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PERI METER HARRI ER MONI TORI NG AND SYSTEMS FORMED FOR THAT PURPCSE FI EL
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monitoring. Furthermore, they pose many operational and
cost advantages, offering ease of sensor installation,
increased sensitivity and coverage, excellent potential
for system automation and reduction in the required
installation, operational and maintenance costs.

ART BACKGROUND

A major issue for security service providers is
to be able to have confidence in the integrity of the
monitoring systems at their disposal. They regquire
reliable systems that are rugged and can operate
effectively for years of field operation, and yet are not
prone to false alarms under a wide variety of operational
and environmental conditions.

Intrusion detection systems are widely employed
to secure a large variety of sites, from low-security
private residences to high-security military
installations. Most of the systems available comprise a
physical barrier and an electronic detection capability.

The most widely used conventional systems utilise
the following technologies: )

I

- Corv cameras i

- Taut-wire fences

- Leaky wave coax cables
- E-field sensors

- Microphonic cables
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In many cases, with traditional systems, these

zones can be limited in length to as low as one to three
hundred metres. With industrial sites often having

20 perimeters in excess of two kilometres, there may be a
requirement for at least six to twenty zones in such
cases. Government and military sites can be considerably
larger.

Furthermore, with traditional systems there is
(—) 25 generally a need to install zone controller electronics

each time a new zome is required. Consequently, for
systems with large numbers of zones the cost can become
prphibitive. In addition, there is a significant increase
in reliabllity issues and potential maintenance costs as

30 the incidence of perimeter-mounted electronics increases.
In particular, lightning strikes, a common occurrence for
steel fences, can easily disable many zones in the one hit
where external electronics are involved.

All these limitations of active perimeter

35 monitoring systems can be overcome with an optical fibre
based sensing system. The inventions disclosed in this
provisional specification relate to a method and systems
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including:
- strain
- displacement
- cracking
( ) 25 - vibration/frequency
- impact
- acoustic emission
- temperature
- load
30 Fibre optic sensor (FOS) technology has
progressed at a rapid pace over the last decade.
Different configurations of fibre sensing devices have
been developed for monitoring specific parameters, each
differing by the principle of light modulation. Fibre
35 optic sensors may be intrinsic or extrinsic, depending on
whether the fibre is the sensing element or the
information carrier, respectively. They are designated
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now possible to secure many types of perimeters, fences
30 and barriers.

Fibre optic cables, when used as sensors, can be
applied to fences, walls, rooftops, or air—cénditioning
ducts, or they can be buried in gravel or under lawns.

They can be used for the protection of buried pipelines,
35 prisons, government buildings, defence sites, chemical
laboratories, power plants, pumping stations, embassies,

airportsg, secure residential complexes, manufacturing
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20 2. Optical Time Domain Reflectometry (OTDR)
Techniques:
The basis of OTDR is essentially optical radar.
A narrow optical pulse from a laser is launched into a
multimode (usually) fibre and the light backscattered due
25 to optical inhomogeneities is used to determine the
attenuation properties of the optical fibre along it’s
entire length. The attenuation is characterised by
analysing the time dependence of the detected Rayleigh
backscattered light.
30 OTDR techniques allow for distributed sensing and are
capable of detecting stress, strain, temperature, electric

i
oy

and magnetic fields, and mechanical faults along the
entire length of the fibre. OTDR can be used to detect
and locate breaks in a fibre due to Fresnel reflection at
35 the fracture. OTDR can be a very useful tool for
detecting and locating the above listed parameters but the
long signal integration times needed to obtain reasonable
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modalmetric sensor configuration. This sensor provides a
simple, effective and inexpensive technique to detect and
characterise both small and large, static and dynamic
disturbances on any optical fibre cable, anywhere along
its entire length in a non-intrusive way, directly and in
real-time. This sensing technique is based on the
modulation of the modal distribution in a multimode
optical fibre by external disturbances. This technique
overcomes the inherent weaknesses of most multimode fibre
optic sensors, offering mechanically stable and linear
sensing. In this method, the sensor response is a direct
function of the disturbance on the sensitised portion of

enerally.intrinsic sensors in which light froma

d on
sremetrircgensorgcang: legplisptdopeiofy the |
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reliably over many tens_o onet.res an eor e y. over _di siances
greater than two hundréif‘lﬁ#%?reﬁ?@lﬂeta‘ﬁh% Bptgﬁfﬁdiﬁs 3n§iﬁéﬁe zone
system 35 usilightherayeatatimgn piabi the wdeqeinpedub;te&ulinte_ €hereladding
Teohnol 09 o2 By 3t hd 96110k Alle RPYELg! 08! FERRLEG B UED el |
PCT/ AU001013%he; dsthest the Tres refl radipvion. noThisnpsineiplaspectheft he
extornal ol eptray OB %@%ﬁﬁﬁﬁ%ﬁgﬁﬁg%bit‘é@' B rent

X i CS, i | . Y,
there is onl ﬁrm’éﬁ? RS RPLiRpL FLoFe #PcFefen an t BERAYABE fhe

| ano- Fence f paniddixc Jorde ton Jylsé cfkbre 11 t ax{hanatranshbssionusilensi S
basedon a relj e ' | .2 bu equik c he fibre
can lead to ﬁ&%gln 3 ;‘fi{l%{%éeﬁégn&géf#ish%éﬁéﬂ%éhggﬁiggggélﬁgs% g? i ght can
severel y | i mspedidianhend reichof GInseguantive. thist hechpigue

t hemechapp caly eiifsidli &t 400 LA1iPCasyigRaal e1aMp! €ol bpbi9dpPdssarnl e due
to the need for the |arge cunber, of cl rTPI ng devi ces neeged to CO\ieI’ t he
fibre | engt htefiihze A% theReipe ot yintarestys: Therefgrer ghkdiBoRS t or
entire secti andicitpibeted i techpigke) -AYPRough a large number of clamps
fenceconfiguratiqn. | Lc fibre LC r a ghoffering
very high sens) %eltiﬁsél%fa{?%‘e%‘%%lg?i%@étggﬁ%éag‘gggﬁgi %8rah§g§§ac

confi gur at i odistmibuted opéfatiomef ' Eoei advanhnagesi of| phisatpgbrdayest em

ge date. odhi @3 8 +8apbRsdCrypladhinatieyli vity naking the

nsi ngdevi ce too seasitive/susceptible to environnental conditions and
di st ur bances. 25AIl but one of the above nentioned systens can beapplied to
virtually anys type of pritéetéerometxierrechnigaesas well as being enbedded

is the ground. They canpe, used to _prote such nce types as_steel nesh
andpal i gade, si npl § by g??%ﬁﬁ?ﬁﬁm?ﬁ’él?i g??"?m Eg'ﬁi tggf)’%gg&rrﬁ‘ﬁﬁera tid‘rtgnee
fence. Most syissmmof sextremelybaensdibhvhefibrechptisesensngeer , Filre

I nno-Fengg Sygileéf fiﬂ%%&éﬁé&%&fﬁ Yrey ihﬁ?&gbgg \fg\:gd their2@elpestidele! v

restricted to ~rmnjtor|ng the panels situate en posts in a picket-
.35t ype peri rkagsieeull pRh4EnhRECrIRromeEer ..t Fdhre ORFAFOm t he

requirenment tinhtdEpépPonaterkharbi efleshd Iy Hatdinedt isenkdesf AmCchbichict ure
so that they la{gq:x!? Okrom a coherent source is equally divided to follow
two (or more) fibre-guided paths. The beams are then
35 recombined to mix coherently and form a “fringe pattern”
which is directly related to the optical phase difference
experienced between the different optical beams. This
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tanpering. This had | ead Magal to design quite a conplex nmechanica

arr angeneWoO §16¥9148he | nno- Fence system Sensitivity of the RyBABNG1S3L O

di sturbance of the panel, not so nmuch to each individual 5 picket, because
of the limted nunber of clapping devices &nd certain practical linmitations
to the physical configuration of the fence panel. These limtations and

restrictions g ngﬂ&gsuaéﬁﬁlaﬁéuiﬁSb&Ee&r ete¥$thOEB€BcEQEQeQHQte

sensitivity, the capabili to overcone ion and quité serious
mai nt enance | <RELIa CBHSE&UEHF??G indueed %ﬂthPoFaﬂhﬁﬁéPPgSﬁeédaﬁa it

devel oped conpfgﬁgbugagmhmaﬁboeﬁefeptﬂaaltgibﬂg,a perineter barrier against
i ntrusion or tanpering #iﬁlising hg@g g distributed fibre gatic

vi bration sensing 15 cohfPHfr FPrf erougbeEes R h¥piratly: veed ed

vi br at i on5sensheny mbthahhmehpsensﬂetvﬁtiebrareenaquinbdchndaohlghly
sensitive to LSRka oad] r at the fibre
at any flnltegg% £¥£%+8%8 ??siﬁéﬁg%ﬁegnﬁgéggggﬁgéeg Egré ?83 Sartlcular
physi cal 20 ceensimgh:i shtbpughpsengort Lehghhsclangengtiani opet metaw st er
an event. Conafausaﬁ.laﬁmaucsomswonveﬂesﬁersfntaes&hveonﬂg%&eaoatn gd

aest hetic configuratjons pi cket-style fence are possible using this
t echni que confafhuZoprdernhar FsgaaauFaBFegvﬁaFﬁenprPewsxPF' eRabl® out cones

of this work efelfoaiataeﬁuead sensiRg t8 bai ﬁeQEBmSHQnah&Eﬁ%cﬁrﬁ | on.
The main |nnov€ ¥e feature? contg%ﬁed | th |nveg§bi closed |n this
provisional sHREi FREBAFFORFATULH topep 83|Hg

?lstrlbuted fdeEunbahcevbhrahéoﬁibeessngtemchnulegmaealgnythhher SU|tabIe

nurinstc di shLhbted L 0gaCRLLE1RER3RT oE BANLE AALSkBEH! Bgedusnlatare

novenent, |oa and ron o T RdisA dua
pi cket of thebYeﬁbe Pﬁf&FF&UREGBFOOﬁhEhelEbPFBuﬂemDﬂPQP&loptﬁdgwwﬂratlon

sensor ang lsgibeésﬁiﬂal tl¥Bnli GuBVaAEEBAL t8 1Ak roghatd the' BaRsdrs. 1 5 NOV
2002 WO 01/39148 - 12 PCT/ AU00/ 01332 A‘g gigbar I S,not necessary to use
S

with the pickets, althotBf firpt tYPes ¢ PRtAS, BY8Rems)\yFede for
sensitive panpegimagest inttrigioanfiegecedon were based on destructive

means, ie., the system relied on the optical fibre being
cut, broken or severely bent in order to detect an event.
20 Sometimes, these utilised OTDR to attempt to locate the
events. These systems were found ineffective and
inconvenient.
Truly modalmetric sensing systems, such as the
SabreFonic from Pilkington P.E. Limited (UK) and Remsdaqg
{") 25 Limited (UK), utilised the first non-destructive methods
for perimeter monitoring. However, owing to the
modulation of the modal pattern being non-linearly related
to all disturbances, this method suffers from deep signal
fadiné and drifting, resulting in many false alarms. For
30 example, if the sun came out from behind clouds and
suddenly warmed the fibre cable, the system response could
be comparable or greater than the response ffom a true
intrusion attempt. Consequently, this method suffers
major problems from environmental conditions and is
35 generally viewed as being quite unreliable.
In more recent years, advances in modalmetric
techniques resulted in linear, more reliable systems, such



and .utili.sed, with either the pickets or the supportive 5 n#rdGV 2002
instrunmented to detect novenment or physical disturbance. The pickets or
panel s nayole&39d8i t i oned bet weenposts, or free-standi ng aeCm@opasszsade
fence. The nonitoring systens are m croprocessor based, 10situated is a
central control/alarmroomand fullyautofe®ed, providing real-tinme data
anal ysi s, | oggi ng andal arm ng features, and can be nonitored and

control | edl og 2& t%xé)r ﬁ‘é@tﬂé’ez{&ézecﬁo@'éﬁﬁéé O{Eﬁi‘%{%h Lot a*- ?ig tﬁﬁ-zzo)

havelbverifie at there 1s very good C

di scl osed i nfxem dtidbem Fanfixs tme W%th%#Mrﬁ%@'é%c‘b‘vﬁﬁcﬂne penge-art.
It is i Wporta('ﬁoéﬁ')n@:%ﬂ‘&iuéd& teOhRe | PEYhiSLEPNes deEed Leqhave good

pot enti al over corrpetl techni ques particularly because of. the ease20of
sensor i nst al (AREFRLA®)e i ncreased sensiti vi ty and -coverage, the excellent

potential sfor system autesiirst isysteéisity a Gonatertial EyDitailable,

andmai nt onancie. J-326, Rl oond{Sekitte Rarditd afd RRarRpLoRaL”"™

provi sional SipmprdvensEntos m:eralhlpyem:téws syskennst Howevers hit btill
enhanced capapdddids Aith ' hiibse SR EmfLNERY: Ood HEod NELTI ON The
obj ect of the present Invention 1s to provi ' met h and sSystens

formed for nonitoring a perineter barrier against intrusion or tarrperlng.

The invenpi onggy ovi des adi¥d it &o RFehetidiesl Gt é¥ial] Nehe amRRL LR
el enent; 35 nounting nesas for rmuntln t%ﬁ: |er el eqent for I|mted

movenent: a wavegui de IRRREIRS QP EDAIQY o 2,008 ;002 WO
1/ 39148 PCT/ AUOO/OlSS?aet:rh’:h elzmméra feeﬁhado&mnfmelmbi:ﬁg Lsght
nto the wavegui de so f, the | Pe tr h wavegui de= 5a
detector for detecti ng ri‘aa JL %‘ rave ie ’E% % %Q@ wévegw de;
andwher ei n upon di sturbance of the barrl er el enentcaused by as attenpt to

breach thg peglyret er baid ShpidfbahifmbAt '46F EhEHPRONEONEIARCER RS Of

its rmuntl nglOw thin the nounting nmeans to cause a novement or | oadi ngof
the wavegui de which al ®uBtedamfherfence heingmeniteredng Fatsugh the

wavegui de, and wher eupGfeduiafias gsdwdr ded 85é Spidwel ddd NGk terRal Byetor e@Ent he
| i ght whichhas travelled t hrogﬂg the J veg_Héde tojﬁher g%l royi de

as15i ndi cation of an at F &2 e i Ye‘fgystem The

i nvention provides a mlmtztcfmmntmmgtm:meraMrlwhts#scem to
determ nggan attenpt tqdygash the,‘-.,‘p,(_etng1 e'bag:[,&@g tfglativel ?

i ncl udi ng: 20nmounti ng barri er el enent s e perineterbarrier sy s
linited novement; provi eﬁw@mﬁ@wo@f i %h?nwmyrwameﬁa%rperieﬁsﬂsm s

so that movenent of tha:&aiélwoﬁzexm&bﬁmaa ﬂi@&pﬁuﬁﬁebreﬂcbohbe
barrier el ement causes(zlé nent_or.loading of the wave d$8| aunc |ng

light into the wavegui e %Hl%@rﬂﬁﬁ?r%l% °|%y$%§'§e uﬁﬁmp
t hewavegui def andpr ocemsm cred celo é¢tghto tieigietremimbesanhet her there

ksya chagge in paramet #ge hti ndi cati ve of novenent of the
megw dggV\hl chis turﬁflﬂn |cat|€e of novenent of one of the barrier
el enments tothereby provide an indication of an attenpted breach ofthe
perimeter baryépr systerg Jahiio®FiRLpEIneNENEi 16E4E€i6h bBCthe
presentinvention rely 41 t he gise of a distributed fibre opticvibration
sensor or. nay other sui$HFF¥P3RE®t nsic WD O1/3918 ~ 5 NO~ 2002

PCT/ AU0O0/ 01332 - 14 dlenrthutmhérbhmndptthesmsw tapidbelif duiited kg
di spl aceqggnt, n_@f I

sui t abl yagttal o&qésa%%g g,ggf;g;, kg%gﬁhg OQ Q BBEP g%cé’ffl QE‘%

det ecting and'-uhi-mll? ofenging| tQ‘-‘h@%«Mnl“oMph?KFcal ThPsFQSEEhG—'é-nt o the
fence. The keypépate!elfablp S¢8% hhﬁyt ¥efl 8&CRiRbmkered’ ap@nel of the

fence and the nechan|sns_to achieye this.
theoretically over distances greater than two hundred

kilometres. It can be operated as a single zone system
35 using the Locator capability developed by Future Fibre

Technologies Pty. Ltd. to identify any point of attempted

intrusion, or it can be operated as a zoned system with



=n ot her ,enbodi nents, any other suitable type of sensors or1 geNgyn@ﬂz
devices, distributed or point 10 sensitive, are suitably attached to each

i ndi vi duaWvodiLid%d8 or panel of a Peace, thus detecting and radvAtorose all
novenent or physical disturbance to the fence. The key feature is the
sensitivity of each picket or panel of tha0fence and the mechanisns to
achieve this, as illustrated 15 in the figures. The preferred enbodi nent of

the present |l I s \ddieteda "ELIR, AN USLE EnbBEERA: RLpEBE! be' 1 N0 2

perimeter barrler_ agai nst | nirusion apering U SI ng opt I'C
sensi ng t echrtdien FPSER icanfiguratirn s zonrd Xor susingobthephegrEPng a

di stributed pingurialivl,Stil ANCE S6NekPerAieY | §Peéfrbii€ch)! 8peica or
distributed fibre qptic vibration senspr?%s t he sensing device configured

in a suitabl &% a1 ATR_SHORUST 2D t he physi cal 25 di sturbance
appl i ed 35 askobj ect, Mraﬂ:n,ﬁwm las orlyhyse cmyky?@i&hﬂbfih_bgthe
moni t ored pi cke r e fence: providin SiLi vegyi de
(single or mﬁef’%isondé' e%?" rl'fe’%)c’ﬁ’%%}é? i'];;l?g |jg<ﬁ$°‘f r%%]etggggéthgg g%?f“cgagﬁl
i nstrunment at iSegunity Sydtemsciduited (TsymplhpabThisf systesnist bagethe
sensing Si gngly id) Ld¥e HIW! S &t e | tHut CEfAbNrelli rBRbLECHLAT | Y

:E@G“@éc ;
such that the sensing wavel ength and the wavegul de characteristics satisfy
t he requi r eneHamR ftheEdhrm| oan rlead ke potrrelali ppintpnarcesiepyest i on

sensing apd |GepidHY frfRivddiUBSs S eSET 1K Cadh | S6veRby Uindrdehact or neans
for detecting the 5 NO~ ~fl10~ WD Q1139148 -_15 . PCT/ AU00/81332 sensi ng
signal:if redffHEPT FARAQIH e teenities rERHEheEMPRS. « hBe

count er - pr opagsedharti cesedin tonf Iyparseioni ogf athhef dpsten by Hudtealtmpsednet er

¢ i _ _ enpsa
or dor t oot or S RIE AF 08 Pl hedy HEL RS PREVE RyhHB:"bE" © 7

ocatron o he Sensed éven
i nst rument at i okaming idavices theeded et eovevihe fibraglenugpbt ofi gnal s

associ at g8 W frlt 4 EHBIN dotissenddiic iy S IELS | S9aCbm! 18 dRkEGhEE to

physi cal 10di st ur pance to, the sensing devi ce;i)r oyi di ng aut omat ed system
i nst runent at iIRPAEAT BRIGFR SeRELORS PFaPaRels i pnRickRt-hypPe fence
devi cei nst r uresifkgurattivh sui t abl y anal yses, records, al arns, di splays and

transmts the informatiQn; 1 lonally,-Gallibrating e installed

sensi ngdevi ce by a sui t%eer%es%% %@r%‘%v v’ferlgoé‘lt:%?u?%gﬁﬁrfhe?#iégf’h‘ﬁgnt ed
pi ckets or pafferingquwdiry kighisessivivitvgt asddrbeunbaddsyatoudbeatel
ways, tOz@Stg@iz&P% %&é&d&%&ﬂfﬂ&ﬁtk#ﬂoﬁa' aPbal ke tB?BE%E% har

n
t he20noni t or erimeter;acqulrl ng e ouigut stgnal fromthe sensi ngdevice
in a conti nud%ﬁé?ﬁﬁ#‘rﬁuﬁ%tw%"bﬁl Ycavpdlable gyghes fradateromThds 5ay
sensing devi gss dule xd Gtlesl w6y "RiGhCcoHBhE Ui tPNmakingDlehe eahsdingt ur bance
| npi nges on t eri nst r unent ed Pi c?ets ortgggelg of _the noni &:o ed perineter;
optionally, u PY+e? n'§°? HESRET o438 Bﬁﬁcﬂgv 5e Byepﬁgrgwfp &Mt of this
speci fi cati orcdmditione iand edbatuwbancese distributed fibre optic vibration
%SSC” tggctual |y pin- &Eli‘tl?&é‘?oﬁgcﬁf'é’ﬂeoi?&@ﬁ REUEL6RRA0BREEMBARAR bR
th the signal c bl

moni tored perjneter;anal ysing aracteristicS usingsuitable
al gorithnms, t2RRPFERA%Q BEEBUALLYENNE F¥RE| PEr REFdmetes: baxrieg £F to

deg grrri ne _theféﬂ;wlhimoﬁgpitﬂs %ela_gt Sﬂbfe&&ﬁa bai anea&dr&:&ﬂrrp_ tqudyntgwi on
or 35t anperi ng_of t erinmeter barrler of the nonitoredperineter
Qetormining vPR(HES (65 (BISLSSH RGP EeBRa, EYBPE: AF FHEaterSRAraad
i nformati on gailbdade; simpli(hy286Laviifg/ €A&4EiBCe A Gid¥ablel 6
results kLp a L tord S nd gi.spl gyl retr m t i BET[ae sired
i nf or mat F@n I ocai‘%‘g %gng'fgg %gir%taél yg‘bégr?ﬁg?gﬁﬁge," ?\‘%%prag%e?’(rle erﬁdi ment
of the 5 presthesenyeehnigueseyvi des a method for installi ng a distributed
nmovenent sensitive fibrigowddéds, SERS! fAndEFbRSe! BydtBm e omOMaghl of the
i ndi vi dual pickets, or ganel s of , .

Security Systems Limited (Israel) is largely restricted to

monitoring the panels situated between posts in a picket-

35 type perimeter fence arrangement. This restriction stems
from the requirement to incorporate the fibre clamping

devices in the fence structure so that they are not



a fence to be nonitored, which may conprise the steps of: prkpaND¥g2tiRe
site for the instrunented perineter fence 10 installation, or if a fence
al ready ewoaug9masepari ng the existing fence infrastruct ur ecrXud/eess:2
installation of the instrunmented pickets or panels; producing a suitable
mechani cal configuration or arrangenent -fal a picket or panel fence such
t hat physical 15 disturbance of the nonitored pickets or panels of the

fence produces |4abl e t | S _or | 8. 4S4LL ab

attachi ng tne U S i Y RRnE 4O BhBEPLS 0L BBTE) Bea Lebd en.
fence picket ty design iquitiata complekmechantenl agrangenentr Eonothei si bl e
or readily 20uiGaRgdd| drdtend AR L PLEY C6E | Offe | BPsEERODE LE2CS IS 2
sui tabl e neaner, possibly running themis conduits to the sensi ngﬂdew ce

i nst r unent at (SeturkpReM Rt RARLL A% | $9 BRFh t®rRach, individyal o5
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according to referred enbodi e inventjon, electromagnetic
radi ati og at %fé?&#ﬁ%%ﬁg‘ﬁf?@ﬁ&ﬁﬁh%ﬂi ﬁ?ot%ﬂ BBYFEﬁ?iwavggui de
(si Rgl e or mddnfignenhiors unth tise afengs i panel | breheéeolri.niﬁﬂt;bg?t afigur ce,
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wavegui de. pTﬁ%%‘%fﬁ%% véav‘g%a%?e | %éigﬁgg%?gc%,gg?ﬁggﬁgf%igg 88ﬁﬁ@ct ed
(tenporarily inadequatrmengitivitne thpucapabidbity tai oupreometi cal
wavegui dgoi Sttt fil akte Nl 1t6e el Stk I REPAEShARCE 28kghbRD reaches the

I sol ator the el ectronmagnetic radiation can on]y propagate out into the
out put wavegui de ar m ofCQRREFURRtLYy PHeReRY LR YeRtOF ciRRestigatedyandor W

8_1/ 39148 -h17demh I&SM(&&&&?&l énﬁi;@&bqa_eenaal QtfiafOﬁ_aﬂﬁteriﬁgthe revferse
irectionthrough, the isolatpr, thus optjc r ections are sto r,om
poss: bl y dosBanimeset Karr{es Aohingh. 15Rnafon, PhatbonPaing RELL sioa

i sol ator is ttles dosebrndigtrilaakedrEibheropsiccuvibeatidn( senpbngrily or

per mnent ky), QP#:E . cal egul ' . Lt er

or coupl e?’g(si%é!?fef%'?}rm ?aan%%+)"éla€@a%8$+ en ?ﬁéeﬁéﬁ??oﬁ%&%f‘?‘g*‘?gdi ation
reaches the cb&pwwiqme%qu#%rwkﬂ@? aerevidescanfbbyrcrenaeri whichhe
out SUE ﬁOW?\éegta qﬂ%sm oégﬂ@ftmpw (rjmbi‘rexa?ﬁev pasapmh&ax_n&wte, gu%aalng(rj ms is
use eyt he unysed aymis, fraciure ot herwi se terpginated toayol

back- rof | ect I BRI SR TELGRREARD {7 T5e  FLPEBLRF oV FRBLER BRLPECALOBP

ot herw se conite=xtbengtlknoxd aloéy motSpequinenahy) padticulhy physheadni n
sensi ng vequl | ' | g4 egls | i T

sensi ngs?@na%’?ﬁ%ﬁ%%%&églﬁgé%%gsg%lggér*’gﬁg? ﬁﬂ(ﬁ).*nﬂ? ﬁg %gggaﬁi gunti | it
reaches the ovpRister carl evente seomfaguantiyy dgauckhmoradcpavenienthe
sensing Y\’aVe?é'ffjé‘c%fﬁ?QfﬁUi%@@i-Yc?fé nét;ﬁgt &?sﬂiﬁééié %ﬁfﬂbg&lﬁtlbﬁ% g%& a.
sensingsignal js efficien reflected a e mrror_and | aunchedback into
the coupler. B ""ek%'éﬁ%?%ga Wg%%@?u o §°?ﬁéb§J3rngnghﬁhﬂv&v'é'&ﬁ#ﬁéqggnsor t hat
shoul d be expoampatedtdicle whay isgavaibablet énethe( peiorankachetheo t he
degi red-;251 chgec Bhek L OhiRNIGLR) ard"EcnERThE 3hENRNAiRLLERPERIGNT out
nfo two“Separafe output arns Of the coupler{in the opposite direciion to
the original »Pronisional)speetfionbdyantic radi ation that propagates is the

couplerarmtowards the 0l id D8 HAddovaliVveSEEAERzbS abheAYAbLAJIRY 8HBNE
I sol at or and Ereven&ed frombein £aunﬁhed |nt2 ﬁlhel ser dl&»&ge The ot her
4 & 3

out put ar m of 1RVRRELPF ctircloned LR FRABBXVLIEHORA N SREC cation

phot odet ect oraxréppropri at eel ectroni cs, signal processing schenes and

al gorit hggprocess the signal [ t Qdet.ector oht.ai.0 s esired
I nf or mat @n. The sensi njf)ﬂ\?vaeiﬁélagg], 5§§F§E8i ggé‘%gbf"eng%%&et% té%th ?ﬁ'ﬁﬁ%%id
di spl acenent , fibyenentic| vibragdon/ sensibgatechpnologyuioraleny ot ed to a

number or allgy;e X101/ BRd#Bnai1dBdistributed fibre optic sensor capable
of detecting displacement, movement, loading and/or

vibration of the optical fibre.

35 Each individual picket of the fence is attached
to the distributed fibre optic vibration sensor and is
thus sengitive to movement or physical disturbance. .
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fence, thus detecting and nonitoring all novenent or physical di sturbance to
t he fencewOohB9RBNsi ng system then 'anal yses the signal claomestmisia cs

usi ng suitabl e5al gorithns, taking into account any site calibrationfactors,
so as to determine the |ikelihood of the d&tectedevent being as attenpted
intrusion or tanpering of theperi rreter barrier of the nonitored perineter
anddet er m ni ng whet her A The € t of the
present inventionfurt her%r"rno?osr%gao!aqt es aénc]f’ cpeﬁ‘é%‘éér"["ir’n ?%er@féhn@ﬂ

syst em nst r umsigkat sy altthatgh gits i 3 ssbilh mbbblef tophave| emeroni ¢ and/ or

el ectronic cards houseq,,d‘,;h?hd A eyE{Hl Kb ﬁéh@ﬂﬁﬁg’ed
sensi ng device inputs canlbbe provrde as re urre to cover t erimeter
with thedesi AR fkEsed: FEHR P ichemp e 8158 20F obhe: ERPPEFEAvENe

informatign prembekas! i}wﬁﬂﬁnéh&tdlwtmim&a&neesraﬁﬁysieus any
desirable i nfﬁ%}:atl on aI ong with the date/tine, into the data |ogger s

i nt er nal 20e Sfornation may al so be available in real-tine to
all ow the systemto be mli;t:mlm:tsarut Penelksl mysbéepoaktimﬂrbdtwbana

preferred e nt_ of t C is provided or a
nodem i sconggg)c?éé(F X feégs%e/s ig%rovric}g *De#mf‘gg%a? Eé’g%ﬁ 251 oadi ng,

nmoni toring or alarmng 'ltha)ammmqmg 'HIEBM|MMWPMQ$%HI bagedl,| ows
| ocal orlber@ﬁm& Omrw Sédt¥al r@éﬁ%ﬁeﬂa ﬁogﬂeaﬂﬁvfﬂ!l%e or

wavegui des nmay be forped fromany gl ass nateria oxl des al i des,
crystals, soIamtﬁ'as%r‘bY“}HH/rﬁ?%'hﬁ‘t‘%rflaF‘ gpaj¥sgisge aﬁyarasmand

of monol i t hi ¢ Sl IRG efddtired of £id ecak e dhdRDtok8@ &hdi 6nvR¥EJWEde isa
frul t i noded figr t he sensr wavel engt h and t he | eadwavegui des are

si ngl enode fi ‘?’he"‘&‘% 35wavel ength.In a preferred enmbodi nent, but
withoutlimtation, the Diixsat tﬂntsnhsmtmimgﬂtﬁ:hﬁiqukndssmeuave ,1 5 NOV

20~~ WO 94/ 3 / br, ptic
Vibrati o%*seﬁé%i?iﬁ el " oy (966 B L8 pBLLAL1RY VeSS
without i mit herdd ‘!‘Fk"%ﬂ%t*ﬁmféhp#? bredophat therat pbR $3A3Br5is operated
is a reflectld&ﬁ%ﬁgwr@&wmm ﬁﬂriéﬁlaﬁg t hegngsf ApBotahBetdcndited
fibre, as des |be abov % soyrce, . detector, and ot her.
suitabl e opt S esminaloa, ofa chimEftesed! FE' wamer REoR BPESBRARTot her
enbodi nment , tdsme::lrmbmpdmtmgl tedineiques cpartieularlgsbacansesofipehat @hden a
Lransm Sy SEULMGR L 2ea {40108, OPhL OPhoPBHRER BBHSIELGELY ofla ODDOS! [ ©
ends of thesensing erred mrrori e op Ical fibre
end- face i nvd?%‘é%rwacr'ﬁgeawp?%bhﬂeﬁ PPE@EtiﬁlaEQVa§U§#PQy§F§m0tme

prepared fibrejengd- ﬁé‘ﬁﬁ‘gléaﬁ@?&‘&oﬂx&dr&nééaacaﬁhﬁhkbﬁt%hﬁl)' ahaseta as Au,
Ag, Al or Tior % dieleciric materi

u s coatin can
Separed by KIREHE A e gteme foed SRebRiInCEoRmerRRERREPBRToRR
sputtering. thancagcmtm r rthengféreai ethal 1mdt:ﬂ.enlsndqseianqd dlrso
e utilised. R r | I Qe d-face
|?s }f usi o%gsplt:stgjé% %‘r) g%?eégo%%g%%%igﬁtﬁé gia;ﬁ H}gkgg}f‘sr ng fibre
on-site in tI”@OﬂePHOWtﬁg!s;rEheﬂnhmcaﬂl aapehilrlﬁlotshepdsrfteamrm t he
mrrored25fibre end-face is produced or otherwi se formed in thefactory. The
distributed fibre o t| o sensr ng _techni que can operate at any suitable
opti cal vvavel%?\ﬁ?‘ﬁ 15083 W@T BN 780 am 850 nm 980 nm 1310
nm 1480 nm 30 1550 Nnris disféctindf | the Opegahedinventioh fbetpr mvride

inventio but wi m.tation, .the tribute fi,ore_opti

techniqugoonly T EE% Ia%%dsfﬁé?ﬂﬁ §°§?8§1§?EWE$§ °I3n3tﬁe% 4%%? nents

ot her or aItebnaxbe:ensahgsandnbrussonoqnuhhmaatumg-systenB may be operated
in the sane fibre or c ffe I

sui tabl e system corrpon;e‘ir?tf ug%?xrr‘%la?ﬁf ‘r’ggdgh S b%g'é.m%\é‘? SQQH%IN%? 2002
VO 01/ 39148 -ipelu@ERgaU00/ 01332 as appropriate tine, wavel ength, frequency
and/or othernul tiplexi ng pgehfbdu8temasit;equired. I n other preferred .
enbodi ments, the transm ssivecounter-propagatin al _net hod f | ocat i ng
event s ig%Enployed andmgﬁPFaﬂFemﬁﬁPchPg 89 3 g BRFEPTa e R bot h
ends of the sferelimbtddtmovembatsi gnals. Preferably, further silica
wavegui des are connecte S a

ends fn order toprovrdeglhgg%gﬁggéei %h °§a&§§ es aﬁ?'éatégﬁiéur{#gg

t 0l0add additional delay between the transnlssrve count er - propagati ag
signal s.In preferred enbodi nents of the present invention, wthout
limtation, lead-is and | ead-out fibredesensitisation and sensor

| ocalisation i~s achieved. |al5other enbodinents it may be possible to have
| ead-in orlead-out sensitivity or no snaor |localisation.In preferred
enbodinents the couplers are 2x1 or2x2 couplers In other enbodrnents they

Y .



1 5NO0 V2002 WO 01139148 PCT/ AU0O0/ 01332 - 21 splice pro{ch@NsZﬁﬁZ any
suitable jackets or materials (ie. ultraviolet acrylate, epoxy, etc.). In
pr ef err edvewipasisgent s of the present invention, wthout | pariaatdoiss2t he
detector means 5 conprises: a photodetector for receiving the transmtted
or reflected radiation fromthe sensing-siugnal in the sensing fibre; and
processi ng neans for receiving signals fromthe 10 phot odetector and

anal ysi ng thﬁﬁfi nals in order to register the sensed events. If the

| ocating tec ?fg?"s utilised as well as the sensing technique, preferably
t he detector neans conm ikigght ldodrest fandlawsahinghbighiet #ntor shéor

si mul t aneousl y recei yi ng. t | at | r t I ng signals
in the sensi n‘éﬁ‘ﬁ r"e(%/e a%(’j tt’[}?%éc::é%gnigfﬁ%énsmfo&?&egg%iﬁ%‘gﬁgﬁggg s fromthe
first and secoaveghidexiet ect ors and anal ysing the signals 20 is order to

register Ehe sensed evetSeLdce et £641 8b@ct gt 1 {EnELRY A ndkf f erence

bet ween the counter-propagating signals eftected_fromthe sane disturbance,
thus det er mi néFavelked feh¥owgh ofhe (gaveguides\@Rds. Preferably, the

WaV_egu: dfe_ gonrp;I i ses at lwmémnepma?&imrxs?heﬁ i b:etnedl_bafraﬁrl emainea_ag
optical fibre devige. In some enbodi nents e_invention. the ,wavegui de
my nerely coﬂﬁ??@%ﬁﬁﬁ %ﬁt?€§#m$€bF3n§f?ﬁ8 t® ﬁypgﬁﬁ??%sﬁaPaEFéﬁﬁnts.
However, the gpiétem] thérlearanber nelemlenpameves becavsevefelitsembuntlingg its

length. 3@ F%{.ﬁﬁiﬁ"’ét& A%Qﬁ#%&a{xébés §8lsb ! H8GenEHE BE ibﬁ\%}ﬂgs .
along its’l eng and ose senstng elenents can conprise devices ICh will
respond to a ofiatie vavegeidesvhichpalterses parametenvefokhenlight

application agfay8ilisgCentHEgR’ ERE Wrh¥8gilde O afildiRELBUDSN EReOf the
éens!ng el ectromagneti ¢ radjation propagating in the m%vegU|gi %p tgiripy
provi de an i n@pEa¢FeH @ﬁt?ﬁﬁscﬁﬁﬂggh gind BgFﬁﬂﬁPﬁF.° the light whic
has travelled through the waveguide to thereby provide an
15 indication of an attempted breach of the perimeter barrier
system.

The invention provides a method of monitoring a
perimeter barrier system to determine an attempt to breach
the perimeter barrier system, including:

20 mounting barrier elements of the perimeter
barrier system for limited movement;
providing a waveguide in proximity to the
barrier elements so that movement of the barrier elements
upon an attempt to breach the barrier element causes
{) 25 movement or loading of the waveguide;

launching light into the waveguide;
detecting light which is passed through the
waveguide; and N
processing the detected light to determine
30 whether there is a change in parameter of the light
indicative of movement of the waveguide which in turn is
indicative of movement of one of the barrier.elements to
thereby provide an indication of an attempted breach of
the perimeter barrier system.
35 The preferred embodiments of the present
invention rely on the use of a distributed fibre optic
vibration sensor or any other suitable, intrinsic



~ri, 5 Ngv 2002 WD 01/39148 - 22 PCT/ AU00/ 01332 Preferadl@,NQMyﬂggitable Cw
or pulsed single or nultiple wavel ength source or plurality of sources nmay
be enpl oyRI01/3M48& preferred enbodi nent, without |imtati oRCTAUBNIE32puUl sed
coherent | aser diode is utilised to supply 5 the optical signal. =n an
alternate arrangenment, nultiple |light soukées, of the same or varying

wavel engt hs, may be used to generate the sensing signal or a plurality of

sensing si onglge-IRGrBACEEREEIopRI WEEYGE Yardt 't Hhediddyent | on
offer the potential to utilise all-fibre, |owCost optical devices in
conj uncti on @¢ERlpGEEENE; oRETemenknt loading grd/er yikrafiinriettans,
couplers, VDiptieaupEebee SukitubayOattacheldtd eadl |idSvididl pickbe
preferred enbodlnen&s 8f tge Eresegh# vent i qQn an!EéS sujtab) e |1 ght
source, coupPErPAR8pREL BAERRERyr © a%@&?&’iﬁ%;}y WA t¥:L sensor
and | ocat3 ngmeyeamens. oknphypliehdr dddtarhaticeetio tHee feape / edrivt kép! :
properties o Li ght u at i ght be |l aunched jnto and
propagat ed i fﬁe%ﬁgrsei % gﬁmg)dégg 3&3@%&1% 0th I%(r)l(?ﬁrgﬁga?ﬁecﬁﬁn? e°?i bﬁ?
propagat ed i fencei agdekbdemecbroismst ticcmwhiegiendibdiended during the entire
period of travel in the,s] ngg,F, ls On ' il_saﬂ lpt o
the multinode fibre frgxr% ?Egggi ng gma%égffﬁrg,i}ég&gdgg%i es %y egeégi ted
and the nul t BRBESHE29Yf FRRELIRM| Aeyd casysidisfaritntad iuPPRtaneters. Once
]E _hg i gmtci i Ssleﬁgmelhed,bge&_ bauem«_i;-t agmcgmtadw :J&& fﬁa&&ﬂ?;w:ﬁieﬁde

ibre, only a sin e i.s_supporte n ravels to opjica
conponent s oPrtﬁégggsggnF EBQ&PH/% 4 tﬁﬁﬁiﬁ?(ﬁﬁéﬂﬂﬁﬁf@ﬁﬁ%ﬁﬁ ahY sensor

| ocal i sat i onmd¥ementc brephytsicalhidd starbance rcgpridnd i femcappl Thatkeps, the
singl emode TeRagusBoyldchS FRABILIVIY Ul lob i ih it ld s a3¢ £hgdding
nodes in ordér to Inprove the sighal-to-noise ratito. Thi's preferred
enmbodi ment aSpPFesaﬂértb@tneeb#@g@mﬁh§QﬁHQhﬁﬂﬂﬂ tiiigheasr trated

counter 35 pigpafat FAguerki.cal signals, if this technique is utilised.
Utilisation of properties and_characteristics of WO 01/39148 - 23 ~~ 5

NOV 20n? PCT/ AU0O/ 0133FRenRreferrednephodinment iof it RuAARRE i inventier
wavegui de sepgoirideabhemethod anid)Gyistdmik € gihisd® fdr andwieesingCai ve

manger. Thus_ the nser._ig_not necessarily danmaged, fractured destroyed
in order to Pﬁ’ﬁl 8%% n%agr?‘(?gafagaﬁ?es delsﬁtrge(‘cflﬁa’? g?ﬁatte S %ge?gé%f'ﬁ’e’g
sensi ng | engfhibre obtimavensite tfeelmalamn hwhich imay feompriserthe
distritn@gd gStep@ Be;Sensitivity. Milti-zone or nufti-point sensing can be
achi eved by quasi-distributed, distributed or_nmultiplexed, 10
configurations. PreferREPYiding s distrikuted phypisal digfurbance

i nst rument at isensdhig dalviaed i?l welr @Bﬁﬁ la-fir ngﬂantfbl»ﬂ:édl ﬂ:f.i:i-é sepalmbse

m nim sation_techni.ques. Prefera all _the tyjcal and,electrical 15
conmponent s leli rgé: B SCEEOFs *8 tsﬁ}%églseeqmq Lﬁ‘#{c%n%? {ﬁ‘éfeé\i’f'ﬂ & nunber
of suitabl e spiitadleanasdrangementalthatpndsnongls tortise Physideably, the
moni tori S I ' I %ﬁﬁ% Si [ ra

¢ohtrol /al ar ﬁ%ﬁ%ﬁ%e;n&?@ﬂﬁ%?a%, provtl'dign&a?:g? goa?fﬁgﬁaa{lg it

anal ysi s, | opbMedcaddvaddsiixbs dhamanitored pigeet® P¥ oPaBeAR(OL the:
control |l ed | gemldey or renotely.

providing a silica waveguide (single or multi
moded) for receiving light from the sensing device
30 instrumentation, the silica waveguide being capable of
transmitting the sensing signal in the requi;ed manner
along its length, but particularly such that the sensing
wavelength and the waveguide characteristics satisfy the
requirements of the modalmetric, distributed fibre optic
35 wvibration sensing and locating techniques described
earlier;
providing detector means for detecting the
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Opti.cal devices, electro-optic devices, acousto-optic deviéégNOV ﬂNZ
magnet o- opti ¢ devi ces and/or integrated optical devices may al so be
utilisedweolBmdgystem ~ 25 In preferred enbodi nents, butrCovAtvomisz2
limtation, the sensing waveguide is physically attached to each i ndividual
pi cket or panel of the fence or fence sectliSor to be nonitored and the
sensi ng wavegui de detects any displacenent, novenent, | oading and/ or
vi bration of 1ored fence pickets or panels. I n other
enbodi nents, 't %%ﬁg{g%?ﬁ%%he uide is physically attached to a nunber of
t he individual pickets rrm&@d)f nraviding detecher mearsoforo be
moni tored andd&éécéiﬂ&'Eﬁewﬁﬁﬁﬁ&6¥ad$ﬂ#ﬂﬁékﬁﬁaféBéilﬁiQﬁﬁMbai“%§§EiiT

C panels. Tn

| oadi ng and/or _vibration of 35 the nonitored fence pickets or

preferred enb8ifReked Py, EhG Spne ParaMehar fad LU A HRFHRARE  the i s

_phéfSi pgl I;Tv at tﬁﬁBEdeﬂ.&ye&ii-hdfiffﬁ’i'ei@éf mz«afw Gt 3 Bl¥dn a1e41%mdm 03332
i ndi vi dual pi t _OL_pa the fen r fence section to be nmonitore
such that | océ\?gggﬁiﬂgagﬁﬁg&&g%\?&r@% tnge t%e@sseeisﬁ‘ﬁ%m@\favegui de is

maxi m sed, w thout damegiowjding 'instmgentationocasbeociatedi withsthae

sensi ng viaveyurla s daviie ity BiEeiE sl gnd1 BUHDEECThEA Nt ElUBhe

pi ckets or panels of the fence or fence section to be nonitored such that

| ocal i sed beZ¥ighdtndeafm Al Erequeneles Rf nghaadesarsed phyairalsed,

Wi t hout fam@iR@Euranée aplitite dendindcdéedcgpbodi ments, but wi thout
limtation, 10 specific confj,gurations of_picket oiﬁganel fences and

mechani sms are used soP¥O% iaytomated system: ipptrymeptatiop vhich
ghySi cal di stasdeptae tianAinfpmpateion dErém thehsensingndeitdepi cket or panel
f the desir NCE REr. er..15.1 ferred enbodi nent,s of .t he

i nventi on, bﬁt%sfvﬁe’i"fi%eu t'T:'{rxﬁ%ﬁa |%n;ufﬁﬁgn@a?¥sggﬁsffggféﬁ'V\H‘ﬁrﬂﬁfal

pi ckets and Sigpdaysretritransmitscthenbofomationshe fence can be nade
from anyjgther suitabl ggetdid @l |éhﬁﬁﬂt§£@°@hgeﬂﬁﬁtaiﬂt§%f g8aEiHgN be

Y )
made from panel s, 20_ sl abs, ,soli d brick, concrete, or any other sultable
construction ARYECE B Rapudteble aFagess iiRvAving dbsturkingeheal s and
supporting i ninstirunented pitketd oy ghrslwd Mhlsel of NEimew SNFaPPind ut
without Iimtation, the,nonitored fence ds free-standi . l.n 25 ot her
enbodi nent s, ?hg ﬁ%ﬁh"‘gp&ﬁ‘ciﬂer?cé’"énihfegnfeéne‘ﬁﬂyﬁ’s %%s?%%%l’f%hbe nount ed on
the top, sidestatdsticaddy deirivesdt qaldbmationrfacppostfoy thérastructure.

In prefesped gRRAILLIRA PePindtqr nvention, but without Iimtation, the
entire fence is nonitoréd. ] n 30 ot her enbodi nents, onl yﬁggrts of or

sections of a fence ar ASHR¥HREthe ORERRE pdgnat) e §PRERBg

i nvention, andeided dh i WohtdnuduK ortfiluies ©1¢h 0yL Ja hib&h Yo £ Ubheph €
formof fence_,ln Qe eanrdirg_%ntss conmi nat'o‘ps of 35 different f%rgrrﬁeor
styles of pi cﬁé??aalge é"l?ﬁ ofe . In Bp%’é?qe EhDoi WRnE sFOBRT RPTHBRYST
limtation, accafigumratdon s ¢ sthysical disturbance cimpimges conhthe

) 25 instrumented pickets or panels of the monitored perimeter;

optionally, utilising the methodology developed
by the applicant of this specification for locating events
with the distributed fibre optic vibration sensor to
actually pin-point the location of the physical
30 disturbance to the monitored perimeter;
analysing the signal characteristics using
sulitable algorithms, taking into account an§ site
calibration factors, so as to determine the likelihood of
the detected event being an attempted intrusion or
35 tampering of the perimeter barrier of the monitored
perimeter and determining whether to raise an alarm; and
recording the detected information and alarm



WO 01/39148 - 25 1 5 NOV 2002 PCT/ AUOO/ 01332 desired nunber _of Rlick ts or

panels in a perineter fencearrangenent is in a zoned fashio 5( NG , 282hunber
of noni t orweé0 02098 t 0 cover a perineter).ln other preferredcavdudionsst s, but
wi thoutSlimtation, attachnent of the distributed sensi ngwavegui des to the

desired nunber of pickets or panels is apdbi meter fence arrangenent is is a
continuous fashion(ie., one conplete I ength, |oop or other

sui tabl earr anggaBith 18! B RicH 86 F HUE Ura a‘%qié%%mt gimtation,the
lora

nmonitoring systens incorporate |Instrumentation capa real -time data
| oggi ng, anal $¥RREMALYLRT, then fdeninad dinformation Llshanfdy Mvi ces and
di spl ayi ng angepbtedpsnmtting the information in a suitable nmanner. 15In

preferred enbodi nents Qf the inventiqn, butw thout linijation, _the
moni toring systemis amftr oo ort %%?‘gl?ﬁf’%fﬁ?@?eﬂfiﬁgﬁ ument

t hat can b mMprdssrad mverntobhdén opredides aal methddoforeimisea)lbngf arably, the -

t i t L | 0 f |
o of orr ed eniial oA yd RBHRGEE, BEREVELY. "PinER PPRIC BRHRERG B HEED | e
sensi ng devi dus srmagbenrex calbyof thet bdividesdspickebsyergranstier bifng
thei nstrunentd i Lk &ls B8 :Héﬂfééréd!‘”ﬂﬂﬂfﬁh%a{r' Hsﬁplr‘i(@&yhﬁ_gzﬁf:gggl i°§r:at Con

di sturbance a nunmber of ways, to_establishstatistically derived
factors for (RRARAKANE &hecFite£er| kha jnetrwmentedopariwates: fepee

inventiono butndtdILd . tic%um tat | i)ﬂ,ma)eg_&ﬂ::&?ﬂii-@ﬁ?ﬁgezlﬁ_!tﬁtﬁWpﬁﬁﬁ&ﬂ.ﬂ% 2h30l east
one sensing wavequj de.. |l n sope_.enbodi nents, _a al i of ,sensin

wavegui des n‘eﬁf“t%itﬁ%of.e‘f“ﬁe yt?fﬁ?ﬁ'érﬁ%ﬁ‘bﬁ? ngﬂgsgéepf"ﬁgﬁf‘ﬁ'??gﬁfmvgﬁy the
types of sensimstimayertced ipicketisnoprpérelsg enbodi nents of the invention,
but35without limtatio {.ovent i i ; hj | Si I
specification may be u?erda ‘#‘g?ig%rgeé\‘?%a%#ée%%%gnn}éﬁ?ia%gﬁfk'gé{‘?%gg.gn °T\wo
01/ 39148 - 2@arzangenrenty DoY2apPTickebrd1neneBRfsacpEsarhPYhal Dhypieal

DRAW NGSP5ef 64§ it 5dcth NS 6nef mbREt 868 CPLck ¥R birOBandik! oethar ther
illustrated, exanpl e h5reference to th oW ng drawi_ngs is

by way of W e foll
whi ch: Fi gure ﬁz%?ﬂ)\ﬁr%d‘}?%’? eSBLERPLROMAVARERE cof nther PAGKEES, OF sPanels;
reL | ective caniitabhy i otcaching i:neualttﬂﬁﬂuasdt EtBiret bpkdtedibratdéonpti c
vi bration sen € i resempt.ioventiaon: 10EL0 2.is a
Vi ow showi ng Soue (80 p8 8tk BabPret ReBEB PRk sely 85 pafel” Thdduln” d
transm ssi vecwny i thatitthe sensingi Eibresi svd nott dsdbder pureadiillr eoptic

vi brati oggsenspéc&be fHPs Ned ggjﬂﬁg'&.@ggg of thepresent invention.15Fi gures
3a, 3b, 3c, 3d, 3e, 3f and ow a sideview of _.a fence enbodyi ng t he

39 in
i nvention, a view of as??fb?ﬂﬁti%ﬁc'éh%nﬁﬁﬂﬁ?ﬁgl?ﬁési hBeRt FHFIF"BXﬁ BAnpery
f encei ncl udi s iBDE ShanniAgVtRemofinstoadugt Eeaoe thac setisiggadevrdsdear, a
pl an vi ew of jt_h t:fen 8 o'f:igliagure 33, a plan20vi ew of the fence of Figure 3c
and as end vie AFARL_RAr A gulre 3a respectively; Figures 4a, 4b and 4c
show a front view of abrémplébing asnod¢stgrihg shvenwouks,arendexringw of
Lhefenceasl RGdrfofedPing BRESREAH ¥enkhs'pohotitalqg amiazibiay e 42

nespectively; Figure 5a an show a frost view andperSpective view of a
fence panel accordi ng t¥yekepakhad, arseudipdt tei hecPseignyedh are a
fr olnlt ;/i ewhamhmﬁaeﬁti i&g£39h'beﬂln_0§naib:h9 kenfetze&@emwa;ﬂioa&aa_ﬂdimd s
sti urt her enbodi pent ; Fi qure ig_a,view of, 3 _genera odi nent_ o
Chepresent | RCRTRBIER| VREBrapekl 1anaknbdrad AaVer o cmeactgmintoqeLde
according to fipgle drtmuldtiSmodedd,8sushaas en optdosilhdibyenefdon a
enbodi neRtof r in [ c [ 0kl $Sdd 0 9is aview
of a gonalal Lifaf Bofpbe, MKREH 48 HTAIe" dagy AT ING ) 01032 -
27 present |PYeRRgaRes| pliondathegoptisal vaveovddse ufThe antdadd hods
accordi ng to Jhgegesdd 2Bdfhsibndeplited,sS o YtheRiise t¥iticditerbodi nent
of the preseng mvenUES illustratin ?. com‘a:lgete system for 5 an

i nstrunent ed $PEBPOFREREY PEnPQrB‘ﬁ‘an’ﬁ ) 12 Qo PRE HRRYE M AReifte and a
conti nuous sesaitgblenbpgiical wavieguideedsblatdre i@l wheal Theutil i sing

met hods cordin ' nd.3; Figure 11 jS a Vi€W. 0 ot her
gener al g‘?rjbodlgjr'ree%f}:%ﬁ’ﬁégg%%% %P?s’%r?t"‘)lnn\%ﬁﬁggﬁ iél °u§t8r°a]ta:/¥r?ng ﬁ(}orrpl ete
system for anelestromagnedist caldigitdioat caanealyn nugpagdate suit dnfe el |
fence and a nyhtpRtewsdeblide? A¥m S THY iU HeHY Al I19fk (1 SBimddgBtic

i ndi vi dual fence panels; Figure 12 is a view of a general enbodi nent of a
15 short section of the base extrusion according to the present invention;
Figure 13a and 13b show a base extrusion and a picket according to one
enbodi nent of the present invention;



20 Figures 14 is a view of a general enbodi nent of the techﬁi%d@‘f 2002
aligning pickets on a sloping fence according to the present invention;

Fi gure 19WD91891E80ss-sectional side view of the nethod forpqu/Ab@io1332
installation is the base extrusion 25 according to the present invention;
Figure 16a and 16b show a bottom vi ew and ¥ cross-sectional side view of
the nmethod for picket installation in the base extrusion according to one
embodi ment of, g ng a
further gener a%&fan% ?%ﬂﬂﬁﬁgﬁggéggn?hl ﬁégn%?gé&a ﬁiﬁ%ﬁggm 8is a

vi ew showi ng Shxough kheckselaten) thusdPrbheadf reﬁéesne@ﬁt argyehopped 35

tDETAl LED tDESCHdH |&%£ﬁﬂ'@£&ﬁ§£ﬁ£&§§'?€9&t I\E&E&:r?%aé][ ed'trﬁabeghgﬁ%tz gf
e invention 0Sj ng an atjions . w ur r describe
wth Vo o) Marequlds Ak S "EnacksoBsoRhR AR oTuSSoR PRI SRER | 6%t he
above nensi orm:hahdmmg:aonﬁdimteﬂav\ta:gpoaad:.weoi-obhmngnemywl gBnbnedr €
prOV|ded|n f sLon. Wiile it may
not be specifil L‘gﬁny %a&eﬁ%gﬁ*' aglerggﬁgd?heiggﬁ | O E {-‘8 ¥oRBodi ment s
and dr awi ngs,coupler tﬁbimhe@lrembbuimmlsdb hanf owheni hgef eatures are
utilised, angygte f&ﬁf&ﬁé@{@'fa{dfﬂtiéﬁdre%ﬁés eRB" 8Bup2be: thae distributed

sensi ng technlque I s based on a dalnmetric distributed fibre optic
vi bration ser&%ﬂ‘“&’t?‘!%‘lﬂﬂﬁ5cfE|§a¢%%t%9an§ﬁ¥s§F9E°BoeﬁFeF-nEPoEBQaPPFiQut

si gnal netpod ﬁwed-@r@élﬂgnetyfznﬁﬁelaoegmbgyed wher e appropri ate, and
sui tabl e optical devic are e%% aﬁ one or. bothends of the_s {Y_stemto
detect and process the rFhE E‘f"?l%‘étﬂ"f)rég“ﬁriascﬁﬁﬂéc B8Rt o the

mai nsensi ng fulhs e.ua.tse;ltim :bs foadterdd on otﬂerwﬁ.septemﬁiﬁaaaantbt Ive

fead fibres £8p1 add ay b

transm ssi ve coun er propi?{) ri?n:'g'ftnqs' ?ﬂ é%ﬁ@%ﬁ?%?‘f E{' °u8uP5els
coupl er andpHitsien i athge%h@rwayebeoasegtﬂﬂt Ntmogenséy or

andl ocat i g9 é.é:ﬁ‘e[ﬁené 1y P, MpE&sEeg ea‘oeﬂanﬁain kBRsig uwaedea&asal
properties of éﬂ% gqyz.g&cg ‘Srg such that htma | aunched i nto and
propagat ed i ¥ rT’g‘? ¢ BFthPoESPF§E Fle | THRt BeRARGat ed
| P a Ssi Ingl enoibfndl q:rmgamzl nlenggthanéndiﬂﬁr Ilaggtheoﬁnghéewa%?&dde
oftravel in t | unched_into the

mul ti node fi b"%tﬂ om t I"g"gllugné"l{.éﬁr%dg)’fggésg'p'gs8v§r éF Ei‘%eg nﬁe excited and
t he mul ti nodeomotgwide v ITh@ees@nﬁaceveft bheasauasnpawamguide dace
thel i ght2bs | AUEABLY DoGknd i 0ad NG1 £hadl AIREBET LI EhBEOEhBhEEHBFLhGDde

fibre, onlya,s e, node | s, su forte andtravel s to the optica onent s
of the systerﬁli%g]d 15 eebtctemtivyretiectad PFsSPPoH’-EH&rséﬁéoIh“n ed
| ocal i sat i onIack ahit e VEls | Fohplerranthe. seAsphaCivavabuddpl isathenpakrite

si ngl enode fi d Li tlLy |l ong,toattenuat aI cI addi ng
nodes in ordeér)ftoég%gg\é? %%E Eeégé NE%;S\E_ Eﬁeﬂgao"mf’ﬁ?’? §
PCT/ AU0O/ 01332en$ il r@mi-ml of intevesthi(depy chattrchednbod i:hendeapplqdes for

boih dirgsti opencd idWets Cbr!Pankighsm &sevseaeszabeapaaaagah' Regpt i Cal
i f;nal S Wnere th| s techni g eﬂnﬁl s utilised; 5suitabl ectrical and

optical devi d&d ® bWe BPPBIAkecRHEPNE ARESseE: Eher G°b‘§’t1€c¥t
andprocess t heml gml 6pyésité adlifacelionr epeehecoriginahatdgher inputy .of t he
| i ght propaga%i in the f bre aﬁnéor en bI es10noni tori n?ﬁ tt t ake Iace I n
a non-destruc ’ﬁ%’ﬂ?\%’?e raghationssratsPRoPAHRLES A &dgﬁé’
fractured ordesrnrwwan bhde;sobanpm and dn-gh&cabart:beideat%ated by
par anet egg; Uttﬁ 69&3} g&& {afﬁgtsggbawf%&t baahbca ai@%blc qit'on the

COﬂj unction w t aser etectors, COUp l ers,

i sol ators, citagertdiades| I'F:BPS°§P61' PHEDUSUBREY © aFé‘erF?‘lvd-Brcapr% in

ot her enbodi rmﬂ&ﬁmmeueaaat benaaﬁps-ub&aab@ Phbtodetelctde\i CapgRopiiate 2X1,
3x1, 3x3, 4x4,.etc.;:the optical .fibres and fi bﬁme devi C%a recqQnnect ed by
SFiof, oBa At

fusion spli ceéle?ﬁrg?’h‘é?' cfibFBR e RS LREIRS 65 evi ces
are connect edpbycagysthéabignal safigrompthat thebldmtwprsut@h oam;armcm cal
-~ 25spl hees, t s apd._t et el
consi dor 39+ CEELEES; ShESEaLEBH: P UeRMTNG PAVERIac SaB AR, 1D e
extrusion ref@we?al@oofnd@hecmlgar ésv,@@rlmn&f. noyement!, é.mdmg)n in
which the mngﬁavsé%nbfkelén,paaebaﬂr&bi'}pa%udmdr%@%r St &2 GCE
areinstalled in and attached to. In the preferredenbodi nents, the

di stributed sensing device is housedinside the base extrusion and attached
to the desirednunber of pickets or panels to be nonitored, as wl|
be35illustrated in the figures. The base extrusion may benounted
horizontally or vertically, and may notnecessarily be at the base of the
fence or nonitored
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shows a general enbodi ment of the fibreoptic nodalnetric interferoneter, in
a refl ectwoeeoaig gurati on, Which is utilised as the distrigpwadcioilpse5optic
vi bration sensor of the preferred enbodi ment of thepresent invention. Wth
reference to Figure 1, accordingto a prefeamsed enbodi nent of the invention,
a fibre opticnodal netric sensor |10 conprises a nultinode fibre 118which is
mrrored on it nd-f 115 and, f.usi onl0spliced 117 tg a jacketed

si ngl enode fiﬁ@%eeﬁa‘fﬁ‘ﬁ'%ﬁﬁm%@f%%soﬁ ?ﬂﬁiﬁnﬁée‘f ?B?Egilg.ﬁ“‘?he free
end of thefi etemiting reouh i mmitor tmysall Id6vénentdobyphybicall18 is't he
part of the \éﬁgﬂ_i r ul S i,ng regi on of
interest (i e\.ﬁ,1 suita c‘Ss/eeat .a%%é;gf?%%’t hceirggsgéggE?gpégaglg?kggghor panel s).
The si ngl empdwialiyaes &he 1simal «charactenisthosnysingi suiksblenent ation
120, whicg inpgl 10| PGy T 1S Ak Sih€dahi IR £ 808AEEHER €4 oSO At OF

| 23, coupler 126 anda photodetector 124 and el ectroni c_conponents 142

The20out put FARLPEB 0189 BB &R Aefrexmine sthe likelihopd phctheedesected

ot herw se t erdieint e&hﬂ:ﬁ_f 4o m:abl : mk%ﬁeﬁesbhoas. tﬁ#&f%igxbeofta%ﬁ{e i ghlt
continues to _prgpaqateal ong. onl y.one of the output_ ar . .of the coupler
126. The outp °r§r"rﬁ%ﬁﬁb‘rﬂ?ﬁf c%ftjp'l%? ".’[%EFgrf eﬁefg?gﬁﬂﬁt 8895at a

si ngl enpde f idetempining whéther commoaise @nhhadagibadaptor) 130. The

j acket edy nconnectori se | ﬂ‘%ﬂﬁf b%‘& 6.k S t

t hr ough %18apt or 130, suc tﬁ%t t he dl t#%?he{‘%eogu‘fﬁﬁilﬂg%%ngfl§498¥'@%tion

t hecoupl er 1dBnthen kreexrorates e dabrcloggeriis. thnesyBtem source | 22

provides | i ghingiihfllerat SPAGH EEh 2b6RE1 BEsSbEThCHUMABak BECopEd N the
singl enode fihre | ead 116and, which in iE.geeen‘oodl ment of Figure 1, is
8

ref | ect edbaclelAHRPRIR A% elegrEen axrds hraupsd i axy AgstEpmant
phot odet eclt f)rexﬂcﬂébd sue. prswgmh deibghib@;aegggaﬁwhbi aedtcel b.hb_ulib&cd(/jmi ch
1S event et ect yt edetecto nit , as It roper 4l es n

Lhar sor erBuy A Hrat ey 48 SFEITEESR HB' bopdh: cRE opkinRkRRC kLR G |
0 v 2002 WO Glessixied nunlydr SLMenbtooed32onekrat fbe daper legged by t he
sensing fi bre 8, Kl gWKe Ziéfwﬁaéiaﬁnﬁfabiaaaosweab a&semwh%;eg]aeggt' c

nodal netric interferopeter, Iin a transm ssivecon urati on,
utilised as t3RPYARG (dSVHCE (AR BLPFRE BPE desdxablfsdnigrmatdomar

erﬂood:c ment dofanz%cmaprzesﬁmt?m\éméwimw t intof grb;enaathpls'ggb}tesuntmﬂ ngto
a pretrer e odl nent | nventil on a 1 Dr opt i netric nsor
1 o PBo YT ke $REoHAERbn Rava 1pE] el BrafiRE el TR ripat™

si ngl enode fitime |taoslld@atibandydtén to bet momidorefl and sdagmedl forbr e
118. Thel engt{%ﬁht uhipogde frhrg Esl»ﬁfb%rﬁaﬁeeﬁ%%uﬂfen%h%, ¥£gui de

sensor that S' e exposed to the sensi ngrqgl on O I nt er est re., ,
suitably attaENERREIORN R ReFVREKREBNBFERORs 18 PFIVAESA omh@ JMARARRie

1o2and | ol b et et e ot oo 1 b
and i at.or : e laser li s_l gunche Q.asin e fibre
bbta 2801 Ladite, paphEsEing, S8 plarutiae cApabd 1 sdes"D, M Ap el
connect or (t hsystémdémbhctioddDityAalliowst ddcadomre cemotee thanitmpEinglcof
fibre20l ead Jgﬁg_iﬁ?gp&ggﬁﬁ_gg Loephe through adaptor 130a, suchthat the
enode i

i ght fromthe sing re pigtailed |ightsource 122 and isolator 123
is launched into the fiTerel aveguide qruvaveguideghmayohec£orped, fFxaRies

|'i ghtwhi ch i safy OpPaas etlatesRE1] NRasiNEkededs halidek) 4@ ryBtaIay>dsmH enode
fibre Iegg 116a_  and, which 'E t he, enbo |rre(réEhjofFl ?%rye 2, 1S pr#o!ﬁggaged

t hrough S&nsi¥Q* 19DrE5198 PRLYBETSF(PEERFERIedOT MeYe PELARY, £ ©

si ngl enode filomdrhthidbhubdbeatacket ed, connectorised singl enode fibrel ead
116b is then term nat ed at ' d 1A ti.¢c30t hrqugh

for detection by thepho%%d%?%%%ggkﬁgg. &P%g %?‘ﬁggeﬁ%éespilg';% I@g%&?gp

t huscoupl ed t® mehtimgddedyvEibrenstr thenssnsimgl a@veisngtin@ndidthe lead
Phot odet ect Olyd9dgaldeg! BEL" 82hgTRHBARCRYSLE acl Kadiatalpd | 10Nt [n the .
mul ti mode35fibre Z18, Wiich is eventually detected by the detectorunit 124,
has its propeYtveleBrghbcharacteristics alteredby a displ acement, novenent,
| oadi ng and/or vibrati ofn awpreférkad emBddiment) Gut EhdIYEN/ AUO0/ 01332
experienced by.,t ensing,fifre 118. Figures 3a tq 39 _show e di nent s_ of
metal pi cket 1LiREERERPRa PhE BaBekibyrad e T ba e R AR 80 ng
i ndi vi dual nonitored pickets with or5w thout the use of a crossbar.
According to the general enbodi ment, a panel 50 is defined as a discrete
section,of any length, of fencing. In this general enbodi nent,individual

pi ckets 52 are nounted in a base extrusion 54, with or without the use of a
crossbar 56, in such a nmannerl1l0Oas to be firmy held in place, and yet so

t hat physi cal di sturbance of the nonitored pickets 52 or panels 50 ofthe

-, o o - N o Y b1 . —. o o o o e~ a2



device is' housed inside the base extrusion 54 and attached 19 NGY 281 red
nunmber of pickets or panels to be nonitored. In the enbodi nent of Figure 5,
if an i ntWOA&8%148t enpts to clinb over the nonitored fencePEl/AUNKOIE2

i nstrunented pickets 52 or panels 50 will be physically disturbed, which
will be detected by the distributed sensi @ device and an alarmwi |l be

rai sed. Figures 5a and 5b show anot her general enbodi nent of the present

5015 ot achdy "CagTHRL T e S e b d bl PRI GT pdpRL Y PN

confi gur at i okechmigueyi ckets 52 are nounted is a base extrusion 54 attached
to the side of a palisage af ?mgﬁ.g&) bR Ehut REL ISt S 52 may be
vertical or angled (,as 15_.sho d configured such that physi cal

di st ur bance df’-%(lﬁétrm't&tﬁj %qg]%“%@ﬁ’%b%e‘l’%t% b’E?‘n‘g’- nPeRFLRE fence
8r oducez 5bui tj,ha)lcg?mwua_ rﬂ:tj(atf&f_mwﬁd & &&?mﬂﬁiaﬁ‘y&_ﬁiﬁﬁof&b%¥ﬁ
etected by t st ri hut sensi ice of the prgsent .nventi e

di stributed ?ﬁ"ﬁﬁ%(ﬁg ec@?rés%sé%b’f%i% $?1%‘9’6§§%£e?{‘??ﬁ§f o‘ﬂgéh and
attached to tthe dptiical modore ofdgiediads and patirés switeblhenopoiedl =n the
enbodi nent of_ _Ei j [ S I NP rt nmoni t or ed
fence 65, the G st r%n%ntdé{j %&kétﬁ%&ggﬂ%$%?£+ss§gs%¢[@’E)%)il%hys?gc;al ly 25

di sturbed, wensthgzn emhodiment.ckhy digtributed fibreoptihg vibraviand an

alarmwi141l haadasath Jpdritasd 6t A fbnSRO¥EIRE SORE PEr8€16A 2 with
enbodi nent of _t he Br_es nt invention._Iln this enbodi ment, an_instrunented

panel 50 is AW TN A AR LCHRF At CPRPFLtE R RE7Bhe| h this
confi gurati orseddimgpdilnsge pickets 52 are inserted through an extrusion

housi ng 58 which i s noynted [ 4 he t.opn.0f the palisade. fence 70 o0 be

nonitored. The pi cketsliS%?:r?af;&%ee%/éﬁ%hé% g(oa% %’h%’f/\?ﬁuéﬁ lh%l%%lti% system
i s configur ecEidansh anédrfalie piywlees dlacingna cpnépahed nbibrer éo @i ckets 52
or panel $¢50 i 0T f S i N t t he
o clot s 53 orvasaaf Sb et G R REHEE e o I B8 58 o
PCT/ AU00/ 013FPatad Widd i mefertl e (pateripnl ofFR @t ccrdi AheoBr Bdent

invention. Ther G didlustric astéidPvieehi &shrlogd i TRigecbleinygt eafi On
housi ng 58 aﬁg attache étls’) t he, des;@irled nimber of Qickets or gane s to be
noni tored. | %‘Exf%’ﬁ'?g% ety eSVRPOEAC Rt LBLPCEFPRAIBE®™ 0 cut
t hrough or clevapametiaheonsputtedinencecOtertteating roremizdopinget s 52
or panel §,50 4 i r , L C ] etected by the
distri but§gd %%éﬂéﬁﬁ\%%%ﬁ&g%gr% ?ﬁ%eﬂ?;\?{é%y@?ﬂ.t he 10

embodi nent of Fi gure 6PHafexablvg bk withouy imitaklony | cheanbreered 52
ri gikdl y ggl ?Vfilhﬁh Qé(ﬁd-tﬁff_mb iwuswg?]ﬁ&anﬂ?_aaveroatuemefaoasmaagtafl to

pi ckets ree to nove. wever, t configuration u n i

detect an int'ﬁfﬁjeﬁn‘imlﬁ i%et%?%fl’g‘ﬁgtﬁibfﬁmg?gﬁge? "g?‘ iQﬁ% g%ﬁgé ‘Il‘iggf—'ﬁgure 7
is a view of systeemrinstadbakiemt oIntotheresttatiosajithei mivsoredi ng a
;m;][‘)' toredsfe :Llé'éﬁcg-'mﬁ@gﬂ%&&&&&%@%éﬁeﬂ%&eﬁo%.aéadlﬁ- the the
enbodi ment of Fi gure 8, sensing device instrunentation , according to
Figure 1, is ¥A®%PXY- | aunch a sensing signal though 20 singl enode fibre
lead 16, to the sensingrHd iEstFiMitdder PISPS | St 8 VaERs 18 NEo8Bniieecal i S
housed i nside the base extru5|§n 54 of tie gence Eanel 50 ang attached to
the desired RRBEICEDraY; e gEuE52Ble aptteasowegehendthy t BRER. 2%he sensing
signal is reféxxtmm, a670riamor 280 26men8505nmpd986t nmpsiBhot hm, s@ASONgmGevi ce
i nstrune batifgg@%t#oijgbosm | enode fibre lead 16, to be detected and
processed in sensing device instrunentation 20. Singlenode fibre lead 16 is
general |y protected andithigRies eybodimentsof | hecpresent: dnvanrtiongehdtng
devi ce instrugpiiéht olidradién;epabndibtPiButla ¥ibel bptiaraehaiah

detecting displacepent, npvepent, .| oadi ng and/or vibration is thug capable
of detecting’ ¢ Prhy dE1uthdbiined: 18r thAy s¥ELPRdi SERMBYREe 8 t he
fence. The setchéeg ensdédiméentkyseéthébcosi ghGernatehaensging andysrusi ng

26 o aoter v iurnat et ELPRR oS EeRE BAY pRC YRR TeR, thobRy AAnEl ExhRRLy”

or cable, at the same or different wavelengths, using

suitable system components, optical fibres, etc., as well
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the perineter barrier of thenonitored perinmeter and determ ning whether to
rai se anavaloOM3I®y t he enbodi nent of Figure 7, therefore, iHCTaW0etonssier
attenpts to cut through or clinb over the5nonitored fence panels 50, the

i nstrunmented pickets 52 orpanels 50 wil |- [2® physical ly di sturbed, which

W Il bedetected by the distributed sensing device and an alarmm || be

rai sed. Fi gur f t e 1 e ent

i nvention acde‘bérgc#p}na?ﬁg étjr"-'ejg!E h%‘éggﬁﬁégilffg? %‘é % ggdslggagghleéé t he
use of a cr os&b‘%ﬁlmmq MM&BSSZ aghreduizeds to spread-out the

di st ur banceacross a nurﬂgprogﬁepll%‘.g@férégdaﬂ%giﬂehésa KhQWBE?QﬁQQ&W

enbodi ment of thelS5present invention illustrating a_nonitored fence
utilisingnet IRRIPERTRIARRIALIRG jBiemal maghod far: fecakiag svenss diggure
9, light &t cempiasy vmelanﬂeabia bpuiehtdaeveeedi Age! Qmbloyed At idHe

si ngl enode flbr a, t t he se fibre 10 and through to a
second20si ngl%ﬁsﬂ% % %gdtoll%bsyg'éﬁg‘l F\B ﬁggBPEtlgthsFr i*nsi de t he
base extrusi drréﬂ-brﬁblme frckepantlisa wadaegtidesdare tlomandetiodc o wHeer
of pickets 5 iLor us,.t ensisng

pr opagat est h?%%%ytaéﬂ%eég}g% gv%@eg?ﬁggguéﬁ‘nggf B QE i?’hr%%? eh

25si ngl enode l?-TQJﬂéiQ emsqrm)itwe bbeaétveveau&despnedesé@d ame-lwﬂﬂ@,ddm ce

i nstrunenpat | g4y ZKaa Ik L1086 %bﬁﬁkﬁadﬁ the 22dnihlsaivel it drL
protected and hi dden l{éun g emin conduits. The sensing fibre 10,
whi ch i scapalP¥PRAI t‘?{']@“ 18pl acenent, novenent, | oadi ng30and/ or
vibration is thUS Capabzlxe ﬁem:eédiaebaaﬂﬁaﬂu%fnehal pbreseagent or
physi cal di st to t f T ensi ng_system anal t he
si gnal char act @y taﬁ"ggﬁﬁwpi’tﬂﬁﬁ,& ?'ﬁ‘kFﬁ‘g ﬂ#@; ou%, FiBER,
site calibr atdmﬂaad;ttnst;im andt sedsoer kbnalisheibnkdisi h@duieafed.he In
det ect ed ?.VGQS Q&'%@é}aﬂéﬂ@t £di gh gug goQEii&Ep El% v 1aA-NG IdEet er
tore er

barrier of thenoni erineter an rm nin to rai se an ~ 5
NOV 2002 WO Oheasdriosst - semsimimgroaeseeaﬁarniopﬁltiﬁeta%d| ment of

Figure 9, theref ore l fzﬁfbﬂféﬂﬁédaéﬁs&iﬁehespUi:hbhéauﬁh.e% ahle2:QV ¥

t henoni t or ed ‘g? els 501 t he m\itﬁrn#ménte E ets 52 qr 'panels 50
W1 be physi *XF bed 2 wRFRR® Bt Yo PAYh @i i but ed
sensi ng devi cmmmbm mhltbrpoxk| Qelpdceai sadhFagyur 3x10 dst2; \etew of a

gener al o] t S stem
Poran 1 narr unia S dr Aot fashte, AR LBphec o 18 UL oY e
and a conti nublicexrate rfgamnguhaﬁléﬁerénsovspnéémmmlpmnimw i sing

met hods accorghnfeéPndi G4 &8rdcidg3deVilg . ef erence to Figure 10,
according to apreferred_ enbqdi ne n‘?g\t“hgé t he resen inggntl 0 sensi ngdevi ce
B

i nstrument ati on housed ¥h ¥x{Re ?"&ﬁﬁﬁ at FORE%ET &Y, 854 P¥R
sensi ng si gnadbthémougiiitsablé cconpohehtsl azxe ix&;llﬂ.@eﬂhé.nsenmatgdn lb:.e-ﬁaﬂss)f
th sen5| d b 1 u Sigde
Bageext r us%? ﬂ%ﬁ%&%eggg‘%%e&ﬁgngfhﬁggg E@%n[ g'd 1lgln ogg}q{ aﬁ | on 0
the top of a S%lllﬁﬁeln@rﬂ:hr@eheEng bexerdaonec nedet o1 OS] 1 ed nunber of

pi ckets 52 or panels 501:9 PlefBLLLAr adboahaeaeaswgt%gaaivdnur&ilemt.ed
atmrrored end, 15 and ur ni to t&gﬁ' nsin deV| cei nst rurnczéjgﬁa!&T on housed
is systemi ns‘t’?‘ﬁh‘é‘l’ﬁa} "'35 PRro SRRy P 11‘ if3Rr a5 AP % be

det ected and28evbeessatei eoﬁnéethg WE&GibPSWtI an a:ﬂﬂ?em |
system n u n re le i.S te
and hi ddér?r b;&%%%l nﬁngg Fnc c%ﬁgn%%‘i F"Ii%frl?gsgﬁ% %bd:ev%geéfe’?ér%? r un‘g l?éttl on
housed i s syscemnestednkbyt aniyosuitabliee mmx@mm tRchmiaue. s®0chpabl e
of detecting Qs%éﬁaﬂreal Iagx%%r&t éo%%m&%/éa Mﬁétwd.?ﬁ%‘%ﬁ e to

capabl e of detecting andnonitoring all novenent or physical
t hef ence. TheaééHEPﬁﬁ's?EFem anal yses the signal characteristics using

sui tabl e al gorl thns, takhngrépfbegedcenbbilinents oFf ¢dd Praddent factors, so -
as to det et he L| kel i f .t.he detec event i an

at t enpt edi tr gYBﬂtant awgggf’ﬂ‘g %ﬂé‘ﬂ ng:tb@r ae‘f'rl:q'bfe‘?h%ensﬂfi .15 N
o v ~00~ WO C&hﬂ%rlﬁh@@kﬁ&@ﬂﬂf&ﬂmmﬁl@t&ﬂ pmrgmm arayarise detetecbedg
whet her to rajse S l!ﬂqm Alddty t]gé{as t g
device instr uiﬁ"g ?gtgi‘glgaim:ﬁ I }'o%md apﬁir opriate fé?rﬁléggfsﬁgnal
processi ng schenmes and algorithns 5 reqw red to process the signals from
the various sensors. Preferably, all the optical and electrical conponents
wll be located in a single instrunment enclosure, wth a nunber of suitable
optical and electrical input/output ports. In the enbodi nent of Figure 10,
the sensing systemis 10 m croprocessor based, situated in a central
control /aI armroom and fuI I y autorrated prow d| ng reaI -t| e data anaI y5| S,

r a -,




35 base extrusion 54 is constructed froma suitable channeff XNGVUL08H 400
desi gned specifically to hold a series of pickets firmy in place in such a
manner sOVOWABIEBysi cal WO 01/391.18 - 38 '~ 5 N 0 V POIAU00/01332

PCT/ AU00/ 01332 di sturbance of the nonitored pickets 52 or panels 50 ofthe
nmoni tored fence produces suitable novenenflof thepickets 52 or panels 50 to
be detected by the distributedsensing device of the present i nvention. The

pi ckets arebi f @%@gﬂ |y

', stopped fro réﬁ%frégg%&%ﬁa e nib or pr otru% ggglt %J:P'&%

channel ext r Udieon Wﬂ@%t%b%ﬁef%et?ﬁ@thre in any suitable or
appropriate fashion orlf¥rdeFo Al RMHHindH s b CEhe SHRGsd@EINt | Ng tabs
40610l ocat ed ,at SUI fable tervai.ﬁn,al ong the length of thechannel extrusion
400. In the pre® ’é%P'e G imivabions the debecEAt M2 BRvi ce i s
housed i nsi de:dn{jﬁ-iwextrum on 54 and attached to the desired cunber

of pi ckets 52 or panel s 5Q i tored 15F| ures 1 0

general enbodi nent ofaapp&?q:t b‘fgtec ?ﬁtt(e;orzl' ng e or%?ngg?a{?%ngmlépe&l or
presenti nventnezﬂed/uedn rasdinteiore ﬁmm@mesexlsangadiqablamothle ngensiag
preferred en‘@]% gthe presentinvention, the picket 52 is constructed
fromany suita Orraterl al and style or formof pi cket 410 such that it
maybe nounted in a bas®xoqeaming means ferrecedyied sigrabe fremi fheae d
in placejpanghdtodétddedr Fﬁﬂélﬁﬂﬁﬁﬁ bené es 9fna1800ht 8x88rpteket 52
produces suitabl enovenent of t icket 52 to be detected by

t he25di stri blﬁ?ﬂi"%te?fér%e %go‘g VeRES bresent invention. Thetop 412 of the
EI cket 52 may be uncappﬂﬂ tﬂte cla:mmw t&mi;mﬂmserﬂbletbbj.eed.aiheebndashape
f the picket_(52 J | ¥4, LN pecLiicC

di anet er hol e t}tﬁ éeénE ace %‘b %#éfﬁ rﬁgkoﬁggﬁggﬁ%mﬁg%‘%ﬁ gure
12. A washer compxigam: in F| gure 13b of appropri ate shape and material is

wel ded ofgot her wi seat t aghigst YUP ddbord clgl%tggetggﬁgfgdfgyl ar to thepicket
410 and vvlth m nimum di stortion (o, the washer 414, .at a desired hei ght of

the picket 5A%mlfapeowstyizeceiving thenradiathenpfrem theocPuntez-
baseext r usi orbfabsg@ﬁﬁ@a&;_@;ﬂpgl ;[;edtlhengéhggﬁgt Hﬁbﬁb(;keE_nSZI s inserted
into the surface 400 of extrusi on snd a g 5.vN.O 2002 g\i)fOl/ Sgllra8 -
39 PCT/ AU00/ 01332 desiREFTE ng‘%%% hdsoS TS FPETT PR SiEPFLEE20D

sui t abl e di anBixest hohdssedénd phdiederectors| addoanadyrsingf &be sfignad s
washer 434. Qe dp4ér 46 £§g£§€§rt9h£' befligh wsnegbaﬁaélaeeemnhaae the

extrusion 54 in order to c]‘greven pi cket 52 fromrotati ng second
P.

hol e 419 is tEbpRAeHMY Q% %\ﬁﬂr%cad?ﬁEWSBPetE‘Er ERUPELTSPER Bﬁe si de
of the IOI Ckets:ﬁg"nallgsséf]ﬂééteasfMFEhéhBaﬂbC&Qﬁgﬁ%b&?eﬁsl tnug&al :c gngd at a
particul ar an Lr er re, _any.,sult nunoer .0 0l es 0
appropriate 0‘?%‘?‘:%’5’8?’% ﬁ?egg? ?‘?% '\!fﬁ?oﬁ hLﬁﬁesﬁPgﬁgt e¥SNEE tacilitate
mounting of a rod whi chPrefemsablyorthemeveguife dowpribescatsdasshgone
jeyice. 8% SCSgefEh! kerb NahlflkCal ~10hk 8! bhel i A1V FirY qRvaRAS! 2

enbodi ment” of e tec ni que I gning pickets on ng fence
according to the preseﬂnlmt?@PdW?HtFeP rEPrEe’-PHeF‘FQBPe EB accor di ng

th 0I a glr Sf _err%eabeﬂaamay%efbr%loeeﬁpﬂslazganfbpwcaa ﬁwwiamu?m@df .
ol e is us abl e_screw or evat i one e o e
20 pickets 523‘?‘81'\5,\?'?3&% Sﬂé" é?e t HRWBV 8% et h§2°§ a@- fg‘g o 6‘ned at a
particul ar aniheludegpassifei eraactive- sdetenta adicthy itevlengthe net hod
for pickety installationgjp. ﬂgglgggge %&rgﬁiﬁeaicgﬁﬂi’? ngahoihg?uagesent

invention. Wth reference to accor to a preferred
enmbodi nent of 8?hélpﬁe§eﬁlnepﬁﬂeﬂilpﬁﬁ itgelgngidy azd |'-'él°fﬁﬁjr$F@(§iF\9 t he base

extrusion 54, ei&heHER tAR Eeinsriﬁa aevibess whitage will Qfest;m@w wsi on 54,
such that a deswed Ieng 3 pi cket 52 i§g i tg{?:ted throu%&tsq}e sur face
400 and a 30 §RePFEJiPe é?h Qﬁf'EﬁGspBEP'mPF&'ﬁ % R RS tabl e

di amet er. conpappiiegtiphni agd423fanénaemhbebr%mi&§lamed over the
ke AN OehRER kol e cE RN the Kb I LA RIEANY Gt AR o 10

conpr ess “the Spri soas to ena into one 35 of
the hol es 4169r¢nsgn&dms ipsshef vnvngumeng:ct hestehy innawidles@rsi ng devi ce,

as sees is Fi gHAScARioh"BE 2hef cRRRGeCdnDHd Hariindted NUs Tirmy holds the



1 5.N0 V 2002 WO 01/3914% - 40 PCT/ AU00/ 01332 pi cket 52 (?rﬁ NONefse
extrusion 54. The height of thehole 416 determ nes the stiffness at which

t he pi ckeWO92{3814Be| d onto the base extrusion 54 and, ther HGVAYSBICT S
"the anmount of force or novenent needed to physically5disturb the picket 52
such that the physical disturbance 'can ‘b@ﬁe‘[ ected by the distributed
sensi ng device of thepresent invention. Any suitable cunber of holes

416and/ or, washers 424 tgayfdapited f geitabBb ecRos¥ eph e8badEY sikiRN o Of
the picket 52 stiffness in the fi el%l%i nstal | ati on of eg’hsystem Flbgure 16a

and 1.6b shoWlHRI®iHaveleageh sousce; oEcPLBRALiLY 0Ly PRRTGRS: md¥idiehod
for pi ;;ket i[ﬁﬁﬂd}\?ﬁc}ﬁniIk;ti]epbéﬁ?rﬁléé_ﬂrHﬁbﬁ&éﬁén&QCﬂgﬁhaﬁ::t Qiﬂé.%atfion, g
presentinventio eference to ure acgor .to.albpreferre
Ebodi ment of® (a1 FF ulef SaRFr Rt LAERF AEPaRIEs, BtATRAL, to: RPIase
extrusi on554, théropicak sbgmall0?2 In ahcaltetasted@frangeimenitagt mmltiple
desi r edl engt ] t | Sal t i e rusj 00
and a desi re(rjh f)%%%t o"g%é?en'dségu‘fﬁ?r%ﬁﬂﬁt&hggoggﬁéég X&ggaﬁgégp%éb?dgggib;gnet er
conpr essi ng speeditageneratosther sangingesipnppeoroteplumalitykef 52
end-face(in thensiydnelgraiglsi on 54) and pressure is applied toconpress
the spring 422 so as to _enable_a rod 426 to beinserted into hole 416. The
rod 426 is used for o9 RFeberred jeubedinertssefisFRg PrBRERY0 (which can
g)e for rredrc])byatkyv_ kamﬁ5ai 6fl§ei'ibh_ésp6ﬂ'.gnd$&0.r ?:bedtmm_b &&g.elfihﬁ:dfi gwwa-slhto
onto the picket t o ni.toged. e forcea e t ring thus
Tty hol ds RS RESL HeRParh oL ceRlfrrRinnn Mxh" 1astr. M elen: T he
hol e 4] 630det kightcemitieingi dilodes, aphakipdetektopssk ebuplers hatnibnt o t he

b t [ , f f t
nesded Lo phySyeaYey; SPEPELRESze, ABSRCEIBT Bk th, SREE, O)) VO

|
di sturbance cER Ve cpreferred ?H£°€#§PPFEUP§dt§en§Fﬁ§°B§vii@é’°0ftiﬂ¥e any
present 335NVegii Oab16NYight t 88hecal NEshuplbrnahds phbtocdeteteashers 424 may

be used to facilitate convenientad] yst t of the picket, 52 stiffness in

Che field SErandeRestBehbon Reedawi th chechRREbE0 AR 19 RIAA | ot i on of

a system Thesyssémsbut ®nl sepsefigtrbde eibodimenysi thlel yegutiaeld dptd ddie

rods 426 by c i 28¢0 ny s e i ta S h

| ocal i sedmve%ﬁ%i‘l@%e?h‘gff%?% %%8%&%?%%?%0?&&%%3@5tt?#%utltei%?ster%al?n b?i bre

10 i s maxi m skaunehedolmtaanndi Ryopagated; dn ¥hei gdngd expden yrarv@ovife her

?ﬁner alangbodw?niéeauta,&tﬂeﬁ ea%;e! Ry ghi ts&osg%altutaum ?‘L %ti-ntdhlra_moge  dual
eseenbodi nepts, an entire panel, i s nonjtored, rather n thei ndiyi dua

i oot s, by nERREP BUEhaFAER Lo, BLa0L GRONSYLANELRG | A, SRS Hendeod 1eF

panel s and utttaséebgihhehensinylenbde fdbiredes Onicdecdhen 1Hightr dss 15 and 16

on_thehor | zonj gl SHRROk b BCERE' fu3tAbAAP IS G5! Ge UM PPYSL 02
i sturbance and/ or novenent 0 € panel. Shown T'h Figure a panel 500
formed fronl5fieke: ssevenalinmedeni mavnbe iericditest and rhe 3ugt &ket 501

ofythe pael $0B-Hapi80 B&kEAZ1EAVEN LeAvadibnd phrHRLHIDUIY Al 00

504 is provided. A spring 505i.s_provided around the rod 504 and is

supported on 439RF| 366.15 Rehed Pask dptonfbhe ﬁgﬂﬁ}ﬁ“ﬁdﬁ &t THBY i RSy

ibn205upport pﬁﬁltﬁﬂt&degﬂﬁbtép ohliha Wleﬁ%ds wmml?“ﬁcafhe’d awd m | ar wgy
y an arm 51 2_connect pi.c 13w t r i pri ount e

inasimlar Fﬁ%ﬁ?gﬁt got ﬁgeaf’?#ggziaﬁ’ &nr?é&rf'g\?a@oﬁ%h%t ﬁs}()éu%'a S %fgt 514

i send post 5| $n/Yeadfoutefibries degppeitdsanion anshaengax |Resdeisation arm

502. The 3fd brEs?FEﬁ@Q@eh%ﬁ”@h&@Eﬁ%@%m e e Ah 1 Biomdd 1S
supported on rails503_and arns 502 adj acent these panels 500 in the
sanemanner astBRofingiempder £ibre sheuld henmads, AuSfigientonleng R

a: _o% al | feEﬁ&téﬁﬁlhi:gggiﬁgc\l/aida:inggoﬁdﬁia_ lsil‘ e orifdd _wm:ke%@ttﬁéf nmade to
cli over the,pan t.hepan nmove agaj nst. the bias o ring
505 causi ngrmﬁéﬁﬁﬁ ~5P-PRA=E BR&if0 a#’ﬁw&r@d{?‘f’%{d p?"é?ﬁé;’r"b?‘f‘tofa%%]r éh)%l

i ndi cati ng a foeabbthf dilrectdonmeiof triapuale dif8 thwwransiiss wve acoumgenent
to that of35F] « N is j ty ﬁﬂﬂ;l i t edbet ween
posts 55%5§at hg?i’ﬁﬁéﬁlgbb?F?l%%g??%%@li{%@ds 1?3 t eerﬁ)%%rieﬂf of Figure 17.

~ 5 N DV 2002tddigede1l. ss - 42 PCTI AUD0101332 In the enbodi nent of
Figures 17 and 18 arm 5p2idiisaRioh ¥ Prabrdidd AddRidrdditert BiCEcHaOE! S
500 may be spring biased in the sane manner as the arm 502 at the bottom of
t he fence panels 500. However, in other 5 arrangenents the armcould sinply
be guided for facilitating vertical novenent of the fence panel 500 with
the springs 505 at the bottom of the panels supporting the panels 500 and
al l owi ng slight novenment of the panels 500 if an attenpt is nmade to clinb
over the panels. 10 Qoviously in the enbodi nents of Figures 17 and 18, if a
person clinmbs over the post 510 or 550 the fibre 10 wll not be disturbed.
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] 5*Nov 2~0z WD 01/391.t8 - 43 PCIT/AU00/ 01332 sense i ndi vil q\jo\pi feet
nmovenment, or panel novenent as previously described. This i's because of the
fact thatW@éH3A can take plane at any point along the | 86FAUBPIBRbre and
Is not restricted to the use of fibre clanping S or other mechani cal

devi ces to cause a m cobendi ng which resul23s-in sensing at only discrete
points along the length of the fibre where the devices are |located onto the

fibre. 10ApplysyGaty f ' j £ £C py Ol QRS 1 Bt h
| ndust ry. navHE 4T Amd e EL T FAA e £5R WL SEIEELAE n LRE aLEHA1 MG
t hedi scl osed enaan enables neRitering €ectakeplarealn {yeBO0er the

prior-art. |igdgtrhiBRivé thanterPt oThilid] €hE156REGH0LH Mot SnE88SEELLEY O
have good potential_ ov rcor’ﬁ)etén‘? t echni que articularly begause of. the
ease of sensodampgett AFagtured on destraved i Prdey SAJReBiFageanthe

excel | entspotlpsddtsd s dgsired gpdoamétenglie., using caneras and renote
comuni cations) and theggQOre t] | S . ' I nst.al l ation

oper ati onal andmai nt englﬁ}:ee %)!és:?%e{%e?%?%?%;q#%%vgt%%gwﬁYgﬁﬁggd

i nthis provi senforspan hearavtedofont eithgr odistribueedosr poduticts with
enhanced Capfﬁﬂr{;é:‘?dﬁﬂ@i‘ﬂ fmie&%&@tomguéuﬁumb%nggﬂb‘:éahvggy, the
foll ow ng exanpl es25i1 | ['ustrates_sone_applications In Ich a Séstem

accor di ngt o tarhinead Y sl rdtshribpteds cdiseribured ardwbhirdexad of
I ntrusi onpor durFkdgurdtomsy ri er Detection and nonitoring of intrusion or

breach 30 of a peri rretrgg tegtjon ?d noni orig%fgf int#}lsi on or breach of
a site Detection and noMITTIHYHr TRE 322 8HRY, SR HPRE/ SR PYEESR| ation
35 Det ecti on imtrmowentation odptitalisand elebteranicodrrahgements Wiilacti on

'and moni tor i ng. of s 2EPL Fre &%Q%%ggéﬁ%%gﬁ%bg _ ~4 _ PCT/ AUDO/ 01332

Det ection and nonitoring of : noni toring of vehicles
Det ecti on and nonitori RFefemakti salbtehe i epticalbsandreleetuppalcati on of

the 5 di 35 OSRAPBREA®S WL BYBé CIBcABEEULR: a- s NRG18NShaLPLABRE
enclosure, with a number of suitable optical and
electrical input/output ports. Preferably, the monitoring
systems are microprocessor based, situated in a central
control/alarm room and fully automated, providing real-

20 time data analysis, logging and alarming features, and can
be monitored and controlled locally or remotely.
Optical devices, electro-optic devices, acousto-optic
devices, magneto-optic devices and/or integrated optical
devices may also be utilised in the system.

25 In preferred embodiments, but without limitation,
the sensing waveguide is physically attached to each

s

individual picket or panel of the fence or fence section
to be monitored and the sensing waveguide detects any
displacement, movement, loading and/or vibration of the
30 monitored fence pickets or panels. In other embodiments,
the sensing waveguide is physically attached to a number
of the individual pickets or panels of the fénce or fence
section to be monitored and the sensing waveguide detects
any displacement, movement, loading and/or wvibration of
35 the monitored fence pickets or panels.
In preferred embodiments, but without limitation,
the sensing waveguide is physically attached to each



- Lnternational borders - Coastlines - Mlitary installati$isNQ¥ 208thgs 10
- Defence installations/buildings - Governnent installations/buildings -
—adustri &YOPH3M4% | ati ons/ buil diags - Prisons - Power plan®PE€TIAIMW/OMER| ear
power and processing plants - Roadways and barriers - Industrial, plant and
factory sites - Rail yards - Airports 20 24B0ri ed pi pelines - Chem cal
| aboratories - punping stations - Enbassies - Secure residential conpl exes
% b s P k8 oh ey b8 (8 colowren cebseTbebtin |
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Gener at i o/ Diphsiilenlilon attached gl i munlgpe ref oindbrkdnslspickese orx
Authorities panels of the fence or fence section to be monitored such
that localised bending or movement of the sensing
waveguide is maximised, without damaging the waveguide.

In preferred embodiments, but without limitation,

10 specific configurations of picket or panel fences and
mechanisms are used so as to facilitate attachment of the
distributed physical disturbance sensing waveguide to each
instrumented picket or panel of the desired fence
perimeter.

15 In preferred embodiments of the invention, but
without limitation, the fence is constructed with metal
pickets and support members. In other embodiments, the
fence can be made from any other suitable material. In
other embodiments, the fence can be made from panels,

20 slabs, solid brick, concrete or any other suitable
construction made from any set or combination of
apprbpriate materials and supporting infrastructure.

In preferred embodiments of the invention, but without
limitation, the monitored fence is free-standing. 1In

\ 25 other embodiments, the monitored fence arrangement is
designed to be mounted on the top, sides and/or the inside
of the fence or supporting infrastructure.

In preferred embodiments of the invention, but
without limitation, the entire fence is monitored. 1In

30 other embodiments, only parts of or sections of a fence
are monitored.

In preferred embodiments of the inéention, any
form or style of picket can be employed with any suitable
form of fence. In some embodiments combinations of

35 different forms or styles of pickets are employed.

In preferred embodiments, but without limitation,
attachment of the distributed sensing waveguides to the



- Transpoert Firnms and Operators - Private Road Ventures | m¢ gqg orities
and Freight Operators - Airport Authorities 10 Since nndﬂf' Y Wthin
t he spi rwO @rsdisscope of the invention may readily be effepCrdubyoEsz sons
skilled within the art, it is to be understood that this invention is not
limted to the particul ar enbodi nents 15 2feseri bed by way of exanple

her ei nabove. 1 5 NOV 2002 WD 011391a8 - 46 CLAI Ms PCT/ AU0O0/ 01332 1. A

ei nabove. 002 VO 0113 . _ 0
Por mount i no Pherady BRfifer) e piekrs Be petlels, TuC Hor thdl Uil ddihToS

.
. : ed novenent; a wavegul de ocat ed
in proximt yarvangempntr igr inl angeneds fpishionsddeve fonumbercisfhg | i ght

into the 10 yexfedrd@ g6nkBato! Bevieirddl pedinetagl, t hrough the wavegui de; a
detector for detecting Iig?ﬂPEhrch has travel |_ed througg&the wavegui de; and
e

wher ei n upon di st ur bant® Prefprrpd.pRRefinents, MUk tenpt to
breach tige peimi€a€ioAdr AteachmehtMof! khebdistaibuitaite erigitgs because of

it ti i thip.th ti t t | qadi f

the wavegui (A RPBRORE: EPS the, ARatzRd, myptat. 9F BHeRetR, &7 mApals ARIA! he
wavegui de, aperivetevpbenthcarFangesent: igetiectes contiriwows fipglakamet er of
the |1ght whigd. Nasnbr Buabhete! Audh,! ﬁ%g\e%%gwt%gbxt Guiiahfiyy provide an

I ndi cation of an attengt breach of the perineter barrier system 25 2.
The peri net eR*FaRgPAANEYst em of claim 1 wherein the wavegui de conprises an

optical ifg bre. 3. The parppaEetrbar einBoddmehed, aeue’ Withdut AlidiCalkn,
claim2 wherejn the wavg uide is supgported on a 30 wavegui de support nenber

attached to tRe BEPLRRFERT, SYRtemse| orpterpn tation capakleiem
accordi ng t cofinyeahetdmet Hatpr Aogdiing ,C lanalystigy aind tdlmximrig &5f etlgeent 35

conpri ses a gegNERL LoR LR Bendink GeRAddI aHa My 1A SO 4i N
transmitting the information in a suitable manner.

15 In preferred embodiments of the invention, but
without limitation, the monitoring system is a
microprocessor based and fully automated instrument that
can be monitored and controlled locally and/or remotely.

Preferably, the system instrumentation comprises

20 hardware and software components.

In a preferred embodiment of the invention, but
without limitation, the installed sensing devices are
calibrated by a suitable process involving disturbing the
instrumented pickets or panels a number of times, varying

ry 25 the disturbance a number of ways, to establish
statistically derived calibration factors for the
monitored perimeter.

In a preferred embodiment of the invention, but
without limitation, each monitoring system contains at

30 least one sensing waveguide. In some embodiments, a
plurality of sensing waveguides may be used. In yvet other
embodiments a plurality of varying types of éensors may be
utilised.

In preferred embodiments of the invention, but

35 without limitation, the inventions disclosed in this
provisional specification may be used for screening or
enforcement applications.



~ 5 N o v 200 WD O1/391. 18 PCT/ AU00O/ 01332 4 wherein the JefnlBY 2002t he
fence conprises at least a plurality of pickets of the fence. 6. The

peri met erWOMBPHB system according to claim5 ~ wherein t RCEAYMAIS320f t he
fence conprises a fence panel of the fence. 7. The perineter barrier system
of claim 1l wherein the wavegui de support- éd€&ment conprises a rod connect ed
to 10 the barrier elenment so that the wavegui de extends along the rod and
is connected to the rod so that the rod holds the waveguide in contact with
the barrier elenment. 8. i meter barrier systemaccording to claim15

The per

7 wherein trmﬁﬁﬁﬁFp%E%%%I?ﬂxgﬂgﬂFaTﬁﬁlQRPWFgﬁﬁh the barrier elenent. 9. The
|oeri|meZI e: b?L rier s%stmmgfda.mwma?ewomﬁei grtbﬁengamgumqldrﬁ o
coupl ed to the, ye.cabl e ie n ops._ar oun e barrier el enen
so as to be f%ltgg?3cf“ﬁgﬁﬂrt%éiﬁﬁﬁ?FgfgélgxéHPy P& S¥REPAEri WdER barrier
syst em acbor drefexenceé aton thehfotlawingl drawingsofinvehdghizde support

el enments are 4: = o) e a lsy.e f lLurality
of said barriéﬁg%f€n£n€§$&g goﬁ%%ﬁgmgggégigg éﬁﬁg&gén%ggﬁﬁgﬁﬁ?qﬁﬁ§*'
plurality of imagbefitegtpper configqunationd whdchadiegutdd lisednas rtheont act

with each of giwePPhated £1BPBNLStiBOVibeAEich EaRsWRYeE LR Waiga%wd
bet ween 30 perspective waveg port elenents having a |ocalise end

yi de sup
to faciIitaté°%n9%ﬁeﬂ¥°5?nFhénVEVESBPde upon novenent of one of the barrier
el enentsiduring an attespyute® drigch viewpehoWwthgr ab@ibikar opticll. A

perimeter barrier,s éten1ag ordin tg any sone f the.,preceding clains
wherein the rfb%‘ﬁ?*’ﬁé Fh8nd §8ﬁgPF§'g§ E m)&ﬂtian rﬂﬁﬁ‘&’t”'glaenent for
recei ving t heconfiguigrdén3ovhiehlis NE¥1lised as the distributed fibre
optic vibration sensor of another embodiment of the
present invention.
15 Figures 3a, 3b, 3¢, 34, 3e, 3f and 3g show a side
view of a fence embodying the invention, a view of a
sloping fence embodying the invention, a view of a fence
including a crossbar, a view of sloping fence including a
crossbar, a plan view of the fence of Figure 3a, a plan
20 view of the fence of Figure 3c and an end view of the
fence of Figure 3a respectively;

Figures 4a, 4b and 4c show a front view of a
brick fence embodying the invention, a side view of the
fence of Figure 4a and a perspective view of the fence of

} 25 Figure 4a respectively:;

Figure 5a and 5b show a front view and
perspective view of a fence panel according to vet a
further embodiment;

Figure 6a and 6b are a front view and perspective

30 wview of a picket fence panel according to a still further
embodiment;

Figure 7 is a view of a general emﬁodiment of the
present invention illustrating a monitored fence utilising
methods according to Figures 1 to 4.

35 Figure 8 is a view of another general embodiment
of the present invention according to Figure 8;
Figure 9 is a view of a general embodiment of the
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determ ne an attenpt to e perineter barrier system 1 ncluding:
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el ement causes novement O6r-FFRiTS ﬁ'ea?/vaﬁ?’é’é‘hi% iottom view and a
crogs-sectional side view of the method for picket
installation in the base extrusion according to one
embodiment of the present invention;
30 Figure 17 is a view showing a further general
embodiment of the present invention; and
Figure 18 is a view showing yet a further general
embodiment of the present invention.

35 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Preferred embodiments of the invention, without

imposing any limitations, will be further described with
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20 any suitable light source, coupler and
photodetector arrangement may be used with the sensor and
locating systems. In a preferred embodiment, the regquired
optical properties of the light source are such that light
may be launched into and propagated in a singlemode fibre.

Y 25 PFor localisation, the light propagated in a singlemode

) fibre must remain singlemoded during the entire period of
travel in the singlemode fibre. Once the light is
launched into the multimode fibre from the singlemode
fibre, several modes may be excited and the multimoded

30 fibre will be sensitive to various parameters. Once the
light is launched back into the singlemode fibre from the
multimode fibre, only a single mode is supported and
travels to the optical components of the system. Lead-
in/lead-out fibre desensitisation and sensor localisation

35 is achieved in this manner. In practical applications,
the singlemode fibre should be made sufficiently long to
attenuate all cladding modes in order to improve the
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, & (10%ABL0tic! vibih YA ndor &AM e £l #&ld embodiment of the
present invention. With reference to Figure 1, according
to a preferred embodiment of the invention, a fibre optic
modalmetric sensor 110 comprises a multimode fibre 118
which is mirrored on it’s end-face 115 and fusion
10 spliced 117 to a jacketed singlemode fibre lead 116 which
includes a singlemode fibre 114. The free end of the
fibre optic modalmetric sensor 110 formed by fibre 118 is
the part of the waveguide sensor that should be exposed to
the sensing region of interest (ie., suitably attached to
15 the desired fence pickets or panels). The singlemode
fibre lead 116 is coupled to sensing device
instrumentation 120, which includes singlemode fibre
pigtailed light source 122, isolator 123, coupler 126 and
a photodetector 124 and electronic components 142. The
20 output arm 132 of the coupler 126 is unused and is
fractured or otherwise terminated 128 to avoid back-
reflections. Thus, the laser light continues to propagate
along only one of the output arms 134 of the coupler 126.
The output arm 134 of the coupler 126 is then terminated
i } 25 at a singlemode fibre optic bulkhead connector (through
adaptor) 130. The jacketed, connectorised singlemode
fibre lead 116 is connected to the through adaptor 130,
such that the light from the output arm 134 of the
coupler 126 is launched into the fibre lead 116. The
30 light source 122 provides light which is propagated along
the singlemode fibre 114 in the singlemcde fibre lead 116
and, which in the embodiment of Figure 1, is reflected
back along the optical fibres 118 and 114 for detection by
the photodetector 124. The propagated light in the
35 multimode fibre 118, which is eventually detected by the
detector unit 124, has its properties and characteristics

altered by a displacement, movement, loading and/or



10! e’ F1&10% Z( 109%Z& ()-: 3! 10%& ()-109%Z& ()- L10%& ()-!F TDHGENQN- 2900
ig?)e(g( 109Z8VQ 9139348 7( 109&2& () -: 3i Y(1 Z(109%&& () -: 31 Z( 109%Z& (PECT/AUWNBIL0ITE
18CEI 3?-672?2%3/5&- ()-:31Z(109%& ()-:3i Y(|Z(109@&&()-: 3l Z(109%&Z& ()-: 3i Y(

:}jg;e'( 2019928 0 1B X8R LT OhioeB) W WNE Sy Wl 1S 0 -:9)1 2010
10! el Z(109%Z&' ()-: 3i Y(I Z( wmre)z shzvfowge(n)era@l E@b@@ﬁae(n)t ofi t(ueZ(me@&

()-:3p 9¥ptic modalmetric interferom in ransmi
10'el Z(10%Z& () -: 3|Y(IZ(1 W& ( 3IZ(10%Z& - 3|YQ Z(lO%Z& )- 31 2( 100
()-:3 !!!!!!}Csonflgurat on, which is utlllsed as the distributed fibre

1?; el gl( }PK?%; (R ? Pp%ubzgrie%z&lbh s3I0 (G0 G tiNer UnEclIMeHt Jof IR | Z( 10%Z&
10! ei Y( (I Z( 10%8‘}(3)“9“& 3pY8958°0)- - Yivh FefEnqe Lo FAHRz e «( reon=}ing | |
itu]C to a preferred embodlment of the 1nventlon, a fibre optic
10! €l 2010928 () i hh L0k 130 Uhifitde) = Thal Ul B Q 12 | 2(10
10! el Z( 10%& ()Whélc!( i-G%‘Z&'Sé-Pn SpYilcAd A8 Y9 -si3igdereiies fibre3ilyady Aovaes,
()-:3t"u"v' g " " haF at both ends of the sensing fibre 118. Th

10! ei Y(I Z( 10%Z& ()- 3IZ¥10%Z& ( 3Y(Z(109%& é)- 3l Z(10%Z& ()- 3|Y( "HHHS
#T#UtU] C length of the mu txmode fibre 118 is the part of th

10! el Z(10%Z&' () wade¥(ddd( 40¥E&x( that) ISHANW S Jexpdo¥ditd dWL &ensind | Z( 10
dz& ()-: Uk VWX |

10! el Z( 109%2&' () ¥ §|12(‘18? sntpresty (e 1 (o ably. atiarhndk v thy Resizethoy
& ()-: 3######$$ﬁ@§ce pickets or panels). The singlemode fibre lead 116a

g;gg/}( AP wodbted0 ¥ slhi1 dndde (EiBIRF figralide! Ve iouticd FAPNS

10! el Z(109%Z& () angi ¥eQlatoroR@3() - T@)sl Aerrry &ight disy(launchedzdnta @) | 7( 10

%zﬁff)'33§$$§$$§§gFi3m8a§&flbre3 3 Fa %ﬁend is Sﬁﬁg.ﬁ&ﬁﬁénateigay & 10vea
%?;?3§éégggﬁbéé;" ode fgLre opti (£ Aihégé conA;ctor éghr I ( (

gO!eiT(IZ(lO%%&aﬁhptBkZ(lGWZ& ().jﬂbkﬁﬁaﬁuyﬁﬁhdﬁctdﬂiaéﬂyﬁaﬁgﬁemdﬂéﬂﬁﬂﬂﬂ£@6
19 S0l A UREE I ol o e cpreug s 250, suen
E10% W& () - zh&tov&e( Lightg foumdghe singleppds fibre pigtaidesd (Jight
L10%2) & () (BolEShkl 168! a2l KaclAed) wh ) aOibRlchdd s Uk hi8a ()~ (
+3(10% & ()-legg(%9A$& %hus, the light source 122 provides light
which is propagated along the singlemode fibre 1l4a in the
25 singlemode fibre lead 116a and, which in the embodiment of
Figure 2, is propagated through sensing fibre 118 to a

ey
L

second singlemode fibre 114b in the singlemode fibre

lead 116b. The jacketed, connectorised singlemode fibre

lead 116b is then terminated at a singlemode fibre optic
30 through adaptor 130b for detection by the

photodetector 124. The singlemode fibre lead 116b is thus

coupled to sensing device instrumentation 120, which

includes a photodetector 124 and electronic

components 142. The propagated light in the multimode
35 fibre 118, which is eventually detected by the detector

unit 124, has its properties and characteristics altered

by a displacement, movement, loading and/or vibration
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device is housed inside the base extrusion 54 and attached
to the desired number of pickets or panels to be
monitored. In the embodiment of Figure 5, if an intruder
attempts to climb over the monitored fence 60, the
instrumented pickets 52 or panels 50 will be physically
disturbed, which will be detected by the distributed
sensing device and an alarm will be raised.

Figures 5a and S5b show another general embodiment
of the present invention. 1In the embodiment of Figures 5a
and 5b, an instrumented panel 50 is attached to the side
of a monitored palisade fence 65. In this configuration,
metal pickets 52 are mounted in a base extrusion 54
attached to the side of a palisade fence 65 to be
monitored. The pickets 52 may be vertical or angled (as
shown) and configured such that physical disturbance of
the monitored pickets 52 or panels 50 of the monitored
fence produces suitable movement of tha pickets 52 or
panels 50 so as to be detected by the distributed sensing
device of the present invention. The distributed sensing
device is housed inside the base extrusion 54 and attached
to the desired number of pickets or panels to be
monitored. In the embodiment of Figure 5, if an intruder
attempts to climb over the monitored fence 65, the
instrumented pickets 52 or panels 50 will be physically
disturbed, which will be detected by the distributed
sensing device and an alarm will be raised.

Figures 6a and 6b show yet another general
embodiment of the present invention. In this embodiment,
an instrumented panel 50 is constructed from the pickets
of a palisade fence 70. In this configuration, the
palisade pickets 52 are inserted through an extrusion
housing 58 which is mounted near the top of the palisade
fence 70 to be monitored. The pickets 52 may be vertical
(as shown) or angled. The system is configured such that
physical disturbance of the monitored pickets 52 or
panels 50 of the monitored fence produces suitable
movement of the pickets 52 or panels 50 so as to be
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detected by the distributed sensing device of the present
invention. The distributed sensing device is housed
inside the extrusion housing 58 and attached to the
desired number of pickets or panels to be monitored. 1In

5 the embodiment of Figure 6, if an intruder attempts to cut
through or climb over the monitored fence 70, the
instrumented pickets 52 or panels 50 will be physically
disturbed, which will be detected by the distributed
sensing device and an alarm will be raised. 1In the

10 embodiment of Figure 6, it is also possible to fix the
palisade pickets 52 rigidly below the extrusion housing 58
and have only the tops of the pickets 52 free to move.
However, this configuration would not likely detect an
intruder cutting through the lower part of the fence.

15 Figure 7 is a view of a general embodiment of the
present invention illustrating a monitored fence utilising
methods according to Figures 1 and 3. In the embodiment
of Figure 8, sensing device instrumentation 20, according
to Figure 1, is used to launch a sensing signal though

20 singlemode fibre lead 16, to the sensing fibre 10 of the
sensing device. Sensing fibre 10 is housed inside the
base extrusion 54 of the fence panel 50 and attached to
the desired number of pickets 52 or panels 50 to be
monitored. The sensing signal is reflected at mirrored

() 25 end 15 and returns to the sensaing device
instrumentation 20, through singlemode fibre lead 16, to
be detected and processed in sensing device
instrumentation 20. Singlemode fibre lead 16 is generally
protected and hidden by running it in conduits to the

30 sensing device instrumentation 20. The sensing fibre 10,
which is capable of detecting displacement, movement,
loading and/or vibration is thus capable of detecting and
monitoring all movement or physical disturbance to the
fence. The sensing system analyses the signal

35 characteristics using suitable algorithms, taking into
account any site calibration factors, so as to determine
the likelihood of the detected event being an attempted
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intrusion or tampering of the perimeter barrier of the
monitored perimeter and determining whether to raise an
alarm. In the embodiment of Figure 7, therefore, if an
intruder attempts to cut through or climb over the
5 monitored fence panels 50, the instrumented pickets 52 or
panels 50 will be physically disturbed, which will be
detected by the distributed sensing device and an alarm
will be raised.
Figure 8 is a view of another general embodiment
10 of the present invention according to Figures 7. The only
difference in this case is the use of a crossbar 56 on the
pickets 52, which tends to spread-out the disturbance
{ across a number of pickets 52.
Figure 9 is a view of a general embodiment of the
15 present invention illustrating a monitored fence utilising
methods according to Figures 2 and 3. In the embodiment
of Figure 9, light at a sensing wavelength is launched,
according to Figure 2, into singlemode fibre lead 16a,
through the sensing fibre 10 and through to a second
20 singlemode fibre lead 16b. Sensing fibre 10 is housed
ingside the base extrusion 54 of the fence panel 50 and
attached to the degired number of pickets 52 or panels 50
to be monitored. Thus the sensing signal propagates
through to the sensing device instrumentation 24, through
-) 25 singlemode fibre lead 16b, to be detected and processed in

.

senging device instrumentation 24. Singlemode fibre
leads 16a and 16b are generally protected and hidden by
running them in conduits. The sensing fibre 10, which is
capable of detecting displacement, movement, loading

30 and/or vibration is thus capable of detecting and
monitoring all movement or physical disturbance to-the
fence. The sensing system analyses the signal
characteristics using suitable algorithms, taking into
account any site calibration factors, so as to determine

35 the likelihood of the detected event being an attempted
intrusion or tampering of the perimeter barrier of the

monitored perimeter and determining whether to raise an
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alarm. In the embodiment of Figure 9, therefore, if an
intruder attempts to cut through or climb over the
monitored fence panels 50, the instrumented pickets 52 or
panels 50 will be physically disturbed, which will be

5 detected by the distributed sensing device and an alarm
will be raised.

Figure 10 is a view of a general embodiment of
the present invention illustrating a complete system for
an instrumented steel picket fence on top of a solid brick

10 wall fence and a continuous sensing configuration to cover
four fence panels, utilising methods according to Figures
1 and 3. With reference to Figure 10, according to a
preferred embodiment of the present invention, sensing
device instrumentation housed in system instrumentation 30

15 is used to launch a sensing signal though singlemode fibre
lead 16, to the sensing fibre 10 of the sensing device.
Sensing flbre 10 is housed inside a series of base
extrusions 54 of the fence panels 50, mounted in a
suitable fashion to the top of a s0lid brick fence 60, and

20 attached to the desired number of pickets 52 or panels 50
to be monitored. The sensing signal is reflected at
mirrored end 15 and returns to the sensing device
instrumentation housed in system instrumentation 30,
through singlemode fibre lead 16, to be detected and

25 processed in sensing device instrumentation and in system

[y
o’

instrumentation 30. Singlemode fibre lead 16 is generally
protected and hidden by running it in conduits to the
sensing device instrumentation housed in system
instrumentation 30. The sensing fibre 10, which is

30 capable of detecting displacement, movement, loading
and/or vibration is thus capable of detecting and
monitoring all movement or physical disturbance to the
fence. The sensing system analyses the signal
characteristics using suitable algorithms, taking into

35 account any site calibration factors, so as to determine
the likelihood of the detected event being an attempted

intrusion or tampering of the perimeter barrier of the
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Figure 11 is a view of another general embodiment
of the present invention illustrating a complete system
for an instrumented steel picket fence on top of a solid

(') 25 Dbrick wall fence and a multiplexed four-zone sensing
configuration to cover four individual fence panels. This
embodiment is similar to that described in Figure 10,
except that the sensing system is multiplexed to provide
four individual sensing zones along the monitored fence
30 rather than one continuous length covering all four zones.

Figure 12 is a view of a general embodiment of a
short section of the base extrusion according to the
present invention. With reference to Figure 12, according
to a preferred embodiment of the present invention, the

35 base extrusion 54 is constructed from a suitable channel
extrusion 400 designed specifically to hold a series of
pickets firmly in place in such a manner so that physical
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5 inserted into a specific diameter hole 402 and optionally
stopped from rotating by a suitable nib or protruding
bolt 404. The channel extrusion 400 is mounted to the
fence structure in any suitable or appropriate fashion or
location and bolted into place using mounting tabs 406
10 located at suitable intervals along the length of the
channel extrusion 400. In the preferred embodiments, the
( distributed sensing device is housed inside the base
extrusion 54 and attached to the desired number of
plckets 52 or panels 50 to be monitored.
15 Figures l13a and 13b show a general embodiment of
a picket for monitoring according to the present
invention. With reference to Figures 13a and 13b,
according to a preferred embodiment of the present
invention, the picket 52 is constructed from any suitable
20 material and style or form of picket 410 such that it may
be mounted in a base extrusion 54 in such a manner as to
be firmly held in place, and yet so that physical
disturbance of a monitored picket 52 produces suitable
movement of the picket 52 to be detected by the

—
A

25 distributed sensing device of the ‘present invention. The
top 412 of the picket 52 may be uncapped or capped with
any desirable object. The end-shape of the picket 52 is
such that it can fit suitably into the specific diameter
hole 402 on the surface 400 of the extrusion 54 shown in

30 Figure 12. A washer 414 shown in Figure 13b of
appropriate shape and material is welded or otherwise
attached onto the picket 52, perpendicular to the
picket 410 and with minimum distortion to the washer 414,
at a desired height of the picket 52 in order to

35 facilitate mounting the picket 410 in the base
extrusion 54 such that a desired length of the picket 52
is inserted into the surface 400 of extrusion 54 and a
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over the nib 404 on the base extrusion 54 in order to
S prevent the picket 52 from rotating. The second hole 419
is tapped and used with an adjustable screw for elevating
one side of the picket 52 in situations where the
picket 52 needs to be aligned at a particular angle.
Furthermore, any suitable number of holes 416 of
10 appropriate diameters are drilled through the picket 52 to
facilitate mounting of a rod which is used for mounting
the distributed sensing device, as seen detailed in Figure
15.
Figure 14 is a view of a general embodiment of
15 the technique for aligning pickets on a sloping fence
according to the present invention. With reference to
Figure 16, according to a preferred embodiment of the
present invention, a drilled and tapped hole 419 is used
with an adjustable screw 420 for elevating one side of the
20 pickets 52 in situations where the pickets 52 need to be
aligned at a particular angle.

Figure 15 is a cross-sectional side view of the
method for picket installation in the base extrusion
according to the present invention. With reference to

25 Pigure 15, according to a preferred embodiment of the
pregent invention, the picket 52 is mounted in the base
extrusion 54, through the hole 402 on the surface 400 of
the extrusion 54, such that a desired length of the
picket 52 is inserted through the surface 400 and a

30 desired length extends out from the surface 400. A
suitable diameter. compressing spring 422 and a washer 424
are slipped over the picket 52 end-face (in the channel
extrusion 54) and pressure is applied to compress the
spring 422 so as to enable a rod to be inserted into one

35 of the holes 416. The rod is used for mounting the
distributed sensing device, as seen in Figure 18. The
force applied by the spring thus firmly holds the
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hole 416 Jetermlnes the stiffness at which the picket 52
is held onto the base extrusion 54 and, therefore, effects
the amount of force or movement needed to physically
disturb the picket 52 such that the physical disturbance
can be detected by the distributed sensing device of the
present invention. Any suitable number of holes 416
and/or washers 424 may be used to facilitate convenient
adjustment of the picket 52 stiffness in the field

10 installation of a system.

w

Figure 16a and 16b show a bottom view and cross-
sectional side view of the method for picket installation
in the base extrusion 54 according to the present
invention. With reference to Figure 16, according to a

15 preferred embodiment of the presenﬁ invention, the
picket 410 is mounted in the base extrusion 54, through
the hole 402 on the surface 400, such that a desired
length of the picket 52 is inserted into the channel
extrusion 400 and a desired length extends out from the

20 surface 400. A suitable diameter compressing spring 422
and a washer 424 are slipped over the picket 52 end-face
(in the channel extrusion 54) and pressure is applied to
compress the spring 422 so as to enable a rod 426 to be
inserted into hole 416. The rod 426 is used for mounting

25 the distributed sensing fibre 10 (which can be formed by
any one of the fibres 118 described which refer to Figures

a
R

1 to 3) onto the picket 52 to be monitored. The force
applied by the spring thus firmly holds the picket 52 onto
the base extrusion 54. The height of the hole 416

30 determines the stiffness at which the picket 52 is held
onto the base extrusion 54 and, therefore, effects the
amount of force or movement needed to physically disturdb
the picket 52 such that the physical disturbance can be
detected by the distributed sensing device of the present

35 invention. Any suitable number of holes 416 and/or
washers 424 may be used to facilitate convenient
adjustment of the picket 52 stiffness in the field
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icket 501 of the panel 500 as an arm 502 which has a
hele 503 through which a rod 504 is provided. A spring 505
is provided around the rod 504 and is supported on a rail
506. The arm 502 extends through a slot 508 provided in
20 support post 511. The top of the panel 500 is supported
in a similar way by an arm 512 connected to picket 513
with the arm 512 being spring mounted in a similar fashion
to the arm 502 and being movable through a slot at 514 in
end post 515. The fibre 10 is supported on a support rail

o,

} 25 106 and on arm 502. The fibre extends to and from

adjacent panels 500 (not ‘shown) and is supported on rails
503 and armg 502 adjacent these panels 500 in the same
manner as shown in Figure 17. Thus a continuous fibre 10
can extend along all fence sealing 500 which ?? the fence.

30 If any attempt is made to climb over the panel 500 the
panel 500 will move against the bias of spring 505 causing
movement of the fibre 10 and thereby the provision of a
gsignal indicating a breach of the perimeter.

Figure 18 shows a similar arrangement to that of

35 Figure 17. In this embodiment the panel 500 is mounted
between posts 550 rather than a brick structure as in the
embodiment of Figure 17.
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so that the fence panels 500 are effectively continuous,
15 or the post 510 or 550 could be made very thin so that it
would not be possible to climb over them without making
some contact with the panels 500 which would disturd the
panels and thereby move the fibre 10 to produce a signal
indicative of an attempted breach.
20 As shown in Figures 17 and 18 the fibre 10 bows
or bends slightly as it extends from the rall 506 to the
support arm 502 so as to facilitate movement in the
production of a signal indicative of breach in the same
manner as described with reference to Figure 16a and 1l6b.
i) 25 An important aspect of the preferred embodiments
of the invention described previously is that the sensing
techniques disclosed are distributed sensing techniques
which can detect a disturbance at any point along the
optical fibre 10. Thus a movement, such as a bending, of
30 any part of the fibre will cause a change in parameter of
the light signal which will be detected by the detector
thereby indicating an attempted breach of the perimeter
barrier system. This enables the fibre to be installed in
the manner described in the preferred embodiments and for
35 sensing to take place at any point along the fibre without
any additional sensing elements or mechanical structures.
Thus, the present embodiments can therefore be used to
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15 - Nuclear power and processing plants
- Roadways and barriers
- Industrial, plant and factory sites
- Rail yards
- Airports
20 - Buried pipelines
- Chemical laboratories
- Pumping stations
- Embassies
- Secure residential complexes
{1} 25 - Manufacturing plants
- Storage facilities
- Communications facilities
- Harbours
Potential clients for the disclosed monitoring
30 systems include:
- Security Firms
- Industrial, plant and factory
Owners/Operators
- Law Enforcement Authorities
35 - Correctional Facilities Owners/Operators
- Defence Authorities
- Government Agencies
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1. A perimeter barrier system including:

a barrier element;
5 mounting means for mounting the barrier element
for limited movement;
a waveguide located in proximity to the barrier
element;
a light source for launching light into the
10 waveguide so that the light can travel through the
waveguide;
a detector for detecting light which has
travelled through the waveguide; and
wherein upon disturbance of the barrier element
15 caused by an attempt to breach the perimeter barrier
system, the barrier element moves because of its mounting
within the mounting means to cause a movement or loading
of the waveguide which alters a parameter of the light
travelling through the waveguide, and whereupon the
20 detector detects the changing parameter of the light which
has travelled through the waveguide to thereby provide an
indication of an attempted breach of the perimeter barriex

system.

{ } 25 2. The perimeter barrier system of claim 1 wherein
4 the waveguide comprises an optical fibre.

3. The perimeter barrier system according to claim 1
or claim 2 wherein the waveguide is supported on a

30 waveguide support member attached to the perimeter barrier
element.

4. The perimeter barrier system according to any
one of the preceding claims wherein the barrier element

35 comprises a segment of a fence.

5. The perimeter barrier system according to claim
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the rod and is connected to the rod so that the rod holds
the waveguide in contact with the barrier element.

8. The perimeter barrier system according to claim
15 7 wherein the rod passes through a hole through the
barrier element.

9. The perimeter barrier system according to claim
8 wherein the waveguide is coupled to the rod by cable

20 ties, and loops around the barrier element so as to be in
contact with the barrier element.

10. The perimeter barrier system according to claim
7 wherein a plurality of waveguide support elements are

{ ) 25 connected one each to a respective one of a plurality of
said barrier elements, a common waveguide being connected
to the plurality of waveguide support elements and the
waveguide being in contact with each of the barrier
elements, portions of the waveguide which extend between

30 perspective waveguide support elements having a localised

bend to facilitate movement of the waveguide upon movement
of one of the barrier elements during an attempt to breach
the perimeter barrier.

35 11. A perimeter barrier system according to any one
of the preceding claims wherein the mounting means

comprises a mounting support element for receiving the
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barrier element, biasing means for biasing the barrier
element into engagement with the mounting element so that
an attempt to breach the perimeter barrier causes the
barrier element to be moved against the bias of the

bilasing means to in turn move the waveguide.

12. The perimeter barrier system according to claim
1 wherein the barrier element comprises a picket, the
picket having a flange member, the mounting element having
an opening through which the picket passes so that the
mounting element engages the flange member to support the
picket, a second flange element movably mounted on the
picket, a spring disposed between the second flange
element and the first flange and in contact with the
second flange element for biasing the first flange and the
mounting element together, a hole in the picket, a
waveguide support element located in the hole so as to
hold the second flange member on the picket and apply bias
to the biasing member so that the biasing member holds the

first flange and the mounting element together.

13. The perimeter barrier system according to claim
1 wherein the barrier element comprises a fence panel,
biasing means for biasing the fence panel into engagement
with the mounting means, means for holding the biasing
means in a bias condition so that the biasing means
supplies bias to the panel, and said waveguide being
coupled to the holding means and in proximity to part of
the panel so that when the panel is moved against the bias
or the biasing means the waveguide is moved to thereby
provide an indication of an attempted breach of the

perimeter system.

14. A perimeter barrier system according to any one
of the preceding claims wherein the light source,
waveguide and detector form a fibre optic modalmetric
interferometer for detecting the change in parameter of
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20 17. A method of monitoring a perimeter barrier
system to determine an attempt to breach the perimeter
barrier system, including:

mounting barrier elements of the perimeter
barrier system for limited movement;

() 25 providing a waveguide in proximity to the
barrier elements so that movement of the barrier elements
upon an attempt to breach the barrier element causes
movement or loading of the waveguide;

launching light into the waveguide;

30 detecting light which is passed through the

waveguide; and

processing the detected light to determine
whether there is a change in parameter of the light
indicative of movement of the waveguide which in turn is

35 indicative of movement of one of the barrier elements to
thereby provide an indication of an attempted breach of

the perimeter barrier system.
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waveguide comprises at least one optical fibra.

10 20. The method according to claim 16 wherein the
step of mounting the barrier element comprises mounting
the barrier element using a biasing member so that when
the tempted breach of the barrier elements occurs the
barrier elements are moved against the bias of the biasing

15 element to in turn move the waveguide.

21. The method according to claim 16 where the

waveguide forms a distributed sensing waveguide which can

cause a change in the parameter of the light upon movement
20 of the waveguide at any point along the length of the

waveguide.
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