0 7 APR 20116 WD 02/071356 PCT/ AU02/00007 - 1 PERI METER SECURI TY SYSTEM
AND PERI METER MONI TORI NG METHOD Field of the Invention 5 Thisﬂ?nﬁﬂ tb@&
relates to a perineter security systemand to a nethod of nonitoring<av
perimeter. Optical devices are commonly used in industry and science in
order towlg@psiskd¢ data fromone place to another. 10 RBaglendss t echnol ogy
has revol utioni sed the comunications and sensor fields due to the rapid
devel opnent of optical and opto-elec[yggic devices. Art Background is Qur

I nternational application PCT/AU99/010 “discloses a systemin which the

| ocation of a | and, in particular to a _comunication
t bre can be BExiiimdAEta e ycleh R0 ben e Mo Fom i SuHBRR 00
optical signals so that light signals propagate in both directions along a
wavegui de. A@yéfgq§pmﬁetfhgg§gﬁ5;)the wavegui de wi Il cause a change in the
count er- propagattTng —srgmars ara t hat change can be detected by detectors
so that a time difference between receipt of the nodified 25

count er - ps Opag i iFreaRLbE AteBit@aks 8NabLASeidie Je0GRl P sy fent REa

di st ur bance ég beigﬁﬁgrntned” Qur, I nternational application nunber

PCT/ AUOO 00382 2 gt sBE BTORNFAREAT; f BRATEIFY%th a sensing signal and a 30
comuni cation signal can be launched into a single waveguide and .
transmi(ted ghofithyl BEABYLU SR olbl1 1 QLR in 1B38ER kL Llig SENSI NG
signal and the communication  signal.”3 3 Aternatt ona applrcation
nunber PCT/ ABOTES380 3T ide d2&2nEremdnmdiagst ben axotltfioh perineter

barrier 1@l epRidonSeehtaShicItRs pact FORSL ¥ B SREUNgraoUNted for 0 7 APR

2006 VO OZ/QL%%ggﬁEa égkg%égpggisor fields due to the rapid

development of optical and opto-electronic devices.

Art Background
i5

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 sigmals 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 Internmational application number PCT/AUT00/00382
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 sigmal and the communication
signal.

35 Our Internmational 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{]qh%;(ﬂ g@]
to nove against the bias of the spring which in turn noves the optiC bre
so that a 5 change in a parameter of the light travelling through the

fibre cawognasicected in order to provide an indicatieprQiozdol® 1 Ntrusion
or tanpering. The contents of the above four International applications 10

are incorporated into this applicationdy this reference. The perineter
barrier technique disclosed in the abovenentioned Internat i onal

application | tr t monitorin and net hod
for 15 peri rrgwé%gﬁcl%e%?seggxhl ?E? %ctl%'cae gﬁﬁ%s" 0F°8f1ﬁ8g % etg?z% el enent s
whi ch are i neéements Eopitbekdeny akiempdr tagarerit ino pgr Bsmpe:n‘ wirgdi vi dual s.

Since the abeyg féﬂ@tclaqaesoeﬁé Ry 80/ oL f&‘gﬁ%@é ERDGS £ %@E“ts havi ng
afibre in g{lom mt%rgglt he fence el enent. so that novenent of 20

el enent nove52¢ HEPF PR 12 TR ToXRs Ehatorhis £hbreects |fhat anent i on,
the perinit echiags ijer abgatanewst E ahephyght dravielUthyr ehdsughhitgh the fi bre
is attached esen n | ates to _a.perineter harrier system
in which the%—%'?l scqr?o%%haghga é%é’%r |°Ea:§ reguigrec’a'l S deP 1B oBgrate t he
detecting sthQmId?mﬁmPcﬁrlgaImﬂ;r!@EGre 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, nay be said to reside in
a perinmeter SBRRIYEFEFsPENTINARRTENGOURL IR kernational sOREFEGIPEE buri ed
bel ow groundaré eitslorpotaexd et ghdlkoagp i QeticE ber thh chefdekihaes an 35
area to be nonitored; means for |aunching light into the first wavegui de;

and 9 7 APR 2006
The perimeter barrier techmnique disclosed in the

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 barrier 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



WO 02/ 071356 PCT/ AUO2/ 00007 3 a detector for detecting Iight whi ch has
propagat ed t hrough the wavegui de so as to detect a change rqzﬁ anet er
of the light propagating through the waveguide due to an int¥ds on 2Hfoss
t he ground beneath 5 which the waveguide is buried and for providing an

i ndi catigQg¢9bnsdgat intrusion. Preferably at |east a sgepReoNBISIui de is
al so provided, and the neans for l|aunching the light, ef’aunches the Iight

10 into both the first and second wavequi des; coupling neans for coupling
the first and second mavegU|des together so that |ight propagating through

the first and second gw des, is caused to  interfere to create an
interference pattern; 2af@t98 3t &rEi Aetre-ing ddebt weieRthas he interference

pattern and pmawteidnt:husugm iﬂzepm&gﬁﬁdemfo ldsglb ﬂaﬁéd:tnga dhangdgh one of

bassi ng. Chr oot dRL-BERSE o4 ihd 330RE ot S IRPIE TS 00 che. O
i nt erferencéﬂqumd@eﬂhed‘é@e@ édltﬁ}lsﬂ-ha d@tm dihet grptmdllhmmhl ndi cati on

of the infrusiom tBteet,a&agwdé he buksbaasch %’c&Op igdes are provided
in at |east,one ¢ Most preferably the first and second wavegui des

are provi de’chr’T?as’Fé'ﬁ&rBFet%aatf)llé’str&ﬁEl°Phe separate cables are buried

beneath ground |l evel in zig-zag spaced apart rel ationship with respect to

one anot her I;::o %@__fam_s,sgas eapﬂ 'a”%tegtméexgé@ VI ngoa}%cgb}t ggtdl gr eWl dth

which wi || rave person intru ferably
t he substantalui thiedmrans éOWJ@t‘WC—@aGE tlh%ttlla!hﬁpeﬁ-smcltleavlﬂid ilaghtn nor mal

wal ki ng 1y ripud mtﬂot;henfwéd addl B@Eoﬁ&%&@%&d&ge width of the region.
Most preferably the w.d t he region is het ween one and 0 7 APR 2005
oup lng means Tor 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
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 wavequides 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 inte the area.
Preferably the substantial width is a width such that a
person travelling in normal walking or running motion will

35 not step over the width of the region.

Most preferably the width of the region iz between one and



WO 02/ 071356 PCT/ AU02/ 00007 4 two neters. In the nost preferred enbodi nent
of the invention counter- propagating light signals are Iauncggd I nto each
of the 5 waveguides so that the location of an intrusion can ea%gd
by the tinme difference. between detection of the changed |nterferencé“

pattern woapensds Ng in one direction and to the changegausd@sder ence
pattern propagating in the opposite direction. 10 Preferably a first of

the said cables contains said at |easty gqne wavegui de and a second said
cabl e contains said second wavegui de; a further wavegui de bei ng contai ned
wi thin the 5 first cable; first coupling neans at one end of the said
first, secon A * e her wavegui des for coupling the wavegui des so that

| ight launched into the said other waveguide is able to propagate through

the other waygouide2Q Bﬂgféﬂe‘éh Ieﬁﬁ:edmsnéaafi Jﬂher ihv@ﬂ‘é 18 sal@%%%ﬂf’

wavegui des to propagate.in a first direction throug irst and

second maveg%¥?ﬁisa§%§€bﬁﬂgéﬁnﬁﬂqqﬁisnéaﬁs1%?“%hﬁ§-éFﬁ@reéﬁ% oF B@id first
and sai d Secwcbg\ﬁ\musdeﬁhs@ ﬂﬂ'ﬁitlobbelbhg:hf 325 ﬁrteaagaﬁlémn iya the said

first direct] on thr fir and_ s con mave es is eto
coherently r%% |ne nﬁﬁelg et éﬁgean?ﬁe %ﬁﬂﬁﬁﬁddf g cﬁ%iﬁ? and |i ght
al so bei ng athanged Hatezfevenek twattegh Bammbgaﬁamgndncougldxqpau&ans.and into
said first antserand SMagueGuidesetontl aypled A B-8bLeclian ;PRASI e sai d

first -direction and coherently reconbine at t t~coupling neans so
the |ight tr2RRAFIHRyFReERPBpposite direction is able to interfere and
t hen praomagate through the said further waveguide. 35

Preferably a first of the said cables contains said at
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 =aid
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 them into the said first and said zecond 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 f£irst direction through said first
and second waveguides ig 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 directiom 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



Preferably the detector is coupled to the further waveguide and to the
second coupling neans for detecting 7 APR 2006 WO 02/071356 PCT/ AU02/ 00007
5 the counter propagating light signals after interference o ?t&@&’ez;ﬂﬂ
signals so that any disturbance of the first waveguide and/or said second
wavegui deowehissshange a paranmeter of the |ight propagefipéoedddr ough the
first 5 and/or second wavegui des to thereby change the interference
patterns detected by the detector to cause the detector to provide an

i ndication of the intrusion. Preferably the |ocation of the intrusion can

be det er i neghe it onBobb 0FaEidd QueRECELIELT diaeel AL Ol ddie modi f ed

count er - propagating si gha diTection conpared to
the recei pt of ¥REeFdarrea S?Jr'ﬂiﬁga‘ﬁﬁ’nglﬁi‘-wﬂqer afebhe nfidat t he opposi te

direction. ldavsfiiRiealhy/bhessrd escetcathﬁar{aég@m auflllr éhaﬁ’e:é getor and a
second det ector tthe fIfI’E% df or and econcljﬁ bei ng synchroni sed
and the firsPaHdt e oP dEre ﬁ%t PFEPAEBENT R = AR75E gﬁ ?nﬁ"rs?tgnal travel | i ng
in the f|Estan@[m(aac9ndawdvemmc¢pdtﬂetm athasgeetheéng t he counter 20
Propagating s BUCLLL G ée@%c@ga()%fﬁ% IdeReLEOD- e Tl gRaP! Y Lhe

means for nc |ng I gh to the wave conprises a ﬁt source
coupl ed to at¥?1|4’&tfec(§86p1=‘?r@)rmaﬁa@?ﬁﬁcﬂm Oé"néhSez-:@leEU{mput arms, the
25 first output arm be| ng coupled to an input armof a fourth coupling
means and t put, arm Dein upled tq an armof a fifth coupling
means, an arﬁﬁé %u?’t%ﬁc’c BB °§ggﬁ'§ atis-PEeg ehpPedatermhaefur t her
wavegui ded f opy t.tmmmanglf-fqrﬁnqer]betwtaenfmdd:@t wévebeinslifird an arm of 30
the fifth co&mgﬂgbg_._ h%Q@i,@ sq_%gh_egrgpeﬂq_n? Fhotnt he; riecond coupling

means for |aupching I|g Into the second |1 ng nmeans. Preferably the
first det ect prectiogy FrrRRtes 4P Shepaecainy CBS:S’:S‘F padifdRt th coupling nmeans
and t he secopbiefadhgr signal travelling in the opposite direction.

15 Preferably the detector comprisas 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.

Preférébly the first detector is coupled to an ocutput arm
35 o©f the fourth coupling means and the second detector is
connected to an output arm of the fifth coupling means.



connected to an output armof the fifth coupling neans. 0 7 APR 2006 WO
02/ 071356 PCT/ AU02/ 00007 6 5 The invention also provides a nethod of
nonitoring a perineter, including; providing a first wavegui der erPR)VQ[]UB
ground | evel along the perinmeter to be nonitored; causing a |light signal

t o propagebgoibssough the wavegui de, and detecting a phpRE®bEy7Par anet er of
the light signal to indicate an intrusion across the perineter. 10
Preferably a second waveguide is proviged and the Iight signal is |launched
into the first and second wavegui des; the nethod including causing the

| i ght signalgid ; PNAES Is 0 | de to conbine
and int erfer%%&_éﬁyaﬁga%ﬁeéﬁgggﬁggg?%gnéc%%pd??’gi ﬂg“%@%“g’%ﬁ (ﬁlg t he

i nt er f er enc PHHEEECR - sd2eladingichange in interference pattern indicates in

intrusion across the pesvimi®y a Piekerabloquie BRiSWfdinaheevincl udes; 20
causi ng counter-propagating light.signals to propagate through the first
and second v%@’é’&[jit gs,ger’cf&%%ﬁ i%ﬁgbﬁnlg‘?‘?’rreclf junt er - propagat i ng si gnal s
caused. By a change caugpiamreléghbfsidmlsitgnatspayetd clabughAt thsi on
across the g@ar‘;e@atj_g%}a determning the location of the 25 intrusion by
measuring the tirnme difference between receipt of a nodified

count er - propagat i ng sfYFRAtiBgaderrrRER ik Rarpmeter 1 &t dAgbbnpared to
recei pt of asig@ilf itedis@id®y anpiopagaiddGicsbgBatnt rgMelddcag.i n the
opposite direction. 30 Brief Description of the Drawngs A preferred
enbodi nent of the invention will be described, by way of exanple, wth
ref erendd t Pudferabipnpasgdang wavegibds isn puwbivéted 3&adither dights t he
schematic Vi g sHoWkNYadllohd @YARL the first and second waveguides;

the method including causing the light sigmal 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 signmal 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 toc the accompanying
drawings in which;

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

invention;



of the system according to one enbodi nrent of the invention; 0 7 APR 2006
WO 02/ 071356 PCT/ AU02/ 00007 - 7 Figure 2 is a view show ng nore detail of
the actual perinmeter fornmed by the system of Figure 1. Descri[ﬁzi gf OE[][}Bhe
Preferred Enbodinment 5 Wth reference to Figure 1 a transmtti 5

det ecti ngo 0388B460N 5 IS shown which includes a light gppag@ebfh7such as a
pigtailed | aser diode which |aunches light into first arm 12 of coupl et

14. The coupler 14 has output arnms 16- 30 -and 18 connected to input arm 20
of a coupler 22 and input arm 24 of a coupler 25. Coupler 14 has an arm 15

which is not used and'lgagalzrﬁs 22 vagg Bﬁo@fd@enwﬁﬁdé&@ﬂdofl%ﬂ@' ch are
al so not used 26 _and Zggof he ¢ upI ers 22 and 25 are connected to

connectors 35°tua BB TSSgﬁtenﬂféf déeuzei hy section of the
system shown in Fi gure 1 conpri ses a first cable 40 and a second cabl e 60.

The first cggg.,@:l in the formof 20 optical
fibres and the 0 e 60 ' In practice, optical

fibre cab?es generally |ncI ude at Ieast tvvo f| brés and nore commonly at
| east four owish Xreﬁ‘dﬂéh&& tEOFiddie PUBPESSSftdibey BLAT g&£&d: & %?)09“ ment  of

t he present |nvent| %he C‘%E:E%Z 40 a d 60 include nore 25 tical

fibres then, cé"?e Fﬂcztﬂ °Rft riShS serredetd need be
used and in a$lea ma@ﬂedhbasmblc’e.oaé whﬁdﬂy Immdmfest megﬁt bt iFSrgged. The
connect or 30, £PMETS codbisltld, t Qubi P&g thgg (F; Ie%;laormﬁ?gﬁThe

connector 32 is connected to arm50 o tlca coup opti cal
coupl er B2 naRd Fncogreghad ok iFmek are Q:(ﬂﬁ@btceﬁpﬁ-ert% dndriapat and t he

fibre 62 respeetdaveliya chiplds 25, t beusDaPl B Hag he 8ok USQMhicBOighe fibres
42, 44, and &g%lﬁﬁgﬁ %kh Eggbfggé EQVQHShzérﬁéve arms 17 and 19 which
are also not used. Arms 26 and 28 of the couplers 22 and
25 are conmected to comnectors 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 &able 40, only two
of the fibres need be used and in the case of the cable 60
only one of the fibres is used. Thé connactor 30 commeats
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 pf 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.



cables 40 and 60 respectively and the cables 40 and 60 may have a
considerable length of many kiloneters. D 7 APR 2006 WD 02/071356

PCT/ AU02/ 00007 - 8 The fibre 42 which exits the cable 40 is coffri2cARR 2005
arm 71 of coupler 70 and the fibres 44 and 62 which exit the cables 40

and 60 rwepeeisael y are connected to arns 72 and 5 74pgfiatiieseupl er 70.
The arm 75 of the coupler 70 is not wused. The couplers 22 and 25 have arns
27 and 29 respectively which are connegted to detectors 82 and 80. 10 In
use, light is launched by the pigtailed | aser diode 10 into arm 12 of
coupler 14 and then branches into arns 16 and 18 of the coupler 14 so as
to receive by the couplers 22 and 25. The light fromthe coupler 22 passes
t hrough 15 a%ﬁ?Z%&bztﬁ)rﬁeUPéFhSW”’fﬁ Bte cabde 380 aird commectedrieo 42m The | i ght

fromthe |igh 6PWHH1LS tbessd o fFAbraWs4ar £:00V s AwBREWNk{x Riggure 1 al ong
the length of _t | er 70 and then from coupl er

e fibre 42 to arm.,71_of cou
70 into arns® asar?c?bﬁdaﬁa fﬁ%%eq@rﬁv&lﬁ BF%sg‘QW%’F&dB’Z"? e | 1geed2o
travel | i g i Mdte® the ecupdarofl ar rthe Artth?s ebdriche ebhphsr 10w dinbier ent
paths throughsihe fibres 44 and 62 and is then reconbined by coupler 52
into output arm50. The |ight then propagates through, fibre | ead 37,
connector 32, fibre 33, arm 28, coupler 25 and arm 29 to detector 25 80.

When the |i gitke reapiTeirees2aind @pIHFre53rhlesy i 20t Fa¥sbéifgIhr ough
fibres 44 and 62 interferes ch as%&fIi roduce an interference pattern which
i s detected BY Thé&FqEPRREGFSBF° REFFofE 3MF 8-t ravel s from source 10

into armd8 and then into arm 24 of coupler 25 noves in the direction of
56 The |1 gh o ke et ar e ot Spa BeoaP sl piftaieas ted WG T8 2 - and
direction of *afe A B25e%s er 14 and then branches into arms 16
and 18 of the coupler 14 so as to receive by the couplers
22 and 25. The light from the coupler 22 passes through
15 arm 26, comnnector 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 80. Wwhen 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 into 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 thersfore propagates along
the fibres 44 and 62 in the direction of arrows B as shown

35 and into axms 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



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

the coupler 70 and passes through arm71 into fibre 42 so U&g% gg
propagates along the fibre 0 7 APR 2005 WD 02/071356 PCT/ Al 06667285 42
through fibre | ead 35, connector 30, fibre 31, coupler 22 and into arm 27

to be detveatetssy detector 82. Once again, when the ;,Cgmm,_tﬂfo@ﬁel ling in
the direction of arrow B reconbines at the coupler 70 the light travelling

5 through cables 62 and 44 is able to igterfere because the 1|ight has
travel ed through two different path Iengths along the fibres 44 and 62 so

Lhat the | o Wilough'eapter eailion | LosaBELSPy, 1RERIDLNES. o Tus, (e

detector 82 is also able to detect the rnierfererc 1 T §Esed by
the interfer 8AcBOAA e 3FPGRT thikn Q%ECFe@v@Idmcﬁhro&gh tQreef | bres 44
and 62 i n t hagsisd ecdtican thaf mgﬁ@w:aveihtuﬁg ﬁ@crgiélld'mehe:.&@'éf erhadi ment  of

the inventio ) count at| pass through the fibres 44
and 62 of t eée\(l:\é; o1 es 40 an‘éh% “’Fﬁ'@flgsté‘%g&aﬁ%@r ErpBeatRY ng  signal is

the signdl whhedrgly ebllesi 62 tamsd didr e.st Bbhe ofo iartedfiedeabécidr® s@eond si gnal
s the signatighi gl kauekied thidiy SC&inérﬁefgr?ag%%’ Penalhd ! One or the

ot her of the cabl es |stur operty of the
li ght travel #9R§ tq%§§hr?ﬁe44 caé’:ﬂ &23F0t Heathddie |lesh§thﬂ-%t urbance will be

creat ed. Forln@weewhtahewt@dmemm I 9RESHA R, Dends; chighge in phase 25
of the Iight Lopagafin ug the respective fibres. The change
i n paranet erd e i gﬁf a_l%%o%b % Qe S ARHRESEFYIC he | ght

signal, M| Ipaﬁfteerln chased npe rihey e-m;erparemm c!falir.&EdII\@Eﬁ wHien kght signal s

r econbi ne ei tABfe18linlyNenEOMPL e’ @38k ey cagﬂp hereby change
the interfer enceelg nrtgern whi ch |es recg%ved ts‘%e %%t%%% “and 82. By

det er mi ni ng Theé

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 sigmal 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 travelling 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 sigmal 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 coupler 52 to

30 thereby change the interference patterm 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 cne 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



di fference between the receipt of the altered interference patterns at the
detectors 80 and 82 the location of the disturbance of the re pectlve one
of the cables 40 or 60 35 can be calcul ated so that an indicattoh &FR wHigrh e
an intrusion has taken place along the length of the cables 40 and 60 can

be i dentwbipgghizsEhe counter-propagati ng APR 20 , 95 WO fafRdikaefr- 10
PCT/ AU02/ 00007 technique for enabling the | ocation of a disturbance to the

fibres to be determned is disclosed igyur aforesaid International
application PCT/ AU99/ 01028 and al so in our Australian provisional

apol | CaLl o QUG ERAIE0 L 80 6 SR 2004, 1 ol gl of LN

provi sional app £i 6N as well
i ncor por at edthmtﬂ;thﬁstsﬂe%lﬁﬂmﬁ-eﬁd is dis¢dpsedr it heurdetfecksasd 80 and 82

to be able tfhte&@la%%ﬁaiaéﬁﬂ&a&bﬂ%@'t}ﬁ@fﬁ@i@zEeéﬂ@ea&sfo%ﬁ' B Of the

nodi fi ed counter-propagating signals, that is g In mterference

pattern, therHETELEBRPEVLHATSS eRpticRon §W:EHFO?# fAledrb@tively, a
singl e det ecﬂa]:rnﬂwl gdobe, uthd icendedsits dat Q;@:t:.sbﬁi:bvﬂéz.&ﬂhﬁl

count er - propa . Signal h t he si.gn det has a
synchr oni seaapgjqf' Ace “1o ¢ enat?rget%ﬁgﬁfter%a%flg? e?'l‘%%le %ﬁgndﬁf%r n ned and
which can titmvrberat;e@ intadtihdsnepecificsdtdogth al ong the cables 40 and 60

at which a disturbance has occurred. 20 Figure 2 shows a |ayout of the
preferred enbodi nent of the _invention in whi ch the perineter of an area

100 is to be™® GFErTelrHrthfo MatsrEar? A0 iamcr 82i bR. P AR)adéP to install the
system aotre:mﬂh:ul@.ﬂelshdug.n@ddﬁféh&ﬁ %tﬁr@@naﬂ&éi};ﬁ: orakhes 40 and 60 are

pattern as Aitiadsfolieds f2BbeaReily ARRATS, Yok OTRRNRRNSE 0 o 0
and 60 fromrbﬁ@taﬁﬁﬁmc%mtﬁleg@: e‘#s%lrt?@sl’rephaﬁas%tﬁbsi aﬁﬁt shbuMdIEh of
detection regiRhrbsiBed@Vi d@terhBtivel P &f @ih§He detector could be
utilised to detect both of the counter-propagating 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 thes 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 Dburied 50mm to 30mm 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 1m 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. '



enbodi nent of the invention the cables 40 and 60 are 30 buried 50mmto 80mMm
bel ow the surface of the ground. The trench 102 preferably has a width in
the direction of double headed arrow Win Figure 2 of between{im APR 286
When the cables 40 and 60 are buried in the trench 102 the cables are
obvi ous| wolnM713sébl € to the naked eye and 35 theref or epplabdgappof the
perineter and the existence of the detection systemcan not be identified
by any person attenpting to intrude_i?io_the area 100. 0 7 APR 2006 WO
02/ 071356 PCT/ AU02/ 00007 - 11 Cbviously, 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 102 and the cables 40 and 60. so as to provide a 5 conplete
noni tori ng regvinusdlyoutrather arlem bR0of Thike preafeaiaicd - enhwsli e rthoah t he

i nvention in n I 0 i ner i Leh t ends of the
cables 40 air;lﬂélwgL E%Ofegjtgg Téeg?c?&plgég g% %%%qleﬁg&gx%%ésg%s#%ye H.ELO whi ch
join wth theresip @2 2pdakke ahileg 4Pt ardh Gheo esckoserevidzoat o prevent

ingress of déddplatd RBhStoFEng rEiR ol g6&ie D 628 ihen be buried in the
trench 102 with the cables 40 and 60. 15 Simlarly, at the other end of

t he cables 40 and 60 an enclosure 140 is provided whi ch houses the coupler
52 and the Busgriefecded xguissiinfanlyr of Slie anventibavendliduy aas of noisture

and dirt. LA, r S ri LN trench with the
cabl es 40 an% 83%‘5% ﬁg%]g% er ?'ZEI gn%égw%'?ce téﬁEr aabfggdgl %Eom%?t é’ﬁ‘g ®Fnto the
encl osur e, 1480 #%¢ E8nPEPIRCE he Thebreupleris? Bendnghg 7eyiagdd fiibraswi th the

connect ares 3ehidid 53@n 4heE dile doapder Tahl sh3Qe8apiendengiet 0 the |ocation
of the transm t.ti 25 det ect | n?]étstatior)]:1 gaso as_to couple with the

t
fibres 31 anedmﬂflf.r&gﬁ%ggot'h% RRFYERN FRITHE A5 Sd7FnaRe rH@FuE62 therefore

The closure 120 can then be buried in the trench 102 with
the cables 40 and 60.

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 f£ibre 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 tremnch 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-



provi des an effective nonitoring perinmeter about the area 30 100. Any
person attenpting to gain access into the area 100 wll walk over the
trench 102 and the weight of the person will apply a load to tmﬁ &EF@EAO
and or 60 or possibly nove the cables 40 and/or 60 as the perso

over theywigshhsef the trench 102. The | oad or novenenpcphupmodeRe cables 40
and 60 will in turn cause a |loading or novenent of the fibres 62 or 44
which in turn ;rill cause a change [m4he aforenentioned paraneter of the
counter 0 7 APR 2006 WD 02/071356 PCT/ AU02/ 00007 12 propagating signals

Phase of t heb ShasiEins, FTanaln Fae=nE PATerTE teRcELRa T or Ahion the  phase
changed si gneltangscdmbpreemefeth tswehskrgnal charaeeiini phase tdf dngh the ot her of
the fibres S&dﬁéﬂ,owﬁﬂséh&g@adﬂe ihEerf&?eﬂc{} ShkEELAChndfldRr N Detection

of the changed interference pattern by one o the detectors 80 or 82
provi des an PRRfi% SEPBHe0f Sigraty TeRPRRLRes Widr theesigank HrRyelling

| Ntrusi ors CathkmghTehikt otkélr E mhee fybsedl sd nePeet Loisodfa tdranigat eaf erence
pattern or b%( an %I ar:m Si gal 1:q:uch as an audi bl e or visual alarm signal

bei ng genera dlﬁlpgﬁ' Sﬁ?\%‘ge B¥-5%tar f erence pattern indicative of an

I ntrusion across the cables 40 15 and 60. The location of the intrusion can

be deter m negbrddtibReoti FBe diHdrgaNeRLDRENRGR o ga‘ai;g;ﬁn ﬁ]yetcjﬂ% glanged

interference patfern at the detector 80 conpared wt changed
i nt er f er ence“PatdedeRtarst $& WeBecPEPVvEdes ARt dnddRRBIYE Peronnel to be
di spat chied tint#dwmiappoogritdie t2@nphate2 0 THY aheepsidédhacdmibeuder . For

CHTLE, o WAL R S | 0o B LA Mo Baiay! 00 11
naked eye arRRtheral priBy2#n jaisirmgsighel ek @ Bn apdibjrogrd viisual out si de
the area 1001d:/a ishghd® BdtrRRAeLdBed Tsod HuaHde! oW {dtedf@rence
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 pogsition X, the intruder will walk over the trench 102
which is not detectable to the naked eye and merely is

25 just 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 cleose 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 thé counter-propagating light sigmals
travelling through those fibres. Thus, the meodified, 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



exanple, step imedi ately above or very close to the cable 40 at |ocation
40' for exanple. This wll apply a loading or a novenent to the fibre 44
which will change the 30 property of the counter-propagating[j?g bnsg%nals
travel ling through those fibres. Thus, the nodified, or phase’ changed®

si gnal s woangnbsew | | propagate fromthe position 40" pbagaRlbs740 in the
direction of arrow A and also in the direction of arrow B. The tine taken

for the 35 nodified signal to travel .f{fpgmthe point 40, in the direction
of arrow B to coupler 70 where it will cause a changed interference

pattern whengjt,lntLn ] APR.2006, WO 02/ 07135 '
PCT/ AU02/ 0000 ’3#1:?6 tts‘%’%% e D:rﬁal{g’gﬁg% %ﬁet‘%rboﬁ?gﬁzf h‘é°’?‘%’ieedlé§,%torrpar ed
with the ti¥ee tilen thbent fexr g moddfsednedgnad trabedvéel irhd&hedi rection of

arrow A frongifedieeabieogrfGr & Griont ehbeiSeAlionCayp! £5 é%léé!’ffehke_t gﬁ. si gnal
W

5 arrow Ain fibre 62 provi de an

travelling in the direction of i , W )

i ndi cation o‘l"o’fé}]eer é?sf’éﬁgeﬂéﬁ SRR SFRENH G 1RntRA iRechiioBuPBance has
occurr ed.5 Thersfwire iapflbpe i &2 .6 widdspratridambanddieaphdc e the t he regi on
of the distug t Q1Lpte e_l er.. 1Q.1 | tiple wavel ength
sources are utl |§§d'%1§€%f%]$§ﬁrfn tghgi:(?%%fp ertglelgfsgﬁrfgj%epgfsand 70 are
wavel engt h PRAYGSdexi FpeRionn @PPreRt hytewwargondd caupiers to t hereby

m ni ni se | 0s@idHfacrhgaato Wi ddifosl 8atRe A& teRBRLBEd:Plinth2cappar at ed by
the couplers., if, the.length of the cables 60 and 40 are particularly 1|ong
the fibres 35 3R*THIST 24 and 62 may include optical anplifiers along
their |ength. Because the fibres convey 20 signals in both directions in

order to proyg o1 o) | i s.disc d gve, it is
necessary tﬁiell]&f q%r]f)tl/ﬂg%ne)lc‘? |eirsgntat Fgg%éc%%m%og%?gl?%%' é&fezf\%gfggr the signals
in both dirctte G PARERGLENE% i BPes52 and 70 are wavelength

multiplexing/de-multiplexing waveguide couplers 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 directioms in order to provide the
counter-propagating signals discussed above, it is
necessary that any amplifier station accommodate the
travel of the signals ir both directions along the fibres.
Thus, if the optical amplifiers are not bi-directional, 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 semsitive
encugh to detect even the slightest foot-fall,
continuously and discretely, twenty-four hours a day
everyday for many years. Their performance is completely
unaffected by changes in the local enviromment (rain,

35 hail, temperature, electrical storms and magnetic loads).
Noise and vibration effects from background traffic can be
screened cut. Washouts do pot disable the system and can



Thus, if the optical anplifiers are not bi-directional, an 25 anplifier

assenbly of the type disclosed in our aforesaid provisional application
filed 16 February 2001 can be wutilised. The preferred enmbodi fightiAsf 7hire
i nvention has the 30 advantage that the buried cables 40 and 60 are

sensi ti \gg ogasgh to detect even the slightest foot-fpé}mng,%%_i nuously and
discretely, twenty-four hours a day everyday for many years. Their

performance is conpletely wunaffected oy changes in the | ocal environnent
(rain, 35 hail, tenperature, electrical stornms and nagnetic |oads). Noise
and vi bratiogneeggggq_trgdf_rom background traffic can be screened out.
Washouts do not disable the system and can WO 02/ 071356 PCT/ AU02/ 00007 - 14
be repaired. The system al so has the advantage that it is non- detectable

in that the Thdrsreanadio beadlaiRC hadaiad®itdlatb 18€LChe-s because no net al
be detected b

Is required in the.cables . the. filbres can also nqt y

eni ssi ons be%%uescrél:atbﬁ'gr g” Y%aihgthgl g&‘{’F%ﬁaﬁf&qtc%FagFﬁ?‘i’ﬁF Saf&tRrhg fromthe
fibres and detsstorggbebatse hw megadnisfrddieredeinht A drg asestheed to its
origi nal congigd.an hgf 94 & A A9A04 i f, 1 cables and 40
and 60 are inpossible to  detect. '?’%gg%ee‘%%% %\%?%ggg?gt%eeﬁglgteeg#ﬁ% system
and ther ef ot® Bh&LlBFETPRIMTLC AAJLaFomesnatingniremthse £6bresor changed

at will to safid, tateeuhﬂﬁ@ffltmaéitgﬁnﬁaglioﬁr&htdﬁ% tQQE%@LﬁZS i&éeedgl- Cabl e

sensitivities aren'.t _effecte 5 lepngths up.to km and cabling can

easily be ex’t'e% &5 5° %%%k"rﬁlgrl%ﬁ%r%o’f%’gﬂ?& §6ﬁf’5ﬁr$%ﬂ%m§rfrpltpf’i cation if

desi red)L0 F@R;@,tipneqﬁhth@r@ﬁi@soj&ndp&t! ardlem are imossdiibile a6 areas of

g eat er t hansghgae0005Rs Ahd2tiGUEYVEr S YR HBYnD LA N O MUl i pl e
VI

zones, each of the which nmay have different sensTtivity levels set.
Sensitivity TAFEESTRRRD PIRVESIORaPT AXY cHlerh ganrditiqnyr cagi Peefent tine
zones of thexlahanged at will to suit the local environment 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, 000m?.

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

25 For maximum effect the cables should be iaid in a shallow
trench at least 1.8m wide, for the entire lengéh of the
sensitive zome. This area must be excavated by a suitable
machine or by hand to a uniform depith of between 50 and B0
mn. 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 teiminated at each end of the trench ox at
35 only one end. Provision must be made to connect the

sengor cables to a feeder cable 130 at one end of the

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



25 For maxi num effect the cables should be laid in a shallow trench at

|l east 1.8m w de, for the entire length of the sensitive zone. This area
nust be excavated by a suitable machine or by hand to a uni fb7miffE€pttlbof
between 50 and 80 mm The soil renoved in the process is used to backfill
30 the twengbyissace the cables are laid. The trench bagerRegdohot be fl at
and no particular care is needed to maintain a particular depth or
uniformty. The cables are term nated g each end of the trench or at 35
only one and. Provision nust be nmade to connect the sensor cables to a

feeder cabl e 3 at r : eede S
contai ned i ﬁc sui.tlgt')l SEI%T/EE%E gér,g%%ﬁzg(&% °€12;/Q8“?§‘3§g %%%%%%007 15
condui t, froffiPH&r enthls Faifosherbd by burdedoppulesst 280munal . This
condui t showeldie thur bedfade |ERPne2806mnd halQW thecsHT bati et Re ground
until it can, n%trg]rl_e a %vall Qlidf.| gor_of _a buil digg or cabinet. The
sensor cabl 655 Sholld°bePhst Pt ABENRT T35 Fade 198 BT F C2PL8Fe ti ght
buf f er ed Soptsheadldf bbr voxmadi rcsmeronat ajptedy 2usbakl yr 6hmord righanet er.
Preferably t e A S T e ef erably
P reRhesp @l T g go{tﬂ?ﬁnalf@%d it lé)n ¥ gg%b L rﬁlg' tﬁﬁ%

i dentical. 10 The sensor cables are ng t ! trench,
in a closel Y5 F4EBatHEY e Bretargliigtypattatiies Rae ramaired fosseank ful |

w dth of thesystesach. Théy i firee paeFerably Rdentdigivave or zl g-zag pattern of
one cable is opposite (a mrror inage) to that of the other cable, is they
are 180% 15 out of phase, see Figure 2. The cables may touch as they cross
over. Thére The genserdcalplamiareailaid| abma diter bbttanesf tihe tekathye dept hs
of the two cgapl.es: ' Shiiyg ' n the two 20
opposi ng m&gpgegﬁgg‘gﬁ%%d%n}wﬁetahg4%%35%?%&‘?2%%%%@% gr spaci ng may
still be ef fSEPPFetbg it &idihsPEi the \EraseingsIEols gssewtialf thale spaci ng
exceeds 500rmhe Gace dhezpl¥ags pateetnidsk iRl kablet Os tdspbdsaedenacabl es(s)

mirroxr 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 comtrol
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 f£ill should be done by hand ox more carefully with
a2 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 noxmal 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



25 and tested, they may be buried. The cables should not be lifted or
substantially noved during the back filling operation and hence it is
recormended that the first 40- 50mmof fill should be done byrh‘lanéparfe’jﬁ&re
carefully with a small machine. This should then be roughly |evel ed and 30
consol i dabagdohyssa |ight roller or a tanping machine. Jggapifogynder of the
soil can then be backfilled and consolidated with normal earth novi ng

pl ant such as a front-end | oader. Theiguw face should be snoothed, with an
al  owance for slunping, and then re-grassed if 35 appropriate. Although
arns 15, 17 v 0 AER L1356

PCT/ AU02/ 0000‘47@91&% %goﬁétgésééi]arqg %%![a %??a I n F‘hdag%g %gament czféscri bed
above, thosEh%ﬁerrba’PﬁuFaug‘é br atFado Fop oRre/mainsRaRBES ANRitering -
Furthernore, although the preferred enbodi ment has been 5 described with
reference to,t counter agating_si naI traverse through the
fibres 44 ang %—%ert“ﬁge’f?‘ 'lr;%g 4%?111% 5 ddeﬁtl?PgWe?fhgﬁﬁjé’eﬁnm gnal which
traverses i nd%ﬁﬂry!-hﬁdewali:hemimnaﬂ@dtpnthmlcsamtbadpn’epagahmg fibres 44 and
62 are not jgi s.b%h&attﬂvé@éetﬁ@ga mec éﬂ gew%é*%d kReform

mrrors so that the light _signal_is ack through’t fie“fibres 44
and 62 to th%’-l?:"iﬂfpl%r ang 64 H‘Gé‘élgﬂgﬁtﬂ{@iﬁ At eignak “th?-oélr oduce the

i nterferencecpatdreien. idhoslertmdidivatt P60\A#®EIn SRS ddbddivheaRdeMe! | al ert
to anintrusgﬁn but vv|II t_.15 enablet%zaloca on of the ntrusmnto be

identified i Bivs AR U FRFRERNI S GRESoFRE FR

Fnce nDd i oNns
i nventi dif negre md-llhsilt?-éet@fﬂcem adrgprpess dimtskkhk| bighwistignalt he art, it is
to be undersﬁm%ttlaatba&swmgﬁ k8g gﬂ:ﬂ-ess Qt a%a%ﬁ%tt%t@s i CU' ar
enbodi ment descri bed z exanpl e her el nabove 7 APR 58%%

52 where those 31gnals interfere to produce the
interference pattern. This embodiment provides
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.



Claims: 1. A perineter security systemincluding; at least a first

wavegui de and at | east a second waveguide buried bel ow ground | evel and
extending along a 5 perinmeter which defines an area to be nmonf fod® 208fans
for launching light into the first and second wavegui des; a detector for"
detecting light which has propagated throuygh the waveguides so as to
detect a change 10 in a.paraneter of the light propagating through the
wavegui des due o @i ntrusion across the ground beneath which the

wavegui des are burred and for providing an indication of that intrusion;
the first and skeond waveyweebndisngqruudityedysBeml Snatpaiage cabl es and

the separate cables bei ngdbud y h_ground .l evel i i g-zag spaced
apart relationship wth respeagéti: t%eﬁt}%%ttanofrﬁgwgg aBg ?lg ge%%?i?‘rﬁeé?ond

region havi ng %6t dntPEr1ed dedlashicrtrund [Lelyelt nadeesednding aleidos

i ntruding iBto pdeimses: 20idh fddsinof atrp%]rggi docabl gs,¢0ntains said at
cab

. = iy
| east one wavegui de and a second said e contarns sard setond

wavegui de; , 25 a furthe™SEVediitdd apechdrgonighhetnid t the fihest fandst

cable; first coigptomy weesnpuialesgne end of the said first, second and
further waveguides for cquplin thefwavegui des so_that |ight |aunched into
the said further waveguide s abFefPfd PFopabRRE HHolugrhide Has t her

wavegui de and tHEAPAIRtEE Hdusaigh frbles trarBdaaids Second &9 AEVEQi des 40 e
propagate 18 a ifd ISty ik eeld,0 ugh e __said first_and secqond

wavegui des; second coupling rre%aftngﬁj%t g‘tlﬁ%al oPRBP LAY Tl ith& and said
second wavegui d’é’é’e%lﬁagfﬁ dife toj gt inpropagat aggEs e tie maiuhd ibdleath
direction throughicsaitthel iaSlegdidand$8CH0Y; YAVEGHI £8S ISR J Q. coherently

reconbine and ._ .. .
indication of that intrusion;

-

the first and second waveguides béing provided in

15 separate cables and the separate cables being buried
beneath ground level in zig-zag spaced apart relationship
with respect to one another to define a perimeter region
having a substantial width which will be traversed by a
person intrudipg inte the area;

20 a ﬁirst of the said cables contains said at least
one waveguide and a second said cable contains said second
waveguide;

a further waveguide being contained within the
first cable; |

25 first coupling means ét one eﬁd of the said
first, second and further waveguides for coupling the
waveguides so that light launqﬁed into the said further
waveguide is able to propagaterthrough the further

~waveguide and then into the said first and -said second

30 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
propagating in the said first direction through said first

35 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
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interfere at the second coupling neans; and |ight also being able to be

| aunched t hrough said AMENDED SHEET | PEAIAU 9 7 APR 2006 - 18 iM&Q =
coupling nmeans and into said first and second waveguides to tBa bga
direction opposite said first direction and coherently reconbine at the
first coupling neans so the light travell Tnﬁaih the opposite direction is
5 able to interfere anfi t hen propagate through the said further wavegui de.
2. The perineter & CPURIdMgnmehns| anth inthesald fiher dei® Eodet ect s

t he interferencewaatgerideandcupedvan 1 Ln Lon a paraneter af_ i ght
passing through gne of .the 15 20 travell %n‘gi#%é%o?nrmqoppvﬁllﬁengﬁ&d Fdiiftng

motion will not °STES 078 3Ffle “RREFARBLYt Recomyinn atwatey ides: icouplliaged
with respect to mkensawe paealefhRt t84 s hd i nrough the other
COTRER Y PR U W 1B 15y

of the wavegu de ta_thereby chan
the detector toagrlgv?ﬁelglrﬁgfﬁaf"%aﬂg‘gnﬂb?nt%ﬁ%&%i@mm@h The peidnet er

security system &Rrtharnwavebeidén the substantial width is a width such
that a person 4. The perinmeter security systemof claim3 wherein the
width of the region is between one and two neters. 5. The perineter
security system ®f clai m 1Thepasiimet2s cewirdityDsopaeRAt b8k L gt 1 SiQ0AL 5,
are | aunched inteheagdroécéhega@yaquigdes -sQ that the |ocation of an
intrusion can be detected by the ti n‘%ﬁedij’rnf ee’rrte%%fgnﬁgt ReEReyBt aReli Bpewfant he
‘changed i nt erf er AT PR &3 P BIRdRR iafy liiwhtnpasdingcthpougilohe shethe
changed i nterf ervenesgypidderie 3 arRAYALLNG 4 e.Qpppsite direction. 6.
emof claiml \/\heersgle%Q %ﬁegfé%t O rPFEARVRT ed

The perineter segurifty syst
to the further wavegui dl?l%ntd R¥ysing through the other of the waveguides,

to thereby change the interference pattern detected by the

detector to provide an indication of the intrusion.

15
3. The perimeter security system of ciaim 1 wherein
the substantial width is a width such that a person
travelling in normal walking or running motion will not
step over the width of the region. -

20 ) ' o

4. The perimeter security system of claim 3 wherein

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

5. - The perimeter secﬁrity-system of claim 1 wherein
25 counter—pidbagating light signals are léunched into each
of the waveguides so that the location of én intrusion can
be detected by the time difference between detection of
the changed interference pattern propagating in one
direction and to the changed interference pattern

30 bropagating in the opposite direction.

6. The perimeter security system of claim 1 wherein
the detector is coupled to the further waveguide and to
the second coupling means for detecting the counter

35 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
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t he second coupling neans for detecting the counter 35 propagating |ight

signals after interference of thosle signals so that any dist urﬁﬁ@c’%ﬁk‘cﬁhge
first wavegui de and/or said second waveguide will change a par t'er’ o

AVENDED SHEET |PEA/AU O 7 APR 2105 - 19 the light propagating through the
first and/ or second waveguides to thereby-ch&inge the interference patterns
detected by the detector to cause the detector to provide an indication of
the intrusion. 5 the Thiglfe mmmreera tdenu thir-pugh St R f r 5 aldR S Vel eify the

| ocation of the i | etermined by the tine difference between
recei pt of the nsg%?%gggggﬁ%?E?ﬁegf%ﬁégéFFﬁﬁ-%#fﬂ%ﬂt??%ﬁﬁﬁqqquﬁqunﬂﬁfirst
direction 10 ' coffRfiastad hhéheedeitprtot thecamsh files Qupagat iy oY

travelling in thedEReSidae & &Ft QR 5 The perineter security systemo
claim6 wherein the detector conpri ségtgu?llcr’tgt detector and a second 15
detector, the first detector and second detector being synchronised and

the first detectar. detectifget BErERUPLES 5 ' signal, travelling.in
the first direction gnd_ the sgcond det e%?prﬂ%gg%gtsi ng tc%ecl‘?le §ovhetdin
count er - propagatifg —srgraPtt PavERRi hBtTrasion wpnds detdimdseidoby 20e9. The

perineter securi tjmeydtiéfeobnekabitkedheridipt g '1’5‘?1%”?hofd‘lric'ileﬁuggsmL1 g_light

into the wavegui des Lsgg_a light source coupled to a thir COUpFI ng
means having fi ?st pgﬁgw{ééonagﬁﬁ#p Favehking fe thesfigstpdizachios bei ng

coupled to i npaFParAtioFoatheurede ot nhenaas £i2adptBeaghReh 0N QUL 1

~arm bei ngcoupl edetavani @agn of, fnefl oupl.ing _neans, an armof the fourth
coupling neans being coupled toet(#elg%]suﬁ%e r\‘f\’/g\tféﬁﬂi'de for launching |ight

into the further wavegui de, and an armof the fifth _
8. The perimeter security system of claim 6 wherein

the detector comprises a first detector and a second

15 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-propagating
signal travelling in the opposite direction..

20 '
9. Thé perimeter security system of claim 1 wherein
the means for launching light into the waveguides
comprises a light source coupled to a third coupling means
having firft and second output arms, the first output arm

25 being coﬁbled to an input arm of a fourﬁh coupling means
and the other output arm being coupled to an arm of a
fifth coupling means, an arm qf'the fourth coupling means
being coupled to the further waveguide for launching light
into the further waveguide, and an arm of'the fifth

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

coupling means.

10. The perimeter security system of claim 8 wherein
35 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.
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30 coupling neans being coupled to an arm of the second coupling nmeans for
| aunching light into the second coupling neans. 10. The perineter security
system of claim8 wherein 35 the first detector is coupled to B #RRo@636
arm of the fourth coupling neans and the second detector is connected to
an output armof the fifth coupling neans. 26MENDED SHEEN | PEA/AU 0 7 APR
200.6 -20 11. A perineter security system for underground use i ncluding:

at least a first wavegui de and at | east a second 5 waveguide for extending
along a perineter which defines an area to be nonitored; neans for

| aunching |ightt¥nto the? FESingker secvndtwasestendber wdwteotwrd fuse
detecting |ightindiwiiidies 10 propagated through the wavegui des so as to

detect a change in paraneter of the,light propggatin t hrough t he
wavegui des due to an i nt Alsi'6FSicPosdTERevaraan tHe legatequicesrmat e

buried, andSf omwapremriidiendcan extdinddnig0810hg hhabr inLESST @ el Sadhgdd rst
and second mav%g&jdqg)gggn n&&ovi%gd in separate cables, and the separate
cabl es, being for 9 ocatl on BereAf ‘ground level in a zig-zag spaced apart

relati onship with respecmefpsofierahathehitg Ubfhteimto pHd MEHQE @@ ONn

having a subst apidodls WadlleRieeh Wi Il be 20 traversed by a person intruding
into the area; a first of said ¢ables containing said at |east one

wavegui de and a second s&i @etapter cHpr adefect ey dligec odd chahegui de; a
further waMmeguipdteplghRedCeRkauaRdehbl Bhebfiifae S d ISt MRl 1 $hange
coupling neans.at _one end of said first, _ .
in parameter of the light propagating through the
waveguides due to an intrusion across the ground when the
waveguides are buried, and for providing an indication of
that dntrusion; °
15 the first and second waveguides being provided in
separate cables, and the separate cables being for
location beneath ground level in a zig-zag spaced apart
relationship(with respect td one another to define a
perimeter,region having a substantial width which will be
20 traversed by a person-intruding into the area;

a first of said cables containing said at least
one waveguide and a second said cable containing said
second waveguide;

a further waveguide being contained within the

25 first cable; '

first coupling means at one end of said first,
second and further waveguides for coupling the-waéeguides
so that light launched into said further waveguide is able
to propagate thréugh the further waveguide, and then into

30 the said firét and said second waveguides to propagate in
a first direction through the first and second waveguides;
second coupling means at the other end of said
first and said second waveguides so that the light
propagating in said first direction through said first and
35 second waveguides ig able to coherently recombine and
interfere at the second coupling means; and

light also being able to be launched through said
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second and further wavegui des for coupling the wavegui des so that |ight
| aunched into said further waveguide is able to propagate throurg‘ﬂ thg
further wavegui de, and then into-30 the said first and said seco { APR 2935
wavegui des to propagate in a first direction through the first and second
wavegui des; second coupling neans at the ofhef end of said first and said

second wavegui des so that the light propagating in said first direction
t hrough said firSE°aNY “BpLabmeansy eqdi desoi saadl Biteot cohbrenidng
reconbi ne and i nrevégipdad ddes8eand cqupki ns._and |ight. al.so being
able to be |aunched thr oughaﬁ)[sdgi d ANENBE% %Hé%%t{r%gE%%%%ﬁe A%Ii’dzgjdbrs-t 21
second coupl i ng TEans ant i cehieFepitdst rapambivent ey dyisiste soup Mtiray el
in a direction opposs tso sdiat fobeSt il @ehi-0071 1 A0d; coher ent |y sreconbi ne at
the first coyplipg.. A0S ;S0 %Hat the light travelling I n"the opposite 5
Sn&°t hBRepf Bpagerd R RPPagate throheh

direction is abl € to 1nterferi
wavegui de. 12. Al dnxphesndapeyiudater security system including: 10 a
first cable containing at |east one first wavegui de; a second cabl e
containing at | east one second wavegui de; the first and second cabl es being
arranged bel ow 15 ground? belet enduid spscedapakcturekat kopsbhp rel ative
to one another tigcdelding.a barrier region which, should the region be
traversed ground level, will result in detection of the traversing of

that barriet’region; neand Fb¥st seatkoks epritiaghtinonte thesti os¢ ahekt 20-
second wavegui desyvegaiibat the light is able to either <circulate through

the first and second vvaveé;ui des in counter propagating nmanner, or be
refl ected from Second cable containing at least one second

waveguide; _
thg first and second cables beiﬁg arranged below
15 ground level and in spaced apart reiationship relative to
one another to define a barrier region which, should the
region be traveirsed at ground level, wiil result in
detection of the traversing of that barrier region;
B means for‘launching light into the first and
20" second waveguides, so that the light is able to either
circulate through the first and second waveguides in
counter propagating manner, or be reflected from
respective ends of the first and second waveguides and
propagate back along the respective first and second
25 waveguides into which the light was lauﬁched;
means for receiving the light from the first and
second waveguides so that theV1ight can interfere; and
a detector for deteé&ing the interfering light
from the first and second waveguides to detect a change in
30 a parameter of the 1ightlpropagating through the first and
second waveguides due to the traversing of the barrier
region to provide an indication of an intrusion across the

barrier region.

35 13. The system of claim 12, wherein the first and
second waveguides are coupled together by a coupler so

that the light circulates through the waveguides in
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respective ends of the first and second wavegui des and propagate back

al ong the respective first and second 25 wavegui des into which the |ight
was | aunched; neans for receiving the light fromthe first and};zgégnd i
wavegui des so that-the Iight can interfere; _and a detector for det 4068
the interfering light fromthe first and sécond wavegui des to detect a
change in 30 a par amet er of the |ight propagating through the first and
second wavegui d€s” dtie T FIRAIFARST SMangiest tohenbhlei vet ombyobhéo provi de
an indication ofderedtitarusiHNMGRESSH, NeutbalkbeEnk €9L 00 1 35 &f-tThe system
of claim 12, mhqﬁﬁﬁngQﬁlfirst and second wavegui des are coup edh?ogether
by a coupler so tha he i ght circul ates through the wavegui des in
AMENDED SHEET | PEA/AU - 22 0 7 APR 2006 counter propagating manner to
enabl e not oflyishe detegiion of intrusign, but also the |ocation of the
intrusion. 5 14. The systeéem actordrng t8 ety nta 51 ade el n Wereim e and
second wavegui dédTdteagdcifeprodi detegiiica arefbech iprerwintha andy ight is

reflected from t-heieethoet Lyg al on e first and_second '
maveguides. 10 QKENDED SHEET ’I%E%A%ggﬁt 18 eE{gcte grom the reflectiwve

back along the first and second waveguides.

10
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