0O2/ 00007 - 5 the
counter propagating light signals after Hmerference of those signals so
t hat any di sturbance of the first waveguide and/or said second wavegui de

wi |l change athQaﬁéﬁETtEE ?Eogaealulaat mgmagatghaqs LU0R okRe Fhirbaked
and/ or second wavegui d her eb ¥Fﬁ ange I nterference patterns
e

detected by tRE &EPéGtéFgPB gafSet a&@té&FGPrpénﬁFOVFd§h&nfFH&Fcat|on of

t he IntrUSlOnwavBQQEaéaEhﬁ/bbesh&ﬂﬁ%b&&nﬁfwhh%ghﬂﬁéuﬁhgﬂ ckAnge determ ned

10 by the tinme diff grenc en.recei t he difie .
count er - pr opa§&tFiG ?FgﬁglQg?wgéFPFn8r°ga9ﬁ§lP9r§gg°HFhegpﬁoﬁlﬁﬁﬁpared to
the recei @ oénﬂhernadcbnddwapegpagaslmg themrabyt chweblkl thei n the opposite

direction. 15.RieleLalhy.! Be.Staal AL QUL 8o cRf hLgt detegtor and @

second detector tec second elng syncﬁronlsed
and t he f|rsttustdetectqetéetpngvnﬁe aaoanﬂepapnopagétmhg shgmakipnavel | i ng
in the first direction and the second detector detecting the counter- 20
propagating signal travelling in the opposite direction Preferably the
means for IauﬁéﬁﬁﬁﬁabighFhPngecﬁﬁé°ﬁa9égGhﬂe§n§6ﬁﬁﬁp§e§a& bPegAetssuived

coupl ed tma L ede €omBl amgfgeaﬂaehaéwﬁehl &s_beap@ secend aUbP¥iearns, the
25 first output arm being cou to a rmof a fourth coupling
means and theCBFﬁE?roﬁfﬁgﬁgﬁFﬁFgeFﬁgnéguﬁFg ﬁglngnlarﬁpﬁf E3T8Ef th coupling
means, an ar ndakethéohoubinharedupbi hjenearsibei 6§ chuphedittaetihe furt her

wavegui de for, Laugching Lighti' Bk9.Lhe1hyr theLruayeauide, and.a0,3Lm of

15 Preferably the detector comprises a first detector and a
second detector, the first detector and second detector
being synchronised and the first detector detecting the
counter-propagating signal travelling in the first
direction and the second detector detecting the counter-

20 propagating signal travelling in the opposite direction.

Preferably the means for launching light into the
waveguides comprises a light source coupled to a third
coupling means having first and second output arms, the

25 first output arm being coupled to an inpﬁt arm of a fourth
coupling means and the other output arm being coupled to
an arm of a fifth coupling means, an arm of the fourth
coupling means being coupled to the further waveguide for
launching light into the further waveguide, and an arm of

30 the fifth coupling means being coupled to an arm of the
second coupling means for launching light into the second

coupling means.

Preférably the first detector is coupled to an output arm
35 of the fourth coupling means and the second detector is

connected to an output arm of the fifth coupling means.



30 the fifth coupling nmeans being coupled to an armof the second coupling
means for launching light into the second coupling neans. Preferably the
first detwotoen7i3se coupl ed to an output arm 35 of the fourCh/Aawepédong means
and the second detector is connected to an output armof the fifth
coupling nmeans. WD 02/ 071356 PCT/ AU02/ 0G0®7 - - 6 The invention also
provides a nethod of nonitoring a perineter, including; providing a first

wavegui de bel eweg5ayadckg¥ehsal previBesPar dehel be BSnEEBERngQ; 5
causing a light signal to propagate through the waveguide; and detecting a

change in parBRELBEEEE-t RBCLPGARI/signal to indicate an intrusion across

the perimeter. 10 PrefgrabliiingS&Ccondsvenggegdede SbeLewi geduandither ! i ght
signal is Iaunihed h to_the f%rst an secomgP¥g¥¢guides; t he net hod

i ncl udi ng cau®rRB9t hB®| PGRE™EFGhat©i RS PRB: wavegui de and the second
wavegui de 2 0 conbi ne acsusimegréelbghtngidbal heo detepagagestBpoeghpthsi Nng

detecting the ren pattern so that a change in interference
pattern indicg?ggﬁﬁ%éght?ﬁgion across the perinmeter. Preferably the nethod
further includes; 20 cadstagttnanterhanopaiyatpayaheygbdt sEghbéslight

propagate thr gughaiNngof ihaleaed second-ueysRULdEsss daLeopLiagopnd, (i ed
count er-propagaling signals caused. by a change In paranheter of the
signals due to an intrusion across the perinmeter and determ ning the

| ocation 10f thee28rhBiyUsi 98cbiaNRasEginget B8 Hi8Bidblf eh@neRehELYREN
receipt of a nDdI{Ied iountgr-p[ogagaﬁlng,5| nal travelllng ina_ first
direction conPifRdtt vSr eBrGEedt 1A RobPEi ST EbUAREr EeEPBdayav eaYLdeGhal
travelling in the opposthe métieedi imcluding causing the light signal in
the first waveguide and the second waveguide to combine
and interfere; and
15 the detecting step comprising detecting the
interference pattern so that a change in interference

pattern indicates in intrusion across the perimeter.

Preferably the method further includes;

20 causing counter-propagating light signals to
propagate through the first and second waveguides,
detecting modified counter-propagating signals caused by a
change in parameter of the signals due to an intrusion
across the perimeter and determining the location of the

25 intrusion by measuring the time difference between receipt
of a modified counter-propagating signal travelling in a
first direction compared to receipt of a modified counter-

propagating signal travelling in the opposite direction.

30 Brief Description of the Drawings

A preferred embodiment of the invention will be described,
by way of example, with reference to the accompanying
drawings in which;

35 Figure 1l is the schematic view showing the layout
of the system according to one embodiment of the

invention;



30 Brief Description of the Drawings A preferred enbodi nent of the

I nvention will be described, by way of exanple, with reference to the
acconpanywpog@2/ounBawi ngs in which; 35 Figure 1 is the schen®CIreAvm2ecoshow ng
the layout of the systen1accord|ng to one enbodi ment of the invention; WO
02/ 071356 PCT/ AU02/ 00007 7 Figure 2 is & view showi ng nore detail of the
actual perineter forned by the systemof Figure 1. Description of the
Preferred Enbodi nent 5 mﬁghreeﬁeﬁeneevﬁewaguwen§ ﬁo&éaaémhhuiag ane

detecting se N.5_1.8S sh Wn |ch es a rce 1 such as a
pi gt ai | ed Ias%ﬁt aldger e Ta unc es %g'lﬁgftﬁ' §1 £2*6f coupler

14. The coupler 14 has output arns 16 10 and 18 connected to input arm 20

of a coupl er lkAput fa 2 u upl er 14 has an arm 15
which is not%%s@ q HRY! o FAkHe @ %Ee r 5% d%%engp and 19 which are

al so not used. Arns 26 and 28 of the couplers 22 and 25 are connected to

connectors 30warg §%feseeablar 85 #lgamd 113 %%anm@_t@ehgﬂah@lg d%%%t%& of the

system shown in Figure conprises a flrst cabl e_40 a secon dbl e 60.
The first caﬁF&t&GnhéslﬁmﬁhﬁﬁveﬁﬁFGleﬂg &ﬁ&s4$ ﬁﬁgﬁﬁeSPGFﬁﬁoﬂ°2§uthlcal
fibres and thassacpiagtaabkd ﬁasbanaowavwmb@Le 162nchel PHAGLI QﬁtoOEtlh:%%l

fib bl |1 I st two_fibres_and nore comonly at
Iea;? ?gureirggﬁgﬁg %réggp ?%e pgﬁﬁoSSEP&Frtﬁg BF@f@PF@Hteﬁﬁﬂﬁ|ﬁént of

t he presem |anén180nonhebhedcabléapﬁ@ amth @0 bfichudeupiee 23 aaalaﬁbut
fibres then, t S cahbl e y of the fibr need be
used and in thgmcggeggfgtggu%EEFeQEO éngeg%elgrgﬁﬁeaP ?gsigs use *Fhe
connect or 30 BB8fnveed and couplers 22 and 25 have arms 17 and 19 whlch

are also not used. Arms 26 and 28 of the couplers 22 and
25 are connected to connectors 30 and 32 by fibres 31 and
15 33.

The detecting section of the system shown in Figure 1
comprises a first cable 40 and a second cable 60. The
first cable 40 has two waveguides 42 and 44 in the form of

20 optical fibres and the second cable 60 has a waveguide 62.
In practice, optical fibre cables generally include at
least two fibres and more commonly at least four or six
fibres. For the purposes of the preferred embodiment of
the present invention if the cables 40 and 60 include more

25 optical fibres then, in the case of the Eable 40, only two
of the fibres need be used and in the case of the cable 60
only one of the fibres is used. The connector 30 connects
directly to fibre 42 of the cable 40.

30 The connector 32 is connected to arm 50 of optical coupler
52. The optical coupler 52 has arms 54 and 56 which are
connected to the fibre 44 and the fibre 62 respectively.
Arm 53 of the coupler 52 is not used.

35 The fibres 42, 44, and 62 pass all the way through the
cables 40 and 60 respectively and the cables 40 and 60 may

have a considerable length of many kilometers.



directly to fibre 42 of the cable 40. 30 The connector 32 is connected to

arm 50 of opti

cal

coupler 52. The optical coupler 52 has arns 54 and 56

whi ch arewooonrsst ed to the fibre 44 and the fibre 62 respextAtregno7 Arm 53
of the coupler 52 is not used. 35 The fibres 42, 44, and 62 pass all the

way through th

e

cables 40 and 60 respecti®ely and the cables 40 and 60 may

have a considerable I ength of many kiloneters. WO 02/ 071356 PCT/ AU02/ 00007
8 The fibre 42 which exits the cable 40 is connected to arm 71 of coupler
70 and the fibres 44 and 62 which exit the cables 40 and 60 respectively
are connect edTH& &iREe722idishy px3fttst b Aahiler 40 isTvOrmantes dP @

coupler 70 is7n0bf usegleENgocaumal ehe 22t 23 have 6 Whith @34 t2%he

respectively
i s | aunched bﬁgg

ch are caonnected to detectors 82 and 80, 10 In use, |ight
RESpidt arted o 1

| EEPSFEGIE 0 255~ HSn RS &P &5 € A2%nd

t hen branches7énbd &hes cbfiplaemrd 708 offhicheareo Wl &f hes @oamlled r7acdisvadyy

the couplers
arm 26, connec

Eee

and 25. The light fromthe coupler 22 passes through 15
‘30, fibre lead 35 and into-fibre 42. The light fromthe

| i ght source 10 therefore follows arrow A shown in Figure 1 along the

l'ength of theghib Eguég.e%‘% 29! WnAl 28 HEQWP la?c&nJQJa%gxé ?%2 I{elrsgh@tccﬁg.ggll? 70

into arns 72

and

74 and then 1nto fibres 44 an

travel | i ng i nWwbA&hdpreccranested: towds tegdoaro e fald & two different
pat hs throyugh the fibres 44 and 62 and is then reconbi ned by coupler 52
into output arm 50. The _light _then_propagates through, fibre |ead 37,
connector 3217 P§Pe g%?hﬁr gfzé?“@&ﬁ‘ﬁfiegg§ é’lé’r'ﬁ?llg@dt dagérebiorder30g0.
When the |ightintecarh 0esoft conpflleer 182 ahide theghbranchesl lintg timaugls
fibres 44 a”dagé igtggfgkgsc%%pi%rtg4 so as to receive by the couplers

22 and 25. The light from the coupler 22 passes through

15 arm 26, connector 30, fibre lead 35 and into fibre 42.

The light from the light source 10 therefore follows arrow

A shown in Figure 1 along the length of the fibre 42 to

arm 71 of coupler 70 and then from coupler 70 into arms 72
and 74 and then into fibres 44 and 62. The light

20 travelling in the direction of arrow A therefore follows

two different paths through the fibres 44 and 62 and is

then recombined by coupler 52 into output arm 50. The

light then propagates through, fibre lead 37, connector

32, fibre 33, arm 28, coupler 25 and arm 29 to detector

25 8

0.

When the light recombines at coupler 52 the light

travelling through fibres 44 and 62 interferes so as to

produce an interference pattern which is detected by the
detector 80.

30 The light which travels from source 10 intoc arm 18 and

then into arm 24 of coupler 25 moves in the direction of

arrow B through connector 32, arm 50 of coupler 52 and

into arms 54 and 56. The light therefore propagates along

the fibres 44 and 62 in the direction of arrows B as shown

35 and into arms 72 and 74 of the coupler 70. The light is

recombined in the coupler 70 and passes through arm 71

into fibre 42 so that the light propagates along the fibre



produce an interference pattern which is detected by the detector 80. 30
The light which travels fromsource 10 into arm18 and then into arm 24 of
coupl er 280meMessé n the direction of arrow B through con®ettaan28®o7ar m 50
of coupler 52 and into arnms 54--and 56. The |ight therefore propagates
along the fibres 44 and 62 in the directi®on of arrows B as shown 35 and
into arnms 72 and 74 of the coupler 70. The light is reconbined in the
coupl er 70 andzpa%%utghr @limean@aél 35, NeQnhlehi® 42 050 f&%&ﬂe t3fie 'c'o%tler
propagates al gng the fibre W0 02/0713 356 PCI/ AU02/ 00007 t hrolg

fibre | ead 352 Bﬁﬂe&PGP g™ 2i’hite Be desesited bZZGéﬁ&CFﬁFbsérn19Fcﬁo be

detected by dagaghor whan Gﬁ@ellgg&lmraWQﬁalhﬁelhi&Bk Hﬁ&%@kﬁbﬁgoEnaEQ%w
direction of arrow reco |ns at t %ﬁ 5 %@e I| travelllng 5
through cabl e& &5°8RE12%Si §SabPE £8P érf § ecad @Hﬁ has
travel ed throtghotgh diblesedi paﬂh4hengthbleahongntbefbrbrb&cé&séﬂdh@Z SO
that the Ilgh | . _L.n C rentl onbi ne Th t he
det ect or |EL:L %ohgglggggggggg@ héh'ﬁggr ng%ge Opatgtgrﬁ Egﬁsed by
t he |nterferenéengfthhefibghs %ﬁlend|§2 SpaVthimgetﬂnghghwuﬁé fibres 44

and 62 in the;diceebi@nyneh 2L’ @WhBreARYS r@%@s@ih@g tOrhliiss tﬁgodi ment of

the invention _two 15 counter-propagating”signa Eess through e-fibres 44
and 62 of thedetgpres 28 afd2 6° ki éefFPsﬂe 86t Shepigpagieragcesi gnal is

the signalo whpghtbeavehaska b?etﬁlar eatkefeobncarl beWehAcaldghheywageandssi gnal
I's the signal mhlcgltravgh 8 %g % %ectl n of arrow B. 20 | f one or the
other of the EABVES1ABIFRERUE §t frBEG=a%4cRRAGE2I A% hBSpROBEFEYOBf t he
light travel | bgatrhoeuBh the cable at the-position of disturbance will be
created. For

Thus, according to this embodiment of the invention two

15 counter-propagating signals pass through the fibres 44 and
62 of the cables 40 and 60. The first counter-propagating
signal is the signal which travels in the direction of
arrow A and the second signal is the signal which travels
in the direction of arrow B.

20
If one or the other of the cables 40 or 60 is disturbed a
change in the property of the light trawvelling through the
cable at the position of disturbance will be created. For
example, the change in property may be a change in phase

25 of the light signal propagating through the respective
fibres. The change in parameter of the light, such as the
change in phase of the light signal, will alter the
interference pattern caused when the light signals
recombine either at the coupler 70 or the coéupler 52 to

30 thereby change the interference pattern which is received
by the detectors 80 and 82. By determining the time
difference between the receipt of the altered interference
patterns at the detectors 80 and 82 the location of the
disturbance of the respective one of the cables 40 or 60

35 can be calculated so that an indication of where an
intrusion has taken place along the length of the cables

40 and 60 can be identified. The counter-propagating



exanple, the change in property may be a change in phase 25 of the |ight

signal propagating through the respective fibres. The change in paraneter
of the |iwbtoz/ozssh as the change in phase of the |ight sipgmalgo2mpdor alter
the interference pattern caused when the light signals reconbine either
at the coupler 70 or the coupler 52 to 301¢8hereby change the interference
pattern which is received by the detectors 80 and 82. By determ ning the

time differepcenhelygepothentareht el 1hgaphbarsd LnkeClerenge, patterns

at the detectors tion o di st ur bance
respective onﬁheff%héeéaBPe§e4ée§?rB@n3§ tandbectabed| anequsoafhuesaind

i ndi cation OfIﬂ@@fﬁa@ﬂonhmtéﬂ?l@@a@@ént?@@VA@b§?§1§b9ngn3h§l£8n9ﬁh @Qf the
cables 40 and 60 can be identified. The counter-propa atlngg 02?071356

PCT/ AU02/ 0000%#ustradiappRAvEELoPaL éﬂ%ﬁ%?ﬂbl?ﬂenFBEaFu R36P9atéigdutbance

to the fubresebﬁubeydzbeln1neﬂelaoﬂtaﬁteseﬂ tﬂlguPra%QEQSﬁaﬂ
in_our _Australian

I nt ernati onal Egllc?t on_PCT/ 9/0ég g

provi si onal apBPrE&EFoR" ndfbEF! PRBT6E FI TR eﬁ%atﬁoﬁﬁ%rﬁHP}l?651°nTﬂEe
contents of thnsoppovasednahtapphisaspenifiscaeidbnas the International
application are incorporated into this specification. In order for the
detectors 80 and 82 to be able to 10 calculate the tine difference between
recei pt of thén apdefifarcbbntdetprbpngadf ngndi §Rate, behablestohe change

in Interﬁ@fen55193156énthéhelﬁst&§£9é§e§9eaggu§éeﬁhpaég ge oBY Qron'sed
Alternatively, a_ sin detector could be wutillsed detect oth of the

counter-propd@%ﬂ%ﬁbeglﬁﬂ YR Ee] sPERPRFAE 1R H S EIRREF - débéEtbF kag ghange
synchr oni sed iﬁfeﬁeQﬁEeréﬂc@npbheeiﬂﬁ thaﬁddtééeéﬁaceotQnaesﬁeéﬁﬁﬂlaeﬂeand

whi ch can then used é giﬁrn1ng t%f engt h Ehe cabl es, .40 and 60
at which a d|§¥ﬁ? Eﬂﬁésﬁ 5 oechFFRA- 5B ¥ hrdt295h 3¢F3§oﬁ?u%§ Pse
preferred enbetihbsédototéetect both of the counter- propagatlng signals
15 so that the signal detector has a synchronised reference
to enable the time difference to be determined and which
can then be used to determine the length along the cables

40 and 60 at which a disturbance has occurred.

20 Figure 2 shows a layout of the preferred embodiment of the
invention in which the perimeter of an area 100 is to be
guarded or monitored for intrusion. In order to install
the system a trench 102 is dug about the area 100 and the
cables 40 and 60 are laid in the trench so as to have a

25 generally zig-zag and overlapping pattern as clearly shown
in Figure 2. This pattern spaces the cables 40 and 60
from one another and also ensures that a substantial width
of detection region is provided. In the preferred
embodiment of the invention the cables 40 and 60 are

30 buried 50mm to 80mm below the surface of the ground. The
trench 102 preferably has a width in the direction of
double headed arrow W in Figure 2 of between 1lm and 2m.
When the cables 40 and 60 are buried in the trench 102 the
cables are obviously invisible to the naked eye and

35 therefore location of the perimeter and the existence of
the detection system can not be identified by any person

attempting to intrude into the area 100.



invention in which the perineter of an area 100 is to be guarded or
nonitored for intrusion. In order to install the systema trench 102 is
dug aboutwOhe/area 100 and the cables 40 and 60 are | ai dPca/Atee/oeaoench so
as to have a 25 generally zig-zag and overl apping pattern as clearly shown
in Figure 2. This pattern spaces the cableg 40 and 60 from one another and
al so ensures that a substantial width of detection region is provided. In
the preferred enbodinent of the invention the cables 40 and 60 are 30
buried 50mm to 80mm bel ow t he surface of the ground. The trench 102
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WO 02/ 071356 PCT/ AU02/ 00007 - %1 viously, rather than be of the general

u- shape as shown in Figure 2 the area 100 can be conpl etely encl osed by
the trench 19Reapfefbereabbmbodimant 66. the afvéAtpbAVideladéscanapl ete

itori ' bout th LT f d di f ot
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i ngress of dir nol sture. osure can urred in the
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the cabl es 40rppd-f0s@Re £96! Og4r endAObL SHAEONEAE] WhLCP-BALRES0S heieRuUP! er
52 and the associ ated exgosed fibres so as to prevent ingress of noisture

and dirt. OnckhagzdplesndledRfolflre 140 is

15 Similarly, at the other end of the cables 40 and 60 an
enclosure 140 is provided which houses the coupler 52 and
the associated exposed fibres so as to prevent ingress of
moisture and dirt. Once again, the enclosure 140 is
buried in the trench with the cables 40 and 60.

20
A feeder cable 130 preferably also extends into the
enclosure, 140 and contains the fibre leads 35 and 37 which
join with the connectors 32 and 30. Thus the feeder cable
130 can extend to the location of the transmitting and

25 detecting station 5 so as to couple with the fibres 31 and
33.

When the system is installed the trench 102 therefore
provides an effective monitoring perimeter about the area
30 100. Any person attempting to gain access into the area
100 will walk over the trench 102 and the weight of the
person will apply a load to the cables 40 and or 60 or
possibly move the cables 40 and/or 60 as the person walks
over the width of the trench 102. The load or movement of
35 the cables 40 and 60 will in turn cause a loading or
movement of the fibres 62 or 44 which in turn will cause a

change in the aforementioned parameter of the counter-



buried in the trench with the cables 40 and 60. 20 A feeder cable 130
preferably also extends into the enclosure, 140 and contains the fibre

| eads 35 wPM28713%hi ch join with the connectors 32 and 30PCThu®nbme7f eeder
cable 130 can extend to the location of the transmtting and 25 detecting
station 5 so as to couple wth the fibresi3l-and 33. Wien the systemis
installed the trench 102 therefore provides an effective nonitoring
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the area 100 r“the trench e melg of the person
will apply a F8aBgeoilrh@2&aprEST40 SHEH GF eocbﬁngsog§1ﬁh98ﬁové the cabl es

40 and/or 60 asghhe,Peisancwahke tOwernthe reirdhleobalharhr ¢heh 182 The
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af or ement i®mnednhpatghetie othkleotoihkefi¥Pel2507 23560PCa1AK02/ @BAGGe 12
propagati ng signal.s sin thro h the fibres. This change in paraneter
such as a chaff& Fﬁtgﬁigéegfetﬁé ?laﬁal wi |l change the interference
pattern when the phase changed si gnal reconbines wi th the signa

travel 11ng 5 BAEQUARCEN cOLRE' cALaLla GHet.sa-as LA causesd change |1

the interference patter t he change nter e pattern by
one of the déhécﬂéﬁ§C89r§r892°Er§@|Eé@vadeﬁnéhcandeﬁaﬁﬁoanOfoanntru5|on

over the {4 engh¢ilgiohhevikpt EHSI eReaaR BO2. ”D&hkoﬁﬁ@rgﬁlgﬁr%aﬂ'SQm
I nspection of the interference pattern or ¥ an al arm si gnal such as an
e

audi bl e or vi ¥aREEOLREr RYSPERE VBEFRG dBARESTAARUPSEN tERaAGESTEFRPER! er ence
pattern indi cphireraf ognbiynkhuslarmasigaalt BeckabkeandQuidbasdoeOvithal
| ocati on of thE |ntru3|09 gan be detern1ae
a igna eing generated upon change of interference
pattern indicative of an intrusion across the cables 40
15 and 60. The location of the intrusion can be determined
by the time difference between receipt of the changed
interference pattern at the detector 80 compared with the
changed interference pattern at the detector 82. This
enables personnel to be dispatched to the appropriate

20 place to intercept the intruder.

For example, if an intruder attempts to make an intrusion
at position X, the intruder will walk over the trench 102
which is not detectable to the naked eye and merely is

25 Jjust a continuation in the ground from outside the area
100 to inside the area 100. The intruder will, for
example, step immediately above or very close to the cable
40 at location 40' for example. This will apply a loading
or a movement to the fibre 44 which will change the

30 property of the counter-propagating light signals
travelling through those fibres. Thus, the modified, or
phase changed signals A and B will propagate from the
position 40' in cable 40 in the direction of arrow A and
also in the direction of arrow B. The time taken for the

35 modified signal to travel from the point 40' in the
direction of arrow B to coupler 70 where it will cause a

changed interference pattern when it interferes with the



by the tinme difference between receipt of the changed interference pattern
at the detector 80 conpared with the changed interference pattern at the
det ect or 8DP.020Ni3s6 enabl es personnel to be di spatched to toa/Appoapri ate 20
pl ace to intercept the intruder. For exanmple,, if an intruder attenpts to
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continuation kaghhe 8 %a@e&&%bmeh%b@@ht Qaea&ﬁ re19? teoJm sida {beparea
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cause a changedurneénfeTbﬁcefpaetepprwbemate petrephellesani bh t he WO

02/ 071356 PCTéﬁggg‘{:QQQQ?to thd r8598al oB 5 ngbfgnegueg 2 eLlﬁgggeﬁz’

conpared with I me taken for~the nDdl to trave
direction of BPPo#PATrBEEEHErthe | ocati on 40' to |nterfere at coupler 52 with
the signalgptravelling in the direction of 5 arrow Ain fibre 62, wll

provi de an indication gf t he dlstﬁnce al ong the trench at which the
di sturbance haf ™BtELPFEIVATREPBEE e58B§F85rF5FeuBéF§6ﬁ§r PzpfpEably
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It mltiple MQVEL Eﬂlﬁg &ge%uiE Eékkhae%avggﬁﬁﬁéa92¥p1ers to thereby
minimise loss of signal when the signals are combined or

15 separated by the couplers.

If the length of the cables 60 and 40 are particularly
long the fibres 35, 37, 42, 44 and 62 may include optical
amplifiers along their length. Because the fibres convey
20 signals in both directions in order to provide the
counter-propagating signals discussed above, it is
necessary that any amplifier station accommodate the
travel of the signals in both directions along the fibres.
Thus, if the optical amplifiers are not bi-directiomnal, an
25 amplifier assembly of the type disclosed in our aforesaid
provisional application filed 16 February 2001 can be

utilised.

The preferred embodiment of the invention has the

30 advantage that the buried cables 40 and 60 are sensitive
enough to detect even the slightest foot-fall,
continuously and discretely, twenty-four hours a day
everyday for many years. Their performance is completely
unatffected by changes in the local environment (rain,

35 hail, temperature, electrical storms and magnetic loads).
Noise and vibration effects from background traffic can be

screened out. Washouts do not disable the system and can



the couplers 14, 22, 25, 52 and 70 are wavel ength

mul ti pl exi ng/ de-mul ti pl exi ng wavegui de couplers to thereby mnimse |oss
of signalwaten7i3he signals are conmbined or 15 separated PgTtA@2/000p! ers.

If the length of the cables 60 and 40 are particularly long the fibres 35,
37, 42, 44 and 62 may include optical anpkifiers along their |ength.
Because the fibres convey 20 signals in both directions in order to provide
the counter-peopagakiir-ag.si gnals di scussed above, it is necessary that any
anplifier station accomopdate the travel of the signals in both directions
along the fibres. Thus, if the optical anplifiers are not bi-directional,
an 25 anplifi Fheasgenby adkot hest yhe ddsehaagd ithatudtafier asai-d
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for many years. Their ornance i s conplete ﬁ Nges in
the | ocal envFFoHﬁeﬁ@eGFﬁPﬁaQBSthﬁlFadﬁngﬁéﬂaﬁmﬁéatépgcﬁrp@at st §ihreand

magneti c | oadghd, é@bﬁﬁlﬁ@dthhérGhéoﬂegEBECES them:Pagkgr egaditraffic can
be screened out. ihout do not dlia e the system and can WO 02/ 071356

PCT/ AU02/ 00007estoxgd Fg FEﬁaPFéaln? csyé&éﬁpa|§sfﬁ5§ ghggiBgantige t hat
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detectors bec e _no al is _required n he s, the fibres.can al so
not be detectggéﬁy en??é?oﬁgn egaﬁééytﬁergh |§e§ gﬁggtﬁg §Re?PE radiation
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is restored Lo ELQnQE&QQEa%iEQ”GEtEﬁﬂthBQVEoggﬂgkﬂgirbﬁﬁent and the
operators needs. Cable sensitivities aren’t effected by
15 lengths up to 60km and cabling can easily be: extended to
350km or more (using appropriate amplification if
desired). Hence, trench lengths of up to 70km are

possible or areas of greater than 125, 000m3.

20 Extensive systems may be broken into multiple zones, each
of the which may have different sensitivity levels set.
Sensitivity levels may be preset at different values for

different time zones of the day.

25 For maximum effect the cables should be laid in a shallow
trench at least 1.8m wide, for the entire length of the
sensitive zone. This area must be excavated by a suitable
machine or by hand to a uniform depth of between 50 and 80
mm. The soil removed in the process is used to backfill

30 the trench once the cables are laid. The trench base need
not be flat and no particular care is needed to maintain a

particular depth or uniformity.

The cables are terminated at each end of the trench or at
35 only one end. Provision must be made to connect the
sensor cables to a feeder cable 130 at one end of the

trench. The feeder cables(s) is contained in suitable PVC



10 |l ocation of the cables and 40 and 60 are inpossible to detect. The
sensitivity of the detecting systemand therefore the provision of any
al ar m comapton3s€ean be set or changed at will to suit tReTIAA®2/00007
environment and the operators needs. Cable sensitivities aren't effected
by 15 lengths up to 60km and cabling caR BAskly be-extended to 350km or
nore (using appropriate anplification if desired). Hence, trench | engths
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are term nat edyatofachrg Q}etQgegggggmyogdghtlgglonly one end. Provision
must be nade t0 connect t sensor cables to a feeder cable 130 at one end

of the trench. The feeder cables(s) is contained in suitable PVC WO

02/ 071356_0PCTTMQé1QQ@B7cablé5 ag@nUdil, aleag the beeesh be the peshthon of
the conputer ,term IS cogdu |t shoulg be buriegﬁat Iggit 200mm bel ow
the surface of™the® g?%ﬁ%% TREFPLi Ya¥8NCPefiePr 428 B2AEGEFP &5P2FI 6BPSof a

bui | di ng or catroes.tHaefskhswidthbbéstbeshouhdhbe mer sl essenniati ahagrade
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usually 6mm 1 n dianeter two cables are requir
mirror image) to that of the other cable, ie they are 180%

15 out of phase, see Figure 2. The cables may touch as they
cross over. There is no need to maintain close control

over the relative depths of the two cables.

For maximum sensitivity the spacing between the two
20 opposing wave peaks should be in the 400-500mm range. A
wider spacing may still be effective, but the sensitivity

beings to fall off if the spacing exceeds 500mm.

Once the cables are laid, spliced to the feeder cables(s)

25 and tested, they may be buried. The cables should not be
lifted or substantially moved during the back filling
operation and hence it is recommended that the first 40-
50mm of £ill should be done by hand or more carefully with
a small machine. This should then be roughly leveled and

30 consolidated by a light roller or a tamping machine. The
remainder of the soil can then be backfilled and
consolidated with normal earth moving plant such as a
front-end loader. The surface should be smoothed, with an
allowance for slumping, and then re-grassed if

35 appropriate.

Although arms 15, 17, 19, 53 and 75 of the various



system They are preferably identical. 10 The sensor cables are laid al ong
the bottomof the trench, in a closely spaced wave or zig-zag pattern that
runs acrwohessé ul | w dth of the trench. It is essentialPCrhdaio2/oodoe wave
or zlg-zag pattern of one cable is opposite (a mrror inage) to that of
the other cable, ie they are 180% 15 out ©6 phase, see Figure 2. The cables
may touch as they cross over. There is no need to naintain close control

over the rel atpbugidept BeeOhoth@skWoigakhas embhifBREMHALSSRBLEI ¥bbYel e
spaci ng between the two 20 05t25|n wave peaks should be in the 400- 500mm
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descri bed mﬁtbzrwherenthose shgnedenistepfopagadi pgodacgnahs which traverse

through the fiRtescdfeadd Baeebls. ERISSaABoATNLEE guldagprely 1ncl ude a

sensitivity and will alert to an intrusion but will not

15 enable the location of the intrusion to be identified.

Since modifications within the spirit and scope of the

invention may readily be effected by persons skilled

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

way of example hereinabove.



traverses in only one direction and in this enbodi nent the fibres 44 and
62 are not joined but rather have ends which 10 are polished to form
mrrors swottharissée |ight signal is reflected back througaTiAm®2iddores 44
and 62 to the coupler 52 where those signals interfere to produce the
interference pattern. This enbodi nent proyiydes sensitivity and will alert

to an intrusion but wll not 15 enable the |ocation of the intrusion to be
identified. @hng nDdlflcatlons within the spirit and scope of the
i nvention may 'y be effected by persons skilled wthin the art, it is

to be understood that this invention 20 is not limted to the particular
embodi ment degcribed byp ﬂ@hﬁatefasahﬁrhe?ewéEefﬁemM\&Q%W1356

PCT/ AU02/ 00007 - 17 dalps 1 erine security systen1|nclud|ng at
|l east a first maveQU|deaﬁuﬁﬁéatbélS%FﬁFoUﬁﬂegﬁlﬁévéPréﬂé Eﬁ%%ﬂdgﬁauﬁﬁong a
perineter shi ghvdef laﬁaSe&I&enaﬁ.ﬁg boohg EDPeromedernRBAsShHf @esfhiadachhng |ight
into the first vayeg g e, _and adQetector for detecting light which has 10
propagat ed t hR5G8h *ChESWATBJIPEE%0 as to detect a change in a paraneter
of the light propagatingethsofigh Lhenchinggligbtdistbotha Eftstsion across
t he ground be I,C he waveguide is buried and for providing an

I ndi cation ofu gg?ulﬁgfungn 15 2. The perineter security systemof claim
1 wherein at |east a sacéateabotglpdedeteatingptbghtiedhiahdhase neans for
| aunchi ng, hegkbgargatgau@ﬁ%aghhehlel gabegﬂ&ae Qet bst g8 &ee&.&agdcﬁsaged

wavegw des; cou |ng nmeans _f or COUp ngt e first and secon
in a parameter of the light propagating through the

waveguide due to an intrusion across the ground beneath
which the waveguide is buried and for providing an

indication of that intrusion.

15
2. The perimeter security system of claim 1 wherein
at least a second waveguide is also provided, and the
means for launching the light, launches the light into
both the first and second waveguides;

20 coupling means for coupling the first and second

waveguides together so that light propagating through the
first and second waveguides is caused to interfere to
create an interference pattern; and
wherein the detector detects the interference

25 pattern and upon an intrusion a parameter of light passing
through one of the waveguides is altered with respect to
the same parameter of the light passing through the other
of the waveguides, to thereby change the interference
pattern detected by the detector to provide an indication

30 of the intrusion.

3. The perimeter security system of claim 2 wherein
the first and second waveguides are provided in at least
one cable.

35
4. The perimeter security system of claim 2 wherein

the first and second waveguides are provided in separate



wavegui des together so that |ight propagating through the first and second
wavegui des is caused to interfere to create an interference pattern; and
wherei n twe odetwsd or detects the interference 25 pattern aad/Alyponom@n
intrusion a paranmeter of l|ight passing through one of the waveguides is
altered with respect to the sane paramet®® -of the |ight passing through
the other of the waveguides, to thereby change the interference pattern

detected by tdgpTies eLAOIthd SOV e aFab Dl Catd OBur 303 GhehbiSrh NGF4ShON. 3.
The perineter S m 2 wherein, the first and second

securjty S}/stem of cl&ai i e g
wavegui des ar]ee‘f)?i;v’rrde’ﬂ" T3 FRERRC WRFCaprrationahigyel bh TesRest to
security systeme cinetiadim o wief e a ther ihdtSér ansh 56&€ okl iy egui des are
provided in s te VQ Q2 1356. RCT/ /00007 - 1 cabl es and the
separ at e cablsggg%?aen%%%af e%{%%%evgl?%c%r%%zb?e ?v?ﬂs‘:i‘?gt-’lia@ RYRDY apart
rel ati onshi p mtindigupeictte ccheormramot her to define a perinmeter region
having a substantial width which will be traversed by a person 5 intruding

into the area. 5. The peri met er security systemof claim4 wherein the
substantial wdth is alHdEeEmatathfeipidns aystemvad |dmin f rdremdin

wal ki ng or T uHd nehyBddmih 3 hidi 0 shefaoyetudibep dtd pf-dlie region. 6.
The perineter secur systemof_claim5 wherein the width of the region

it . [ ]
i s between or'Feraa‘fﬁjut’v}i/? gt dFrmas walldng o | ARG dealr ey Wikt atef cl ai m
2 wherei D0 Cat¥ElovOpagatwidrl ightelsd gh@d o) € | aunched into each of the
wavegui des so that the location of an intrusion can be detected by the
time difference between detection of the changed interference pattern
propagating i one The perimeter security system of claim 5 wherein

the width of the region is between one and two meters.

15 7. The perimeter security system of claim 2 wherein
counter-propagating light signals are launched into each
of the waveguides so that the location of an intrusion can
be detected by the time difference between detection of
the changed interference pattern propagating in one

20 direction and to the changed interference pattern

propagating in the opposite direction.

8. The perimeter security system of claim 4 wherein
a first of the said cables contains said at least one
25 waveguide and a second said cable contains said second
waveaeguide;
a further waveguide being contained within the
first cable;
first coupling means at one end of the said
30 first, second and further waveguides for coupling the
waveguides so that light launched into the said further
waveguide is able to propagate through the further
waveguide and then into the said first and said second
waveguides to propagate in a first direction through the
35 said first and second waveguides;
second coupling means at the other end of said

first and said second waveguides so that the light



20 direction and to the changed interference pattern propagating in the
opposite direction. 8 The perinmeter security systemof claim4 wherein a
first of wbe2maizds cabl es contains said at | east one 25 wavegmwe/oend a
second said cable contains said second waveguide; a further wavegui de
being contained within the first cables ¥49rst coupling neans at one end of
the said 30 first, second and further wavegui des for coupling the

wavegui des s@idpigdtigly drauiredieshidteitde $id{ il NatroWgy el desd ssabl e
to propagate through the furthe mav;gg{de and then into the said first
and said seco"’Hb‘{ ?/%Péb‘ﬁl ECTH P DpaH AR T nta FoheterflecienTRIRO WAL t he
35 said firstimra-fSesond: whegsdaesd cseosithe Qgdnslg gmans at the ot her end
of said first and sai d.second waveaui des .so .t hat the |igh 02/071356
PCT/ AU02/ 00007 - 19 ‘érlg%*agaﬁ |Sr?g\i°|e%“’t%eas°s’eﬁ i iet}estlad’fnrcégetd} &ﬁ%gﬁ?@ai d
first an@ sexsmmhdvacepiiides neard|and citohesaid | §irecomd neeandd interfere

at the second,conpl; 2 44 ght | N o, he, | aunched
through said 5 sec%éin% L%daﬁang mia%?a%%t?%%&%a%ﬁ%%% Sa% s%clbsn%
wavegui des t dligasidion rngd fqhatemtnl o pprssinkeinmiak fihstfindt exuimlirand

coherent |y r aeQd N® and NeLdit StrHalild 188 sihddied idieddaye!{d ng
in the opposite direction is able to interfere and then propagate through
the said 10 fArthdP idksffiske 34 HhehaTrtarts dhnqualh e arist claim 8
wher ei n 1the figteirowavegigqd.ed to the further waveguide and to the
second coupling nmeans for detecting the counter 15 propagating |ight
signals after interference of those signals so that any disturbance of the
first waveguisde The perimeter security system of claim 8 wherein

the detector is coupled to the further waveguide and to
the second coupling means for detecting the counter

15 propagating light signals after interference of those
signals so that any disturbance of the first waveguide
and/or said second waveguide will change a parameter of
the light propagating through the first and/or second
waveguides to thereby change the interference patterns

20 detected by the detector to cause the detector to provide

an indication of the intrusion.

10. The perimeter security system of claim 9 wherein
the location of the intrusion can be determined by the

25 - time difference between receipt of the modified counter-
propagating signal travelling in the first direction
compared to the receipt of the modified propagating signal

travelling in the opposite direction.

30 11. The perimeter security system of claim 9 wherein
the detector comprises a first detector and a second
detector, the first detector and second detector being
synchronised and the first detector detecting the counter-
propagating signal travelling in the first direction and

35 the second detector detecting the counter-propagating

signal travelling in the opposite direction.



and/ or said second waveguide will change a paranmeter of the |ight
propagating through the first and/or second waveguides to thereby change

t he i nt erwerencsspatterns 20 detected by the detector to eaxsdotkherodet ect or
to provide an indication of the intrusion. 10. The perineter security
systemof claim9 wherein the |ocation-o®0the intrusion can be determn ned
by the 25 tinme difference between receipt of the nodified counter-
propagati ng signal traVEﬁéipgrimethe éé@ﬁfldyregéteﬁ oEO@paimdstﬁhéheln

f th dified
i rection. a0t SenaS pEPF ERdRchife L PRk, bk BrecPdrabutiRerbrn i e

det ect or conpcampsmaeélasllghtesoorcandoapéedond adEherdocpuphentlmeans

detector and seoand eLoc!ohabebagnasyRebhonkagd apfle! BE-LL" shegatoatyr

detecting the coun ropagating signar travelling t direction
and 3.5 tlhe skebrd @@@ %@rt@eﬁéc%nﬁgttﬁémceﬁn@efoprbbagauphgngsmgﬁaﬁ

travel ling i ngfle.Rpposhée &E?ﬁt:' Q8m M@lﬁgl 8443284 PEd/ éHOQHROQ@?

12. The perlneter securjty systemof claim8 wherein the nmeans fo
| aunching | i ghtfFht SO %@ BgEPBesa” cBfPr PSesha #?\jﬁFhSEGPE%-‘-E%u’BFéHSto a

third coupli ngei@nSoupbydngof thet faptheecwadeguingt £8f NEauhBRihG $1gRYL put
arm5 being cp arn1oé?a fogrth coupl and t he

| e an_in n
ot her out put ﬁ?ﬁ?bg?ﬂgf%ﬁﬁﬂ?gdw?ge%ﬁl m Bf anf?F?hotogB?lﬁbﬁﬁgans, an arm
of the fdmwtrnamp¢ﬁmggma@mmsbebegngouphgﬂedotanthEmfufthhe savegdi de for

| aunchi ng Ilggg%%}ﬁgg %E# PeiaMQXEQH#dfﬁ%ﬂleﬁe aL{ of &Q& fifth 10

coupl i ng neans 0 an armo Setond coup 'ng neans for
| aunchi ng Ilgﬁﬁup¥ﬁ%gtm@a%%cond coupling nmeans. 13. The perinmeter security
system of claim 11l wherein 15 the first detector is coupled to an out put

arm of the . . .
3. The perimeter security system of claim 11 wherein

15 the first detector is coupled to an output arm of the
fourth coupling means and the second detector is connected

to an output arm of the fifth coupling means.

14. A method of monitoring a perimeter, including;
20 providing a first waveguide below ground level
along the perimeter to be monitored;
causing a light signal to propagate through the
waveguide; and
detecting a change in parameter of the light

25 signal to indicate an intrusion across the perimeter.

15. The method of claim 14 wherein a second waveguide
is provided and the light signal is launched into the
first and second waveguides;

30 the method including causing the light signal in
the first waveguide and the second waveguide to combine
and interfere; and

the detecting step comprising detecting the
interference pattern so that a change in interference

35 pattern indicates in intrusion across the perimeter.



fourth coupling nmeans and the second detector is connected to an output
armof the fifth coupling neans. 14. A nethod of nonitoring a perineter,

i ncl udi ngwo 0207pseVvi ding a first wavegui de bel ow ground | @cglAvoabang t he
perimeter to be nonitored; causing a light signal to propagate through the
wavegui de; and detecting a change in patapgter of the light 25 signal to
indicate an intrusion across the perineter. 15. The nethod of claim 14
wherein a secopd waveguy i oykd d i i | Sql

"nto the i1t and secong Tefadirul CaBi Lk \anrpoth, Shil\ibchsa BUPEREE, |
| i ght signal itaclufiestirst wavegui de and the second wavegui de to conbine

and interfere; and the detectyngoshe8rCpPBHAGhRInG el £6hENGi LA 1S to
interference pattern so that a change in intéerference 35 pattern indicates

in intrusion BEPBag2ERetREPIARt ERe BEFES/ 6RE356cPRY KRUSPBAE6% 21 16. The
nmet hod of =l adgtddtihgrebaithedneblindetupbghgatfhUdeg§nalaushiified by a

counter-propaggting | 1 ght si% al s %o rogaﬂaie hrough the first and
second waveguftdB8I€s5 P RERT geﬁna fFBa EoHAR F-é?ﬁpﬁga?FnQnEFﬁﬁéPE caused
by a change aarpasabtkéepeniméhersagdalietdmmihdngnthat Loasabhona6EosRet he

peri meter and, delgLbAI 09 hhg.|,26ALT 00Ok ihliCq; kRLLUSLON, BY, TERSULLOG L e
time differencé Detween tecerp of a noditred countTér-propagating s 8 al
travel ling i nof aomédified| ceurton-poapagatiing sigeapt toavalhbugf inda

counter- 1y opagakingi sbgPabnt £aNBhELAILbN- bR BPPEE! Lendit 88LE08ounter-

propagating signal travelling in the opposite direction.



